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COVPOUNDS FOR | MMUNOPROTEASOVE | NHIBI TION Clai mof Priority Thi s
appl i cat iwo 2011ai0p855priority to U. S. Provisional ApplicaPCois3anioade2No.

61/ 309, 366, filed on March 1, 2010 under 35 USC 119(e), the entire contents
of which are 5hereby incorporated by reference. Backgrored26ho-bizewbnventi on
I n eukaryotes, protein degradation is predom nately nedi ated through the
ubiquitin pathway in which proteins targeted for destruction are ligated to
the 76 am no aci dCOMPOENDSIEORIMMUNOPRKDTE ASOME BHIBIIIIQN t i nat ed
proteins then serve as substrates for the 1026S proteasone, a

mul ticatal ytic protease, which cleaves proteins into short peptides through
t he acti gminfofili$oritir €e maj or proteolytic activities. Wiile having a
general function 1n intracellular protein turnover, proteasone-nedi ated

degradati on afgQ appiddBoR cheNs %&&y&@%@o@éi@ﬁﬁ%ﬁcé‘t%@e@ﬁl N®Bj or
hi stoconpatibility conplex (MHC) class | presentation, apoptosis and cell

vi abi | i t §1/38h366éredenoikesdi Ing01(NmdeB 34 815G &t 3(o)n theaméire gomtenthuadtwloeh exfc pr o-
15i rgflarqgeat,t())r%l Si ﬁpaﬁc%ﬂstz roferenc The 20S proteasone is a 700 kDa
cyl Pndri ¢ar>sHhape % EFHISt i ¢ prot ease conpl ex conprised of 28

subunits Iassiéi s a-.and |13-type, that are arranged in 4 stacked
hept amr%—%&—i&@@&ﬁ%ﬂﬁc rppuc o 10§ ot her eukaryotes, 7 different a subunits
formthe outer rings and 7 different O subunits conprise the inner rings.
The a subuni t B @&piyeteaspaicydqggadation s mredomipptsly modaichAronsh heubiugin pA2s)
regul ato Qﬂpll : ; i I Loper

pr ot eol yﬁ{%&c an\tg)%lr%ﬁlp 50?%%%\&%&%@?9 %ﬁﬁghglﬁjgﬁn%% {epﬁéltgﬂse.o% tnﬁgo h@ﬁ vivo, the
pr ot easopadypaptide lubrguesh. t@ncexargttcdsubaqiztititqbprototdsaghér’ {dree KGBbgradtscfasthee” ) .
In vivo eriments have shown that inhibition of the 20S form.of the

or dleasofe BRIFAHRMT. AN igatARHF Bloiese WHCh G PR Io S Poidas Hplich

250 eavage a@ﬁo@mithe%rn'BeroQF%€QU@ﬂﬁ€s$ Wilil@hé?ﬁﬁ’g'ﬁ?;l%%ﬁerﬂ%ﬁ&ﬂ)ngﬁ‘” icle

formati on expose am no-teérm nal "t hreoni ne residues; ich serve as the

cat al yt i mtnacalludayphotbiogurndie, pobundms-nredspahdigrdetibmalse atags ykexrdeid vity in

rot easone thus possess an.am.no term nal nucle N resi due,.. and t hese
P bunts oant e Re SRE 3 it ook bRy arsE PablcicTas’ FRicRsacigd
2011/ 1093RpRsH 4432011 1ABARS 2 tidn YrobB&fsingZ NFAE SR, 2Ry eapidasesn ¢hier e the

nucl eophilic N-termnal residue iIs, for exanple, Cys, Ser, Thr, and other
nudPeophinflagmptirtsieagls. This family includes, for exanple, penicillin G
acyl ase (PGA), penicillin V acylase (PVA), glutam ne PRPP am dotransferase
(GAT), and bathe2@Sprotiayaos islaadd2agéyhadacalishapddntliiostallybc protcasbicoplenus| y

orB e el S L S SRR B0 BOSRSRRAMISRA o T ron

heptameric rings. In yeast and other cukaryotes, 7 different o subunits form the outer rings

and 7 different B subunits comprise the inner rings. The a subunits serve as binding sites for

20 the 19S (PA700) and 11S (PA28) regulatory complexes, as well as a physical barrier for the
inner proteolytic chamber formed by the two B subunit rings. Thus, in vivo, the proteasome
is believed to exist as a 268 particle (“the 26S proteasome”). In vivo experiments have
shown that inhibition of the 20S form of the proteasome can be readily correlated to

inhibition of 26S proteasome.

25 Cleavage of amino-terminal prosequences of 3 subunits during particle formation
expose amino-terminal threonine residues, which serve as the catalytic nucleophiles. The
subunits responsible for catalytic activity in proteasome thus possess an amino terminal

nucleophilic residue, and these subunits belong to the family of N-terminal nucleophile (Ntn)
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whi ch replace their normal counterparts, 135, 131 and 132, respectively.
When all three IFN- y-inducible subunits are present, the proteasone is
ref erred WO 2a61/893551 nmunopr ot easone”. Thus, eukaryotic E€TIUS2@a/02¢eSsess
two fornms of proteasones in varying ratios. Through the use of different
peptide substrates, three nmajor proteolytic activitiemiareriBbeean2dedi ned
for the eukaryote 20S proteasones: chynotrypsin-like activity (CT-L), which

| f | dr ophobi i dues; .trypsin-lik tiyity (T-1),
o b o BihsespdrregtiSheonadii RS Fiidia By phiiamily RShedin o' dnd?
hydr ol yzjigr dfldophflié hdIGRY). TR IrGRiEIRANES fef dx@mpRS ipehicillieE! ﬁge gp :

addi tional |ess characterized activities have also’geen ascribed to the
pr ot easopaniciBnMpcdasei (FVidy, gluhinghe BRBBwmsdadfansficrase €nshband hagterianm no aci ds;

and SNAAP 15activit. ich.cleaves after small neutral am.nog acids.

At houghe B ebifheta” Thaluat BUEE nBlal S Eu R 0B ey b Bl e

actisvi ti eeﬁteb@bitésfmegm&%s thied MeerRXéeAt inducibep aunitt (1LMP7 bevre @nd MIECLIQr B
have been descri bed based on specific substrates. For both fornms of the

pr ot easowBichieplagesheir noyingl caurierpatsy. §6 el 9 B2, aespestivelve SWVapipalhthreolFhE v-
contribu . {ff.er i I Ll . ere are
sever al %@gcr%g?éesgb@lgsaﬁ%ﬁeg%&)’ﬁé%Hogesaa\)/#}?zshr\é‘f-]eté%g ! égdﬁl ﬁgg%lﬁl[%g C{t?fﬁ&%?t'

pr ot easoleusactikavydtic;cchovevaissest hes Gras mp protcisomenanalkyiyg taiok. t he
specificity to delineate between the two forns of the proteasone. Thus, the

ability to exph@ugh eidisesplidictent PeptidelsabstRieseMedt MHBEpotdd RICIcAATeBavcOr M
at the cellular and nol ecul ar | evel has not been possible. Therefore, the

cr d&t i onbesn dshined forgheeriipryotondISorrptsagosnest sRympiatser-bke paiivity (CRHbhicy

ingle f OB § S, , | i th
=479 1 AEICETRL LR IRAAARRTRIA S TRRALI QAL M N, URLREGLI A Glud e
of the I|ryened; and peptidylglutam@hgepaidp @gdrobfzidgheetiivity ErGRIa)) whedtedleset after

inhibitors that preferentjally inhibit i nopr ot easqme, activity over
const i t ut§idie redicea LR dditiond lﬁv.chﬁl‘ﬁC@@F%gf}Jwg%ﬁaaY%m eengetrisditaiient i on

relates fod06nmd.r 8BAA ABALAly, WG el A& DrHRERSESn aSHPIERL M SNAAP
adm nistering a WO 2011/ 18,9355PCT/ US2011/ 026629 ATTY REF: 26500- 0023W1

conpoundaaivity hehich ¢katdsafter fmalt ecittail amemwedsmedthopgh bethiformendfitbe rel ates to

the treatnent of cancer,. conprising .adm nj.sterin co of .t.he
hvent | ahfoRatort peReS gl TR AR s Bt e B R Bh s B i ng
?T ; uct ur getRberd GE TS Halvd b8En EesBiEIdBRASQMSH ﬁf'ébﬂfﬁé sabsRptaltbe sl bt srigof . 5

proteasome, the major proteasome proteolytic activities appear to be contributed by different

catalytic sites within the 20S core.

20 There are several examples of small molecules which have been used to inhibit
proteasome activity; however, these compounds generally lack the specificity to delineate
between the two forms of the proteasome. Thus, the ability to explore and exploit the roles
of each specific proteasome form at the cellular and molecular level has not been possible.
Therefore, the creation of small molecule inhibitor(s) that preferentially inhibit a single form

25 of the proteasome is needed to allow the exploration of the roles of each proteasome form at

the cellular and molecular level.

Summary of the Invention

One aspect of the invention relates to inhibitors that preferentially inhibit
immunoproteasome activity over constitutive proteasome activity. In certain embodiments,

30 the invention relates to the treatment of immune related diseases, comprising administering a
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wherein each A is independently selected from C=0, C=S, and SQO2; or

Ais optionally a coval ent bond when adjacent to an occurrence of Z; 10Y is
absent orwpD20N(1MI3SERB); Mis absent or is G _iZ2al kyl; e®&Ch/U’2013/026629

i ndependently selected fromO, S, NH, and NNC _6alkyl; or Zis optionally a
coval ent bond when adjacent to an occurrence of A ATTYREF] %5®@alested
from hydrogen, -G 6a| kyI Y Ci 6hydroxyal kyl, G _6al koxyal kyl , aryl and

Cl- 156aral k rom het er oar ar al k and

G 6ot cF BRI MRy OB o Ecor i T Boe Sy (R Gn EP e (BRSPS ky
Ci _6ar al l‘e)ﬁbetae&nﬁmﬁ?hdiﬁﬂmsté?‘ﬂlgad%n%%uﬁﬂ%fﬁ}%ciﬁ'vdnﬂgﬁpendent|y sel ect ed from
hydrogen, G 6aral k and C 6al kyl; or R4 and R5 together are G _i2al kyl,

t hereby form gﬁe Bl &yny &%&éﬁk&% @ﬁm{Jém Wﬁhgg%{gﬁct&@&‘%ﬁdlf (1) or

G _6al kenyl, car ocycl yl, erocyc term na
protecti angha;;nmuqal,tlcalﬂy;/aqcemableaalatlieydo,f het eroaryl, C| _6het er oar al kyl
ROZAZ- Ci _8al kyl -, R12Z-C _8al kyI . (R90) (RLO) P(=0)0-C i gal kyl - ZAZ-Ci
_gal kyl -, 9, heterocycl yll\/ZAZ _gal k | -,0(RRY) (RLO P(=0)0-C _gal kyl -

(R11) 2N-CGi _12al kyl - JJSP QK")‘EC'IJ\US/Zﬂlll 026629 ATTY REF:
26500- 0023W01 (Rl 1)3N CI |&ialkl het er y y1Re, carbocycl yim,

R 2S02C _8al kyl -, and Ri 2S02NH; R? % g ect edP4g om hydrogen, OH and
G _6al kyl ; R8 is an N-terminal protecting group R7 and R8 are
i ndependent |y sel ected from hydrogen, ZIS _6al kyl, and G _6aral kyl
preferably hydrogen; RO and Rl are indépendently selected from hydrogen,
nmetal cation, C _6alkyl, G _6al kenyl, G _6al kynyl, aryl, heteroaryl,
G _6aral W)freiland G _6het eroaral kyl, preferably from hydrogen, netal cation,
and G _6al kyl, or RH and R12 toget her are G _Gal kyl, thereby formng a
ring; 1loewsbid RHndependradpepldeind fipnser@c€es. addih9tr ogen and G _6al kyl |
preferably G _6al kyl; and

A is optionally a covalent bond when adjacent to an occurrence of Z;

10 Y is absent or is N(R")(R®);
M is absent or is C;_jalkyl;
each Z is independently selected from O, S, NH, and N-C,salkyl; or
Z is optionally a covalent bond when adjacent to an occurrence of A

R' is selected from hydrogen, -C\_salkyl-Y, C,ghydroxyalkyl, C_alkoxyalkyl, aryl, and C,.
15 caralkyl;

R? is selected from aryl, heteroaryl, C, ¢aralkyl and C,sheteroaralkyl;

R? is selected from aryl, heteroaryl, C, gheteroaralkyl, C, saralkyl and C,alkyl;

R*and R’ are each independently selected from hydrogen, C,_garalkyl, and C,_salkyl; or
R* and R’ together are Cy.p,alkyl, thereby forming a ring;

20 R® is selected from hydrogen, Csalkyl, C1salkenyl, Cialkynyl, carbocyclyl, heterocyclyl,
an N-terminal protecting group, aryl, C;earalkyl, heteroaryl, C,sheteroaralkyl,
R°ZAZ-C, salkyl-, R"’Z-C salkyl-, (R°O)R'0)P(=0)0-C,salkyl-ZAZ-C, salkyl-, 9,
heterocyclylMZAZ-C salkyl-, (R?O)R'°0)P(=0)0-C,salkyl-, (R'"),N-C)_p alkyl-,



R12 is independently selected from hydrogen, G _6al kyl, G _6al kenyl,

C _6al kynyl, carbocyclyl, heterocyclyl, aryl, heteroaryl, C _6aral kyl, and
C _6het ervwanralikybissDet ai | ed Description of the Inventi oRCTATRR@1i0pa6eNt i on
relates to conmpounds that are useful as enzynme inhibitors. These conpounds
are generally useful to inhibit enzynmes havi ng a nucl eapliRBEFCsgr0aopvad! t he
N-term nus. For exanple, activities of enzynmes or enzyne subunits having
N-term nal anj cids with nucl eqphiles.in i r_silde.chai ns, such as

t hr eoni ne, sgbﬁﬁ%ﬁ'6?4@@%4épﬁ8mﬁﬁﬁg%@”§ﬂ@8@§%@§+1§ $§H¢B@ﬁ@£’ the enzyne
i nhibitors deg€gobhed; herein. Activities of enzynes or 20enzyme subunits
havi ng non-am no acid nucl eophilic groups at their N-termni, such as, for

exanpl e, i 0 tes, can al so be successful
mp lépg%f%ﬁtfeeh gﬁggfﬁ@#{?%l D ahPenydiat y

i nhibited by t i bitors described herein. Whi | e not

bound bypany, Ratticul r foopergtion 1t iJ i ev h
N-term n%l {lnall}c (ta%:) 1%1 ggo%%%%tgﬁo%%ol} m&?ol\gga rgh deg%‘fl Scﬁl)ggé\}ﬁéct?%&ﬁ%%nﬁglf%ﬁlﬁ’c acid
or lsoroni c esCefalldbfandat,ianddyl grefdbdf hitdiegeanzyme i nhibitors as descri bed

p—d

her ei n. - Regarding the stereochenistry, the Cahn-Ingold-Prelog rules
for det eridt RY sdbmAbpEndesiyedcRRENIETH hidrogét naillcamed .C, These o Wirsyar e
descri bed, for exanple, in Organic Chem stry, Fox and Witesell; Jones and

Bartl ett Publ Csédeynyl, Badt locronml, CLooadkyl, sed Ciotctgosallyp p1gfarablysfrom WO
2011/ 109355PCT/ 1JS2011 29 ATTX REF: 26500- 0023VW1, 17 whinch ion is
her eby i ncor %ch?%e%, B{fpaf?gqéorné%%deélﬁgg & Odgg g%fgﬂhgt\ol%ejf%errag%ghﬁllkﬁ'é’ tﬁgr%& one
structure w tfraiea gh@i ns extendi ng fromthe backbone units. Generally,
each backbone unit has a side chain associated with it, although in sone
cases, thRhR'Ye isdpeRddnilydclRydd BORNhRreBn 4nd QtARYL pripadblyENalkynakd every
backbone unit has an associated side chain. 5The side chains extending from
t he backpone;uni i I | i i r LGl hd

Si de. aharna e e R B G B e
(valine), sechdeoyyclyli syl detcroweyl, Cisodlyly ind Cedhetenaralkplheny| met hyl
(phenyl al anine), and the side chain constituting the am no acid proline.
The side chains can al so be other branched or unbranched aliphatic or
aromati c groups such as ethyl, n-propyl, n-butyl, t-butyl, and aryl

10subst i pefafidd BREéFdY 66the Uaterdfonl - phenyl et hyl ,  2- phenyl et hyl,

(1- napht hyl') met hyl', (2- napht hyl) et hyl, 1-(1-naphthyl)ethyl,

1- (13- napht hy| T8¢ fiYbntichr il 30 BEMYS RS ek arc2rst R a0 @Ry HYAYiSRN! ThaRd sini | ar
conpounds. The aryl groups can be further substitutéd with branched or

unbr anc hezn@un@ahigydengmriby pssfulge igulbis tizyotes dhaahi winuglcopipb¢ gmuptaytheand t he

like, or further aryl groups, or.substituted aryl groups uch. benzoyl
and the TeTRWYSER POl S48t sBA0sy oricoe e Tuels KETs NacHgRiemino

subst i t ughdswitiiah@Esi¥S indtheiv BiRle icR&ihY decHdtHthREBT, scBiXY R RysteiaBdan be

sul fur-containing aryl groups such as thienyl, benzothienyl,

napht hot $Hceespfullytimhibitechbietip [enzying iphibijeys dasgilbed hepenAstivitiangd cnzpmesereny | |
pyrol yl, i m dazol.yl, razol ri . zinyl. -1 RQd ] I Nyl .,
quggolyI?ugﬁ%q?ﬁgh%#ﬁﬁg&fﬁﬁé%%%p%ﬁ%gﬂg§%%¥@¥é%8#£%t%?%gﬂgé%ghSﬁ%é%ﬁﬁgs can
be i nt r ogkaggde, ipAdtectingerpgitor derbdbfadraenake also e kuesasfpllyeinhbadd balthey
occurring am no acids such as hydroxy-containing (Thr, Tyr, Ser) or

sul f ur - coRYEICARNbitevescribggd ierelin be i ntroduced, as wel | as non-essenti al

am no acids, for exanple, taurine, carnitine, citrulline, cystine,
orni t hi ne, noWhelgaiohkowddyomeericuls thoess i alerafioncié iy haliggedsinaiessueh -n

substituents wth r r | ar ieties | so.be .incl uded, ch as,
7o exanbthe PR AN R R L AR AR R o Boffhip i BF ot ot
25 functional group of the enzyme inhibitors as described herein.

Regarding the stereochemistry, the Cahn-Ingold-Prelog rules for determining absolute
stereochemistry are followed. These rules are described, for example, in Organic Chemistry,

Fox and Whitesell; Jones and Bartlett Publishers, Boston, MA (1994); Section 5-6, pp 177-
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25hydr oxy, short chain al koxy, sulfide, thio, carboxyl, ester, phospho,

am do or am no groups, or such substituents substituted with one or nore
hal ogen awornm11/10ms§one preferred enbodi ments, there is RCTIUSaI/00669 ar y|
group present in a side chain of the peptide nviety. In sone

enbodi nents, the backbone units are am de units [-NH GHRY@EF®ssdo.0023wanhi ch
Ris the side chain. Such a designation does not exclude the naturally

occurrin m.ng WD.2011/ 109355PCT/ US2011/ 026629 ATTY REF: 26500-0023W1

261 6 pr oPTHha Mg SeCH AL HSRY OGRAMEY DUETERAT g GYOM EOdBEDAAEY B no

aci ds, WhickBoW dituck®e Rk QERICAEHSs BYtcAdIRS Brof the bhdboh&ukife @dkrally, cach! N ot her
enbodi nents, the backbone units are N-al kylated am de units (for exanple,

N- net hy| bagkbonchenit hage)sidegtheini assasisedivel st glithoughiit soraneases, throvide ewirdis abonds

| d by.5 f i ni d | | i n whi.ch azol
o oo ARt AR AR R A REE BB R B by Sk SR O
backb li nk . In.still oth mbodj ent's, t he. api i d a-carbon i
ot i ed by al B RYT CRBTTGEEom i sk R Wit S 961098 AR PLPRAE DT | n
some fur 43kt Rl dRNSi8e cisdigte s@had;,sm@l?gﬁfggn (kj%ﬁ%%lé)}’m@ﬁ@/i félﬁﬂne)fi@épr@%ﬁ@' e, by

AE or AZ dehydro nodification, in : e bond I's présent between
t he a andabnat saeebuty! (ishksudifs), debetyhileycin), fhonylexcanp (ehdnylafEingy, aad the

cycl opropyl ,nodifi 10 in which a.c opr | . group, i esent .bet ween
The. o aniocBEStGting e ot et RN hirdioeh Bk B R PR oy ng
anm no acigbrgiche®slipHatia 6t A neic @eoupa Budheasusiad, I}-Etbfp%r_bﬁlib@ﬂp@ﬁ&tg}ﬁ Bh& al§an

i ncl ude si de chai n-to-backbone cyclization, disultide bond formation,

| adlam rwkRICGHrine o el Db Ui e ok e sistdd: i
| adfa ! . . " sifsbde in
and Bot oty et R Rl L A R A s IR ERGEY v povi

Ref er encedphtigdicthitb @d sinfilar Mey@osndsVQe Bib loripe ksn HA BBy subptitutd8yiti664,
whi ch is hereby incorporated by referen In certain e &ginents, t he
#

e.. /
i nvent i obraRgedios enbgneisSourlEl HauPshgr %l%éklﬁuaﬁét%l% g5 AcRiYl ang hy like, of
phar macegtincallVo3a6E0 dlsusd dryl B6150buch as bbhdoyMARI Gk Tik€ 2fRtcfodryl
i ndependent 'y e%ec?ég %?%n1c:d%y —S}%Eﬁg §%2; or Als opgfonally a
coval ent glbopsjgalwésm lzdjsad emide ohaalm susttmensn tetadaryt gragps insludbsemopems | S
NCR7)( Rgg)iyglgln-l, %m(? lsjuﬁ un:[cogtrainligg gyi‘:grzo?ql)skg/ulch as thienyl, benzothienyl, naphthothienyl,
thianthrenyl, furyl, pyranyl, isobenzofuranyl, chromenyl, pyrrolyl, imidazolyl, pyrazolyl,

pyridyl, pyrazinyl, indolyl, purinyl, quinolyl, and the like.

In some embodiments, polar or charged residues can be introduced into the peptide
20 boronates. For example, naturally occurring amino acids such as hydroxy-containing (Thr,
Tyr, Ser) or sulfur-containing (Met, Cys) can be introduced, as well as non-essential amino
acids, for example, taurine, carnitine, citrulline, cystine, ornithine, norleucine and others.
Non-naturally occurring side chain substituents with charged or polar moieties can also be
included, such as, for example, C1-6alkyl chains or C6-12aryl groups with one or more
25 hydroxy, short chain alkoxy, sulfide, thio, carboxyl, ester, phospho, amido or amino groups,
or such substituents substituted with one or more halogen atoms. In some preferred

embodiments, there is at least one aryl group present in a side chain of the peptide moiety.

In some embodiments, the backbone units are amide units [-NH-CHR-C(=0)-], in

which R is the side chain. Such a designation does not exclude the naturally occurring amino
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ATTY REF: 26500-0023W)1 each Z is independently selected fromO0, S, NH, and
N- C _6al kwb;20tv10Z3556s optionally a coval ent bond when adjpatansoilo2@n9
occurrence of ARl is selected from hydrogen, -G _6al kyl -,

C _6hydroxyal kyl, G _6al koxyal kyl, aryl, and Cl- 6ar alAkyl;REFR2s50000sV@Ct ed
fronlaryl heteroaryl, C _6aral kyl and O 6heteroaralky| RS is sel ected

fron1ary het er oar eteroaral kyl, .C _6aral k and k l; R4 and
O L e B! S By S Gy e

G _6al ky{,eco izdd 28R skpoigtihesreare G _ual kyl, ther eby formng aring; R6
is sel ected”fromhydrogen, G 6al kyl, G 6a|keny| C _6al kynyl

b |yl | |
corboore a1 DRG0 1T, ol PLOBE AU B i
R12z-C Nahktjlyl- a,nd(tH@ﬁI}ﬁ()RfﬂQT 2010 Qin &élhdh}dneMdﬁb al&aieldaplnds ar@ replaced by
het roc O P(= al kyl.-
(B3 SN St SoRgh eligql? frafosyin Wk & EyZON FG BPOeS e S ChAn I EH B8Pl y 1

Ri 2802G the Gatiidhe), oﬁE&nbmatmTﬂg ogsm&b&n@'ﬁ?]kh sS&h 41t efled SrRBBIMYERIQARD, COH,
and G _6al kyl ; is an N-termnal protecti ng ?roup R7 and R8 are

i ndependentioycigkt-coben 1srm@hﬁh@lbly ogdy] srilpstlaaiolny or caamaplCi angapapkytyric acid.

f b R1 t ed f d ,
recal calhon g R A, ey SRR TG PR A2 "
G _6aral &reﬂydrqamddlﬁlcaﬁhﬁhﬁwmnal deyible Honefsepratihy béthvesn Ql%yadﬁmams Bethal
cati on, and 6al kyl, or RH and R12 together are G _6al kyl, therebY

f orlf lnE Hde Ph?g?n Oéa‘i@rhmaapqpiesbxI préﬁd@ﬁbpwmbmeétf@wlqn,wh radqé PEAY
G _6
a ygmbg 66 ﬁ%%?té‘[&%%&]% ol aﬁfé'ﬁq gﬁﬁﬁg siie! cﬂgﬁp?ﬁgﬁﬁ‘h}%& 8%8§&1&%n{sf om

hydr ogenS Kenyl , car erocyclyl,
aryl, heérﬁpl@gfnglamlﬁb aGd pedupy) n- am[lﬁb a@lldsfﬂaﬂﬂoe Iu&&f atuthler erﬂﬁddirneﬁﬁ Tcan imclude
enbod ”Es%es chalig' toI ack%:loneecailciﬁzallt;on dlls{l]lﬁ((:ig Ebtogcli Porrsnla{t%]n Efgg‘ggnq Ifoqp;nr;ltugn azo 11|n13<age
and other modifications discussed in “Peptides and Mimics, Design of Conformationally
15 Constrained” by Hruby and Boteju, in “Molecular Biology and Biotechnology: A
Comprehensive Desk Reference”, ed. Robert A. Meyers, VCH Publishers (1995), pp. 658-

664, which is hereby incorporated by reference.

In certain embodiments, the invention relates to compounds having a structure of

formula (I) or a pharmaceutically acceptable salt thereof,
j)\ Ri y O R
H 6 r M 0
2 “Rs

)

20

wherein

cach A is independently selected from C=0, C=S, and SO;; or

A is optionally a covalent bond when adjacent to an occurrence of Z;
25 Y is absent or is N(R")(R®);

M is absent or is C;_jalkyl;



substituted wth one or nore substituents selected fromam de, am ne,
carboxylic acid (or a salt thereof), ester (including G _6al kyl ester,

C _5al kylwe=0ew1093a8d aryl ester), thiol, or WO PCT/US2011/026629

2011/ 109355PCT/ US2011/ 026629 ATTY REF: 26500-0023W01 thioether. In certain
preferred such enbodinents, R is substituted with oneToy REBy®s@LlsIWdULENt S
sel ected fromcarboxylic acid and ester. In certain enbodinents, Y is

absent and i.S, se ed from.net hy. t hy 0 car boxynet hyl , and
benzyl , Egelrsélﬂﬂe?erﬁgpﬁwele?tﬁ 8’?%(5 #%‘ﬁﬁ&&%ﬁ@ﬁ leP/I s selected from

a 6aralky| and Ci _6heter | kyl. In 5certain such enbodinents, R2 is

sel ect edZfy ¥onpl B%Pﬂv1m$%@W§F’e@?JB%WRVH”V%HBF?WGQ5A~6aIkyI t hi enyl

G _6al kyl ;thiazolyl, and G _6al kyl -isothi azolyl, wherein the al kyl noiety
may contBi ﬁsglesztedﬁomehydr@gﬂn,, -¢ e By ]-Ye Woshysirosoiabkyb &7 isalosyadind, arph 8p&Eabl y

one or two. In.g ]taln such enbodi ments, R2 is substituted with one or nore
substituents % et ett ed fron1hydroxy halogen am de, am ne, carboxylic acid

ndaryl igis%@?t%ﬁtf%% bt el Her Pt e ey ornbodi mont s, Ro is

substituge substituent s cted fro | kyl, trjha kyl , al koxy,
hydr oxy, ﬁ'ﬁsé Qﬁg%bﬁ}ﬁy @3@?%“ﬂy§t§¥§xﬁFd§Vﬂk§ Iagﬁkﬂuﬁgfﬁ@WLoxy. I n
certain epbodipents, R2 is selected fromG Gﬁhéﬁlphiwél and

G _6al kyR mh% eacthlné@repdﬁrﬁlyme@lc@ﬁrf&m Byreeemménsaalkgh apd Csedlledt @d fr om DD

N sf, csps, / pFD N isruD D, g-S .sscA
R" and R’ together are C. 12alkyl thereby forming a ring;

R’ is selected from hydrogen, C\alkyl, C)salkenyl, Cisalkynyl, carbocyclyl, heterocyclyl,
10 an N-terminal protecting group, aryl, C, ¢aralkyl, heteroaryl, C, sheteroaralkyl,
R°ZAZ-C,salkyl-, R"’Z-C alkyl-, (R°O)R'0)P(=0)0-C,salkyl-ZAZ-C, salkyl-, 9,
heterocyclylMZAZ-C salkyl-, (R?O)R'°0)P(=0)0-C,salkyl-, (R'"),N-C)_p alkyl-,
(R'");N"-C/_1alkyl-, heterocyclylM-, carbocyclylM-, R'*SO,C)_salkyl-, and
R'’SO,NH;

15 R’ is selected from hydrogen, OH, and C)_salkyl;

R® is an N-terminal protecting group R’ and R® are independently selected from hydrogen,

Ciealkyl, and C,;saralkyl, preferably hydrogen;

R’ and R'? are independently selected from hydrogen, metal cation, C,ealkyl, C_salkenyl,
Cialkynyl, aryl, heteroaryl, C;saralkyl, and C,sheteroaralkyl, preferably from
20 hydrogen, metal cation, and Cy_salkyl, or R'" and R'* together are Calkyl, thereby

forming a ring;
cach R'' is independently selected from hydrogen and C_salkyl, preferably C,salkyl; and

12 is independently selected from hydrogen, C\_salkyl, C_salkenyl, C,alkynyl, carbocyclyl,
heterocyclyl, aryl, heteroaryl, C; garalkyl, and C;_gheteroaralkyl.

25 In certain embodiments, R' is -Csalkyl-Y. In certain such embodiments, R' is
substituted with one or more substituents selected from amide, amine, carboxylic acid (or a

salt thereof), ester (including Calkyl ester, C,_salkyl ester, and aryl ester), thiol, or

-7 -



R R = Hor any suitable protecting group 15wherein Dis selected fromH,
Owve, But, OH CN, CF3 and CH3. In certain enbodinents Dis selected fromH,
Ove, OH, Wb 200ABYAd CH3. In certain preferred suehTarskadion®rt s wher e
Dis attached to a six-nenbered ring, Dis attached at the 4-position
relative to the point of attachnent, preferably excl udimy rerxeshorerdveowher e
the 4-position of the ring i's occupied by the nitrogen of a pyridine ring.

201 I d G 6alkyl. |
cer tai n LSO nOb TS HEaro AR GRRE G iy oo drH Gr g POEOT PR ¢ hr ce,
two, or amg:ifehtdcat®IBm calax$id 44id @RS oRBCTA U201 LhB388=A AV Y ab¥ehi and

26500- 0023WD1 preferably one of two. In certain such embodi nents,

subst i t uRets seictied droen macthybeghyd ubsnromydesarboxyeictul cad beoznlydicobyy, mh‘élb’bgen,
am de, amne, carboxylic acid (or a salt thereof), ester (including

G _6al kyl est Brgert@in Gabddyheres tReris seimiedafryﬂn @stety] ath Colshetemoaralﬂwb dhher. In

ceTin Sueh ROy, T Sy SiBLLC W 0 BOSL AR, el e
embodi Mefgyl, % 6hl§y§thgzg§@| IﬁM'Cﬂ%QﬁWlSMhi&ﬁO%?%&kéh M&Jlﬁflrn%e@qﬁi}l contain

enbodi nent s, is selected from wherein is sel ect fromH "Owve, But,
OH, CN, ©rIove, GHB. thiae, ey, aPIE eaﬂbxudatqma,tmefetabﬂﬁom:eorewpedln £ertam chhove OH,

S8 ect oo hbetikn gt Rt FTROA BT Rb b oty Se bR IS RENT o bt h

hydr ogenhalbgeng ehildal amak! @ibayliv acinbodidmnt o) Rt trhcRRli00ekheT caseC,.
C _ual kyl, thereby formng a rlngE In certain preferred such enmbodi nents R4
@

and 0R5I t st Beter, aid fryl pden\iBiohdy Atastheroy gaifria susheenahodimendss. o ri pubistfussda
pi naco {%}p%@ﬁ%&‘ u,?&& § ée%&fﬁgm Vi 1%}%1‘85@29 LIBRY SrydR&y! §r §h& FrédrabfP™

car bocyc erocy
hydroxy or alkoxy, such as rnethoxy In certain embodiments, R? is selected from C_galkyl-

phenyl and C,alkyl-indolyl. In certain preferred embodiments, R is selected from

:*VOH’/Z:”\)/\)

S— D D—S
o ﬁ{\/l\/) ﬂ{\/)§¢)
D
= SA
'zt/\/@ r’y\/k\ ) and r’f\/k

\

R

R =H or any suitable protecting group

15 wherein D is selected from H, OMe, OBu', OH, CN, CF; and CH;. In certain embodiments
D is selected from H, OMe, OH, CN, CF; and CHs.

In certain preferred such embodiments where D is attached to a six-membered ring, D
is attached at the 4-position relative to the point of attachment, preferably excluding

embodiments where the 4-position of the ring is occupied by the nitrogen of a pyridine ring.

20 In certain embodiments, R” is selected from Cjsaralkyl and Cyalkyl. In certain

embodiments, the alkyl moiety may contain six, five, four, three, two, or one carbon atoms,

-8-



certain such enbodinents, R6 is carbocyclyl or aryl. In certain such
enbodi nents, R6 is an indene, such as nethylindene, particularly

3- et hyl iwoens/10p355certai n alternati ve enbodi nents, R6 PSThsSt@nozesed y1M ,
wherein the heterocyclyl is selected from norpholino, piperidino,

pi perazi no, and pyrrolidino, preferably norpholino. |nToemrEaiss@eiavoed

such 20enbodi ments, Mis G _ual kyl. In certain enbodinents the
st er eochemn configuration .of the carbons
ndependBTPHO8 o g (g TR EH dbs ot REREE! WU enEPERBBoheni cal

conf i gur afykeMcat s@ttctt&%tn 19389 hiBEerC BMRRNEmBR Ak ik yRe ,acia2(or angs R3

respectively is D. In certain prefefred such enbodi ments, the

st ereoc hélme@é)l, e&t@t{mcgtmeg Coenﬂl@ﬂ etthle Coaalbdrestseanid ayy | 25RY), t‘htplD)r thieetber.tlai n
such enbod ech fi t|on n bearing R2
D, 1 Rl e cotf B B PR A A M AR e Bt R BT on of Che
car bon bﬁihﬁlda[kyR%lkoS; DaydrékyG 6F ty'uuna mb&dmerﬁb@dlmtaﬁtssRefseQmemryppttenyl In
configuration of Feast two of the carbons bearing R, R2, and R3
respectlQﬁ‘é“ta}nP@f%edISHCly@ﬂb%@?lNé{Rplﬁétlé‘ﬁt?@ﬁfo@rrbodl nent, the 9 - WO

2011/ 109355PCT/ US2011/ 026629 ATTY REF: 26500- 0023W1 st er eocheni cal
configuration of all three of the carbon e/bﬁaaring R, R2, and R3
respectively is D. One aspect !h | nvention relates to inhibitors
that preferentially inhibit imunop activity over constitutive
prot easone activity. In certain enbodi nents, 5the EC50 ratio of a conpound

of for MulvBerkin M iggti@&RAorRTH, OMSIOBY OVE OV, CIIR3SOPE. Bfédrid dmBslisenpaned to
t he EC50 of the sane conpound in_an assay of i mrunopr ot easone activity is
great er whakcted fiom HePMd, K (W Emtssdihent s, the EC50 is greater than 2, 3,
4 or even 5. Suitable assays for the deternlnatlon of the constitutive

pr dleasone achn agrtaip canlepdiments, Rrand R’ @t@mﬁ@p@da@t}t selacieddram dpdogethadl dngr ei n

tmeubst | { LD IERFCR. AYOR oD s, P BT L R ARY a1 kcy

and br angher? @haher @b@hzaﬂiy@uﬂﬁelﬁ}}"ﬂﬁmﬁfgrﬁﬁﬁg'l Tl Rt préfedte® AIJAONS In the
chain, including hgloal kyl groups such as trifluoronethyl and 2,2,

tirfl uoreebefimentsie and:Bamgft oF mdihdhe B0 adipseat oxpesn woarseindtle bqr@nuéomsa in a

t erm nal nd if internal. The terns "C2_yal kenyl" and
"C2_ya|kgﬁgﬁﬂ%bggamq?%Psubstltuted or 15unsubstituted unsaturated al i phatic

ps anal og us in | pos subst.it uti o t.he a

&P bea- aboleerpthertidimeBhins g e ioubie gruffifediyira o
respect i y@lash such embodid@ent£ RMis' @by ¥yl 6€4r9r Sntcert@in sadythb@Hi@bis vikag an
oxygen attached thereto. Representatlve al koxy groups include nethoxy,

et hoxy, Wdeprasych asenethylindenss pariwutably 3-inkylipgene e{hegrtain altarp@ivey dr ocar bons
coval ent é%b&dl&‘éﬁt‘g IQ(yls %@tep&xlgﬁlﬁ\/l ei(/\h %19 'tMeYGroé)mayl is selected from morpholino,

piperidino, piperazino, and pyrrolidino, preferably morpholino. In certain preferred such

20 embodiments, M is C;_jalkyl.

In certain embodiments, the stercochemical configuration of the carbons bearing R,
R’ or R? are independently D or L. In certain preferred embodiments, the stereochemical
configuration of at least one of the carbons bearing R', R%, and R? respectively is D. In
certain preferred such embodiments, the stereochemical configuration of the carbon bearing
25 R'is D. In certain such embodiments, the stereochemical configuration of the carbon bearing
R”is D. In certain such embodiments, the stereochemical configuration of the carbon bearing
R’ is D. In certain embodiments the stereochemical configuration of at least two of the

carbons bearing R', R?, and R” respectively is D. In yet another preferred embodiment, the

-9.



20substituent of an al kyl that renders that alkyl an ether is or resenbles

an al koxy. The term "G _6al koxyal kyl" refers to a G _6al kyl group
substi t utwo 20i 19938 al koxy group, thereby form ng an et RE€T/US2011/0266The term
"Ci _6aral kyl", as used herein, refers to a G _6al kyl group substituted with

an aryl group. 25The terns "am ne" and "am no" are artkmemgmzmboamblr ef er
to both unsubstituted and substituted am nes and salts thereof, e.g., a

1 1 t | f r
R s Ty S A A TN e remeimwy iSn R

1 hl oRlcY A wherein RO, R and Rl1' each mdependently represent a hydrogen,
an al kyl, an alkenyl, -(CH2)m R8, or RO and R taken together with the N

at om t0 whi Chof ey a1 & Al EReNE SOMLStfidiekss dekeLfiglloviing, from 4 to 8

atons in the ring structur represents an ar a 5c oa kyl, a
cycl oaI kmyhnopaothmerec&cwﬂtyybv@rconstjmmimqycﬂeydomeamdviny i B coetnin cubealimeénts .eger
fro referred e onl or R10 can.be a

n.p i men
t o Bory 1 e o PhrlRigT oo ue ohBre 3t af Rty OF SR il Ve oSS Ao, 1
even mor @orﬂﬁSaﬁé@fOVtﬁgEQWhé@?ﬁe%onﬁ%uﬁﬂ% R ubaner pahiRpRIbKORE diBRER

i ndependently represent a hydrogen, an al kyl, an al kenyl, or - .

I n certagmatenﬁl@mlnélmt:@rtallaw@mnﬁmdgn@m thesEGads greamdnnﬂg344om§né plc, >
7.00. 10 rot on f.0 t hese functional qgroups.have cs above

7 o0, Ostituky BL A Re 48 MRinaliod SRS e 8 M e OB BT E S,

ani no- supshiidpr&dasoaichRnyity aRdchdtived desit(sBOELINpIEhat can be repr esent ed by
the general formula:

10 The term “Cy_yalkyl” refers to substituted or unsubstituted saturated hydrocarbon
groups, including straight-chain alkyl and branched-chain alkyl groups that contain from x to
y carbons in the chain, including haloalkyl groups such as trifluoromethyl and 2,2,2-
tirfluoroethyl, etc. Coalkyl indicates a hydrogen where the group is in a terminal position, a
bond if internal. The terms “C,_yalkenyl” and “C,.yalkynyl” refer to substituted or

15 unsubstituted unsaturated aliphatic groups analogous in length and possible substitution to

the alkyls described above, but that contain at least one double or triple bond respectively.

The term “alkoxy” refers to an alkyl group having an oxygen attached thereto.
Representative alkoxy groups include methoxy, ethoxy, propoxy, tert-butoxy and the like.
An “cther” is two hydrocarbons covalently linked by an oxygen. Accordingly, the

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

The term “C,.salkoxyalkyl” refers to a C;galkyl group substituted with an alkoxy
group, thereby forming an ether.
The term “C,_garalkyl”, as used herein, refers to a C;_salkyl group substituted with an
aryl group.
25 The terms “amine” and “amino” are art-recognized and refer to both unsubstituted

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

formulae:

-10 -



wherein R9, R are as defined above. Preferred enbodi nents of the am de

w Il not 15include imdes which may be unstabl e. The term"aryl" as
used her evo 2origclogasés 5-, 6-, and 7-nmenbered substi t ut ed POI/US2&INIOSE6R2 Ut ed
single-ring aromatic groups in which each atomof the ring is carbon. The
term"aryl" also includes polycyclic ring systens haviATgYtR®: 8500002BVGYCl i C
rings in which two or nore carbons are common to two adj oi ning rings
wherein at | east one of the rings is 20 arongtic, e.g., the other cyclic
rings can be cycl oal kyl s, cycloal&é%yls, cyE&oaIkynyIs, aryls, heteroaryls,
and/ or heterocyclyls. Aryl groupginclode—bghggiRe, napht hal ene,

phenant hrene, phenol, aniline, aanmhe l'i kel ® The terns "carbocycle" and
"carbocyclyl", as used herein, refer to a nBn- aromati ¢ substituted or
unsubstituted ring i ich gach atomof the ring is carbon. The terns

25" car bocycl eWhelgH Rd; &wg@%lﬁﬁeh Hidependspily, erarssentidipelroseny dmkly &t ens

having tyR.Qj -E@H@F-Wogﬁi%{dlﬁgﬁééﬁ%%eﬂ%%&{ HERPATAS WhicHHhicy %2025 V01

cyclic rings i ch’two or nore carbons are common t wo adj oi ning rings
wher ei n edmple@sithetmecyofe haverg fromg e th § aembimahc ting strectgre; RE toprastite an eyt la ¢

rings can be cycloal kyl s, . cycl oal kenyl s, cyclqal kynyls, aryls, heteroaryls,
ndPor - noeuE e Sttotienyt SRS SRIN: Epaf KL aHIS fico B 0 PeslE HPPOR and
i ncl UdeStOSSJquﬁ Ig?@ﬂéﬁ&d'l BRbEANRAR, SRy BhERF RSENR €daPYe h bebesNes gl RP ot 00 A

Rii or A XD wherein X 1s a bond or represents an oxygen orﬁg
sul fur, teaitRigendogetsedo sotfonpdnageds, Tasven fpte praferst kebgdimentsCROynd RS or a

h i,cal.l . I t, Ri 1 | kyl ,
B keny! -t SPedy iRePEERIFaH R done S eerreneBE G ER B RERBIE s £ X & an
oxygen rHRHRIr Reerkin bmbsinehydir0geino ok i BRI ImRean bR iEBAN SK a7 best er .

VWhere X i s an ox% en, and RH is a hydrogen, the formula represents a
" cdPboxyThepraiqngted forms of these functional’groups have pK.s above 7.00.

The terms “amide” and “amido” are art-recognized as an amino-substituted carbonyl

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

O

)]\N’R’IO

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

15 include imides which may be unstable.

The term “aryl” as used herein includes 5-, 6-, and 7-membered substituted or
unsubstituted single-ring aromatic groups in which each atom of the ring is carbon. The term
“aryl” also includes polycyclic ring systems having two or more cyclic rings in which two or
more carbons are common to two adjoining rings wherein at least one of the rings is
20 aromatic, ¢.g., the other cyclic rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls,
heteroaryls, and/or heterocyclyls. Aryl groups include benzene, naphthalene, phenanthrene,

phenol, aniline, and the like.

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

25 “carbocycle” and “carbocyclyl” also include polycyclic ring systems having two or more
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As used herein, "enzyne" can be any partially or wholly proteinaceous

nol ecul e which carries out a chemcal reaction in a catalytic manner. Such
enzymes CO&0208/199355ve 15enzynmes, fusion enzynmes, proenzPoEaiS2@Epo26e2y mes,
denatured enzynes, farnesylated enzynes, ubiquitinated enzynes, fatty

acyl ated enzynes, gerangeranyl ated enzynes, GPl-I|inkedT@NREFES500-0023WO1

| ipid-l1inked enzynes, prenyl ated enzynes natural | y-occurring or

artificial enera nmut ant enz enz with.side chain or backbone
ol 11 CatiURETER AL HES HaOT Mg e st GUEHRED e ShI e slsinsad o th
non- pr ot RhAJGE ¥ the MM i @bocdBiS ¥&h tﬁéoﬁﬁéloéy%ﬁg kg8 bddyRloRMyldOoSomes.
Enzymes can be nade by any neans, 1 ncluding natural expression, pronoted
expr essi eyeloaghanmisney clopdininglss aryd, h@tﬁmﬁrstbage%oah@eryowlﬂISbased pepti de

synt heses, and simlar nethods known to those of skill in the art.

The term " G _Bheteendaarhbkyl! Is arascogezedrmdaendydaseher siotabicnaGandal kyl gr oup
substituted MAt a_hetero roup. 25The terns "heteroaryl" includes

subst i t utBEFSHHC h%ﬂﬁé??@afé%mﬁg/natlc 5- to 7- nmenbered ring structures,
nore preferably 5- to 6-nenbered rings, whose ring structures include one
to four heteroatons. The tern{)heteroaryl" aI i ncl udes pol ycyclic ring
systens having two or nore QXALJC R1INg®"i nwhj iMD or nore carbons are
common to two adjoining WO7201%f 109355PCT/ 082013 026629 ATTY REF:

26500- 0023W1 rings wherein at |east one of the rings |s het er oaromati c,
e.g., the ot hwhercychnsca bmmfgczr reprasdngs ayadygenh kiyd SJ,lﬁmyanlddhl kepmgdests a

Fhet e 8 i B o SHERTEHY) Gl SRR o AL &

oxazol e, rpxaettaa qa{y@mgélhlaﬁég&yqz ,antalme@gil &z@@ﬁz)mtf{ﬁ %@Jeem aRY RAGR! RB.deANEd di ne,
pyrazi ne, pyridazine 5and r|n1q| d the The term

" heler oathwve. Mhare&ds h@pé‘igﬁtnméﬂﬁs amRatlénpbliyda@gﬁneth@rfemulmmselnthan car bon

or hydro » r d het 1 r ] and
cut fur S YA S ELEER AR BB SRR PRy RO R PO TS

substi t uigg’. or unsubstltuted non- aronatlc 3- to 10-nmenbered ring

structures, nore preferably 3- to 7-nenbered rings, 1l0whose ring structures
i nclude one tas{QhhGh ereﬁﬁstrﬁérseanﬂa%nwaman%m n)ebl%ft@ﬁa/&blyslﬁmre&ule
heterocycllc gr oup” al 'so include pol ycyclic rln%@§%stens havi ng two or

nmor e cycWwhishcaritps opa livinupaliroustion impeatalytie b@nsera orayDIes can bewatandj oi ni ng

ri qgs Vmeeﬂ’zelrn%s aélSl I?%I?t oerge I‘OE ZtIPIle rl N9$ 3 etng ur CIllZI %a es lathc? ot her
cycli c rings Can an é?Qlfg %ﬁ?’ cyc yny S ryls

het er oar M{z@meandﬁ@ﬁnmé@mwﬁb )fht$y ad;i@ttar aczyﬁieyl ge@arn@amyllamleuaﬁnesf OPI-
15exanpl e, tetrahydropyran pi peri di ne, piperazine, pyrrolidine,
mor phol i higked |eaéyraeﬁe§pldrlaé@dﬁ§zyra%pltenélatqd|@@zym%n@téfqlrhy"@icwmwoxya| kyI "

refers tg.a 0 %%bé%t'h édRﬁk&Qﬁé'E ﬁﬁ&{;ﬁéﬂ{&’%%% cﬁﬁ D
her ei n, {he tefr |ne|b| F ? ﬁ%? {0 describe a coﬁpéﬁngnt %qbﬁdcks or
enzymes having leader sequences, and enzymes complexed with non-proteinaceous material,
20 such as proteoglycans, proteoliposomes. Enzymes can be made by any means, including
natural expression, promoted expression, cloning, various solution-based and solid-based

peptide syntheses, and similar methods known to those of skill in the art.

The term “C,_gheteroaralkyl”, as used herein, refers to a C;_galkyl group substituted

with a heteroaryl group.

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

-12 -



20reduces an activity of an enzyne. An inhibitor can act with conpetitive,
unconpetitive, or nonconpetitive inhibition. An inhibitor can bind

rever si blwoanitnezsger si bl y, and therefore the termincl rdegScantjpaasatls t hat
are suicide substrates of an enzynme. An inhibitor can nodify one or nore
sites on or near the active site of the enzynme, or it Agay REELUSE0080023WO!
conformati onal change el sewhere on the enzyne. 25As used herein, the term
"peptide”. includes not only standard am de |.i nkage with standard

a- subst | YW RO a8 ahg ﬁ@*emasil%gﬁefa@rﬁmaa&ﬁ%eﬁe@&er SEHET B ERT PR d

| i nkagesgydi@ikyl@icyédhikyn, ¢ ‘égélbhlﬁ‘}n}%,C&?yl@,hﬁte@@aryl@,%d%rql%te%@fhl}rls.

modi fi cat’i ons,” as” det ai I'ed bel ow. The terns "polycyclyl" or

" pol ycycHetsroargdfesoupsanalwde, drr cxempler pyrgele(ferag, thiepheho amnkdpizele, isyizolsl kenyl s,
cycl oal kynyl s, aryls et eroaryl.s, -and/ or heterocyclyls) in which two or
o e W e TP IO B S B e Bl Eg Oy st HEBHIS o o
comion t ghd pindidjne Mdge likgs, e.g., the rings are "fused rings". Each of
the rings of the polycycle can be substituted or unsubstituted. The
term " prevent TRGterth ShétefouldRe OBNisE@ HercANH MR AR akbRe O 4y di&h@ltiodfer tifina
condition, such as a local recurrence (e.g., pain), a disease such as
cancer, earbymalrtydeogeomprasredindicrastoBisear nitrbaén, oxegany pmsphauhend weldirc al
condition, is well understood in the art, and includes adm nistration of a
conposi ti on wihetrmethtescitdhd” br Gogptrocycliofzroupi’ refet @ysaibitheted nsetsubftjtuted
synptons of a nedical conditiqgn.in a subject relative tq a subject which
G50 ot MR one KERBBLRAsH SREST LG b E- LaBeRORsrIgbe. f or
exapl e, whe@UsNGrubREcsTHARES o tod6HAAREAEMS AMRE [P T MO WeRPodyBlyR or

popul ati on of patients receiving a prophylactic treatnent 10rél ative to an
unt r eat ethetaatyctt gpopiikboimrydegrodyayclidahayystgns ey irgipoarranee cyélicdmigsan abl e
cancer ous %EE\M hs in a @reat ed rﬁ%ﬁmtag on.versus an .untre teg con{,trhol

popul at i BRATNEWG OF more CArRenRArE PRTRIOR 10 By mis & Y1 1n tglﬁf‘ Ceaft "&mount .
Prevent i ARgsOf haferdcPEIRs tigdRhd sbludREe rih® caaXRIitRalklyBdeldigkdnR, nunber  of

di agnoses of the infection in a treated popul ati on versus an untreated
control @shillamylsnarylnbeteioaties. apd/aghetprecrivlet Heteregye srpsipdinctuds. fonf ect i on
in 15 i.on_ver . pul.ation

prddent | SHTBHE PSR TGS (kL BORGHAAE I erRho BREH: B igpamsy,

al t er nat andethy lilel ayi ng, pai n sensati ons experienced by subjects in a
treated popul ation versus an untreated control popul ation. The term
"prodrug” encoORPRESET CIRMROYALS 't Redrs tound ﬁgaugm%ﬁi@lsqgétﬁahd GO Kyideks, are
converted into therapeutically active agents. common net hod for making a
prodrug 2®UP0 to include selected noieties that are hydrol yzed under
physi ol ogi cal conditions to reveal the desired nolecule. In other

enbodi ment s, Akesgrtedeinghe srmomviebitad idpcan tedesyriat & corapeundithat bbdcks e host
aniyal . The .t.erm " prophyl act.ic, or therapeutic” treatnent J.s

ar 207 e ofiPSdn ARG e Aree i i BTG R 2BV TR OB R SH Y P of

t he subj g&icomPBRRR thhidhifon. |An inhibitdr adbiRd sdveresly 3P Rfdversitlp, aalithiréle the

mani festation of the unwanted condition (e.g., disease or other unwanted
st at e of tegrréndhedes camipaends thdiare supdde substratenet ansengy@phyndahibor qan raodify; t
protects_t he host. I 1S | opi n te nditio reas if it
< nls R SR e BYRLERLTE s o PR S G0N £ rotRpioRa

t r eat menghange tlo@riapevh i, engime. , it is intended to dimnish, aneliorate, or
stabilize the existing unwanted condition or side effects thereof).

25 As used herein, the term “peptide” includes not only standard amide linkage with
standard a-substituents, but commonly utilized peptidomimetics, other modified linkages,

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

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

cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls) in which two or more
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WO 2011/ 109355PCT/ US2011/ 026629 ATTY REF: 26500- 0023W1 The term
"substituted" refers to noieties having substituents repl acing a hydrogen
on one orwgupr/wWAIsSBons of the backbone. It will be undePsTasAo1lo26629
"substitution” or "substituted with" includes the inplicit proviso that
such substitution is in accordance with permtted val estag ref: d6b®-0023WO1
substituted atom and the substituent, and that the substitution results 5in

a stable c ound, e.qg.,.which does not spontaneoysly under

tr anst or TR SCUNAE by e WlipipisgBisrt e IS AIRE A6 GHCIErEm nah ol Mot . As
used her ghgy ofithe (Sl?éy’@le"cséﬂ%tshﬁ)éﬁt@t_@a of SnseB8titgi@! ated to include all

perm ssi ble SubS?l uents of organic conpounds. In a broad aspect, the

per m ssi bl & SRSkl hUpREndMSiVARAOLELLE AFUHEN Gldcin ORAAERAA A ion,
unbranched, carbocyclic and heteroc c]IZ| c, aromatic and non-aronatic

subst i t uarhss eflocl ganirencedepo paids,.a dihbesypbk prcasich lasysdribste coupitxssuclans be
one _or re d the sape or different for appropriate organjc ounds.
For Spur peeBsALsen ALY PREEREFISH. copfibonet &rUdbdrs oot dh hsarmied Bgldirmy have
hydr ogen, ghiltdatisest S camsstlonAMMcP RIITE&ShO Fr8q By bi, bH8ALPs BE oRgBNI C
conpounds descri bed herein which satisfy the valences of  the heteroatons.

Subst i t usmEomant & melicdeconfldionar ampbjest ralahiat wgesubjeat Whthaloys notaceavatbay |
(such as_a carbox an _al koxygarbonyl.. a fornyl .. 15qr .an_acyl a

bt ocar pemroEan nys e Rali G EF Bnisimad, e Ra o e f Bitidier B o

al koxyl , d@eqaht0s phREMus gbwhoBRNEs Rl atidn PRGSMENREEYIng aphesBMdiiatiRatn@it ani no,

an am do, an amdine, an imne, a cyano, a nitro, an azido, a sulfhydryl,
an 141 ky| ¥ehatye toams untregtes contrelipdneaion, and/og sickamgythe appegianepibdateséble

| f I |yl - ti '
i ety 1050 B8 B A Blefih xe Sy ARl b Spop R AER N ETAT o e
20subst i {tatigidaldnaridier dindatie sighifivash@mhdunt.aPreb breiomelNaasnfbetiglibslutésyfed, i f

appropri at e. A "therapeutically effective amount" of compound with
respect PEMMe rednsinedhe %@ﬁ@&%&ﬂaw%ﬁé 1#%%%3 %at%ﬂwoyﬁ%ﬁwzl VEFSU Ak

conpoundfsieatdd RnRbERPLALLR MW GBkay WRGR: ka1 S s §thPaltbctRh iR pdesi red
to mal Zb I

dosage regi nen prefer y a human eviates a synptom
anmdlSi or atressedapaymitedioniversys am ustransl dongobpopetatioh. dreense efgradi inchudss, for

25accordin oclinically acceptabl e standards for the di sorder or

cond ¢ it IDaSduelis Bt FHE R oR AT GG Ser e huHsE] e
benef it/ gy sibjdcd inQ BRRI fopllaBoh Qe BiGRU cbh@@pMifation. =~ The term
"thioether" refers to an al kyl group, as defined above, having a sul fur

noi ety attach e ” nﬁﬂ)‘g ' b Pk S
repr esent ed bgge i&gl E{/OI(am %8?%@%%% %Ste{?)v tﬁ?goet ’{eurﬁdeé?g %%IB fr?gﬁ?@gﬁlonk’

met hyl t hare cortdnietl tititb dherapratitdlly dctike agdnB. 20 2am 08 3IHSRETToUSRB N/ DR6621Q IATTY
REE: 26500- 0023W)1 . .As_used herein, the term"treati,ng" or "treatnent"
0, oo g aRe s e el GRS hag B HAE RhY U st b gy Sl Fi O

and U”deﬂésﬁ%@ﬁlo@&hl‘e‘?|Iﬁ%ﬂ1e9%rfn@o&i%ﬁis§ iih@ff)rééd?ugﬁ%‘ﬁ{zeﬁ&l Y Q¥Pmefic sdRRiyl | ze a

subject's condition. Uses of Enzyne Inhibitors
of the host animal.

The term “prophylactic or therapeutic” treatment is art-recognized and includes
administration to the host of one or more of the subject compositions. If it is administered
25 prior to clinical manifestation of the unwanted condition (e.g., disease or other unwanted
state of the host animal) then the treatment is prophylactic, (i.e., it protects the host against
developing the unwanted condition), whereas if it is administered after manifestation of the
unwanted condition, the treatment is therapeutic, (i.e., it is intended to diminish, ameliorate,

or stabilize the existing unwanted condition or side effects thereof).
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5The bi ol ogi cal consequences of proteasone inhibition are nunerous.

Prot easone i nhibition has been suggested as a prevention and/or treatnent
of a nmul twourde/1wH35di seases i ncluding, but not limted t®CTArSed1f26622 i ve

di seases, neurotoxic/degenerative di seases, ischem c conditions,

i nfl anmation, imune-rel ated di seases, H'V, cancers, Tg&REgs@bdo-aoejvast i on,
septic shock, viral and parasitic infections, conditions associated with

aci dosi s, 10 ul ar . degenperation, pul.nonary. conditions, scl stin

i seases, 11 DTt ancr ARHBRS THERHoBRIHR Vi oH owsaBene o hydFsgen Of

Pr ot easog® driHibRich®ofs 6BMRc PEIWSRE Tt Qvill hEAhdGNRBH tHao bRl est directly by
the proteolytic function of the proteasome such as nuscle wasting, or

medi at ed"“subglitnied twith”viicuges dheinmdicitprenisathet yuch sessisdiobys mhscondenasagigne such
as NF-KB, Th r ot eas rticipates in.t rapid.eljm iqn_and

oot -1 1 aheigs bR PR BR Gy B s Syt e BhS UL LT R AR e

cel lsul arinregatilatdrapound, 8g., whedh dozy abespogRieouslyansierdopfanofdrmativh filgh abvy i C
pat hways), intercellul ar conmmunication, and the inmmne response (e.g.,

anti gen sRE3RgeMent. shglizappn. iohgipdionyetar Asawed herginethy dapnsubititead o

pol yubi qui.t i 1.N§g, e | 0@ d si s have
been rep%%%%%ﬂgggﬁpﬁgggfﬁg ¢ o?gggﬁ%§§§P$%§§%% %Fgﬁgﬁgﬁgﬁgaggﬁgg%ﬁhibitors.
Yet, it sdpettl thelpermictivld subaituananimelude adylclic andicydiol Erapsheti @aad ankranetedpi t or s
inhibit both the constitutive and iqg;no fornms of the proteasone. Even

bor t ezonf#POYRHC ¥} Keterppychispapatc pRORULRGHBUE SHSHUCBES of QFeapifeeonnositient  of

relgps edTH@{g}éthAsﬁﬂé%ﬁJsﬁfﬁ%nt@ 2 60650 04062 AN thMafild PSS BnlI6E égﬁﬁﬂ)ﬁa!?@ two
formse (Altun et al., Cancer Res 65:7896, 2005). Thus, what |s known about

t her apeusiigenipicompasaise Fonpuiposds of this inyeistanh, Afsdietanoatémwisidh avmliterpeh eyt hat

inhibit both forns of .the proteasone. .Agcor di ngl onpounds of the

| nvent | ol iy SBECh SHEHTET B BF o CBEI RO Hers LR of ST cdioao ot s
associ at gdcMbddhoi@h eaidestitiiahe LABARL bf BRthbtckidrs. 0futshichis RhL AR A, for

| mmunopr ot easone expressi on occurs predomnantly in cells and organs that

make up eXennlyaghinges, slshernl aceborys (swah aea parboxylcwl 4lkqysukorylt @ &rmybone

mar,r.ow, and the 30th S l,een and | . nodes. Al though, sone organs
o dPer e f15h 4oy e ey SRR BBt AR RGRISE or A O RER TeB T 6620
ATTY REFpha2pREIOL QQRIWMAtDE PhEPROTRS a(fhogphindi€ahtamin®lafh@hsds Wahndgdinadmenal ,
liver, lung and gut, appear to express both forns.

imine, a cyano, a nitro, an azido, a sulthydryl, an alkylthio, a sulfate, a sulfonate, a

sulfamoyl, a sulfonamido, a sulfonyl, a heterocyclyl, an aralkyl, or an aromatic or

heteroaromatic moiety. It will be understood by those skilled in the art that the moicties

20 substituted on the hydrocarbon chain can themselves be substituted, if appropriate.

A “therapeutically effective amount” of a compound with respect to the subject
method of treatment, refers to an amount of the compound(s) in a preparation which, when
administered as part of a desired dosage regimen (to a mammal, preferably a human)
alleviates a symptom, ameliorates a condition, or slows the onset of disease conditions

25 according to clinically acceptable standards for the disorder or condition to be treated or the

cosmetic purpose, ¢.g., at a reasonable benefit/risk ratio applicable to any medical treatment.

The term “thioether” refers to an alkyl group, as defined above, having a sulfur
moiety attached thereto. In preferred embodiments, the “thioether” is represented by -S-

alkyl. Representative thioether groups include methylthio, ethylthio, and the like.
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The i mune system of which | eukocytes and | ynphoid tissues play a ngjor
role, is responsible for protecting an organi smfrom outsi de bi ol ogi cal

i nfl uence’s0 2Wer993sanct i oni ng Sproperly, it protects thePoBAB2@H]IARGH3?
bacterial and viral infections. The inmune system al so screens for

aut ol ogous cel |l s that have undergone oncogeni c transf QTIEREGIL6500-0023WO!1

I ntracel | ul ar prot eoI ysis generates snmall peptides for presentation to
T-1ynphocytes,to i uce class.l-nedi at ed |, ne respanses., The

pr 01 ehsome. | SA TGP Frife CBiS Hes BB RERL BURIBERT IES, SRS &F

di ffer en%&tlﬁgtﬁ&%ﬁlp@d}ﬁd JBRicsl BEaR! é&ﬁ&d@ﬁyﬁg@ﬁﬁeld@%@%\éﬁﬂdﬁéﬁ Yi»?l%ﬁnrfe@ ltd S
10wi th varying amounts of each proteasone form (Cascio et al

20: 2357- 2BEYe QOab)lizel gsubeact a¢andémivodi nents, the invention rel at es to a
met hod for inhibiting antigen presentation in a cell, including exposing
t he cel | Uses of HEnapmo dmdbisss descri bed herein. I n certain enbodi ments, the
invention relates to a nethod for altering the repertoire of antigenic
pepti des pr odukebiolgidaheor3t QicaaswTRratasoimefnhidition\atd furmdibid. CRIbREIENE
activity, For exanple, 15if the activity of the inmunoproteasone proteasone
i s sel ectihipatign fhas HﬁeB‘il suggested o 4 P@V@Htonsa@fi/oesfre%mepb@frﬁ pulsiduds ofdiscassy be

pr oduced n MHC
nol ecul elsnm)(glrclﬁ gutg{é?;lgiéﬂegg t%% Ii]?:ﬁefh[ag QI% ﬁ%%&%\%\%q]]%%%gdﬁd&%&ce?i&g&g?éésent ed
wi t hout mubﬁnanzymrﬁtibmhuiﬂammionsmmumd -rethitabdidesss, &Y, dinseasagst giafls have

been associated wi.t er.r i mmune. 20system f.uncti on, rein referred to
as i mmn’@lerCBP’?aetSEH“‘bgwgﬁ %n %?Wécpgl% n%ﬁg’ﬁ‘LEB‘}ﬁféﬁoqlar‘rﬁ‘ﬁW& P19ty

condi ti Opabiarl RGedrht@SdbIntnasy aﬁaﬁlo%yqnus%fe Whtifp AisBBocs ARrbiIRI RO At opi C
dermatitis |ike eczema. These ‘occur when the immine system overreacts to
exposur ebany aadthrgemewihrdischecsenvi r onment . Thus a further enbodinent is a
nmet hod for suppressing the i mmune system of a subject, conprising

admi ni st er i ngPtotcakdrac ahlfjiees carbeafstedat fraee cambitions médiaate&ﬂtne@lyd@sthae

i nhi bitor co oun d in a ranner described herein, defl ci.ency

di sor der BOBEOUF RIS B RTOSRSARS e ARISEly Yasting. o RS R hgtsrdberiy or
i's not pLeaetwhithe ﬁé&s@é‘dft%/%e Brdté/MQXfféhed% NH-«BY m@%&%&%meq%rtm&cyt es
and be either inherited (e. | gA deficiency, severe conbi ned

i nmhdnodeihnitb¢ emcyel(rma@n attdnmt traghja pinakpracandg oh pendics Greanuizpmes)oue)lvask

e ook 25 ik €y GTHAREES a G SRt Wi FERLORY fathway i
RPN NN VL L A el encies). A

dosing strategy utilizing sel ecti ve pr ot easone |nh|b|tors of the invention
may be used t ¢ iRk ARVACH: GkalRdlaGRISH JolRMSquititi Bsolciuaggdef i ci ency

di sorders. In autol mune di sorders, the imiune system i nappropriately
at t acks whgphobaycat clsinged, bhg pmng@m;haemdbetn spoes wmtfeatrh@y ofeeles with ei gn

D it ARy e i FlorS Vel AT B 3RS R P RS acut ca i b

t he eX0ChiofRscth@Mifbitofs Hhibitybox Ai¥lcBhiifutiRenB i AhRAS ToBnLHRhEpDk@RotheV el
reveal ed a significant up-regulation of beta5i (LMP7) exclusively in the

sal i var yEmnabm@Z@tnﬂsSlepmﬂy ERAsanprejeadavroteasogie, inhihptohior thedrqaiiaentobrelamsed - 8,
2006) . ﬁ{plee fﬁ?%hﬁ%a? gnt?}ﬁ% h%&ﬁlgulsh between the two forms (Altun et al., Cancer

Res 65:7896, 2005). Thus, what is known about therapeutic proteasome inhibition is based

25 on work with molecules that inhibit both forms of the proteasome. Accordingly, compounds
of the invention may be beneficial for reducing the severity of side effects associated with

molecules that inhibit both forms of the proteasome.

Immunoproteasome expression occurs predominantly in cells and organs that make
up the lymphatic system, such as white blood cells(leukocytes), bone marrow, and the

30 thymus, spleen and lymph nodes. Although some organs preferentially express constitutive
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10rel ated conditions include |upus (such as |upus nephritis and systemc

| upus eryt hanotosus), rheumatoid arthritis (such as juvenile rheunatoid
arthritiswandip®esssati ¢ rheumatoid arthritis), scleroderg@/USanlpbesd ng
spondylitis, dermatomyositis, psoriasis, multiple sclerosis (both relapsing
remtting and chronic progressive fornms) and infl ammataary ReevEboodioseasEe
(such as ulcerative colitis and Crohn's disease). Tissue/organ transpl ant
rejection occurs when the 15i nmune syst m st aken attacks the cells

el g 1 PP (B e e LRI Eh 6y S G B S S i SR P T

resul tingfkom all ogenic transplantation, arises when the T cells fromthe
donor tissue go on the offensive and attack the host's tissues. In al

three circunsipigeg QLRI 15QRRGres b RRIMNBIY tids@Gidy £MaftdoICUED,
modul ati ng theﬁ?nnuwgﬁgéstén1byltreatiﬁgst e’s jec%ﬂﬁiﬁiiicg' ound of the
i nvent i oresposibde foe phetoemganargan2® ibhemtwds bioldgical hdlubneest Wiesgomg®nofg t he

i ne systemto infection or irritation. A cellular onent of

| EamabRBH P8 TheaotpaintecGral Bishe) fectofn; IR BRBRsyStem also

I Munopr Q4&as Geutd6 &N REROHa VeS8 @hderbiCodcBSediOMrhRiithatibs S HRracdingse cells
take on the inportant role of renoving the irritant, bacteria, parasite or
cel | debpiotcolyBrsatenarsteyemiaH ipepiides fer presentatios saly -likmpberytes thanduce MHC class

anti-infla r.y activit et _al., .PNAS 2596: 10403-10408, 1999). In
cases of ERMBIAEAC R main oA Rpae i e R TPy BUMAS s g

pr esencephideBtbARREIEiSierdnbes el dnfigénio hegideahhye 1eeh vestrag stekedsdcye
agents begin to rel ease toxins and cytokines, including TNF-a, now becone

i njl@r i ouwith yaKyiRe BBRIts eleasgh proipsPme forgsesgiamhile EIMBO bA%23 5723606 2001
enbodi nept he 4 i S A i - jnf .ion and
o S ctrafa\nld 0N M. ELRIGTchst TN 81 i DN EIEIRILOT
her ei n. indf dedirimatudling eipssiag é@x detlad dempouideas(d@s@ibed hieie hintdegtain WO

2011/ 109355PCT/ US2011/ 026629 ATTY REF}g% 500-00%%v01 conjunctjvitis,

pancr eat FRPRIMERY. A inygRHORFiFs: tp griactped g).r altpetiFe EeneHgire o5 itigenic

bronchi e S i i [ i i

o TRe T PRSRREDproBRda 8 bitReaSbREBPohor NEN ARG BARI RSP Pixample,

fi bisosi sif thadatiztty ofith@nchnumohendasgomée prateasvme s ehdsodelpendtibited; b diffanere stti afn
relates to. nethods,of treatin ndi ti ons .wherehy an organ is infl aned,
such as HtftesPinmeREdes mc%mpﬁcgﬁﬁﬁgh%wm%ﬁwlﬁ\}% PHtg4seme and preS%?cf owi ng

tissue danAgR mbRehWHbRthcdAMBER o eslld Bat BBuld el REARELH QR Pre9GR&Bwithout
progression of regeneration and repair begins. During the regeneration
step, | o#ty anzgwgenhiibitipepl aced by proliferation of cells of the sane type,
whi ch reconstruct the normal architecture. However, inproper regeneration
of the tissueSarccdlidisooteny mdndiscabastetcs barvertect assseigied vadsabelmntlidpame cases of

chranic inflapmatory |iver. disease, the regenerated tjssue forns an

=g mal UG T SRR 1P GRS &G FHECISS RaTE: EIMeN) BEPRERS] on.
The repajfmPQRBISd ERRildnSs tHe diRftic HiseRR sheh AdallgRbaeaHmAYNA afdplRy OUS scar
which is produced fromgranulation tissue. Fibrosis is the excessive and
per si st edgrmiattisriké enrcof. dbese acreswkenr the Uhmiung systapmpydrecanty pe exnosiiicfter at i ve

growt h of fibrthasts and {sTﬁssgﬁh%ted h activatio the TG 13

) i of
antigens 1n the environmen us, er em oélment 18 a rnetfm(fl for suppressing the

immune system of a subject, comprising administering to the subject an effective amount of a

25 proteasome inhibitor compound in a manner described herein.

Immunodeficiency disorders occur when a part of the immune system is not working
properly or is not present. They can affect B lymophyctes, T lymphocytes, or phagocytes
and be either inherited (e.g., IgA deficiency, severe combined immunodeficiency (SCID),
thymic dysplasia and chronic granulomatous) or acquired (e.g., acquired immunodeficiency

30 syndrome (AIDS), human immunodeficiency virus (HIV) and drug-induced
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15si gnal i ng pat hway. Fibrosis involves extensive deposition of
extracellular matrix and can occur within virtually any tissue or across
several dwDRerienp3ssi ssues. Normally, the | evel of intra®€eriush@n/ogisgnal i ng
protein (Smad) that activate transcription of target genes upon TG-13
stimulation is regulated by proteasone activity (Xu etatal .REF2B6@)oo23dowever ,
accel erated degradation of the TG--13 signaling conponents has been

observed.in ¢ ers .and .ot her 20hyperproliferative conditjons. us, in

o e o et R & A ot e P e s iSRS B RE sl e

hyper pr ojniEgiAth¥ebERMitd trodt igehaeiediciemiidbAPRIB 3s (BMeRoRiclype 1, type 2
and netabolic syndrone), diabetic retinopathy, nmacul ar degenerat’ on,

di abet i cdisendpsopat hy, gl onerul oscl erosi's, | gA nephropathy, cirrhosis,
biliary atresia, congestive heart failure, scleroderma, radiation-induced
fibrosis, andnamgmhiineasiosddrs,dhompatimacsyptiehmmagrrypi2Bély brtackisshe baly’agen

vascul ar, di sease, sarcoi dosi. interstitial lung, diseases and extrinsic
| ung di SBFBY S5eans BRLITUFYS DM NSt ETEE Y 08D At faAm8 C SR A SSEMHER e n.
The treagigent is@jo?‘séﬁ@ Hin@fdnies wihfehab bR temRAKS dn BiratibP bR iozal dcBMSulalibn

certain enbodi ments, the invention relates to'the topical or systemc
admi ni st efallyimphogftesain dlongroarive glendie sk siubde dxdnaingigthe proteagame bxpmssionisueid

cl osure foll,.om n rogery i s ofte S i d with.disfiguring scar whi ch
oy be ataraGh M b b SEh R RO E el ok S PP BB R ssont ¢
t he i nvepdtican (Egtret &%l l ArtdritiY\Rh&@h 54160 BSSHE0H) UBLE bk L3162 8f AER Ymitfahe-
26500- 0023W1 net hod for the prevention or reduction of scarring,

corffr i si Feiptedieanditions inchyledupusrpening lersdeplitivad siepminlupysdrabemeosss),
A ! g e Co popor e DS . .
or ocess. "RERC iRl (S i E AR B ol ity B R e bREpd L] SRR

syst em csdhroddramammikgiosingesppodidiis Syurchh iy obiGk Rspriasis umdtiplERelctBisbs@psi S i S
applied when this is due to .infection. Overproduction g% IL&gpol sacchari de
We

(LPS) - i niffpesdsniinshay dyjeHe grosrasyeifamsy At tdlemmateyy raaf (6h ehe

pr ocessegaagect AR AncrbhB St &e § MBCK e/ t?éhrﬁ@ghﬁiej%%é(n odelR PhAnt nduces
al the MH at I g

an increase In conponents o C-1 p y i'ncluding the
i mhdnopr mrearsosystesumistakeslylai@ksahe cdl sPingvacdduccé to tike hostPiNARy9 &ir3882- 3987,

2001). 1O0Furthermore, it | ener al.l cepted that the first step.in, the
St vat i Dok e SRS b RESH: FResT ot SRR ML hedls

r ecept or fom kRE dGtor A€l Bt Bk SsiAf arldN@tadOBeMoot LARASE 1RANMPhRX have been
identified as LPS-binding proteins, suggesting that the LPS- induced signal

t r ansduceirasmstraagesh eutaiminapodisease, traneplapaaicriéon andgfel Hh mddelating ghaerunsy
D oo o R UTED bttt or s bR o PEBE ek 015 1529),

Ther ef or &> %%n nvent'i 0 preventing or
tr 3%t Ing sept {n(flarsnrrlr?a%%h isC &gq{r;tslriesrf)%nse of the immune system to infection or irritation. A
cellular component of inflammation involves the movement of leukocytes, which express
immunoproteasome, from blood vessels into the inflamed tissue. These cells take on the
important role of removing the irritant, bacteria, parasite or cell debris. Proteasome
inhibitors are already known to have anti-inflammatory activity (Meng et al., PNAS
25 96:10403-10408, 1999). In cases of chronic inflammation, which is characterized by a
dominating presence of macrophages, the cells that originally served as defensive agents
begin to release toxins and cytokines, including TNF-a, now become injurious to the body,
resulting in tissue damage and loss. In certain embodiments, the invention relates to a

method of treating inflammation and inflammatory diseases comprising administering a

30 compound as described herein. Inflammatory diseases include acute (e.g., bronchitis,
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adm ni stering a conpound as di scl osed herein. I n anot her enbodi nent,
the di scl osed conpositions are useful for the treatnent of a parasitic

i nfecti oryo0togsssi nf ecti ons caused by protozoan par asipCedaiS20ih@2@eot easone
of these parasites is considered to be involved primarily in cell
differentiation and replication 20activities (Paugam e{TT&IREF: 265@U0S3WO!1
Parasitol. 2003, 19(2): 55-59). Furthernore, entanoeba species have been

shown to | ose .encystati on capacity when. exposed to proteaso i nhi bitors
(Conzal et Geigiie, Sopimtnggt cposlc AaamonsEs L cubrkBholaTe.dmghetietiskr t af n
such embagiigemis stchbigs, FQAMRBHB R0 ASsi hRiCdrasRY), RRINGIWItIRERIHRAL Wisobi@fedtiith
treatment of parasitic infections in humans caused by a protozoan parasite
sel ect edinflagmaion snadisuthreps infeetiamaidusiihemid. Infegttainarhodiménts, he/iaxgntion

mal ari ae nd P. .oval i ch use mal aria), Tr. osqQma sps. (incl uding
T er bt oo s e RO A TR L R bl BERRRGRR PR b LIS can
sl egpi NgmgbEHMiEis a)d aktBinsii@hgrosdisis. (i ncl uding L. anmazonesis, L. donovani,
L. infantum L. nexicana, etc.), Pneunpbcystis carinii (a protozoan known to
cause pneundnEg|dwinMiRacdathagl, RedludifHRASHRIAS FRAnAGNhIANLS hrocd@xopl asma
gondi i, Entanoeba hrstolytica, 30Entanoeba invadens, and G ardia |anblia.

| n cert ablogesiion pfesgeneratidreandirspriozgths. \Wrp@ih¢ tgoBSSROMUSAGLUSORE6629 ATTY

REF: 26500; 0023W01 . conmpositigns.are useful for the treatment of rasitic
[t ect  oRBUR: By Piodrg Bk e fogt Bk R oS gk b b obiS BieTeRne Dl PREBR e e
f rom Pl agaRediMnki@bpaRégentrayiph 65 MetissliciitiiRsture AN hBRCREEY TofdcalEl 0 Uk,
Eineria tenella, Sarcocystis neurona, and Neurospora crassa. O her

cormffound¥nxsee ofghrgioindlagwronydlvichlisenss, tharaghecrated ssyasdermat anydbmasnalj ¢

di seases I i: . 7 i IS ncC : rein. by
rer or onci Ui EREC R WD b ol B bR PELRREL Bl Bl

di scl osefh lbgrtBiut ey icphacdl by pfibfodasaureviad is\préduced frampaa@gation twstidiout
recovery_in white blood cells. In gertain such enbodi pents, the | ong

hal f - | i f BIDEISIYP SisExEetsivs and peisistant Hep ghifattisustsutingdam ths regard to
t her apy I : Ik 1S4 ; i ogli ment s,
the. oo N R e T i ¢ 1
redard tsigachiegpethoplyy [Fixbsis ayaives exteotive écpositios of oxtracellular myrixadndicafi ect i ons
contribute to.the .pathol o of many diseases. Heart conditio uch .as
ongoi ng. PAFHE A YIBUU GG Hoateeer A D0 PTG S b SERTRRBHIST Y A
coxsacki pyhEMdRi1BIignh An@poRITH ﬁSrﬁzld) Vieat WO 8 Q8REeARIH STARET @he @RIy BEB-Of

i nfected nouse hearts, all three i mmunoproteasone subunits were uniformy

up- r egul gitrewlation iseegulaicdby nioteasomt edtivdev&uspel. 2000hr davevaryasceleritad s

(Szal ay et _al... Am,J hal 168: 1542- 52, 20 6‘3)/. Sonme,viruses utilize the
ubi qui e Y%AS‘PS%S?‘#%S iﬁ?él RS HATRATERTS hé‘%g? ' OSbF%?{e%ne“raélC?rﬁ%n@Ptr s is

r el2@as edhfpeitolifteatRBEosdmBnd. Mus! iR@cidih @EModinddhes, MUSEeriioRatlhles fo ¥ r us
(MHV) belongs to the Coronaviridae famly, which also includes the severe

acut e r edgthodferrijcatips ahyperprobifalveesmdiipnrsglsctes drogndiabeips uchastype 1,

79: 644- 6 .t ' ad with MHV
Jout ¢ aOpe 30 Mot BB A BER aldiBhe LRAAER mBlif BileekAbE et 1 1 M0
cor r el at nephroatty, ploduwecddsolérogs, IpAtrephrapathpngpahesls, biainatrcstd, comdestad leddrt

cells. The human hepatitis B .viru HBY) , rrer}%er_o. the Hepadnaviri dae
virus f Q%FIPSF; gﬁ@aa?m@s rogiftigprigeliseg éé&f’lse biag F%E%élfﬁgpﬁtﬂ%}c PrOPRIGEY e
| nhisbi t i ﬁ&o&i@e%o% &R ONE: &i?&%&@%‘cbf&%si@,%{&‘@i‘{iapﬁﬂgﬁ?seés §hﬂd‘é£tﬁﬁ§@1u]ng
reduction in the anount of secr'eted envel ope prot@&ins (eS| nsek et al., J
Vi rol 79dii@dius), campR9iag ,adm(ﬁgiﬁjyring acadpbunden desriiBY/heretnh éfhelspamént o bwinr uses
(A G DVi%El%S li:'s) 0fJ‘Ere%yhazrailpse{r)edut;[yI fll‘tl)rgéals, thus, in certain embodiments, the invention relates to

the topical or systemic administration of a compound as described herein to treat burns.

Wound closure following surgery is often associated with disfiguring scars, which may be

30 prevented by inhibition of fibrosis. Thus, in certain embodiments, the invention relates to a
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t he ubi quitin-proteasone degradation pathway for secretion, norphogenesis
and pat hogenesis. Accordingly, in certain enbodinents the invention rel ates
to treatiwg2a1wviop3ss i nfection, conprising adm ni st eri ngPETASAPONREG2AS

di scl osed herein. The bacterium Li steria nonocytogenes causes a
condition known as listeriosis, the 30manifestati ons QTTWREEIsb@AYSWHIOM
mld (nausea, vomting and diarrhea) to severe WO

2011/ 10935%Pé:;£/ US2011/ 026629 ATTY REF: 26500- 0023%‘%?‘(‘@52%“ cem a,

meni ngi t P§th0 %retEﬁBTqVFI?%‘)n. orAedHPHAR OF e SAgPydg a Mg Prdedasome
subuni t goopesi kdr@p. reveal ed that infection of mce wth |ynphocytic
chorioneningitis virus or Listeria nonocytogenes |ead to an al nost conplete

repl acenment o NSt Ut | . ] i liver
W hin seven DR EAHHLHE RERKGBR ORI CEHRRLOR G PR bR

Pr okar y opresediaWeéhanttht rassltieg unflamhreationt avetwileclas Karyldle o228ispr, sye@asiome
particle. Wiile the subunit co i.tion of the prokaryot 0 rticle is
R Bl A g AR RS AR A
pepti de RARRStOD @v&bfﬂdh@ﬁom%?olyg&rchﬁﬁﬁmbg)-iﬂdﬁl@ed‘é&%lﬁf?&@ublﬁ 6s fNFack on
t he peptide bond occurs through thé threonine residue on the N-term nus of

t he | 3- sislsansidered Thivesceniral todhe priopeseerrosiansed withtsepsic sheent Norsurpisatgdy, t o a

10net hod reating prokaryoti.c infectio rising admmistering a
conpound-0 4 b ST E IR ot et 8B oMEE ARIMsIhCH o 2aces
caused bimmididpestcipaRBABHEL AMPS dfd LA 7 MURRIAGH OS], PNASHE 9882-998 BU00 )i

U cer) or archaebacteria. n certain enpbodi nents, the invention

I
relldt es Fethermeronsds saerallyasesniefl thattae firg stepan ge achwtonrdfgplls hakB3itthe or
viral), Coppri si in ' > U s, H ed 15herein.
In cert a?lﬁaglgtozlr]“%gttlg\gllgécgt?n‘%%lalg%gaﬁlg gé,ée?ﬁ\%g' ﬁ\@eﬁ%%@g}@t%e%tﬁ%b? met hod for
t r eat i ngprotfas@hé ormpleo hipvd tsden gdead fitd bs LRS- binglig grotgoy fbgastingi tigtl ths BHS-
herein. ]schem a gnd reper fusi on injugé(rﬁfults-in h{poxia, a condition in
whi ch t hi#decqdssighagipnsdpeipnmey bes, gapriaLiBpapgrticarset Bdbeeamepiy hody .

Thi s CO”&U«&RIM%}?Q%&? légﬁ‘g{(sgﬁ%ﬁ%t gegr ﬂﬁ%ﬁgﬂ())@j) 1*7%?13551,5-f5'295.9%er51%§e€”iﬁi ng in

the activation o ong et ’al ., 1994). '20Interestingly, factors
whiléh hasetabeenbodd@nits f the chvastidyeichugesab lpecvieotigndradnaéng senincpodk, eampneng
expression,. TNF-a and |i ol ysacchari.de, also stinulate NF KB activation.
It has b n’&ﬁﬁﬁfﬁ?ﬁﬂ@ﬂggg%g%@ﬂ %QQV%?ity of injury resulting in hypoxia
can be reduced with the adm nistration of a proteasone inhibitor (Gao et

al ., 2000; Bab @pther cmbodment, Hedizglosed compayagns aFﬂé?eécFIcfP_ét,heitWaE”&‘é_ at#
ebodi MeRl- 3ot RAERIER s [t ALES chRoPpyTBRIBRhardSild e Fht BibilomS phem C
condition or reperfusion injury, conpristng ad ni stering a conpound as

di scl osethetrepagasites Bxanpllasd 6f bsumeblved pdimatibnia coll diffgrentiagien and tapliegtidnut ar e

not, limted.to, acute corgonary_ synd (v #ﬁ ge | aques), arterial
oePus] it RSt Gl oEr et J0Fay 1 eSO b FGH APt ey ar
occl usi 0gtics BANESRR ShEN PR Bsd GRYABAEY caPaéiff RbSexfoXBhdteohRIMhib|teRaSE) |
infarctions, heart failure, pancieatitis, nyocardial hypertrophy, stenosis,
and 30r edtanalss, st al., Arch. Med. Res. 1997, 28, Spec No: 139-140). In certain such
embodiments, the compounds as disclosed herein are useful for the treatment of parasitic
infections in humans caused by a protozoan parasite selected from Plasmodium sps.
25 (including P. falciparum, P. vivax, P. malariae, and P. ovale, which cause malaria),
Trypanosoma sps. (including T. cruzi, which causes Chagas’ disease, and T. brucei which
causes African sleeping sickness), Leishmania sps. (including L. amazonesis, L. donovani, L.
infantum, L. mexicana, etc.), Pneumocystis carinii (a protozoan known to cause pneumonia

in AIDS and other immunosuppressed patients), Toxoplasma gondii, Entamoeba histolytica,

30 Entamocba invadens, and Giardia lamblia. In certain embodiments, the disclosed
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WO 2011/ 109355PCT/ US2011/ 026629 ATTY REF: 26500- 0023W1 Cachexia is a
syndrone characterized by wasting of skeletal mnuscle associated with
enhanced WoaHBI09355s due to the ubi quitin-proteasone paPhRas201/0bd6RI ti Nng

t he proteasone reduces proteolysis, thereby reducing both nuscle protein

| oss and the nitrogenous | oad on kidneys or |iver (TawaTetREa 265004023WO01
100: 197- 203, 1997). In cachexia, elevated expression of 5proinf|annatory
cytokines, TNF-a and .., bot h of i ch. st.i ate ex SSi

ronop: GURBSGIES Sl & haTeA e PRk dBCE AP F) B rf e ek

114: 370- &(8ed BPPHotodoln ba@bite IMted VIR PlRMoAHSEh&nRhl, oﬁ?&ﬁ'dhirﬁ | evated
rates of protein degradation (Lecker et al., FASEB J 18 4y .

Miscl e WeetineRgCermirieos:s, Elg@hfa t¢n¢11@,e3ﬂe¢®bfstl& ifegraniay feaitl‘éwrnfwom @é@ges
|nclud|n8 cancer rena vation

L o py " BuER RS Ehaur BBt EQRhsgh R o Bors b I ucR el R ot RO KBRS ey | ur e,

I n gert aidycebdiod i weriss1 077bewhial @it épofagldaicsin b réfbRntd Ratseanitetpf cachexi a
or nuscl e-wasting di sease, conprising adm ni stering a conpound as di scl osed

herei n.  ConpopngstaRf crithiflith &1 o hPBuRRYi Rfose8 BEMIn hay ifhigAloRAsGROL QNS
such as cancer, chronic infectious di seases, fever, nuscle disuse (atrophy)

and deneimeaparaite withouerecoyany yn whigsbliond celtse dalcerftain urhecratsiamerts.dbic loingh

aci dosi s c.failure at ent No

2 a0, b BIE SRR Gl Bl g RoSse dofhueqs Rt seton Bisrdr s

si gnal i ngctilmBaRpSsibestth phrasitdy. TnlE&ttaietiBEdin@aREtht camMmP6iindatak ABscribed hereirc! e
and net abolic pat hways. As noted above, proteasone inhibitors block both

dedPadat M8k pm@demrek@ég%d PrgtasHon Biith uipeareh i QmAPrapBy lanisdgemst e imeaiiono.
Prot easonme inhibitors also block | KB-A degradation and NF-KB activation
20( Pal onbel | aVeul lafect101®e¢olntr(bmﬁ9f4»th6'Eaﬂwl@gysﬁmaemdls%‘sae nidkareeongliticals suychEVBO

J. (1994) 13:5433- 54 rta .n_enbodi nts e jinvention.relates to
2 ot hochy RO TR e LRSS MR GRS B oo |
with a cBRPBUDEoBFart@sCKhdeGeh@h&iicroarray analﬁe&@[ﬁhﬁicféd@ﬁﬁl@g he®at sl thrbe
invention relates to nethods for affecting cyclindependent eukaryotlc cel

cycl es, irm@uwmasemcﬁ@bmtsaw@ luqumﬂy\wptrf:gvl@iﬁd imheprty o mice whipk deyabensdd as

a1 551 05 o DAL Shibco SYR! SPRAPEEI IS FRR| IOl Mschd R0l Sobuaheaapinoly, The

proteasone participate on ' of ¢yt cycli
i ncl ude wbitOtihgretyadontessystch iayied ving en@pstep y\th|etel’thBV1rﬁBg rraldﬁﬁeti drondthecycl in s
enables a cell to exit one cell cycle stage 8:h mtosis) and enter

anot her %@l%ome Hite thejcyppol. | The raoyss hepafiig Vénuﬁ bstongp & RS LHEPPVEEAK t h
I
p34 c2 a%gA ovhwhmqnahdésqg ej?ﬁzér&%cgﬁéggpd t_ i szg ggk%hr:&}{)ﬂﬁms“@(é' gna

is localized to 30am no aci str ere 1s evidence
t hat cycéndLdig] ¥onol/e9:048464% 2@05b¢amonmtzd)ﬂlfht ﬂr@aﬁﬁﬁﬁﬂifﬁfe%ﬁﬁdﬂeﬁmﬁﬁ RHXTTY

REE: 26500- 0023W1 vul nerabl e .t ui tin
P 2o oRah ara gkt Blo e i a B Birt yEFEGuSh, cohaiflg wirn

reduced viral titer as compared to that of untreated cells. The human hepatitis B virus
(HBV), a member of the Hepadnaviridae virus family, requires virally encoded envelop
proteins to propagate. Inhibiting the proteasome degradation pathway causes a significant
reduction in the amount of secreted envelope proteins (Simsek et al., J Virol 79:12914-

25 12920, 2005). In addition to HBV, other hepatitis viruses (A, C, D and E) may also utilize
the ubiquitin-proteasome degradation pathway for secretion, morphogenesis and
pathogenesis. Accordingly, in certain embodiments the invention relates to treating a viral

infection, comprising administering a compound as disclosed herein.

The bacterium Listeria monocytogenes causes a condition known as listeriosis, the

30 manifestations of which range from mild (nausea, vomiting and diarrhea) to severe
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(G echanover, A., Cell, (1994) 79:13-21). Inhibition of the proteasone
inhibits cyclin degradation, and therefore inhibits cell proliferation, for
exanpl e, W0 201¢iop3ssr el at ed cancers (Kumatori et al., Pr@cT/usaei/o2éseand. Sci.
USA (1990) 87:7071-7075). In certain enbodi ments, 5the invention relates to
a nethod for treating a proliferative disease in a subyreetREfe6500,00c2MTET ,
psoriasis, or restenosis), conprising admnistering a conpound as disclosed
her ei n. zn certain enbodi nen h h |nve .ion Iso(btrr?sl ates to a nethod for
tr eat i ng SERAEITHE-MRIARLE ICATIP ﬁ‘fﬂa‘b UApEHEYS &t AREE MR RIS YBRpound as
descri beg,thgf ebi odmor{rﬁbwlwglaf Rkdceibh QE i @Sw AR f e HOW ttOc Hok B e RIn@ & fsSwiru@ T
cells deprived OF insulin or 10serum the rate of proteolysis nearly

doubl es, orsug@esmqmgcmgmeeldadrto @Ihelnmsmmgtmepl@pe@@mqﬁ @rnS‘fmtBtlafbol i sm

Accor di ngr Kd in 1 n‘q S, i) 3 1’8}&6”“ on, .t hag fc) ntqud for
reduci ng” CHE>Yar’e yolfn Fhepid %*}SPmFsa%n BF Sy e 85?%&& o 4ol TR of
these metdémetsocesns! Jz(mag PR Gkdshgvawaed ik eg hiRal¥hive th’HedkBry‘éteI 203) ereh%n&
conmpound as d| scl osed herein.” Al zheiger's di sease (AD) is a ;l)rogresm ve

neur odeglaiiglar Whiledhe syt gpapegiien obths pekarited0Swarkcly is yEmplesthan et
cogni t ' V&fljak}%%s' f ’aoef TVQ?ljle %lﬁt?lto Pgéhlo@'é %g%t?(fe ‘t}olﬂﬁ 91' DG ftnlglgﬁegg gorS enile

anyl oid pla neur0|br| strop hic heur |

si gni fi canimphe dhomaledpbiii mttaclsed &etpeﬂtldeelgmdnﬁcmﬁ thrb&glbﬁhaithireoﬁﬂlefee'gilub an the
resi dent macr ophage in the brain, release nunerous proinflamatory

cyt oki ne$® N-HEMRY Shﬂﬁ:s uniihe Rtige t SPEREIBRPAAREYS the NyeRiqnfe AR 4081 at ed

W tl'@ neuffhiod o?ﬂga%%gﬁgl%ﬁ'?o%f&hgnso LS Sng dthi M, goegéd ouna%ﬁfé 1%5

i nfl ammat ory respon ributes to significant neuronal 1 oss. ased
st udi es kﬂ@nmn?trml@tﬁdlctm&bthummwmcmdc tliseasks praedhs cithice atyedbawitdria (sminohst i oned
rredlafrortp ﬁl’ i al ﬁé@h}f& t|rru ated either with LPS/INF-y or

soni cat elfOAtH 815}31%0%8% P & Ofﬁrc f) RS frat el y a 60% decrease i n cel |
viability (Gan et al Bi ol . Chem 279:5565-5572, 2004). A hig

expr essi on of 1T %ﬁawbﬂdea%ﬁéhq glVFI&tﬂ%relaFﬁsm afﬂwﬂmdsf@ﬁee?fwﬁpf&gl% Gent s

25than ig, &é}paﬁ pqiasﬂferbr@mné dnyacﬁﬂ L sl (A ShohpBlindhs disdiegobi ol

Agi ng 27:54-66 atl nts suf ering from Hunt| ngton’ s di sease
(HDY, anldrbiar Ilmeexmmﬂelgﬂnan@tdmkmddnm cﬂl&'rmvdlts)plralyltesm ametheslffonttdtmy and

cogni tive .decline over eriad of years un Upon aut opsy, the
pr esenceMECIP RO iSHE ’i“ﬁtteflﬁﬁéﬁf)%]ﬁﬁ'imdaﬁdf‘%ﬁﬁ?g I used by a pol yQ

expansion nmutation (also referred to as . a CAG. triplet. repeat. expansion),
can be det ect Bahemi8 8¢ sRsHHEY IBYryIRYHis iR Ewﬂxwatarcemifyovﬁlwh@hélm ¥taum and

cortex peL ﬁdéﬁ@? oPbxy g% rpe[cﬁh% the M&@Q&f%&ﬁ&gﬁﬁg é&#ﬁ%%léa%&ﬁﬁ@reﬂﬂ REF:

26500- 00 3W1 1 mmuniohi stochem stry revea significant
enhancendegradanon ofiliaBpr thtehy orveltegpn desicomation afidF-sBr(Kavugetahd 19940nt al

cortex of brains fromH tients aredt t hose from age- mat ched
norhial oty B s € Behuen TIRE e eeP s s 1185 5008) - Upon
further analysHrteadomcWapreddiss, OMer - %Lcimﬁm\%&pél?&cﬁmﬁecﬁﬁmm@%WﬁBnam Iy

occurred in the degenerating neurons a nouse nodel of HD, the
r esear chetivatet. elg has b@nei@mpvetratqdcthe%the s¢ver lbmfrmmltwrmulmgsn hypoamjcan be

e B W R RS RO MR S8 ©
Neur osci P¢3é¢thl 65(3}3;1@ﬁere%@31) certain embodiments the invention relates to a rnethod of
25 treating an ischemic condition or reperfusion injury, comprising administering a compound
as 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

30 restenosis.
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Accordingly, certain enbodinents of the invention relate to a nethod for

treating a 10neurodegenerative di sease or condition, conprising

adm ni st ewpregrizan0exspound as di scl osed herei n. Neur odegeRETAIS2Ma/0g663€ases

and conditions include, but are not |limted to, stroke, ischem c damage to

t he nervous system neural trauma (e.g., percussive bragry rdanmse® oospvoal

cord injury, and traumati c damage to the nervous system, nultiple

scl erosi s and_ot her .i mung- nedj at ed . neyr opat.hi e .q., illain-Barre

Syndr one and. FELeS i ANTLIOBE Cha gin CrSRURG P! He dsesp s Wi

i nf | ammegaicdesRblysRtidub S dehy _Etﬁpﬁﬁtéa&’om@gﬁh%gﬁhﬁfhib%{ﬁ@ﬂl@ teasbin¥/ Al DS
y, Parkinson

denenti a conpl ex, axonony, diabetic neuropat s di sease,

Hunt i ngt mdueesaireteaisss, therkby psidacisg bethasussle pratrelosagnd thandsigenaus ldadamal , and

Uewy boabianehivaRant - I dnaY 3RS I sl et &

subgor t i g@kinfAeiRAbiyas tdketts NTRE- -t IFRDY, Mat6f WHIBE oGheRsd Mrdbiph anucl ear
pal sy), focal cortical atrophy syndrones éguch as prinariﬂaghasiﬁg,
met abol i EmBIANECtgRRES BRI BSs e besn ExppERd cATRBORIN Roi JGT d At §r 0878, 2004).

chr oni o Tmets B0 AETeh A21e SRR tnh HieCEL PRS, SRR GBI (TheRirer,
bi nd to &lh&ANER pi®Beadppe04st Mustlatwestioneahidssositdctirin isew b hige tirgasniggll t ur es.

Furthernpre, when such inhibitors have 25been. adm ni stered system cally to
mce, cefSEHSE HIGI@REEMECT, SRS lfeaﬁlsf?qlwer/gagécfa%%ed%r‘@ﬁenaﬁap%ﬁ@dom,

forjgat i om pate ﬁisﬁé’eea[tro}g%“aﬁ@@&fﬁ%gﬁve HeartRailt. B cortajh erfbddimehtOMES InvehZHO03)
111: 1771- 1782), therefore suggesting that the ubiquitin-proteasone

machi ner selategultint esatositedibhaskiadirfesc ey asting dscasedcdopresifipadminiseming a
Therefore, the disclose r.ot easone i nhipbitor conposjtio may be useful in
MR ARt g et AR A e R el
such as @sideioPRh@Sdsanc RO ikOR308 BGIdse20et/ A8R A28 sy E THrdfEK) and

26500- 0023W1 Cancer is a general termfor disease characterized by
uncont r ofl¢netiatighbrmsryeainjugy dattingorenalefailere anogiatesawicle pgdens, gad bepatimidituret ep

pat.hways.i hvol vi in i yati f r suppressor proteins and activation
Bneogtrt s e Vi R

of ‘oncog I"t's""tan spread to other parts of the body

t hrough the | hatic system or bl pod stream all.y, .cancer i.s classified
Saccor di ng t oPbHAMADET SR SEUES PY i rORBRmSRT B HEH G Torhpiygs e

not ed prguLRYefiYot gEﬁ@ﬁ%@ﬁﬁ%ﬂ, BAN Bydid & haaballd paslyaRean neald Aaved as a
therapeutic strategy for the treatment of cancer, particularly multiple
myel onma. piotdasdme mhiferobtacie both degedaimasind précepongrel Wiiquiheatpd difeds onytro

al though_the rati an. vary..sone t. Wpl e el o i h t ol ogi c

i sease BloRadte Moy il AU e b AR B B SO P 5T 2 F

t heobone(patnikaNa L APl @sInaosp|718s7 ensst apd Traentce&lal SEMBWS. (i1994)s] 3r5133-
surpr|5|q? that other B-cell nalignancies
5441). In certain embodiments, the invention relates to a method for inhibiting IxkB-o

degradation, comprising contacting the cell with a compound as described herein.

In certain embodiments, the invention relates to methods for affecting cyclin-
dependent eukaryotic cell cycles, including exposing a cell (in vitro or in vivo) to a
25 compound as disclosed herein. Cyclins are proteins involved in cell cycle control. The
proteasome participates in the degradation of cyclins. Examples of cyclins include mitotic
cyclins, G1 cyclins, and cyclin B. Degradation of cyclins enables a cell to exit one cell cycle
stage (e.g., mitosis) and enter another (e.g., division). It is believed all cyclins are associated
with p34°*? protein kinase or related kinases. The proteolysis targeting signal is localized to

30 amino acids 42- 50 (destruction box). There is evidence that cyclin is converted to a form
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2011/ 109 S / 6 iengr edi ent
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and/ or aCHTRHSS? CONRGINGIT lt(WeVla%g%ﬂ@eVlW Vitly 3 compeiiag #&isy npt ons,
age and body melght of the tient, the nature and 55ever|ty of the

di sorder to bélahewarsdlises )elma@aogrmé/ern@ut@egﬁne@@wp disstsealisonderand t he

f orym of i a t 0 of the
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si ngl e ool fasp i selgotedgemiopaey fie Berip.nNicraghia dhe @Fldﬁlllfén%%‘?%&?ﬁin efani ch
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act|V|t . pharmacoki netics, and bi. aval abi arti onpound,
ol SRR RRAT G Grbae Comripae o Tan it aramy s R e SR T

and st ag@em@RNefakhat primary cortical neurons treated with conditioned media from microglial

BV2 cells stimulated either with LPS/INF-y or sonicated AP42 peptides resulted in
approximately a 60% decrease in cell viability (Gan et al., J. Biol. Chem. 279:5565-5572,
2004). A higher expression of immunoproteasome is found in brain tissue from AD patients

25 than in that of non-demented elderly adults (Mishto et al., Neurobiol Aging 27:54-66, 2006).

Patients suffering from Huntington’s disease (HD), another neurodegenerative
disorder, display motor dysfunction and cognitive decline over a period of years until death.
Upon autopsy, the presence of inclusions or intraneuronal aggregates, caused by a polyQ
expansion mutation (also referred to as a CAG triplet repeat expansion), can be detected,

30 accompanied by significant atrophy in the striatum and cortex portions of the brain.
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1782), therefore suggesting that the ubiquitin-proteasome machinery regulates osteoblast
differentiation and bone formation. Therefore, the disclosed proteasome inhibitor
compositions may be useful in the treatment and/or prevention of diseases associated with

30 bone loss, such as osteroporosis.
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30hunect ants, such as glycerol; (4) disintegrating agents, such as
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depending on the disorder to be treated and the age, condition, and body weight of the

25 patient, as is well known in the art. For example, where the compounds are to be
administered orally, they may be formulated as tablets, capsules, granules, powders, or
syrups; or for parenteral administration, they may be formulated as injections (intravenous,
intramuscular, or subcutaneous), drop infusion preparations, or suppositories. For
application by the ophthalmic mucous membrane route, they may be formulated as eye drops

30 or eye ointments. These formulations can be prepared by conventional means, and if desired,
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20 26500- Oo%gev\gl%rase “pharmaceutically acceptable” is employed herein to refer to those
ligands, materials, compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or other problem or complication,

commensurate with a reasonable benefit/risk ratio.

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

30 carriers include: (1) sugars, such as lactose, glucose, and sucrose; (2) starches, such as corn
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t her eof . l?e%gé)a\ﬁ% Egtatanqlosgha%é( %osy?rtle %?tpa%tg In'?aleate l’glgll‘a e, %)Qcctln%tea?ar{ratel bitor(s),
exci pi ents h
20 naphthylate, mesylate, glucoheptonate, 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.)

In other cases, the inhibitors useful in the methods of the present invention may
contain one or more acidic functional groups and, thus, are capable of forming
25 pharmaceutically acceptable salts with pharmaceutically acceptable bases. The term
“pharmaceutically acceptable salts” in these instances refers to the relatively non-toxic
inorganic and organic base addition salts of an inhibitor(s). These salts can likewise be
prepared in situ during the final isolation and purification of the inhibitor(s), or by separately
reacting the purified inhibitor(s) in its free acid form with a suitable base, such as the

30 hydroxide, carbonate, or bicarbonate of a pharmaceutically acceptable metal cation, with
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| actose, talc, silicic acid, alum num hydroxide, calciumsilicates, and
pol yam de powder, or m xtures of these substances. Sprays can additionally
cont ai n cwetonEmy3spr opel | ants, such as chl or of | uor ohydr @Cansee1s/ 026609

vol atil e unsubstituted hydrocarbons, such as butane and propane. 10The
inhibitor(s) can be alternatively adm ni stered by aer oguly.REFH6500L523WO1
acconpl i shed by preparing an aqueous aerosol, |iposonmal preparation, or

solid particles containing the conmposjtjon. A nonaqueous, (e.qd., ..
P Lo onat R BoSIh Anb et iAly SR hihlaut DR daSao Rt tiens ar e
pref er r eghhREC RUBR sEMAW THIHIMBrZSk 2% P @Sk N Eh1EK Mo |@RaRE 1ithRurh N@@lum, Wat&fiusan

result in degradation of the conpound. 15Ordinarily, an aqueous aerosol is
made by ¢abeinml mepmyivan aadebousumchiis, iaod therliksu Keprestwatiforgrac agerss usdglet her

wi th conyentional. . pharrmaceutical ly.accept.abl e. carriers.and,stabilizers. The
car 11 or oLt QP abiT IR b RRERRUE Pk T ifh gl ealnf sy
coNMposi t éthihol&tine dipth&@ hnink Niberd 2inB.oimidand Bké@éé,&@ﬁ@(@h}?le( BopLNS al Rluprgoni cs,
sorbitan esters, lecithin, Crenophors), pharnmaceutically acceptable

co-sol vents suchifs.RrsyahhvirigReas KAtant Qb AT RLAY ShiRge hidke serum

al bumn, oleic acid,” amno acids such as glycine, buffers, salts, sugars,

or sugar magresshon sfcaraisy oswtls agenenng dgentyr wlqasepzontsd cdatingmagevs,onicetesiokut i ons.

Transder gal patches have the added advant age.of . provi ding controlled

del i ver y RYrR TSGR 88hpo pioser BN M SO Rtk DR Fade by
di ssol vi ggmysitibinsper si ng the agent in the proper nmedium Absorption
enhancers can al so be used to increase the flux of 25the inhibitor(s)
acr@ss the skpRampiBeof fHafmMeubidly dcbiptattemiRRi®aAntihalied] PYaet {M@le
providing a rate controlling nmenbrane or dispersing the inhibitor(s) in a
pol ymer amtoxidantyy sugblas afdedricracidutyistaric lydngebirideosesliugh bishifatei sodam i on
suitable for. ent er al mnistrati o rise one or nore inhibitors(s)
Th conbr maepsRE e B Siaht R TR SETRENRE Ry RES . ThtEn PRPYL g uebus
Oor nonagpaRiatcs Bhiyifatdd s drkyafies]s (BAR.), FMFRRA SRSy IucATUBEITNSsthd,
30sterile powders which may be reconstituted into sterile injectable

sol ut i ongropy! gfillsiseslphatpsophpsel. andthe likeygndA@) metpd IBAE PERALEISY GLER 096670 ATTY
REE.. 265 0 el dl . \Whi . i anti ox| . buf fers,
padter i oldded MR euh et S R el 204, BRI *L o
of the imkéikded reci pi ent or suspending or thickening agents. Exanpl es of
sui t abl e aqueous and nonaqueous carriers which my be enployed in the

Sphar maceut i CBornRQITRAS ksiitBNSfodbrdl BeminiM&Mbh dhy UeGh HeefonabE EapsBlehaahots,

pol yol s (such as glycerol, propylene glycol, polyethylene glycol, and the

| i ke), aPilisdabletabloscngex fusines: Haverabiasisyegetlnbl@ossiand acatieor Hgagdithle oi | |
and inje i t y 0, . Pr i di n be
i nt o ey R RSBl fion S8 JudRn b orbl FEDE: or BBl Bl Y B
by 20he n&i sil-@nanee odivatchén-bi Giquidetnipdod,iotlaeas Edr bnsyrtis o as pasdifles (using

di spersions, and by the use, of . .
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.

In solid dosage forms for oral administration (capsules, tablets, pills, dragees,

25 powders, granules, and the like), the active ingredient is mixed with one or more
pharmaceutically acceptable carriers, such as sodium citrate or dicalcium phosphate, and/or
any of the following: (1) fillers or extenders, such as starches, cyclodextrins, lactose, sucrose,
glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose, and/or acacia; (3)

30 humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium carbonate,
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10surfactants. These conpositions may al so contain adjuvants such as
preservatives, wetting agents, enulsifying agents, and di spersing agents.
Prevent i omoab11vi1ee3sact i on of m croorgani sms nmay be ensur @dThg201th@2¢6RL| usi on
of various antibacterial and antifungal agents, for exanple, paraben,

chl or obut anol, phenol sorbic acid, and the like. |t mayTalree: ssoodesiwabl e
to include 15tonicity-adjusting agents, such as sugars, sodium chloride,

d the like into th itians. Ln .addition prol orption of
e iy cktgios ereredteraar ¢ i B6y bR SRR LI RCsi on of
agents Wakglindabats, ARS0EDS A AfinS REARIORIS fAGAlEn A dnBRlrAh . 1N

b
sone cases, in order to prolonga?he effect of a dru%, it is desirable to
sl ow t hecarpvads; 17) wettiog agénds, dnelyast faorremblouacehd eleshelrandgdycarlscul ar

i njection. For ex l.e, .del ayed absagrption of .a par ral Ly adm ni,stered
ire 1 or Mo B8 i Gutitlss YR SRR i o BliE RS A b TR R o1 |
vehiscl e. calcium stdafdt€Ghalksiuthepakaté, o8 palkyethyrae ghyofsosodinig [dtirgrsaEmeaasiul e
matrices of inhibitor(s) in biodegradable polyners such

pol yl act MirduLse theggofcandi (d@) coberpeecat- émthewgser@ftqaa%@& mblf-‘gss, 284 pillsothgrer , and

the natu I C | : . . se can
be- cont r BrecE5uREfpLSHbALmRE WXTEBHEE O ffine Wit 28 id lorfHeiioh S L PR

pol y( or t singlat 8ps magratboiel enfdoyeddisifiliess) in sbR@pod hadfEltddadel #infaapsuldsatsimgns ar e

al so prepared by entrapping the drug in |ipasones of m croenul sions which
are conpHCNSKEPIEEHS hsdgseror %@éug%ﬂ%easm%lﬁlagb Brccylar yGuht EOlﬁfﬁ';‘Y‘SQG gi ven

orally, @g&gggﬁﬂqﬁéymitopically, or rectally. 30They are, of course, given
by forns~suitable for each admi nistration route. For exanple, they - 33 -

VO 2011/ 109353RGFL USROLL 080620 ATTYLFFE: » oRR0ARRIN A madtil stered i

t
tabl ets or capsu jection, in 1 on, Ol nt nent,

supposi t aycyssoryningsdtents. tCphmadsky tdbjetd @by 68 prepaed nkimgdindea(fdr eemide,l y by
suppositories. Oral admnistration is preferred. The phrases "parenteral
admi ni st gfé%tfrbwj'hymypmﬂrméﬂeqeéafgﬁ@r et ingt dBuenbguEsCEYEN &1 NS AEERE! nodes
of adm nig5{ &bl sOADRT s RBL ERLRIR crA0MinkOPLffilm BHBLRYALAA I AIostisUal | v By
injection, and includes, wi thout limtation, Intravenous, intranuscular,

i ntlSaar t enfaat-activetoratidpecsalg agent rdokipd tdbdats miapbe acdbiby athgldinptin asatadieac,

| ntrader rrrrlgéﬁiné A Mi%ﬁreerolfl tl?en ggvlvderé({ & ﬁ}itro?(%)hglgis‘[ened with an inert liquid diluent.

Tablets, and other solid dosage forms, such as dragees, capsules, pills, and granules,
may optionally be scored or prepared with coatings and shells, such as enteric coatings and
other coatings well known in the pharmaceutical-formulating art. They may also be

20 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
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

25 water, or some other sterile injectable medium immediately before use. These compositions
may also optionally contain opacifying agents and may be of a composition that they release
the active ingredient(s) only, or preferentially, in a certain portion of the gastrointestinal tract,
optionally, in a delayed manner. Examples of embedding compositions which can be used
include polymeric substances and waxes. The active ingredient can also be in micro-

30 encapsulated form, if appropriate, with one or more of the above-described excipients.
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subcut aneous, subcuticular, intraarticular, subcapsul ar, subarachnoid,
intraspinal and intrasternal injection, and infusion. 10The phrases

"syst em cwadnimiosissat i on, " "adm ni stered system cal |y, " PCparsz@phae@k

adm ni stration” and "adm ni stered peripherally” as used herein nean the
adm nistration of a ligand, drug, or other material otArey REmraBs@Leotdy
into the central nervous system such that it enters the patient's system

and thus, is subject to.nmetabolism and ot her |ik rocesses, for exanple,
Subcut aneous LEHIREESETER for psdam eition; b ds By RSP UBEA R AT €RiBr ed ¢ o
humans  agduiRlohs 'miRFciRllSordsOSo kit 2RY pdhki AL Ysysupist ARl &ixirQUlLadRfition to the

adm nistration, including orally, nasally, as by, for exanple, a spray,

rect al | yactivatingredigitnéic liguidpdasegst forms gy compmanérs tiduansd ¢ommenly useshingh¢ | y, as

by powders, aintments or drops, including cal ly and suybli ally.
Rogar i g syt 5 Godle, Mo8 Rt anr iR QU TRt St ShLBPIS 15 2
may sbe usigdl AE5ha1, asoprdiydRlcehdlysth it @ebonafeRthndtQte, boeyphiasimacsutical
conpositions of the present invention, are formulated into pharmaceutically

accept abP@zegsayerylenasyen) babubhencaheiol il HBdRariGbncationsdsdsgronndngiki | | i n
ar a ' SR ) .
e e Shieke AR LRYEL ) oL LG, RELIGOLBL SIS Syl ig

OIEYDOSI trons o to obtain
an anounglyodls,tdne faet aci®cdttrg b€ girbitdn, whd atixtuss 2xeédfect i ve to achi eve the

desired therapeutic response for a particular patient, conposition, and

nmode of adm nB@iidie%tih&ﬂdﬂWntsbﬂiétorﬁlﬁioﬂg)ohiﬁ&hs:catn%lstdlﬁclﬁdé hdOVants such as The
concentration of a disclosed conpound in a pharmaceutically acceptable

m ¥0ur e WRtting waenfs sepdsitringrnsrbusropdingl ageatstoresteninge flagiring. ¢tleribsage of t he

conpound 1. N . e pharmacoki netic characteristics of the
conpound}fég?llngg fagl?é’g%&é‘%‘éggﬁ%&% 2011/ 109355PCT/ US2011/ 026629 ATTY REF:

26500- 0023W1 te of.administration, .ln. |, th it f thi
“nvention maySBECHTRUT HEECTIPnR AR LT BRY SoREE RGeS 5 1006
w v of afo@@ﬁ@ﬁple,detﬂémdt&sﬁdst@@ypdlébhompm?osayémﬂemmm@ﬁ@sorBi@arn &agrgnt er al

adm ni stration. Typical dose ranges are from about 0.01 to about 50 ng/kg
of body weredstpldine geliulosgi glapminuyin memphyilipxifisgbendenbts, ag@aeBading tigdcaadse may

Scont ain &J\ﬁix%ﬁg?thgjfeo?i fferent conpounds of the invention. The dosage w ||
be ‘an ef Fectl Ve anmount dependi ng on several factors including the overall

heal th of a patient, and t formul atjan. and route of admnistrati.on of the
el ect ed. comppuimaient o el Gl e BisF i B Br RraRiTLR ShppiBd e

conj oi Nt whi@mINREFLENLPAEXIAE oD EMBEBRIbIGRE) PN CoraBeR sGitabl €

adm nistered with the proteasone inhibitor. Such conjoint 10treatnment may

be achi edeIrisgtingsarepienther eaitiars cempbUBg, fereerammid. apcoadwittsi pakyathelatesi ng of
, a8 1 aX or a sali te, 1 solid at room temperature, but liquid at
the indiyidyal (GOIREREWS 2% shil&ided &AM R solid P but liquid
20 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.

25 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

acceptable carrier, and with any preservatives, buffers, or propellants which may be required.
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In certain enbodi nents, a conpound of the invention is conjointly
adm ni stered with one or nore other proteasone inhibitor(s). In certain
enbodi mrerwe,20e/we3spound of the invention is conjointly RAFUSRGHM2E@AI W t h
15a chenot herapeutic. Suitabl e chenotherapeutics may include, natural
products such as vinca al kal oids (e.g., vinblastine, WMERESIch®,0028WD]1

vi nor el bi ne); paclitaxel; epidipodophyllotoxins (e.g., etopo side,

t eni posi de) ; tibiotics (e.qg., dactin cin (actingnycin D).daunorubicin,
oxor ubi o1 ' altt Pt epss Ly SN Hs ot ok dTTORG MHBBHE: no.

pl i cany ciifiBAts, RuMHCnihaPdhd VELEH@BN Fith); oi RN AXERSpdrhfiAs R 81 itRAga@nM)i ch
system cal l'y netabolizes L- 20asparagi ne and deprives cells which do not
have t hecalapweidesvatiyes yatyedyilane glyvols; sibeencashratandgichs)liciaand,pilat aldetincagent s;
antiproli f.ﬁr ative ant, m tfoti c al kylating agents such as nitrogen nustards
(mechl or &t'Ram AEUEY I Sphiosphani de and anal ogs, mel phal an, chi oranbucil),

et hyl eni m nes_and net hyl nel am nes. (hexamet hyl nel am ne and. t hi ot epa); al kyl
Sul Ponat 65 ( BEAIRRI HPbrB SO B M) FRENT BERD): St e Ehee
st r ept 0ZREinHd, tald M HAZ §AE S liBindm KRR B ZhRAIN Qﬁb%&), and F%IPI_arnide powder, or

antiproliferative/antimtotic ant’inetabolites such as ic acid anal ogs
( met hot resetursy of thesd snbdianess adatayg sar( 4dditormelly aeithin dubtorary plionelangsduch as

cyt ar abi urine anal ogs and rel at ed..i nhi bit or mer capt. opuri ne,

Thi oguantigronSoh S AHBRRaRg B LS b BB R0 Lo Baby SR BRI T i bi ¢ or
(anast rolg@%;gne, exenestane, and |etrozole), and platinum coordi nation

conpl exes (cisplatin, carboplatin); procarbazine; hydroxyurea; 30mtotane;
amjpogl ut et hi Th@ﬁhiﬂi't%f(?%h%%e(a@teﬂraﬁv&?Taﬂﬁgzﬁﬁ}ﬁed%51%%%1% RALAISIRhSYCH as
WO 2011/ 109355PCT/ US2011/ 026629 ATTY REF: 26500-0023W)1 | euti ni zi ng hor none
rel easi ny prspaorgan 4gdRp)s agonl, dipgsonenl grepagpdiser @lsohd phitiglss obitdieirgritic
triptorelin). .. In certain enbodi nent s he, ot her .t her apeut | ent is
an POAC. FOTsiion: A BRSO R ERRBCHRY PisLrBe P ol B el 898 006
scri pt ai ghbuRXEs R 1pre AP ety tht £ nAgintlze SPORNHL A dbenOafEdrakhith can result
phenyl butyrate, val proic acid, SAHA (Vorinostat), MS275 (N-(2-

Ani nophetiydegragatiop Qf'g‘il? cempeunsl y| net hoxy- car bonyl ) ani nonet hyl ] benzamni de),
LAQ@B24/ LBH589, Cl1 994, or M3CD0103). In certain such enbodi nents, the other
agdnt i s SAHAO(d ey oyl aguidusderdypis oxalniby famiud)ting an aqueous solutiog@rt ai n

enbodi nents, the her erapeutjc agent i.s.a protein kina inhibito

Co o M DisBuatepiahe fsat PErBRHh SoRiRRon A AnitefiRie fustRRFls At el

ni | oti ni @bilikdts CBRS @rAeS RN sBMREHs FBAL With tHRGcQIRRING dfithasatibnld bitor is

sor af eni b. ~In certain enbodi enents, the other chenotherapeutic agent

i s sel eceasapasition bedripiedlbt inglvinaonienispudediends AT weonsdilaenise, sorbimsesteen,

ral ox 1 eRGyHSERIMROAR pRRKELR ARy 1ClepfBle ARG LLREE hBLhYRAY LA O
20 innocuous proteins like serum albumin, oleic acid, amino acids such as glycine, buffers, salts,

sugars, or sugar alcohols. Aecrosols generally are prepared from isotonic solutions.

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

25 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.

Pharmaceutical compositions of this invention suitable for parenteral administration
comprise one or more inhibitors(s) in combination with one or more pharmaceutically
acceptable sterile aqueous or nonaqueous solutions, dispersions, suspensions or emulsions, or

30 sterile powders which may be reconstituted into sterile injectable solutions or dispersions just
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151 n certain enbodi nents, a conmpound of the invention is conjointly

adm nistered with a steroid. Suitable steroids may include, but are not
limted twp 2BL/@MEISE0XYypr egnenol one, al cl omet asone, al ge®CES201A0R462DNI de,
becl onet hasone, bet anet hasone, budesoni de, chl oropredni sone, cl obetasol,

cl ocortol one, cloprednol, corticosterone, cortisone, QamTiREAZBE(0-0023WO!1

defl azacort, desoni de, desoxinetasone dexanet hasone, difl orasone,
dlflucortolone dlfu red at e, n zacort ucl. or on

1 umet haldydo Ug M Ry EontpinaBPY i du e b (estafy a%e%eﬁesvmefen?qra%ﬁ‘com in
butyl, fl#eerkbRiRMic it HOBBENEST BB EnteldcHREIPLANS saGRhAhE or tHiMRLAENI dene
acetate, fluprednisolone, flurandrenolide, fluticasone propionate,

fornDcorMEmw hal ci noni de, hal obet asol propi onate, hal onetasone,
hydrocorti sone, |oteprednol etabonate, mazi predone, medrysone,
mepr edni sone, Exatflyd pf sdabls aljoroes anbnetagsons c2ifony whjtch mayareamgtidrslon ghe

predni car bat e, prednisol.ane, ednlsolone 5- dlet
bt edni soPBraaksld FPmvosBAE: othe PEaRbAEl Op Pt SO 5 SRty i,
ri mexol op@eerbi, Eﬁﬁ)?/[etn@ lolycbl, pae iy Ring %ﬁycof h@ e 1NRY,ehe sﬁl@ﬁﬁ@ﬁhﬂﬁﬁes thereof,

trlannlno one benét oni or “triancinol one hexacetonide, or a salt and/or
deri vat i vegetabrabf such as ohve oil, andlimjccteble arganendstads, vaeit &, etla}d@dmtmmrdp@f t he

der | vat | ve h
sui tabl o PRLABE horanieRE Rugenvglenfy tee SREM B AR S R GufORE
2011/ 1095 affidtehine0 b HRZ6QAR DAY RS in2hS 04 00 dRYEioht, Ml &6 thduse of

cyclosporlne thal i dom de (or thalidom de anal ogs such as | enalidom de), or
morc| onsHifaghnisbodi es. The monocl onal anti bodi es can be either naked or
conj ugated such as rituxinab, tositunonaeb, alentuzunaeb, epratuzunab,
i briturmomab t Thosetcampogjgonsunapnaio mQaraﬂmivmts beshasipzesaaialivese weitingaigents,
il’ ot I m o il f§1§1§ a}géjn%s ang dlsper51ng%|gents %elvg r]tlon ot}%he acjflon%)fnmticr:]r%gllrg%ngﬂls %Oa ound
be ensured by the inclusion of various antibacterial and antifungal agents, for example,
paraben, chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to include
15 tonicity-adjusting agents, such as sugars, sodium chloride, and the like into the compositions.
In addition, prolonged absorption of the injectable pharmaceutical form may be brought
about by the inclusion of agents which delay absorption such as aluminum monostearate and

gelatin.

In some cases, in order to prolong the effect of a drug, it is desirable to slow the
20 absorption of the drug from subcutanecous 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)
in biodegradable polymers such as polylactide-polyglycolide. Depending on the ratio of drug
25 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.

The preparations of agents may be given orally, parenterally, topically, or rectally.

30 They are, of course, given by forms suitable for each administration route. For example, they
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Compound A was synt hesi zed according to the procedure in J. Med. Chem
2008, 51, 101068. Conmpound B was synt hesi zed according to the

pr ocedur evpre011/1893sPat ent Application Serial No. 11/820, 200/US3yniob@g? s of
Conpound C. To a solution of A (100 ng, 0.4 nmol) and B (238 ng, 0.6 mmuol)
in 10% 15DVF/ MeCN (10 L) at -10 C was added HOBT (87 Atgy REF&6m0w0)3WHBTU
(245 ng, 0.6 nmmol) and DI EA (300iut, 1.7 mmol). The resulting solution was

allowed to stir. for .4 nut es act.ion ni tu e was. then diluted with
2 one | sttt Pel i Gad B B enetPe i agl SR g oiRkmet Y 55
) dr'ﬁﬂ)QMﬁﬁyNﬂﬁﬁﬂm,&bkﬁﬂﬁgﬁkﬁﬂﬂxﬁgﬂﬁﬁﬁﬁﬂ@&ﬁﬂw%ﬂ?%&sﬁﬁﬁﬁﬁ@ﬁm@“ﬁﬁﬁure to

yleld a foanthat was chronatographed on silica eluting wth

20MeOH Erdymoistrotign sipdefored an oil (26 ng, 10.4%. WO

2011/ 109355PCT/ US2011/ 026629 ATTY REF: 26500- 0023W1 Conpound 1
The phrases “parenteral administration” and “administered parenterally” as used

5 herein means modes of administration other than enteral and topical administration, usually
by injection, and includes, without limitation, intravenous, intramuscular, intraarterial,
intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal,
subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal and

intrasternal injection, and infusion.

2% ¢ EE Y

10 The phrases “systemic administration,” “administered systemically,” “peripheral
administration” and “administered peripherally” as used herein mean the administration of a
ligand, drug, or other material other than directly into the central nervous system, such that it
enters the patient’s system and thus, is subject to metabolism and other like processes, for

example, subcutaneous administration.

15 These inhibitors(s) may be administered to humans and other animals for therapy by
any suitable route of administration, including orally, nasally, as by, for example, a spray,
rectally, intravaginally, parenterally, intracisternally, and topically, as by powders, ointments

or drops, including buccally and sublingually.

Regardless of the route of administration selected, the inhibitor(s), which may be used
20 in a suitable hydrated form, and/or the pharmaceutical compositions of the present 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
25 effective to achieve the desired therapeutic response for a particular patient, composition, 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
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Synt hesi s of Conpound 1 A m xture of C (26 ng, 0.04 mmol) and

2- et hyl propyl boronic acid (10 ng, 0.1 mol) in 2MHC1 (0.4 nmL), MeOH (2

m.) and hweanas1003BFsnL) was allowed to stir for 16 5hour #CTse011AY@RS Wer e

t hen separated and the hexanes washed with MeOH (3 x 2 nL). The conbi ned

MeOH | ayers were concentrated and diluted with satd. MafC@Br(2kSoomio)3wdhe

aquesous | ayer was extracted with EtOAc (3 x 5 nL) and the organic |ayer
.filtered, and concentr d.under red ceg%%e sure to

was dried ove 504,

Vol d o CHOAMETSaLIoR. JhEPET M doTROR Y O3B IR 0n SO T s o
of  Conpofidods solutiofdentaining aSRAPAUTI, B/ WBEa ¥othPeRIdZaeiAe8 AELiMdmbRg t he
procedure in U S. Patent Application Serial No. 11/820, 490. 158ynt%e3| s of

Conpoundotier substancps, far pakunteiab admnigrafion Typicalgloge ramges ara ipneliors6.0hge 0. 6

mrol ) in_,109 /Me 10 r at .-10. C was ,added. HOBT {8 . 9.6 muol ),
FBTU (2t s Ol iR gy AT TR IRET ERE e g

sol @t | oncomadsin @ld PRGr daf&thticobPourdds dfitdin@sntiohh &'k @idsdde GatlIWRSinteliRbtivel | ut ed
with EtOAc (50 nlL) and washed with satd. NaHCO3 20(3 x 25 nL) and brine (1

x 25 nlL)ameyntdgraviing apwoaral facioreinglpdingibe evnzlbhealtirald nsHerdrand thg - wo
2011/ 1093550GH LSROAH O3E0R S, ARR ). 29900r 8423Wdf educed pressure to
a ogr apne S1 ng

yield an ol was chronma on silica 5-50% Et OAc/ Hex to

: . S
yield E as anAglotlhel( ag's%ecq%f th46' igv@n'tion pIEOVideS a conjoint therapy wherein one or more

other therapeutic agents are administered with the proteasome inhibitor. Such conjoint
10 treatment may be achieved by way of the simultaneous, sequential, or separate dosing of the

individual components of the treatment.

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

one or more other proteasome inhibitor(s).

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

15 a chemotherapeutic. Suitable chemotherapeutics may include, natural products such as vinca
alkaloids (e.g., vinblastine, vincristine, and vinorelbine); paclitaxel; epidipodophyllotoxins
(e.g., etoposide, teniposide); antibiotics (e.g., dactinomycin (actinomycin D) daunorubicin,
doxorubicin and idarubicin); anthracyclines; mitoxantrone; bleomycins; plicamycin
(mithramycin) and mitomycin; enzymes (L-asparaginase which systemically metabolizes L-

20 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);
alkyl sulfonates (busulfan); nitrosoureas (carmustine (BCNU) and analogs, streptozocin);

25 trazenes (e.g.,dacarbazine (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
platinum coordination complexes (cisplatin, carboplatin); procarbazine; hydroxyurea;

30 mitotane;aminoglutethimide; hormones (e.g., estrogen); and hormone agonists such as
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Synt hesi s of Conpound 2: 5A m xture of E (13 ng, 0.02 mmol) and

2- et hyl propyl boronic acid (10 ng, 0.1 mol) in 2MHC1 (0.4 nmL), MeOH (2
nm.) and hweanas109BsnL) was allowed to stir for 16 hour s PCTHS201a26639 wer e
t hen separated and the hexanes | ayer was washed with MeOH (3 x 2 nL). The
conbi ned MeOH | ayers were concentrated and dil uted w tATTSard. 26HCEBVGILS
m.). The aqueous | ayer was then extracted with EtOAc (3 x 5 nL) and the

i ¢ was 10dri ed 504, filtered, and trat d
¢ educed (5 ESEREDOTEOY Ol U (PG R P o S0Pt SRy 7305

Exampl e gipthssay to Determ ne Inhibitory Preference A bi ochem cal
assay that can be utilized to determ ne whether or not a nol ecule

preferential |y i.nhihi : i\ f { &ty ) or
i munopr ot eas%lrrdee %%&@gﬁrgﬁtgh%%ﬁg % ﬂrhgliabé[et{%ea %ngﬁls %‘8 ?ﬁéé llfzﬁgé%@ofr gggéac h
subuni t . Trithostatiam, blepdpepeidosipigdienaylite 986, setiptaidaB X&)y $0 Is (A B Dutraseid,

di sclosed in U.S. pl.ication Serial No. 09/ 74 Exanpl e tein et
a1 -3 B olwmutleers-rosafRiing eSS 3l P gols SRl ety S AP S2Z RS- G ops
with gr eﬁhﬁﬁﬁéﬁsﬂ)-_ﬁq%-e‘p?ﬂaﬁely&l‘rﬂ%d%'&z%a?&ﬁ?[}ﬁmﬁié%éﬂlﬂ eRfantifFUNOpPr ot easone
subunits to deternmne. The inhibitory preférence of the nolecule is then
based onLARS2ECHI Y CH W ot M& R ot sepirincsukh Rebadinicnist the @ther lagent is

constitugi roteasone (to that of.the i mmunoproteasone (20S ratio).
Aratio %}fﬁ!ﬁe@gg?rﬂglﬁm@ﬁgﬁﬁ%%?%% ¥ ol ecule inhibits the CT-L activity of
the constitutjve proteasone befter than that of .the inmmynoproteasone.

Rat i 05 gr eat e/t CFAR BRgH e S heHBeHBRAE AL IR APEES KHDFOIRYBEIBEt | ke
aCHigVi LYo eh i PR QR RS AR B8 ani WA W9 SARRKTH 52011/ 026629
ATTY REF: 26500- 0023W)1 than that of the constitutive proteasone. The

gr eat er ¢theodimeits, thaphein kiree mbrtatos peordfemwbt he conpound is for the

i nmunopr ot easone inhibitor. Exanple 2: Biological Results Structure
In certain embodiements, the other chemotherapeutic agent is selected from

mechlorethamine, camptothecin, ifosfamide, tamoxifen, raloxifene, gemcitabine, navelbine,

or any analog or derivative variant of the foregoing.

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

20 difuprednate, enoxolone, fluazacort, flucloronide, flumethasone, flunisolide, fluocinolone
acetonide, fluocinonide, fluocortin butyl, fluocortolone, fluorometholone, fluperolone
acetate, fluprednidene acetate, fluprednisolone, flurandrenolide, fluticasone propionate,
formocortal, halcinonide, halobetasol propionate, halometasone, hydrocortisone, loteprednol
etabonate, mazipredone, medrysone, meprednisone, methylprednisolone, mometasone

25 furoate, paramethasone, prednicarbate, prednisolone, prednisolone 25-diethylaminoacetate,
prednisolone sodium phosphate, prednisone, prednival, prednylidene, rimexolone, tixocortol,
triamcinolone, triamcinolone acetonide, triamcinolone benetonide, or triamcinolone

hexacetonide, or a salt and/or derivative thercof.

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

30 an immunotherapeutic agent. Suitable immunotherapeutic agents may include, but are not
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EC50 for constitutive proteasone (B5), EC50 for imrunoproteasone (L7) EC50

ratio (B5/L7) 140 0.0075 0.0366 0.21 r----- NO) 0O
WO 2011/109355 PCT/US2011/026629

ATTY REF: 26500-0023WO1
limited to, cyclosporine, thalidomide (or thalidomide analogs such as lenalidomide), or
monoclonal antibodies. The monoclonal antibodies can be either naked or conjugated such

as rituximab, tositumomab, alemtuzumab, epratuzumab, ibritumomab tiuxetan, gemtuzumab

ozogamicin, bevacizumab, cetuximab, erlotinib or trastuzumab.

5 Exemplification

Scheme 1: Synthesis of Compound 1

H A\

—_—
o) + 0
HCI.H,N" B @
0
0
/

o]
/

Compound A was synthesized according to the procedure in J. Med. Chem. 2008, 51,
10 1068.

Compound B was synthesized according to the procedure in U.S. Patent Application

Serial No. 11/820,490.
Synthesis of Compound C:

To a solution of A (100 mg, 0.4 mmol) and B (238 mg, 0.6 mmol) in 10%

15 DMF/MeCN (10 mL) at -10 °C was added HOBT (87 mg, 0.6 mmol), HBTU (245 mg, 0.6
mmol) and DIEA (300 uL, 1.7 mmol). The resulting solution was allowed to stir for 45
minutes. The reaction mixture was then diluted with EtOAc (50 mL) and washed with satd.
NaHCOs3 (3 x 25 mL) and brine (1 x 25 mL) ,dried over MgSOQs,, filtered and concentrated
under reduced pressure to yield a foamthat was chromatographed on silica eluting with 1-5%

20 MeOH/EtOAc to yield C as an oil (26 mg, 10.4%).
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NirOH OH 0.0243 0.022 1.10 O | nactive Inactive NND O N 13"OH OH 0. 0215
0.0138 1.56
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Compound 1

-~

Cc

Synthesis of Compound 1

A mixture of C (26 mg, 0.04 mmol) and 2-methylpropylboronic acid (10 mg, 0.1
mmol) in 2M HCI (0.4 mL), MeOH (2 mL) and hexanes (2 mL) was allowed to stir for 16
5 hours. The layers were then separated and the hexanes washed with MeOH (3 x 2 mL). The
combined MeOH layers were concentrated and diluted with satd. NaHCOs (15 mL). The
aquesous layer was extracted with EtOAc (3 x 5 mL) and the organic layer was dried over
MgSQs., filtered, and concentrated under reduced pressure to yield a Compound 1 as a white

solid (6.3 mg, 29.1%).

10 Scheme 2: Synthesis of Compound 2.

B il

Compound D was ynthesized according to the procedure in U.S. Patent Application

Serial No. 11/820,490.
15 Synthesis of Compound E

To a solution of A (100 mg, 0.4 mmol) and D (156 mg, 0.6 mmol) in 10%
DMF/MeCN (10 mL) at -10 °C was added HOBT (87 mg, 0.6 mmol), HBTU (245 mg, 0.6
mmol) and DIEA (300 uL, 1.7 mmol). The resulting solution was allowed to stir for 45
minutes. The reaction was then diluted with EtOAc (50 mL) and washed with satd. NaHCOs
20 (3 x 25 mL) and brine (1 x 25 mL), dried over MgSOy, filtered, and concentrated under
-38-
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10

15

20

WO 2011/109355 PCT/US2011/026629

ATTY REF: 26500-0023WO0O1

reduced pressure to yield an oilthat was chromatographed on silica using 25-50% EtOAc/Hex

to yield E as an oil (13 mg, 4.9%).

- NH

Compound 2

Synthesis of Compound 2:

A mixture of E (13 mg, 0.02 mmol) and 2-methylpropylboronic acid (10 mg, 0.1
mmol) in 2M HCI (0.4 mL), MeOH (2 mL) and hexanes (2 mL) was allowed to stir for 16
hours. The layers were then separated and the hexanes layer was washed with MeOH (3 x 2
mL). The combined MeOH layers were concentrated and diluted with satd. NaHCOs (15
mL). The aqueous layer was then extracted with EtOAc (3 x 5 mL) and the organic layer was
dried over MgSQ., filtered, and concentrated under reduced pressure to yield Compound 2 as

a white solid (1.3 mg, 11.2%).
Example 1: Assay to Determine Inhibitory Preference

A biochemical assay that can be utilized to determine whether or not a molecule
preferentially inhibits the CT-L activity of the constitutive (B5) or immunoproteasome (L.7)
relies on first determining the EC50 for each subunit. This can be done using enzyme kinetic
assays such as those disclosed in U.S. Application Serial No. 09/569748, Example 2 and
Stein et al., Biochem. (1996), 35, 3899-3908 using isolated 20S proteasome preps with
greater than 90% constitutive proteasome subunits or immunoproteasome subunits to
determine. The inhibitory preference of the molecule is then based on the ECs ratio of the
chymotryptic-like activity of the constitutive proteasome (to that of the immunoproteasome

(20S ratio).

A ratio of less than one denotes the molecule inhibits the CT-L activity of the
constitutive proteasome better than that of the immunoproteasome. Ratios greater than one

signifies the molecule inhibits chymotrypsin-like activity of the immunoproteasome better
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WO 2011/ 109355PCT/ US2011/ 026629 ATTY REF: 26500- 0023W)1 4 oThH *NH I nacti ve
0.4049 >>1.0 it NiL N13"-OH H, OH NH 0.06705 0.01033 6.49 Equivalents
Those skiwbDediynishe art will recognize, or be able to RETAISL@I1/026629 Ng NO
nore than routine experinentation, nunmerous equivalents to the conpounds
and net hods of use thereof ATTY REF: 26500-0023WO1

than that of the constitutive proteasome. The greater the ratio number, the more specific the

compound is for the immunoproteasome inhibitor.

Example 2: Biological Results

EC50 for
. . EC50 for .
constitutive | ECs ratio
Structure Immunoproteasome
proteasome (B5/L7)
(L7
(B3),

N M/@ﬁ;g
(\/W gj @ 0.0075 0.0366 021

G
Q“fr ; N

o E)H o 3 OH 0.0243 0.022 1.10

N
BN | |
N I H i Inactive Inactive N/D

0.0215 0.0138 1.56

AL JQ;Q
J}( 1.5152 0.0889 17.04

0.1558 0.0085 18.34
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5descri bed herein.

of this invention and are covered by the foll ow ng cl ai ns.
t he abovewoi2oudiopzsSer ences and publications are hereby PATASpaNAL@d by

r ef er ence.

Such equi val ents are considered to be within the scope

Al of

WD 2011/ 109355PCT/ US2011/ 026629 ATTY REF: 26500- 0023W1 W

Claim 1.A conmpound having a structure of fornmula (1) aaryaepimsimeoeworcal |y
5(1) wherein each Ais independently selected

accept abl e salt thereof,

from C=p;—CE=5—and—SC2;—er A+s—epitenalty eoval-ent—bendwhen—adiaeentyto
an occufrence of Z, Yis ent or|is N(R7)(|R8); 10Mis absgent or is
G _i2al kyl; e&ch Z isyihdéppndent|y selected from0, S, NH| and
N-Ci _6al kyl ; or ﬁEIOatEo ally a couadetint Hond whdtdAdj acent to>drd
occurrepce of ARL is gel ected from hydrogen, -C _6al kyl -
Ci _6hydfoxyal kyl, G Koxyal kyl , |aryl, and Cl- 6aral kyl ; |15R2 is sel ected
fromaryl, heteroaryl a 6aralky| and G _6heteroaralkyl; R3 is selected
fromaryl, heteroaryl, Cjigﬁpteroaralkyl, Ci| 6aral kyl and ¢ _6al kyl ;

@) o ; H o

RS e 0.06705 0.01033 6.49

§NH

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, numerous equivalents to the compounds and methods of use thereof

5 described herein. Such equivalents are considered to be within the scope of this invention
and are covered by the following claims.
All of the above-cited references and publications are hereby incorporated by
reference.
10
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R4 and R5 are each independently selected from hydrogen, C _6aral kyl, and
C 6alkyl; or R4 and R5 together are C _i2al kyl, thereby formng a ring; R6
i s sel ectwo 2brione93sgdr ogen, C _6al kyl, G _6al kenyl, C _6RCKN$201,1/026629
carbocyclyl, heterocyclyl, 20an N-term nal protecting group, aryl,

C _6aral kyl, heteroaryl, G _6heteroaral kyl, R9ZAZ-Ci 8aﬁkmmfz6ﬂm4m2ﬂN01
R12Z- G _8al kyl -, (RQO)(FHC»P( =0)0-C 1_8 aIkyI ZAZ- C galkyl 9,
heterocy@}eya}(g[r1 _gal kyl -, (R90)(RLO P(=0)0-C i _gal kyl -

(R11) 2N- kyl -, (R11)3Nt G _ual kyl -, heterocycl y1M, carbocyclyan

Ri 2S 02C i _gal kyl-, and -.-. 12 K SO2NH, WD 2011/ 109355PCT/ US2011/ 026629
ATTY REF: 26500-0023W1 Fﬂ s sel ected fram hydro OH, and C _6al kyl; RS
is an Ntermﬂ 5&9 @Vﬁ%bstﬂwt%ﬁ&fwae{l} ﬁ%‘ife%li’a‘é?ﬁullﬁal elected from
hydrogenaag#mggggthﬁ%@d O _6aral kyl, preferably hydrogen; RO and R are

i ndependently sel ected from hydrogen, netal cation, C _6al kyl, C _6al kenyl,
5CG _6al kynyl, aryl, heteroaryl o G 6aral%y| Rand G 6heteroaralky|

preferably fron1hydrogen, netal c ioﬁ IkyI or RH and R12
together are G _6al kyl, therrpy RNor a N| n eagh RH i s independently
sel ected from hydrogen and G 6a'l*kylo o3 82 f& % C| _6al kyl ; and R12
i's independently sel ected from hydrogen, G 6a| a 6a|keny|

C _6al kynyl, carbocyclyl, 10Oheterocyclyl, aryl, heteroaryl O._6aralkyl,
and5C _6het er oar al kyl . 2. A conﬁbund of claim 1, wherein R is

-G _6al kyl -Y. 3. A compound of claim2, wherein Y is absent and R

i s sel ecwvaerefr om nmet hyl, ethyl, isopropyl, carboxynethyl, and benzyl.

4. A conmpound of claim3, wherein R is nethyl. 155. A conpound of any one
of cl ai ngach A B ifdepoh@inelyReclRetell SroftC Ot €4S f 4Bl ar

A is optionally a covalent bond when adjacent to an occurrence of Z;
Y is absent or is N(R)(R);
10 M is absent or is Cy_jralkyl;
each Z is independently selected from O, S, NH, and N-C,salkyl; or
Z is optionally a covalent bond when adjacent to an occurrence of A
R' is selected from hydrogen, -C\_salkyl-Y, C,shydroxyalkyl, C_salkoxyalkyl, aryl, and C;.
caralkyl;
15 R’ is selected from aryl, heteroaryl, C_saralkyl and C,_gheteroaralkyl;
R? is selected from aryl, heteroaryl, C, ¢heteroaralkyl, C, saralkyl and C,alkyl;
R* and R’ are each independently selected from hydrogen, C,.saralkyl, and C salkyl; or
R* and R’ together are Cy.j,alkyl, thereby forming a ring;

R’ is selected from hydrogen, Cyalkyl, C)galkenyl, Cisalkynyl, carbocyclyl, heterocyclyl,
20 an N-terminal protecting group, aryl, C;aralkyl, heteroaryl, C,sheteroaralkyl,
R°ZAZ-C,salkyl-, R"’Z-C alkyl-, (R°O)R'0)P(=0)0-C,salkyl-ZAZ-C, salkyl-, 9,
heterocyclylMZAZ-C_salkyl-, (R?O)}R'°0)P(=0)0-C salkyl-, (R'"),N-C_j,alkyl-,
(R'":N"-C_jpalkyl-, heterocyclylM-, carbocyclylM-, R'2S0,C)salkyl-, and
R'?SO,NH;
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6ar al kyl and C _6het eroaral kyl . 6. A conpound of claimb5, wherein R2
is selected from G _6al kyl -phenyl, Cl- 6al kyl-indolyl, C _6al kyl -t hi enyl,
C _6al kyweothiiamwedsyl , and G _6al kyl -i sot hi azol yl . PCTUS2110266pDUNd  Of
claim6, wherein R2 is selected from G _6al kyl - phenyl and C1-

206al kyl -indol y1 optionally substituted with al kyl, tritalreal deydo,002dkoxy,

hydr oxy, or cyano 8. A conpound of any one of clains 1 to 7,
wherein ct e rom j 6§rcal li%s'g and G _6al kyl . 9. A
conpound o*ssﬁlleﬁiiepn@m P& RS S VP BEr al kyl . WO

2011/ 1093§5PCT/ US2011/ 026629 ATTY_ REF: 26500-0023 A conpound
of cl ai nR9iS apNkiEMinakerqtecting ssanndy| angi e mdependev?n&eleCAedc%%éuH@gsv, any

one of claimscl i ndependently sel ected from
(ftl%l l(z\hﬁr"aﬁéy@ ﬂ?@fe?&?gr llgﬁir cn;

hydr ogen and an rrpound of claim1l, wherein R4

and R 2RERPEP YA yﬁee%a?@ls%kﬁtegor oA &'mgén AT, HRSER, Bhang 7S

t oget her “are nd of

cl aism 13, WI"IeC%aITk}R‘ﬂ'l and, IRberbag Bt diralMyt, hntil@%ﬁea&roadlk@d;qméfeﬁbmmat ons and
the boron form a pinacol boronate ester nBound of any one

of clains 1 t%vdmgewwépﬁlqn@a%cs@ﬂ%t%dlf ?‘%Rld@&qﬂ% y¢alkYé,rtwreb§and

het erocycl y1M 16. A conmpound of claim 15, V\/nerei n R6 is
car bocycl yl orOTE'];[l11n armg’ 17. A corrpound of claim 16, wherein R6 is an

:
| ndene. cach R'!is 1$deé)|en&e %&ngﬁﬁ) ffrogh gen ah\ﬁ’rte gﬁ( 1 5166{?\/?ny ¢ 51'11¥f 'arrllcij ene.

19. A corrpound 0 erel n
? is independently selected from hydrogen, C)salkyl, C\_salkenyl, C\_salkynyl, carbocyclyl,
10 heterocyclyl, aryl, heteroaryl, C, saralkyl, and C,_sheteroaralkyl.

2. A compound of claim 1, wherein R' is -C)_salkyl-Y.

3. A compound of claim 2, wherein Y is absent and R' is selected from methyl,

ethyl, isopropyl, carboxymethyl, and benzyl.
4. A compound of claim 3, wherein R' is methyl.

15 5. A compound of any one of claims 1 to 4, wherein R* is selected from C;_

saralkyl and C; gheteroaralkyl.

6. A compound of claim 5, wherein R? is selected from Cy_salkyl-phenyl, C,_
calkyl-indolyl, C, salkyl-thienyl, C, ¢alkyl-thiazolyl, and C, salkyl-isothiazolyl.

7. A compound of claim 6, wherein R? is selected from C;_galkyl-phenyl and C;.
20 salkyl-indolyl optionally substituted with alkyl, trihaloalkyl, alkoxy, hydroxy, or cyano.

8. A compound of any one of claims 1 to 7, wherein R’ is selected from C.
caralkyl and C,galkyl.
9. A compound of claim §, wherein R’ is C,paralkyl.
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1520. A conpound of claim 19, wherein the heterocyclyl is selected from

nor phol i no, piperidino, piperazino, and pyrrolidino. 21. A conpound of claim
20, wher evo 2phiétobasser ocycl yl is nmorpholino and Mis Cl_Paalusge11/0266ey

2011/ 109355PCT/ US2011/ 026629 ATTY REF. 26500-0023W1 22. A conpound whi ch
has the structure 23. A nethod for the treatAT@NtRESS26800-0023WO1

i mune-rel ated di sease, conprising adm nistering a conpound of any one of

claims 1 to 2 525. A net hod.for the treatment of .cancer, conprising
adninisteringﬁﬁ cogﬁﬁﬂﬁﬂu% 0%@§9h$4§mﬂmn 1%@?“%94§$ﬁ%ﬁ'for the treatment
of inflamration, conprising adm nistering a conpound of any one of clains 1
to 23. 7. Anethod for treating.infectjon, conprising adm ni stering
a conpound_of?%ny éﬁ@ﬁ@oﬁylﬁg%ﬁﬁ?efff_“2%{t°id”§h§%?ﬁgaWikh%@ for treating
proli f et AlbXadahReRRR gIRTR L &bith ARNIRIGLENLNG @ compound of any one of
claims 1 to 23. 29. A nethod for treating neurodegenerative di sease,
conprom sing adm ni stering a conpound of any one of clains 1 to 23. WO

2011/ 109355PCf4 US2Q 1L {26828 &Mifn'1 RfTierafR%nR23Mbth hydrogen.

5 13. A compound of claim 11, wherein R* and R’ together are C,_j»alkyl, thereby

forming a ring.

14. A compound of claim 13, wherein R* and R’ together with the two adjacent

oxygen atoms and the boron form a pinacol boronate ester.

15. A compound of any one of claims 1 to 14, wherein R® is selected from

10 carbocyclyl, aryl, and heterocyclylM-.

16. A compound of claim 15, wherein R® is carbocyclyl or aryl.
17. A compound of claim 16, wherein R° is an indene.
18. A compound of claim 17, wherein R® is 3-methylindene.

19. A compound of claim 15, wherein R° is heterocyclylM-.

15 20. A compound of claim 19, wherein the heterocyclyl is selected from

morpholino, piperidino, piperazino, and pyrrolidino.

21. A compound of claim 20, wherein the heterocyclyl is morpholino and M is C;.

12alkyl .
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30. A conpound of any one of clains 1 to 23, wherein an EC50 ratio of the
conpound in an assay of constitutive proteasone activity as conpared to the
EC50 of twe 20tmpeeassd i n an assay of i nmunoproteasone acPCriuspolld2@eeat er
than 1.0. 31. A conpound of claim 30, wherein the EC50 ratio is
greater than 3.0. 532. A pharmaceutical conposition, CIPVIREFITG5@-0023WO!1

phar maceutical ly acceptable carrier or diluent and a conpound of any one of
clains 1 to 23.

o) O H ¢
K/N\)LNJ\H/N\_)LN ~OH
H § 2 H

B
\
DOH
0
/

22. A compound which has the structure
- H O
N/ﬁrN_JLN _-OH
H = H !
a SR REGR
NH
23. A compound which has the structure
24. A method for the treatment of an immune-related disease, comprising
administering a compound of any one of claims 1 to 23.
5 25. A method for the treatment of cancer, comprising administering a compound
of claim 1.
26. A method for the treatment of inflammation, comprising administering a
compound of any one of claims 1 to 23.
27. A method for treating infection, comprising administering a compound of any
10 one of claims 1 to 23.
28. A method for treating proliferative disease, comprising administering a
compound of any one of claims 1 to 23.
29. A method for treating neurodegenerative disease, compromising administering

a compound of any one of claims 1 to 23.
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30. A compound of any one of claims 1 to 23, wherein an ECs ratio of the
compound in an assay of constitutive proteasome activity as compared to the ECsy of the

compound in an assay of immunoproteasome activity is greater than 1.0.

31. A compound of claim 30, wherein the ECs, ratio is greater than 3.0.

32. A pharmaceutical composition, comprising a pharmaceutically acceptable

carrier or diluent and a compound of any one of claims 1 to 23.
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