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ubiquitously expressed B subunits, higher vertebrates also possess three y-interferon-
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t he peptlde analog
Methods used fo overcome the ability of peptides to be enzymatically

degraded and to improve absorption into the blood stream from the digestive tract
have included making analogs which are less peptide-like in structure and which are
30 reduced in size. Such methods are deemed to be successful when the peptide analog

achieves satisfactory blood levels after oral administration, or in the case of
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25  observed, but would be expected to be competitive and not irreversible, if the
inhibitor merely competes with the substrate. The novel peptide epoxides and
peptide aziridines are also. expected to inhibit NF-kB activation and to stabilize p53
levels in cell culture. Moreover, these compounds would be expected to have anti-
inflammatory activity. Thus, these compounds can be unique molecular probes,

30  which have the versatility to explore Ntn enzyme function in normal biological and

pathological processes.
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In another aspect, the invention provides methods for the following:
inhibiting or reducing HIV infection in a subject; affecting the level of viral gene
expression in a subject; altering the variety of antigenic peptides produced by the
proteasome in an organism; determining whether a cellular, developmental, or

30  physiological process or output in an organism is regulated by the proteolytic

activity of a particular Ntn hydrolase; treating Alzheimer’s disease in a subjéct;
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25 While not bound by any particular theory of operation, it is believed that

such N-terminal nucleophiles of Ntn form covalent adducts with the epoxide
functional group of the enzyme inhibitors described herein. For example, in the
B5/Pre2 subunit of 20S proteasome, the N-terminal threonine is believed to
irreversibly form a morpholino or piperazino adduct upon reaction with a peptide
30  epoxide or aziridine such as those described below. Such adduct formation would

involve ring-opening cleavage of the epoxide or aziridine.
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has né‘%v@ﬁﬁ&gk@oglg dnft mgfarpa@ ge]atecij 51 & %? I%%?Eéjs I{SCHlI in peptide

peptide “epoxi des or pept | azlri és
mor ePexidasien pertida |aF®dlrFﬁh@@ﬁw02)®ﬂ@m¢)b@khm¢tlmltasbf swlmef or

20 NhieRbbdiR@nte MELRO0E WRHifg d%oﬁg Jg%lkg%i’lz B%V% o g

pr ot easone, bet ween two and f our one Units are
pr eBEHRESOTa6 Peptres e anst B backboneaitis aransprest, g inGpmelproferred

I nheRbsdigRntstt CRLERGKESRAhMB biskbBhEuRGsEREsen N Si de
chai ns ext endi ng fromthe backbone units can include

nat ural T sipdettain e@fen_aihgrmm the BAEUBONAGHiE cih HR1dRHaRSal
such gpopusbasen talysiack, ReEL ot e el e
2% | e(rddmiree),, isqrivemy l(mnh)ykec-l(qaﬁe(ny]eaha@i, fsel)utyla(laﬁchzh)a pﬁérﬂrﬁnethyl
C hatﬂ?leﬁﬁglﬁltlllné)u Lx’l(ﬂ%e Ha@ ﬁleml ngnsﬁﬁin%g Y ammo aCII prohne %he side
chains can also be other branched or unbranched aliphatic or aromatic groups such
as ethyl, n-propyl, n-butyl, z-butyl, and aryl substituted derivatives such as 1-
phenylethyl, 2-phenylethyl, (1-naphthyl)methyl, (2-naphthyl)methyl, 1-(1-
30  naphthyl)ethyl, 1-(2-naphthyl)ethyl, 2-(1-naphthyl)ethyl, 2-(2-naphthyl)ethyl, and
similar compounds. The aryl groups can be further substituted with branched or
unbranched C,.galkyl groﬁps, or substituted alkyl groups, acetyl and the like, or
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W

chains can al so be other branched or unbranched

al i phatic or aromatic groups such as ethyl, n-propyl,
0-2borogb464 1- but yl , and aryl substituted deri vaPCvas2006/043503
such as 1- phenylethyl, 2-phenylethyl,

(1- napht hyl ) met hyl , (2-naphthyl)nmethyl, 1-(1 30
napht hyl ) et hyl , 1-(2-naphthyl)ethyl,

2- (1-napht hyl )ethyl, 2-(2-naphthyl)ethyl, and simnmlar
conmpounds. The aryl groups can be further substituted

wi th branched or unbranched CI 6al kyl groups, or

subﬁr'tlteub@td gy lor giRtifgd 26 gs adf%dh ?ﬂ&n&b}h%lnd &e 1ikeb
ur er_ ar y roups,

WO )7/ O 006/ 0435
o S el el f%rab%s ca 30 be SSEAT S PR,
[ kéIeteer@r@&tSyhc}mlhegeﬂF Qﬁcygdny,l ang rs@llﬁﬁscoﬁﬁﬁhxﬁ’é £91 BBups

useq, &S, stitye roups
i nc gucg'e ?ﬁg r o e rrf 2ok Ien Ky ear?thH‘ ‘?‘Pyé JF’eﬁtgreé‘aL ¥‘5iyﬂ P}ﬁr@“ﬂr yl
gro wpbenzsﬂxrdmya&htdmmy Ipyrrbl@fh natdar@ply byrandplh bﬁﬁﬂy‘ﬁ | Sdinyl,

chr Hab iyt bbb, R RETG) pRdSIRETERURY it rgmnyacofuran

pyr BIPEH 1pe p’li’qli%m\j Pyrrpluhnen yorplwling,dhgtdnes dactambant itedike.
Het erocycl yl groups include tetrahydrofuran,
pi per i di Hesonyssahodanends. pplpr prothattied eesidwos gvdie ineoduced into the

| aCbQﬂﬂS epé;&@ds&ﬁﬁaeptﬁi’é@zfrﬂﬁaels;' K6r exhih Fﬁoﬂﬁuﬁﬂygwuﬁ &thino

resi dues can be inftroduced into

l(ggp?m%ses “85 8?(["2‘&%”0?“5@?}‘%‘3 §Era byt S ﬂ‘é%”f”FWm@Rlaﬁ}éM@t Cys) can

nat be mlubgiuaadpasrwelh@ itlcB2nbif) aaGhélScidd) €t eRSmple, taurine, carnitine,

hyd cont ai ni n Thr
suI%ﬁ?Mth a|n|n8%?' tm"Eyé e&%ﬁmkﬁé Neemaallypecasing side
wel thaassubemuemmﬁtuchhrgammlzaemdmesfcm al@d&ﬂﬁh'cﬁlded such as, for

tau r R Lsi | ine sti ne,
nor I&ea u |len ?‘aﬂ ! C% s gl% n%rf’ ‘T"I}ﬁg/o‘b %rd??rf E‘éé@?‘}ﬂ ghort chain

1 hatlkosubsfife, mlen,t erheixyh eﬂblapbfsdhcn rarrmm @taniibo gionuﬁss o€ Alth

|
2h2§1§§ﬁgfﬁ§ Ldi)qﬁgtef%g?%rﬁsdg ntvag% Ralg%enrggomé O %%l EF%%ed

shofRbediapRs, Faere i@y gpst onglafyl gesuptpésent io arsbtexjahm of sifeqfeptide
phogpieg, am do or ami no groups, or such substituents
substituted with one or nore hal ogen atons. In sone

pref er r a6l soeteAbo fRMEnE, the BEE®ohSusts AkEARIde QH&S ﬁ%lﬁ -CHR-

ro r.ese a_side chain of the peptid
2°g Q@ﬁﬁ ]ean‘HF‘?TEdf the sidqehpjac RBghrd ?ﬂﬂ‘%maﬁi@salm fa@lude the

u n| tagurp INbbcGHRyg adtin€aeiOprdline, dt ok ﬁbn-ﬁ’aﬁxﬁll& f&:@cﬁhﬁi@ cyclic
ch aée@orid%}pznm%o qgﬁé Qv 611&{ v?n 1 lgcorg(goggggﬁ %H ghoscapf %{lxlﬁg}the art.

nat ur a occurril I’T am no acl

non- nat quﬂeyer%smeha AEEEIbEne BFE AR AR P B LR (ror

which will be recogni ze
| n Gpmele @n‘ﬁ%ﬂrﬁ‘lﬁt@e llltem@ltt'au«tme lﬂml Wlsclamm or more amide

25N- aoleyid @t @6b18ITH B9 olPinichdnliO! tetrm Eogs Kh%%@ﬁ’ 1 te@gzole ring

30

the like), ~ol efinic anal ogs e or
arigoses a'cis-configuration on the back one) or combinations of such backbone

linkages. In still other embodiments, the amino acid a-carbon is modified by a-alkyl
substitution, for example, aminoisobutyric acid. In some further embodiments, side
chains are locally modified, for example, by AE or A% dehydro modification, in
which a double bond is present between the o and B atoms of the side chain, or for

example by A" or A cyclopropyl modification, in which a cyclopropyl group is
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25 bonds are replaced by olefinic bonds), tetrazole

anal ogs (in which a tetrazole ring inposes a
WOi268067086d6it gur at i on on t he backbone), or conbi na&CTms2006/043503

such backbone linkages. In still other enbodinents,

the am no acid a-carbon is nodified by a-al kyl

substitution, for exanple, am noisobutyric acid. In

sonme further enbodinents, side <chains are locally

nodi fied, for exanple, by QE or 0z dehydro

nodi fication, in 30 which a double bond is present

bet )ﬁﬁ@cﬂlt baﬁ'ean RQ, AdP Q6w 6f tht Bige Shale NG TurtRd: etn%%du ents
exa cycl opropyl. nodification, In

a C%P@Wé 6w1ncg?%q?§rougs, D- afn%a@_lé@qeynd%ﬁgh Further embodlments can

 PCTio520 66k eﬁﬁﬁ%bameﬁea@tchba%mmﬁ&eb@daagna‘n%n%&%
rther enbodi

of formatson Eq(a a g ?1-5: d1 s disc “Pepti and Mimics,
erplOYAHY- &M HiokagRi2qd gPst podifisations &5 ﬁf?ﬁg‘éﬁﬁ %@

a ﬁ eBesiguof (Dmfoe@mdali‘;:e@bn&traﬁ\ad” Hay’IHhilbg ans Bgﬁj ud, in “Molecular
cha e clizatio 1S I gde. bon

f or irarlal’i1 (lg nanalggc amo %3 F iR gheg?ge ﬁf’ﬂ%g@fgr,e“% debHERBETt A-
nDdWV@'aIV@Hé’Uth@mS(SI 895)i rp. '6P&664, desiclais hetdbyiiieSrpodated by
Desj@glek. Conformationally Constrained” by Hruby and

Boteju, in "Ml ecular Biology and Biotechnol ogy: A
Conpr ehefAss aspe@ed icHpyation cdiics mdomBoleistating a Mryaus,of

INWOEHMa'(ﬁWE%hQ*%% tlcaﬁyaccg Bl@@fl‘ltt o?h i's hereby

i ncor porat'ed by erence e aspec of the

i nvention relates to co Qund% haV|ng a structure of
10 formula (1) or a phar ce ce l e salt
thereof: RL R6 0 RSZLRS R2 R7 0
(1) wherein L is sele@ted fro and SQ2,
preferably C=0, 15 XiB* sercté& fﬁﬁh\&) S, NH, and
N-Cl. 6al kyl; Z is absent, Cl.salkyl, or Cl. 6al koxy,
preferably absent; R1, R2 anqpR3 are each
|ndependeptlx sel ect ed from hydrogen, Cl1.6alkyl, Cl1_
6al kenyl " “CL'6al kynyl , CL.6hydroxyal kyl ,

G _6al kdxisakleyled famyC~0Ql=SanalSKy) prefemtﬁce@ryl

1t o 00E sl RUELELARICLAB Y Ly oot ofoaral k!

sel ect ed fsmbmnh@rc@ﬂgﬁh or Cilsabawxg) ﬂryﬂerabbmbs@l 6al kyl ;

RS is hq{',ef{@,%ﬁf IR a?ené%ch independently selected from hydrogen, C_galkyl, C;.
salkenyl, Cy.salkynyl, Cighydroxyalkyl, Ci.salkoxyalkyl, aryl, Cisaralkyl,
heteroaryl, heterocyclyl, Ci-gheterocycloalkyl, Cigheteroaralkyl, carbocyclyl, and

20  Cigcarbocyclolalkyl;

R* is selected from hydrogen, Ci.saralkyl, and C.¢alkyl;

R’ is heteroaryl; and

R and R7 are independently selected from hydrogen, C;galkyl, and C,.
saralkyl.

25 In certain embodiments, R!, R?, and R® are independently selected from
hydrogen, C,alkyl, Cy.shydroxyalkyl, C).salkoxyalkyl, C, saralkyl, C,.
gheterocycloalkyl, C).gheteroaralkyl, and Ci.gcarbocyclolalkyl. In certain
embodiments, any of R!, R?, and R? are independently C;.salkyl selected from
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, and isobutyl. In certain
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R6 and R7 are independently selected from hydrogen,
Cl 6alkyl, and C1_ 6aralkyl. 25 In certain
weonharchsemsmt s, R1, R2, and R3 are independent| yPpPeelusedoemd43503
from hydrogen, Cl.6al kyl, G _6hydroxyal kyl,
Cl. 6al koxyal kyl, Cl.6aral kyl, Cl1_ 6heterocycl oal kyl,
C -6heteroaral kyl, and Cl.icarbocyclolal kyl. In
certain enbodinments, any of Rl, R2, and R3 are
i ndependently Cl. 6al kyl selected from nethyl, ethyl,
propyl, isopropyl, butyl, sec-butyl, and isobutyl. In
cer tabodimSniAnR QIR OFH4RARPHE/NIBRORBADABD @I droxyalkyl. In certain
errbodifrre ts,, a dof R, R2,_and R3 are independen¥|y
G BROGTS Ffodprnizany AT R Kor €l rg ndgepdently selctted from
en‘lobyﬂrnamf)@hyl any hpdro@eth;ﬁifc’prfﬁ%bﬁﬁ/dg&@nieﬂ@@.plﬁf&ﬁﬁin' y
se fi mef hyl an roxyet : .
or of S BfrhR ey DK XY IR R e BEp e Bh s by, dngortain
of fuch erbodigretsRAnEefR | RYepe Bd et ihjepndenfakdeotydirkivl .
In ' ' any of R and R3
ar o e G AR B TRty i See
met PRORYAEmRNLE, anfodRerRibayd Rbtrh xdgpwtdaytly, Cl.dieweratatkyl. In certain
enbagh Faibb&imed ! n ' tly
Ci _6het er oar al %?rgf?ﬂr? élékr;’zt%g?% g?lﬁ%&é%ggggnég{lgfﬂgﬁy
of ~udazelylmethyl, pyragelxlmetapd rnddhiazglylmegivband gyfidgmethyl,
10 M plazepd ity MEio1-4-ameds D kh o8k _pyri -
t hi agg; gi/lir;gt h#E P p);;ri dy] netmhll)l/jfth%g Py el |1’¥3 i
i ni mefhyl Grst-Ryidyinghyl I carian grebpgiments, any of R', R?, and R?
2- pyee iivetieperaleht C) saralloyll Trclydridi dith em@bdiftoRi4! A%rydf@,t ¥ bnd R3
-In certain e nd a

d ts, f . R2,
i ndEp K gg%qdfgt?yodeﬁ_%geﬁgfw Sﬂé’qyﬁn%rgdt(gwyg geql]pheuy]eﬂ]ry?, preferably

T et L B | ety C.

se phenyl me nz an enyl e , _
15pr e‘?gibg%fcyaﬂ%'eﬁ'y e%t% “hsyl/lplyerpﬁo I@F%/tai)% ‘Se‘ﬁ‘ﬁgaf’ WP@?’X dpyertain

of GbodRpentsRY RI3ami R drpalid pefednt Inyce@hin ehfbodiments, any two of

6cag bae I rrai. ch. enbogdi ngnt s IS

cy % 6;}&&@:&”{2?%*@ Se}rﬁe' g@rcteg{‘uﬁ eﬁ% ﬁ‘glén oelrgl?r?\é%tg gnd %23,“" alh fpe

R3 #&F¢- all different. In certain enbodi nents, any two

of R, 1RenANImB3aitefis! 9e00R- B Al
embodi ments. ROR2. “and Resagare oafH] aﬁﬁg IS s5iegted from Cy.
20¢ o rh%§TR* Y0 andreneadkoxyplkyle 48 cernie sush eRibodimaeniR2 af Isast one of R’

sel Ratréds fik&pafidyl @Qeﬁ@%@ﬁ%yﬁﬁwﬁlﬁﬁa t least one of %{' nd R is
h enbo f

C1 6%%%%)%6“ Kyl. In certain suc I ments, a east

onée® mREhesypethyiard methryethyl n certain such
enbodi mMEAt&taimembedfilen) R i9kelbtte I @_Gélﬁyl a%ﬁ!(ﬂ.%&l@ﬂtyl,

A AR N Y e A
25C _eBa,abdpydpyl, sec-butyl, and isobutyl. In certain such embodiments R3 is
isobutyl. In certain alternative embodiments, R® is selected from phenylmethyl and
phenylethyl, preferably phenylmethyl.
In certain embodiments, R*, RS, and R7 are independently selected from
hydrogen and methyl, preferably hydrogen.
30 In certain embodiments, R> is a 5- or 6-membered heteroaryl. In certain such
embodiments, R’ is selected from isoxazole, isothiazole, furan, thiophene, oxazole,

thiazole, pyrazole, or imidazole, preferably isoxazole, furan, or thiazole.
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preferably Cl alkyl. In certain such enbodi nents, R3
is selected fromnethyl, 25 ethyl, isopropyl,
weees/mit4sh, and i sobutyl. In certain such enmbo@8CTRISR®6/043503

R3 is isobutyl. In certain alternative enbodi nents, R3

Is selected from phenyl nethyl and phenyl et hyl,

preferably phenylnmethyl. In certain enbodi nents, R4,

R6, and R7 are independently selected from hydrogen

and nmethyl, preferably hydrogen. 30 In certain

enbodi nents, R5 is a 5- or 6-nenbered heteroaryl. In

certain mhaln@ﬂiﬂf@dinﬁ%ﬂi ®’ 1sF§5blb§chS abRedafd. T @Main such
i Sox zol e, furan, EIO phene, oxazol e,

t hy SO By Sietespin | dsrb RO R ar GRS bonsaazole,

[ Sokﬁlzoih&),zofewmxsom[azbial azole. -9 WO 2007/ 056464

PCT/ US2006/ 04350 n certajn e iments, [R5 s

bi cycl i c:lonnefrt eV sar fj'mqnﬁ‘ Efé? {:aﬁ)nggifgaﬁergn%&? e fft §°va0] 3-ylor
Di cipokazol-het. einaartynln prefers&l @ch eﬂbédlﬁﬁhtbesnzén&ﬁ%ﬁm&zel-&yl is
ben zol e nzi. ot hj azol e. |

cer %‘%l)éﬁﬁéénbocf Sugsrﬁmegﬁﬁe%ﬁ ?f—tbf POplonpingsrain ?fg’i%d is

an ¢mbodiments.3vien thy isopzpkHyhia elibsbiturdd, itlinsubetitugidmt least at the 3-
prepgiddad such enbodi ments, when the isoxazol-3-yl is
substituted, it is substituted at |east at the

5- posi t | BrFertin egbpdizentspldf €rPed is abatrocindRitis pn wisshstituted
14 helsb,aﬁmazgi 5-yl is substituted, it is substituted at

| east at_the 3- position. In certain enbodi nents Lis
C=0, 7 i8 csBuBRmbodimenRsLisCaR. 4irabsett andRids a spbstituted

I So&zaabl-8yY | In ckRaib @ﬁ&ﬁénﬁboﬁm e 1§0xa§oll-%yﬁugst1tgteh Svith a
i soxazol - 3-

absent . and R5 t ut ed [ 1
cert" § %m%‘ﬁéﬂe%tﬁ%%aﬁ"@ﬁ? v oﬁl%owsfaxfamy@kxh Cishydroxyalkyl,
S ljl_ betrbhdxytie dCCI l:ill-\ll agllilnébarlﬁixp&td Cul Mylﬁﬁin@@&&ﬁcyﬁart@ e,
155 AR R SRR sk rrte e O e sroeaPub g papn O
Cl _dbatekoglyelmlkple mdﬁmhlﬁbe_yclc(amyl Ihxertain preferred such embodiments

6a| yls)is%ﬁggoﬁ]e ? S’ﬁ %%X%Tf" }1%1' %aétgllt%glggg&( ¥rorn méthyl, ethyl,

het er oar a
6he1§<mfem5}mndarb'klybx;0palmbﬂ@l 6c:ar bocycl oal kyI In certain

preferr : di t | soxa
substit Eltq §§H£H ﬁﬂp& Egg‘l 1? l?éjn%? Zslg bsefl éanC? lr% ?‘féf’?ﬁh}yl
20gt Hypstituted ypthdrito G-anrankeyes wjsegspydontaitiyg Ci.dhetecamyt@bliyl. In

enheeh iﬁ%ﬁ&ﬁexjﬂbécﬁmg}np R4s is%x?zgﬁ §! tyL sub@(@te{ggvlgfa&g%%xxel}[lggthyl,

i soxazol - 3-yl 20 substituted _
ni tAegERbeasRtidinT ﬂ@e@ylehaeépm@yeme@vah etnhodiwents gl is C=0,

such enbodi nents, R5 is isoxazol - 3-y|w,s«u~bjst ituted with
azeti di nyl net hyl ,
Z is absent, and R’ is isoxazol-3-yl substituted with K/N\/‘LL"«, wherein W is
O, NR, or CH,, and R is H or C,.¢alkyl. In certain such embodiments, W is O.

25 In certain embodiments, L is C=0, Z is absent, and R’ is isoxazol-3-yl
substituted with 5-membered nitrogen-containing C)_sheteroaralkyl, such as
pyrazolylmethyl, imidazolylmethyl, triazol-5-ylmethyl, preferably 1,2,4-triazol-5-
ylmethyl.

In certain embodiments, L is C=0, Z is absent, and R is isoxazol-3-yl

30 substituted with C,¢alkoxy or C, galkoxyalkyl, preferably methoxy, ethoxy,

methoxymethyl, or methoxyethyl.
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preferably azetidin-1-ylmethyl. In certain alternative

such enbodi nents, Lis CO w_"~ Zis absent, and RS
woO20i78ss4z 0l - 3-yl substituted with wherein Wi BCTmszdﬂRmssos

or CH2, and Ris Hor Ci.6alkyl. In certain such

enbodi nents, Wis O 25 In certain enbodinents, L is

C=0, Z is absent, and R5 is isoxazol-3-yl substituted

wi th 5-nmenbered nitrogen-containing C _6heteroaral kyl,

such as pyrazolylnmethyl, imdazolylnethyl,

triazol -5-ylnethyl, preferably 1,2,4-triazol -5-

yl met hyl In J:efﬂta&ﬁérh'@dd’lmerﬂpqmsm % is kbdeﬁt Gref RS % 1§c§cazolr?-yl

absent SOX 30 substjtuted wt
c1 é‘@?%@?ﬁ Wi Gl 3&5 a@ R&?fefatﬂ}’ By&pXyRShyear fydpxyethyl.
et hoxy, Imetrtaox dilryibnts aris ) %Y ebdil, and ROisV\Bxazol-3- vl

2003&%@‘&6 ﬁ)}g/c%% g/ag ggr%%loiaggﬁ)@g&ﬁ%%isalgynggl?lllogsr%tm%ylate
Bubsti- daucb@@bmwodaﬂ@xzﬁxlt@ dr Oxaiitylopkboxpiaed an a&ltaun such
hyd Eﬁ%gﬁﬁkn%l D{s Ssn%glgﬁé%\%l}tg Xl[aebhgl :,]eg'nge% %etp%l carboxylate,

enbodi nent s,
i somfmblsnwthylsaﬂbmlmt ed with a carboxylic aC| d,

am nocar hpe%YJ ﬁlté?mbogﬁmgﬁé F-Zl% g'rbn 9%%?&%%%’ {a{ﬁ\t RS is an unfugtstét}lted

(G _6al k?/ ) 2am nocar boxy _ carboxy
I n Bera’i-AYduch enbodi ment s, R5 i s subst ituted with

10ret hyl CBY o @itodBhierd, 1k cear Bg @ﬁteand ol %E%B@s@_%ed

neth irboxlate In certain’e |msns
7 i gs X7OLR rtgim such erpbedimenys (R tlmsgzgazo] 5—yl substituted with a

| s Omﬁﬂueﬁ-syiecteﬂ. @rohﬂC P@lktyﬁ'm sﬁﬂw Bk oyl lkfri € .gnyroxﬁalky]

€rgoxﬁb aua ubstituted. Isoxazo
arnosuéh e%@&?%‘?ﬁy te. 3 ﬁ?lgy PRHOSHBPXMatG, (C 1
Sub@ﬂkyﬂ)ﬂrenhoumbdik}date,ﬂiQﬂkylbatﬁﬁiylﬁe|@Qh&groﬁfaﬂm Ci.earalkyl, C,.

11 Ao B O STt rmsenmsony pabesiments

Q @aiskgqxa;mlﬁé@asmmwtai with £ Eibstituent selected from methyl, ethyl,
6al k¥l Cl 6al kyl car boxyl at e,

Cl- Gh%t é?c%’lraaqi af°Pp3%'9éé§"r alkyl, Cl_ 15

6het er oclylcﬁeﬁalm@mbodmﬂmtsm i@, kﬁ)xsy\biernalakg/ R’ Iss@arsla-f

pr egu%ﬁtftﬁéd%m @@%%%ﬁ%g‘d mB§gén- on Qr)l(iazgf e?eﬁé%yﬁgﬂalkyl In

substltut ed with a su tuent®se
20t piprtain ﬁ“%ﬁmbwlnentan@ is jrokenot-6py ISlrlEtlh!ydd witnazetidinginfethyl,

enbgeferdn Szetillinl ls%st It y1Z1d c%r@&sa%&atl@gmlg%ﬁ%ﬁ%lgegg, L is C=0,

i soxazol - 3-yl ut ed wmth a 4-
nitrogen-contai ning C _6heterocycl oaIT\I{)I n

N\/'H‘-, wherein W is
O, NR, or CH;, and R is H or Cisalkyl. In certain such embodiments, W is O.

In certain embodiments, L is C=0, Z is absent, and R’ is isoxazol-5-yl

Z is absent, and R’ is isoxazol-3-yl substituted with

25  substituted with 5-membered nitrogen-containing C,_heteroaralkyl, such as
pyrazolylmethyl, imidazolylmethyl, triazol-5-ylmethyl, preferably 1,2,4-triazol-5-
ylmethyl.

In certain embodiments, L is C=0, Z is absent, and R is isoxazol-5-yl

substituted with C,.¢alkoxy or C,_salkoxyalkyl, preferably methoxy, ethoxy,
30 methoxymethyl, or methoxyethyl.
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20 certain such enbodi nents,
substituted with azetidi nyl net hyl,
wezei7iidé4s4 1- yl net hyl .

R5 is isoxazol -5-yl
preferably

In certain alternative sBCH/US2006/043503

enmbodi nents, Lis CGO W Zis absent, and R5 is

I soxazol - 3-yl substituted with "\/ , wherein Wis 0,
NR, or CH2, and Ris Hor C 1.6alkyl. In certain such
enbodi nents, Wis O 1In certain enbodinents, L is C=0,
Z is absent, and R5 is isoxazol-5-yl 25 substituted

wi th 5-nmenbered nitrogen-containing Cl_6heteroaral kyl,

such as Ili)@&&i‘tﬁédlbdﬁﬂh%k L i =02 zqk )ﬂlasgﬁtt Byd RS is 51soxazol 5-yl

ty|r Im%’t' §7F“§e‘?/ Yﬁnﬂgé P%lé%%@y 121{ rpiyrr'eéaiﬁyol o hiydroxyethyl,

abs ent, anctrlRm erﬁbddﬁﬁéﬂrﬁi’,tﬂ is @"W Z i btyehd, bt Eﬁxs%c;xté‘zolé yl

Cl Kk bl t
SRR o BB Yo Bl B T e,
zoomoﬁwemrﬂﬁadau&x@mw 6435@&y1daﬁ>oa9rateaum cefpeidRent s,

L i i 85
U bg?lg’t_ﬁmggt R %Q@?s%&ﬁecg}vg})l( mae hlylc’farg’ e?r %T‘%j carboxylate,
hydPEﬁfVﬁlﬁYW}dth)dpamymlmEyet hyI In cert ain

embodi mefy c%rtal-n ér&bo@"n%ntg a ggrvr\l'?ptﬁm Iﬁf’fo UQa IseI%cted grom

i soxazol -3-yl  substitute
am nocar boxyl ate, C _6al kyl am nocar boxyl at e, 5

(C _6al kylg 2agrPcar hox or Ci _oal kyl carboxyl at e.
In certai sgﬁrgkbnb di

O R5 is substituted with
net kyk” gar biixyat exYor Nt n arboxyl ate, preferably

met hylothar boxyl@t e\ La.cePt ai n enbodi nents, a conpound
of formula | is sel|sfrom ONoOge NN= ON
OHO Ow OONO N ONHO 10
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OMe
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=HONOOO and | One aspect of the invention
relates to a nedical device including 5 conposition
di scl osed herein that include an inhibitor having a
structure of formula 1. In one enbodi nent, the
conposition is incorporated within a nmedical device.

In certain enbodi nents, nmedi cal device is a ge
conprising a po|yner na tr eramic matri x and an
i nhi bi tor.q Sai poly an“be erther naturally
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synthetic. In another enbodi nent, said gel serves as a
drug depot, an adhesive, a 10 suture, a barrier or a
weead7adt464 Anot her aspect of the invention rel aPes/uSe008/043503
nmedi cal device conprising a substrate having a
surface onto which an inhibitor having a structure of
formula | is disposed. In one enbodi nent, the
inhibitor is directly disposed on a nedical device.
I n anot her enbodi nent, a coating is so disposed, the
coating conprising a polyner 15 matrix or ceramc
matrix with an inhibitor having a structure of fornula
| dispersed or, dissolved erein. In one enbodi nent,
the nmedi cal deyice is a ceephary, vascul ar,
peri pheral® o @ li@dry (step,. More particularly, the

st ent Nw Jon is an expandabl e
stent: enHco ed Wt matri X containing an
|nh|b|?or having a structure fsormula 20 I, the matrix

is flexible to accomvpdate co
states of such an expandab stent. I n anot her
enbodi nent of thi i nventi oh he stent has at | east a

portion whi i § I nper@ablfe op i nplantable into the
body of N q AL portion has a surface
whi ch 1 s aglaptied % or zexpbsulle to body tissue and

wher ej n %t -24 WD 2007/ 056464 PCT/ US2006/ 043503

| ea®td a part of -the surface is .coated with an

i nhi bitor having a structure of formula I, or a

coati ng @ r|S|ngﬁS matri x having an |nh|b|tor havi ng
a st ruct YresBEctEfigunvenfion relates i gapestiop! devies ivelofingd

&h edfcemﬂ)sm%ﬁ dexs g &raf. tlﬂat ﬁié:lutd@ lh enrstiRN hatisg 9 's§194u9§ & formula
whi ch is incorporated

hertjl 1 ogg errn&?cgpngﬂ g‘e Cﬁ“’ipf’gn@h’tslni“‘é’mpratsd Fithiyfompdipal device. In
e mbariainsmhodtrenty)y ek raedical GW1€:‘€€1$ @fget &&nﬁfsﬁ%@fﬁolymer matnx or

|nv Su nent s as a vascul ar
(I%ant @'P%Arﬁ TR ﬁginlb%%li éc? g% og s F@%ﬂ‘ef ngﬁlé“}ahirﬂccwng or
a vsafsﬁf@tlar Inswpther ¢mbddimentpsaid gt sbrmed a6,a drhg dépalis@alihesive, a
uﬁe%%ﬁﬁaqbz&hﬁopsﬁf%ﬂﬁ invention is a catheter, an
abl

I mpl ant e vascul ar ‘access port, a central venous

cat het erancifer@fieet btthe ﬁx@&h%‘iﬁélate@ to/ Qﬁm‘éé‘rﬁzﬁrdeg Qggm{)r&}sﬁng a

intraaortjc, ball oon punp, vent
as SRR HYINg auEgeeprie “ﬂ’gChk?élrlﬁliﬂéktor having@tsergitues, offormula I is

Y a&ﬁ&ﬁo&{d V!h@ﬂe edBodif%ht ﬁ{eﬁﬁ{lbl‘t’cﬁ*91§3}fﬁlr&'ﬂy%§)sgg&ﬁton a9 1(9&? gevwe.
f||ter ilter adapted for de [ oyment 1n a

ves §§f‘6th8 eé’i‘q’é’éi"wntt 1+ %?ﬁ“’i‘%lﬁlsﬁ |dtSBPseHa‘$‘F ReptRESPMPESinE @ peb'rner
15f o m‘mth& ot caihivanattlk vethtan)nhibiforMdvidg ﬁ%&ﬁétﬁre(‘d?%ﬂhﬁd Péspersed
an | rr({(;{hahawng a structure of fornula I

.lSSO Ve rc
certaln e Hents, the intral umnal medical deV|ce

|f gr c oat o}é\ér érgb‘gf;‘g r;tSthe r,}{] ﬁ%laf ‘gﬁ"h"ﬁ%%? g(?:8ga}r§;\?a1l§|§}lgrr ger%fheral or

blhary stent. More parl:lcularly, the stent of the present invention is an expandable

ressed and expanded

stent. When coated with a matrix containing an inhibitor having a structure formula
20 I, the matrix is flexible to accommodate compressed and expanded states of such an

expandable stent. In another embodiment of this invention, the stent has at least a

portion which is insertable or implantable into the body of a patient, wherein the

portion has a surface which is adapted for exposure to body tissue and wherein at
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tolerated matri x and an inhibitor having a structure

of formula | dispersed in the polyner, said device
wbavigessm i nterior surface and an exterior suPC@aS2006/043503

having the coating applied to at |least a part of the

interior surface, the exterior surface, or both. In

certain enbodi nents, the nedical device nay be useful

to prevent 20 restenosis after angioplasty. The

nmedi cal device may al so be useful for the treatnent

of various di seases and conditions by providing

| ocql iz %rt%?rﬁ?emuﬁla Akl gﬂesd Q/&h gg 1r{hrm{o? Wik con Cf' e 3f formula T

structure o orrru | seases an rons ’
i ncPiRIeCAting SPIBPIHRRSA mnafﬁfXI havingtan drhibitdrdawimg eistructure of formula I

ar t fididpefied bl SisdévedMhdili¥. AGxh@pletrha0FRAd ﬁght is disclosed in U.S.
hyperprollferatlve di seases, severe or art

psoF#taliPst73A4a%% whighds mﬁ@peiaéeéd@&n by sferhngsrin ets entxrety
nfecti ous di seases, abn i Mrune response,

tondi t o PG R SR Er érregtﬂaladiwcgqﬁé%e PreSFpLny@yion is a

rel ﬁirgldaltlﬁlple&(dﬁemcﬁ ag Qﬂﬁ’dchlaﬁ nﬁplalﬁﬂﬂx MirhRnihdl ieGtd, frgical
an i feration. S ases and

of d
co n%ea aﬁnoﬂrsa ‘fatsi%\‘fla BPYH %ﬁp%‘m&ar Y P?Féiﬂﬂal deviea Qfdhsgyesent
t heingentipnopatableten di oaplatieve essulaf adch@ oS efttral venous
I ”V%l?lﬁét&naﬂ tJﬁllAijgaﬂ%ttheg 9assg1|11§1[ é’r%h dn 1 m zlilato]aeté(glgalr] I%Q%rBme a suture, a

>di sease” “cancer
l(hu syangrisilay @S%St(Patrm@piwg-eluciembmat, Roadhegivs cUVageular wrap, an

oCCLslfRSascifat QlffportH Mobrpﬁﬁ%t bloepf ]tergggﬁégd {é)mﬁg;;l&(ment ina

renal fallure associ at ed os S,
f ai Plgped vessplecoatedgyith al@hl@ﬁ@l‘r@vmgrﬂ Seens of fesmiat cither directly

NO. orfyHRlaifGonta iR AAREOB6464 RCTLHS2006,043503

The term"C, -yalkyl" refers to substituted or
unsubst i nwegeinzaibodiaiend, hy diRoanh RANMEAiEAASyicd REbMdd RGth an

traight-chain al kyl a branched- chai n al kyl groups
TN R R R T
I ncloledatedymaadxcaidleyt lintdbiau hsvia g 6 BraGuretof fdrida@ OATESefEH in the
an oeth al i ndj cat
nycraEe? OBty CorioSanlin fir BisGoe hgine e
a bemating applnﬁ &0 stdéast I hm bfethﬂmtér(& syididdecthy lextefiobutfede, or both.
y al ky ny l Inc gﬁglﬁ remlt"?gdli'}égt%t h’lg %e% captlﬁev'ijcrtlas N b [ USFélﬁgq IH.‘C%%&

unsat ur at e ati c gtoups ana
20posieptpnasisafiss tui&l‘mlil&lm ’ﬂtﬁ Itlmacaildkylbsmdyeslso bb eskfuailforibe

but rdaltain ase nfiltfon ovi e Inistra
; g g@% g?é Jg'@%@d_lt_ﬁ él?s%esr %n %ﬁgéo Qi QWPe?S&Pﬁg 1%541{% ? ﬁéﬂ?%{m tion

"t@’- hgﬁmg)q};géﬁu@tqf ggrmy@a L 1®yuch ﬁ@e@qe@ and condmons include
Re PeaEiRI3tsatnifv Sk, )%MeLGﬁé%'iBSarthHﬁi ¥idGie rﬁ%ﬁ%ﬁé to %ﬁ%&hon
3&p§§ tert.- butox t l.i.ke ether” 1s
hy K I“H :gn&% 5§28 FVBTCI q{wgar%%,psgﬁas%wélﬁ-wastmg dlseases,
25Ac cabieatiien giﬁ;qtlotlsl'l@sﬁblék_sibﬂoﬁﬁﬂhrrﬂfun@ﬁes@brks)é' cdn@ffon$ BRERIS
t h%lr%'rz'@fe plaque%,t m_]eurrles reIaC%ed toi %grl’rr&l (%?1dl‘”;cl{(])ns{jl larﬁg viral infection and
proliferation. Examples of diseases and conditions that are subject to a treatment
including the drug coated medical devices of the present invention include
atherosclerosis, acute coronary syndrome, Alzheimer’s disease, cancer, fever,
30  muscle disuse (atrophy), denervation, vascular occlusions, stroke, HIV infection,
nerve injury, renal failure associated with acidosis, and hepatic failure. See, e.g.,
Goldberg, United States Patent No. 5,340,736.
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The term "G _6al koxyal kyl" refers to a ¢ _6al kyl group

substituted with an 15 al koxy group, thereby form ng
wano@oserss The term "Ci . 6aral kyl ", as used her eCmUS2006/043503

refers to a Cl-6al kyl group substituted wth an aryl

group. The terns "am ne" and "am no" are

art-recogni zed and refer to both wunsubstituted and

substituted am nes and salts thereof, e.g., a noiety

that can be 20 represented by the general fornul ae:

RO RO -Nor -N+ Ro Rl 'Rla wherein R9, R10 and R10

each i nden@ﬂ%nﬁ %mﬁm&a«@m s@s&wa%gﬁﬁhub&ﬂueh ‘éé{thrate%”

alke [, t aken
t heP ra?"éhﬁ"t erOWPﬁ ewhtdwtrargét chgin %ﬁwd@mhe@ hain alkyl groups

het ef206)4if flaavk ROy E4rB8As4n 1R cBaidl ﬂgﬁdin@ h*af&ﬁu&l ups such as
a cycl oal a

struct ure; 25 represents an ar yI

cyc f‘rbéi'l Fayl and I%G?t’g W&ey}yl Site- gqggqyy W&aﬁs a haﬁ@germvhere the

bs gemp ioh a&t@rmlﬂilqgﬁlhoﬁ r:6Bnd if iQteBnal| Thdte@herE.LAkenyl” and “C,.
n be a carbonyl

enbo I ca
g B e 8 s T S pERHEn=1 el ABoIHBE ErSpyFralogous
an nrmedgh ahdposibdnsubstitetiqt ©ftes dlkgls deRRade RIS, buRthaBEhtain at

AR B0k S Sl rocpencen |y e caen

t e 113 3 a I'(l) " e

ngr{)og: Preglgegt W %&gpr?%( ﬂg@%s?téuﬁgﬂgpé%gg %é\Q ﬁ%g § nygge{x ﬁttach d

13 othsFeie- e’&em@ﬁemaﬁaesal&owowps inclods mFthexy, ethwsy,"mma;ke"tert-
andput 8)99 80" thaliRe. akh <EBEP gﬂ%%d?o%a%n@@&xﬁfénﬁy Rﬁﬁédtﬂé;a%d

car bon and i ncludes a noi et can be represent

by Phe ’@eﬁ&f%{f‘lﬂﬁ@r Hag1sybstigyening anmllsvl theat rRpdoys dlpas ptky R ether is or
R10res¢mblasartigkdned above. Preferred embodi ments of the
amde will not include imdes which may be unstabl e.

The t er nTHeateyth “Cagliuseslkiie k&kn tb BT, Ydrs foup Libstit@BE with an
or unsubstltute single-ring

- L.l t d
largﬁagacgg?§qggd? oﬁﬁlgﬁ BEHCH at om of the r|ng is 10
car bon. ﬂketef-n? r‘&ha@aﬁl}(yl” a@ lu§eQi ﬂepe(ﬂm L%ggiss te%l é/mXI?(yf group su%stltuted

systens having two
with an aryl group.

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

20  represented by the general formulae:

R® R®
—N or —N-R10
R10 ém'

wherein R?, R'® and R'?" each independently represent a hydrogen, an alkyl, an
alkenyl, (CHz)m-R?, or R? and R'° taken together with the N atom to which they are
attached complete a heterocycle having from 4 to 8 atoms in the ring structure; R®

25  represents an aryl, a cycloalkyl, a cycloalkenyl, a heterocyclyl or a polycyclyl; and
m is zero or an integer from 1 to 8. In preferred embodiments, only one of R® or R'°
can be a carbonyl, e.g., R?, R', and the nitrogen together do not form an imide. In
even more preferred embodiments, R® and R'? (and optionally R'O') each

independently represent a hydrogen, an alkyl, an alkenyl, or -(CHy)m-R®. In certain
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W

cyclic rings in which two or nore carbons are comon

to two adjoining rings wherein at | east one of the

onngAse4p4aromatic, e.g., the other cyclic ringeTasnobm43503

cycl oal kyl s, cycl oal kenyl s, cycl oal kynyls, aryls,

het eroaryls, and/or heterocyclyls. Aryl groups

i ncl ude benzene, napht hal ene, phenant hrene, phenol,

aniline, and the 15 |like. The terns "carbocycle" and

"carbocyclyl", as used herein, refer to a non-

aromati c substituted or unsubstituted ring in which

eac kmasdiffenis, théleminoGourSis ‘Bﬁsﬁ@ )Qfeanin g{ e ﬁr%fogﬁted f?m, has;a Pk, >
"carl cycl e" and "carbocycly also Inclu yclifc® =
ring systens haV|ng tmo or nDre cyclic rings in mhlch

two or n to two 20 adj oi ni.ng
rings m”’glﬁe:tleﬁ%;‘?%f‘ satn oﬁ'@'nag’fu A A t-FECAGUzgdas an amino-substituted

car rybgnyll ard ineludes a mhietyothhtauan &y edprésented BYtheCRAeREformula:
cycl oal kyl s, cycl oal kenyls, cycl oal kynyls, aryls,
heteroaryl s, and/or heterocytlyls. The term
“carbonyl" is art-recognize dR1°ncl udes such

qmieties as can be representegdoby the genera

formula: OO Rii or i, 25 X"l X R wherein Xis a

bonehaeinREpR Eeeni sdefiie OXHFEN F%‘f?r?ed%ﬂgoﬁﬁmen@sn& R anfide will not

rep al ky an al kenyl
?8§L§§§F%$%g ggﬁﬂﬁ%&ﬂ?lcally acceptable salt,

-27 WO 20070562 006/ 0 35 3 RI " resent
a hydrogen, an ;}94 Fgggr%%a mc 67 éf‘rfﬁf',n,‘e, 1gered substituted
wh e‘i‘ré‘nﬁ"f H%thlisﬁlfml%nnasromtw g@dpatmomach Wohraton of the #Rg is

100X Y@ ebna Me E@rmt“a 1’ E‘Tso 1dcﬁ1d@§) %Déégﬁg %ﬁg X}g/stt he formula

20

25

represents .an "ester” Smgﬁﬁtﬂpornwm
i s NG OPEgR A highHao Ofrerqmpaabwaﬁemngn @ tvoakjroniyg riggs

aciwdtiereib at¥8adi 986l Pl is afIMNLEe. 2SR o%r@?éf n'EgE Ic al }Lé/
aceous nol eCUie ich ca rl es OU

or g #y {e
chem €3 lns’ecé'S SROIRE S Cé("]@a]tk&‘llbglf’|a®'1ﬁﬁlﬁt¢eqary1$uo&/oehrztymlyls

camiybgnoaps iveludnBanrese, niﬂlﬁﬁmee@k}{mﬁmn@r gglgg YiBfie. and the
152Pqgazymes, denatured enzymes, farnesyl’ated enzynes,

ubqu|t|nated enzymes, fatty acylated enzymes,

Ui pi o1 i nE}(égﬁé ngarﬁe g,XfTE fngch yﬁaél:tog&cqllo aesﬁf%@gem refer to a non-

natatgradticysubrtituied pmglsolpstlamd finginalNiyh GRAGFoAL SCkhEHbhR M carbon.

ENNE RS ms 88N EER1e” and *“carbocyclyl” also include polycyclic ring systems
having two or more cyclic rings in which two or more carbons are common to two

adjoining rings wherein at least one of the rings is carbocyclic, e.g., the other cyclic

rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or
heterocyclyls.

The term “carbonyl” is art-recognized and includes such moieties as can be
represented by the general formula:

o o}
)]\ _R" or \ J]\

X7 R

wherein X is a bond or represents an oxygen or a sulfur, and R represents a

hydrogen, an alkyl, an alkenyl, -(CH,)m-R® or a pharmaceutically acceptable salt,
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wi th side chain or backbone nodifications, enzynes
havi ng | eader sequences, and enzynes conplexed wth

woam7pseteei naceous material, such as prot eogl yeamas2006/043503

prot eol i posonmes. Enzynmes can be made by any neans,
i ncluding natural expression, pronoted expression,
cl oni ng, various sol ution-based and solid-based 15
pepti de syntheses, and simlar nethods known to those
of skill in the art. The term"C .6heteroaral kyl", as
used herein, refers to a Cl. &l kyl group substituted
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bstityted t -
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15. 2@ev@mmheﬁﬁﬁmlm/nm&w&amos%ﬂmmﬁrueedart

rings, whose ring structures include one to four
het er oatldfieTT e cheterapraticrl pres tshd hereing yeddry kd'a Qf.galkyl group

" heteieayevits a ERMAr13t3 g | ncl ude polycyclic ring
systens having two ‘or re cyclic rings in which two

o1 TOr & TRAROR ShitérBarG PTIHAN s Qubiihhted?
wher ei.n st one of the rings |s etsgésgg‘ltéqg}gmams to7-

e. MRS ’b’{%qs Clutrs| mereprelerahly é?lw@wmmgswmse ring

20 cy struxahdee mph&l;e oﬁytbl foar heydrydtdms. aTHé érm hﬁét@x’b 41&% dmcludes
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an ro ., et er ocy groups inc
?é”gﬁy "m R4 Sct%{ ﬁayvd'?%“f‘”d’r%w ﬁ)/f;yi@rr}n@ﬁ Hewhigh ke ainpes,

py P?réPlilscﬁrﬂ eomm;n phiotol adgninin gelhlgmefiirein&@teaﬁﬁme an dlﬁtﬁgs is

e e PL GRG0 o

refers to a
hePlﬁ_"r‘%ﬂ%bGD’iﬁb algﬁoh&jeroaryls and/or heterocyclyls. Heteroaryl groups include,

for example, pyrrole, furan, thiophene, imidazole, isoxazole, oxazole, thiazole,

triazole, pyrazole, pyridine, pyrazine, pyridazine and pyrimidine, and the like.

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

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

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

unsubstituted non-aromatic 3- to 10-membered ring structures, more preferably 3- to
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10 The terns "C .6hydroxyal kyl" refers to a G . 6al kyl

group substituted wwth a hydroxy group. As used
wber@insg4sthe term "inhibitor" is nmeant to descPCiDaIS2006/043503

conpound that blocks or reduces an activity of an

enzyme (for exanple, inhibition of proteolytic

cl eavage of standard fl uorogenic peptide substrates

such as suc-LLVY-AMC, Box 15 LLR-AMt and Z- LLE- AMC,

i nhibition of various catalytic activities of the 20S

proteasone). An inhibitor can act with conpetitive,
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in the blood. As used herel n, the term"” peptl de"
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betlsaméﬁfeltwteﬁel iRudes sk X entin
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con ihifog gan 9ue oF MEJE Aitesr AIMmeattbeadtive gite ofiab Bhzyn, or it
20di seas@mssacinfasntidnflehangd che®HAE AN GRPRLEX such as

heart failure or any other nedical condition, is well

under st dedsédrherdie, the term &ndlly Ibtﬂauﬁﬁbleadﬁngérﬁ ftdf é’és'bx%b Hf

a Q&HP&%H‘:B educe t quency
deI S the g’n“‘sfé?‘leg b4k "“S"'tasf 5y “b@‘ or et %Oawg@@rWGtSFmeven 10

kesqipgsecwherein onE hgarta@:eaorsl,dﬂnﬁﬂistr&ﬁhn&hcld@ €8mP&ind shows at
r emeét\éﬁoﬁt@%: QMRER hbdi?P 596 USen at least about 90% inhibition of

25 proteasome[ CT-L activity in the blood.

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

cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls) in
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prevention of cancer includes, for exanple, reducing
the nunber of detectable 10 cancerous growths in a

woapwulasdeon of patients receiving a prophyl act PCT/US2006/043503

treatnment relative to an untreated contro
popul ati on, and/ or del ayi ng the appearance of
det ect abl e cancerous growhs in a treated popul ati on
versus an untreated control population, e.g., by a
statistically and/or clinically significant anount.
Prevention of an infection includes, for exanple

r edwbtchgwb bemwmmon@faraiioaﬁmaeswefadk%%ﬁnog gc Whes are
aqu reat e,d %%f?‘ tion V?YSUS an untre t &
pop 3 or% “a eorérfgéf Yy PeREYeRsE beo$“b§tytm§=c1@nnnwbsntuted.

the inf reat ed popul ati Ver sus_an
untreate H? Igrleg%ntgﬁlél ot Fto’% ‘J’O@V@éeﬁﬁ‘g Vit gpedyigirplation to a
i ncturdision, $ugh agx dovpl regurrendel (. Qigpain)ea ARG bidAdE cPfcer QI

qlt i gensat ons exper i enced by

su b%ggl?gﬂ in 18%1,2136{1% p%eaﬁtgfgﬂ T&OT 8N < ié c?ﬂﬁ’t’tf*‘é‘atsé’be“

c on'#dgTstqed duy fhetaripand QI@IUQTtﬁsIdtmnma”tmn@xﬂa ugmpeﬂﬁ@{mﬁﬁﬁ e@u ces
coNpe wagsent , ond| 1ions,

conyor eaRrky B or HIBR O DEL S, SiRns of SBrieu RtisBon
met HOECY re}at“'?rﬁm Fpiest pyhish daes rics rttcelvc thed qsnda)o&abﬁcu‘mk

DI @tveRfioh Bﬂéan@érﬂn&hﬂ&gsofoy gﬁﬁin SgJuclr% sf’ }upml? ?ﬁte?,table

condl tions to_reveal the desir
1O BRI EOW ths dn 2 Borytkatiog of @%@W@W@dg byrephylentiy/mediment

actmhtlt(@/tooﬁa unlft€atB@SéntdN b&ﬁllatlo%San-ﬁli@ dtaﬁglﬁ'i% Cr!' %%gwagc%tolf

ic" trea IS art-recogni
i ncqt f %gf%ac GBS %T%‘f’théh“ 1 BeaterbPepylatiop erspreanymieptee corftrol

t hevopulbliect. g;diypmatistléd’l@ anH/for thnicdl§y sAMRLSIREEE PrhQltion of
to a?n'xhi@!:t? | PRALSf gstatign t he unwant ed condition
I'sease ot ot Hep'e Jﬁ Hieche BymEber offliagpesep pfthe

15an|1hﬁ§ﬂ)0nt ihertreated pbpeatiorevidrsuis an uptr@IdYdoatbl Sopulatiof-and/ob

h d
P oy b sb0ete BRI e B b frafe mog afippersus an

rmr\‘infr@"é?da‘%qn@ﬁl ppuidtiony Rwaeten of paigiindlodes, fohexampld) ré/@cmg the
200 AreAaF, HGTY / treatnment is
Cherapent 6o ety oo e A g oy sueets
anderise BeR atmn Ersap PR bpteeatederoniesliwpilagoninwant ed
condl ti gg or side effects thereof). The term

" pr ot eas BHET M4 8T SREPrBpassessompands that undenphysiological

| nnumbt—xorﬂnatfe ccmsfea indd tHéfhpQﬁtQ:Bﬂﬁ%?% Sigents. TR%O&E{OWTemod for

"s taUtrS(?' zlhé eties. havi ng substi
rep aC| n mﬁ Pd@“ Kol B‘iff@nwetﬁ’ﬁf}@t w5 hiydiedyzod undve

bapk)tsmi@wdltcomlhbnshe rewredl&hé Hél;ﬁéd H&ﬂicule $HBaks érh’l;dd@rﬂents the
udes licit proviso

t h8?°%§”?i’%% b&AéUSth? iég( e miab A t?fé’g Pgdekemipah
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30

includes administration to the host of one or more of the subject compositions. If it
is administered 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
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substituent, and that the substitution results in a
stabl e conpound, e.g., which does 10 not spontaneously

wonoevigesst r ansf or mat i on such as by rearr angeneRCT/US2006/043503

cyclization, elimnation, etc. As used herein, the
term"substituted" is contenplated to include al
perm ssi bl e substituents of organic conpounds. In a
broad aspect, the pernissible substituents include
acyclic and cyclic, branched and unbranched,
carbocyclic and heterocyclic, aromatic and
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refers to an a € Co
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human) . al | evi ates a sy mel=i or a
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tenéd
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0XVg caborpﬂ ésuch §%p¢r§om,rapj@§l@xygargonyl at fogmyl, or an acyl), a
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| oetl her re
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Set quntqﬁxp ®1 hetprgaromatic imodety. It will be understood by those skilled in the art

that the moieties 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
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As used herein, the term"treating"” or "treatnment"”
i ncl udes reversing, reducing, or arresting the

weynrises4s clinical signs, and underlyi ng pat heCogg26/043503

a 10 condition in manner to inprove or stabilize a
subject's condition. Selectivity for 20S proteasone
The enzyne inhibitors disclosed herein are useful in
part because they inhibit the action of the 20S
prot easonme. Additionally, unlike other 20S proteasone
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PGPFbteasts sich inesathePhins clalpains) papsin/cHyntorypéh, tWipk¥, fpepOf1

P PRSBR, 1 e ARABAASE: Bl B ot miiion o

r eél_ieoF_laéﬂéytiCI astipigy of theiPGS proteagomtiedhdeyipatidis belo® about 10 pM,

actynyik ¥t QlfowMgninﬂ%g{oglo?ﬁ%sca%?ﬁicggtivity of other proteases at these
concentrations. In even more preferred embodiments, the enzyme inhibitors show
inhibition of the catalytic activity of the 208 proteasome at concentrations below
about 1 uM, while not showing inhibition of the catalytic activity of other proteases
at these concentrations. Enzyme kinetic assays are disclosed in U.S. application

serial number 09/569748, Example 2 and Stein et al., Biochem. (1996), 35, 3899-
3908.
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determ ned by cl eavage of a standard substrate.
Exanpl es of such substrates are known in the art. For

woxarpises4a | eucyl val i nyl tyrosi ne derivative caaThs2006/043503

used. 10 Enzyne kinetic assays are disclosed in U S.
application serial nunber 09/569748, Exanple 2 and
Stein et al., Biochem (1996), 35, 3899-3908. Uses of
Enzyne | nhi bitors The bi ol ogi cal consequences of

prot easome inhibition are nunerous. Proteasone

i nhi bition has-been suggested as a preventi on and/ or
t r eStleetiMitydbr GhyrdSurypdinti kb des@f, di seases i ncl uding,
but not limted to, proliferative diseases,

'neuLOt pxPaﬁidldgE@]ﬂlﬁtﬁiﬁrhl_ﬂr&? ldif the @x?zﬁ‘yﬁle ithibiak lelh'p&lmdts described

| SC L110 I N nmat 1 on,. |rmune-rea.e__

o sagssaE APQLt R uetebec Bl e eipbiane

s hoelkmotiypbintikeiaotiviof ofalt 2@EtoRa RN hoddnared 8 ChERFsRlike,

yirglg - £SS0N rasitic i.nfectians, _

condi tli@%ﬁg ag%ﬁgg%' Z];he q h?/'\ﬁg? §8Tlgi?sq°§yl%ﬁ{?lﬂsd’fmteasome 18

g.eg@ﬁ‘éq‘céﬁrlzgﬁﬁgz plabvagn af yeﬂﬁemgﬁﬁ ﬁﬂrﬁé&ﬁat&;} m&ﬁdy%f\lﬁgé hiiophobic
| SRaRESs. thiphkRhiE ol SosiDARE, 3N, hair or owt

di seases. Tker %%“'8? et:}gé %S’git%g—&%%'ﬁegﬂ? ﬁ“ﬁﬁ"g}’ Pgt‘{m Hydiolases can be

co %‘T‘“t"i‘%’r@’, cleayage efq ftndardrsabdtrate. ixaapidslofblch Ptk re

ep oo wheth Aeart | B ex@hpRD £ I\Ea%n?%)ﬁ?gnsl%\ﬁ crlflirﬁf% 1}/]62(2%) ienu'sed.

lOorg%xiFde ﬁ% means of treating pat
condi? Endnetis@sags e tiscioned 9 Y.-Sr appbioqsiosist id me mivay 093869748,

15

us eitkanplé 2 @ad Sefidial. | BosEdiBERds Aoodiohgct |y by the
proteolytic function of the proteasone such as nuscle

wastseagf Enzymavediibdtossd i ndi rectly via proteins which

are processed by the proteasone such as NF- KB. The

pr ot eas orisdiglagicd sopstjesicesofithetessapiednigbitivh Bati@RraRd
POSHrofehsdnsd idhib AR has. i of proteins (e.g.,

ens%r mes) i nvol ved ]ﬁaﬁg%:egll%ﬁ%%g\@g FROBICATTHeR aﬁggoﬁfr,gatﬁ"@?‘l of a
cy cPiitigde o disasessiapluping omt netriiminet taoebliferapat ways),,

| ntrRGRedidhHen GRS i the. lmmune -
response ( e?géefl, ant i eﬁésbgfe%ggﬁ}%g?ﬁgcn ¥ WS?JOS%!‘#PPE’ inflammation,
ex ANPTBErepisd dissasgs. HIN3 cancra 0024108568 6ection, septic shock,
PCTHHIGZ0R 6f O33R BreshRhedl, idiedass oL el 0.
ang, £ equl at ory. g?oetsei,ns such~éasgg§g{$%g)§;ﬁ%s on, parasitic

t r AREEFYIS GOBRATPAY As5PCiaged Wih agidosis, anasulat ddegnerhiiare bylntdnery

20 ac comditiarts, minscé waaingdikeaies iniakCdstQL ﬁér{ésagcel gxﬁir Igrowth

25

30

mor,phol ogical . changes, and_apoptosis have
re d%? %)Seeéojl E“‘S%‘%f"fer BEYGRsPe H‘?‘“E‘QF PRIMPASitigng.[sucings the grally

pr ioeg:si@m; nephidderiony ketoﬁ@aafsrdfh&ﬂe&m& ggl 8GLABRSh B Yprovide a
pr%ﬁﬁ . J.efl cul ocytes an gr owmw ng
diof &&tlﬂ?ﬁ&%ﬂé{g%ﬁh t&m%sreic\(/) @’1

fi brobl asts. I's"de 81> insulin or “serum
T e
such as muscle wasting, or
mediated indirectly via proteins which are processed by the proteasome such as NF-
kB. The proteasome participates in the rapid elimination and post-translational
processing of proteins (e.g., enzymes) involved in cellular regulation (e.g., cell
cycle, gene transcription, and metabolic pathways), intercellular communication,

and the immune response (e.g., antigen presentation). Specific examples discussed
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proteol ysis, thereby reducing both nuscle protein |oss
and the nitrogenous |oad on kidneys or liver. One

weazpEasedsh the i nvention relates to the treat meatr/uskoo6/043503

cachexi a and 10 nuscl e-wasti ng di seases. Conpounds of
the invention may be useful for treating conditions
such as cancer, chronic infectious diseases, fever,
nmuscl e di suse (atrophy) and denervation, nerve
injury, fasting, renal failure associated with
acidosis, and hepatic failure. See, e.g., Coldberg,

U. SbelEﬁtiﬁd]ﬁdd\ﬁlamg’h%&o?e%@and%@lﬁh% (PSrgtgnxg %isl&?%tglcl%s atng €

i nventiqn, therefore enconpass co It or”

r edHeRsAgPigRagtst NEvd-of nuscl e protein degradation in

a cell; rgﬁyci@g the rate of intracellular protein

degr adat {*bl® PRBHJIPYRY thaeccrmplatign ofjieqlyigtitieptedpropss, cell
pr oteipholagical @hbes, AihpopldkidhbvdWben tdperi8d O
po3;related cancers. Eé%g QE%;hese égthods ing%ﬁggg?féﬂh
contact’ing & CePrme (HHCNATY o s Prpisaspme dggradegmanygproteins in
nuswharipg raicslobytecsnd gt ihgaibrefIdsas tth ¢ elLAREEd & indilin or

ph ' c sition conpri .a proteasone

P RERESHE AL SERFR R SRR R s son e

pr oRtetslysisstherehe reaitieing bothlrhusplepiroteidIodsQhd BieafRBERbIBad on
o anbf SPGB bl BEUE R R W S oransia

I MMune_ r esponses.

10 ut BPsifotastiag|dissasepaCompeunds ofithe ynvenfiecingy be tsdfia\Br treating

UNORINERIBEs siRAGY ' i,on. In certai )
S SeDROSEOAS AL sl B GETAE e ooy
[

i NI TR e PgEninrestesting: fconl fhilnra asetbihted vaipcidokiagand
expepatigfiline. §6¢,le.d Gadbere APRPRHGH 1@%3%9?@. ESEL -

Proet Sasone | rkht bitors of the invention nay be used to

t r AL ORI R tBE MV erfioudhdpiorotnsomprss campesifiansdir: reducing the

15as trawmf nosglaptdéis AugadRionGH h 08l1; édbAbirdSlSHSA

. glﬁlular rotein

di s and aut Q- | e di seases, includi ng,[p%u not

i rﬂ%g‘:ag)‘?"é‘: m%f’ﬁ‘ﬁé @’,e fg{%%ﬁ%aﬁ’aamapf At protein pgrellaandsinhibiting

E‘rulth¢ plowtlsef aslagd mﬁcldarsi. I’Edcﬁlﬁgﬂk&f l%ieth@&ﬁhclugés%)%ﬁ§§§ng a cell
S : ative coljt.is agnd Crohn' s disease).

Thgr iRt B el riRslsi Aafeey Yieer pieivr sRokeIofees

t o PAamREChEital eimpmeition esmprigng & erotdiBd e ind ISl Biscl8eddierein.

subj ect _conprising adm nistering to the subject an

206f f ect | VRiragpklrRPrOfFOkysis gensratesall feptiddsifonpreSAMBON BT

despipRgsbes Biibo At IR 2ORLIS6A0H, PTLL 52008 043503

In certaln enbodi nents. the i BventloneFraPIres (e ipmune
et HOU FEPersfoRt g sclisdpetraroviradlydhfeand ogbmieandergone
pephésenic pafsbaRdioRY 14 82wl GHERARRNRS, Ye iﬁg%]ﬁigm '\%&gfvwot ahmethod

mulct j.c tic activity. For exanple, |
ac ?r\}}"?‘g’/‘ ‘8¥ aBfagen {1 %?F‘étaém 3 cell, commaistg\eabgsing thie el ok

25a dompemdniessibtd bérem PrgetofmeRARbtHE ST b blvePSorPh2MHESLd 1o

30

bytljegkqmg,‘u%_%lgagggﬁqitzgrgﬁg%ese ted in MHC nol ecul €s on

{ oeat Immune-reld PIgYfsthma, organ/tissue rejection
(graft-versus-host disease), and auto-immune diseases, including, but not limited to,

lupus, rheumatoid arthritis, psoriasis, multiple sclerosis, and inflammatory bowel
diseases (such as ulcerative colitis and Crohn’s disease). Thus, in certain
embodiments, the invention relates to a method for suppressing the immune system
of a subject comprising administering to the subject an effective amount of a

proteasome inhibitor compound described herein.
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produced and presented either w thout any enzyne
inhibition, or wwth, for exanple, selective

wonb7msedeon of chynotrypsin-like activity of tReT/US2006/043503
pr ot easome. Anot her aspect of the invention relates to
the use of proteasone inhibitor conpositions
di scl osed herein for the treatnent of
neur odegenerati ve di seases and 10 conditi ons,
including, but not Iimted to, stroke, ischem c damage
to the nervous system neural trauma (e.g., percussive

brai n danbgains@htbalm&s, thel i) dhtiy
damage .to the .ner.vous. syst eln) nr%gitgasc#g%%?glt%%n&the

ot hEPETRI plantigenic peptide @ngﬁggtbﬁ ,tlgg)r()@asg;me or other Ntn with

Gui Muﬁlda%aB&fcraetlﬁW‘l 031V ﬁﬁarﬂ;ﬂg it the PO Aty oPS0R Srofgggo%e is
axogeqectwglurorﬁ tte l%:rjte I nfl ammat ory demnyel i natin

pol yneur opat @i AT ey, st Ofsmﬁf’ﬁ'éfrp@ﬁ%qes vl ‘VPN@SCGC‘ by the
ﬁenpmtqaaom@a]fpi ]ﬁxsenﬁm@lﬁlMHC ndilRbRE bk tH’é%UHQcRa@tomfells t?an would be

Par se Hunt ton's disease, nult
scler gg‘lpeg a%% glcetsg% fa lthegg’r‘th%'ﬁtamé enzyf‘lli’ﬁ@]%il’moafrﬂf W/‘Iﬂ’r #r example,

me n$qlfg:|’t1y¢ Slhltemeqzﬁtzhb'mbtrgpsmﬁhmaﬂtl&fty defie ptdtdasome.
mul ti-infarct denentia, Lew body denentia, frontal

| obe dendRether asprehofibe Pivektion nﬂlasaeats the usel bﬁlﬁbtehs‘oadne inhibitor

denestpREiohS § o r
] 0supr a ﬂupl 1((e)a;r ﬁéloéls% Hé}%tog%{ g%r Pgedlm elg?)‘beﬁ‘i}we diseases and

sy nHgHegs: (‘E?JE‘H“% metﬁmlgﬁdamagkqa)schmtcadbmﬂagmttnemmous
denssicirgdedraiedinAe.oC BEQG&SQ%WQQHQ%E& g}# ﬁ:mc%d m_)urj( and

deftl Ci enc d) and denenti as caused
as ‘SFHLcidamage erroReoureHitem). tmuét;ple quthss ma:d bther immune-

di Staedaaed aetcrbﬁdtﬁlesi ed. 2 nby-mxle sdeh bbb 1tg€£-9a§xhst §cu9e motor

(3-4 alne ot ei l‘(fi@ﬂAgt) in senile plaques

cer’é vee Ysacu{gé mafory degiyelipating palynerropashy, apg Fisher
1539 S}@ldﬂDZnea,l’ﬂiIMAﬂiDS demeletia coathldxl %n@ﬁy%ﬂ>&ic%e@foﬁ£tﬁb n

pr%%%sg(c{; )i }@ neas,g three isof orms of APP are

kncunpgtges ditsate, Huningiohls disgse, mutfiple polomsie drasteripl earasitic,

spl fp@gqhqmdfvxmﬁhﬁnggne reat&pﬁalﬁtl’l;evdsstﬂfuocl%nuﬁ] Q’Bmlmfarct dementia,

Pr aG8sSdday sRfEafd ?ro?TﬁPl%Eg Idgch 1Ia SHC efs P(u%( Qﬁpjsgqesg uq%g&?tlcal

t hereby preventi hg ener
beldemgatiast(feeh as Fhntngremn omrogxessnvqmupfaasaeaﬁg;at@y) ffch;@l cortical

r I nd e of 0.AP in
20p %%A?ﬁpﬁﬁ{é)?&gg r(%t{&ﬁ ta?ﬁﬂﬁlgﬂﬁggama gtgg(ﬁﬁ-tgﬁ]f epql.lasr(%ﬂcg as
FhEanirshyRyoidian or @ilﬂfdeﬁ@mcys whd derent{a? 2aueB b thfections

kD@uchEBWﬁ@%b%Mé&%ﬁ%, an N-termnal -35 WO
2007/ 056464 PCT/ US2006/ 0 3 sequence of

X- G n- AziRiferVRliseXse T EnaB Yerikhd )
i dentical to the O- “subuni t of bgsn’gﬁacﬁﬁa“égpdeggslts of f-amyloid

( KBF9 ey B-AP) dg segjle plagues anggerebi@dl veskasn - 35’(:15 p péﬂiﬂ&aagment of

25 30495&4139&1 Ehm /&E}E’ r t
GI > r4Bi mo s *clieg f?ﬁxg ar $@g§?}§3@ﬁ sor )on:bﬁeast

i P: PIEkPEYN£69% A2l,rnd 770 aming ac@sh dalteamaiwe
t hEphcmg of mRNA generates the isoforms; normal processing affects a portion of the

B-AP sequence, thereby preventing the generation of B-AP. Itis believed that
abnormal protein processing by the proteasome contributes to the abundance of B-

30 AP inthe Alzheimer brain. The APP-processing enzyme in rats contains about ten
different subunits (22 kDa-32 kDa). The 25 kDa subunit has an N-terminal
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5 Asp'--Al a2 bonds to rel ease the extracellular domain

of P-AP. One aspect of the invention, therefore,
woeb@sessto a nethod of treating Al zhei mer's 8CTABI®E/043503

conprising admnistering to a subject an effective

amount of a proteasone inhibitor conposition

di scl osed herein. Such treatnent includes reducing

the rate of (3-AP processing, reducing the rate of

(3-AP plaque formation, 10 reducing the rate of (3-AP

generation and reducing the clinical signs of

Al zEgueRe 'of X-GlriS R8% Ero- Ssl.ye .a

perésb?st ent_formation o@eggg&rﬁg;hg%ﬁe?ﬁ%& enleagSr?the p-

t heSURY Ptl“&ﬂ‘?'f Brgepae (5eitog: 9. offalf Fedt dot- a&b@aeam dod. 5(1992)
as SB®i: m-e@ oAl ing Bnne dliSed {FTRd dirss QIRIAG. in the

pat h ) %‘F f%ﬁo& S |nvoI ves extensive deposit

ext PEEAFT O SR thefrayma plse eleares w 'ﬂthﬁtv'r-ASpI'didny and the
AnyAsp'saUE bohd oo Se SRVEEAbel i HE QLB A{SS ues.

Normal |y, the level of intracellular si gn ing protein

(Smad) tOed asp&ﬁtolfﬂ&tlﬁvdnﬁaxﬂ SkdréBte, Qanat&f toladhdfidd SHallGfing
upogy, e?ﬁnqu(&se I latian is r?_.%l ate by proteasone

act’i vi UGS MPISY s gfminigiciingde a sibjetiapeffeetive amount of a
de g?TQ@&iqnm’lnbda_ltbrhaamp'Bﬁﬁoﬂ alsSIbgafdlaictdlg SURRRAGNS i Bles

be ed i cers .and 20

ny S SREEEE ke P 2GR rRE deiomm b oo APlaque formation,
10e nrediicinegnthe rdté of lB-mPEgﬁ"nbﬁﬁoﬁ %h@?éﬁ%cﬁlg thea:hm%tahsggn HAlzheimer's

trqﬁgl&g hyperproliferative conditions such

di abeti ¢ retinopathy, nmacul ar degeneration, d| abeti c

nephrop rosi nephr opat h

ci rrhos %ﬁxgs FQ tﬁg@{clé% r%sana P ef:sbsiéé]étogﬂ“@téo‘ﬁ tr t1‘55'?6] GFdting

scl @(nba’@rh(merpr(ﬂﬁﬂatl‘f’mowﬂldlfdédoblzfstsbrndS$ Sssodield Wit Activation of
fi RO PEGE- M:gl{aﬂﬁgwﬂh%? uﬂ“ 1%% u¥volvesre}(2§S g?lg? ? ol

,svascul ar di Seasé, 25 ‘Sarcoi dosi s pioﬁ'lt'gpﬂﬁg
di SE%RGEUulaR malRy a1idieen ecdug wethid Suvalibray tissieer heroad saeth]

of difitendt tidbiekl mrdaﬁlyof}EQ&ehéﬂHﬁﬁ&ﬂuBy sénaqrngfp dctélp (Sginﬁ%) that

in certalne odlmsns he I nventi on re
t offEgfe %?nsglygtt%rﬁféar&ﬁrsﬁmswmﬂ“ﬁarﬁ gmulitéon is higolatartsy

t o ptatedbme iaum@ My A ZQb@bS HSydve! LAMPLe$ géﬁggc{?i/lon of the

oft[edi: ssociated with disfiguring scars,
pr event &¢" VlglcﬁmpBPth%*F?séFe’?‘?%Ffdﬂ’Q‘Ca!TPRISanCI ¢therer t a| n

20 e nbnphrpmhfesanvtehﬁncﬁﬁomsn VIBE, 119 Berth ShBSitontd tﬂé%{/%ﬁoﬁ Piates to

gﬁ%lgog%nt{rﬁ%]: redu;:%j: on of scarring.
64 AA§sonditipnssueh py Gelessis aerinopathy,
[ nmabmlam@getsﬂrm ijabhlcdeghxaﬁﬁhy (ylblﬁé}dloﬁél%ﬁﬁ ?Rg]egﬁropathy,

ubi ; vi VvO. Profeasone
4o Eflﬂlgﬁlb% (!s_) Eﬁﬁ? {<§8+<é% \g h&art gaégllr agf:xios?p% tpdpatioppnduced
acfipspsisi and Ig%ﬁhmb@ Kidmpatbic pulmor@ey fiblodi9 Xbllagdeddh: vALArA3Msease,

an 33-5441)
25 m%r%ogﬂikgs{‘ ﬁ‘ig%@t{ithaé% ¥ esre]asegg/r?&x‘]rms(xcll%ng 211sorders) %he treatment of

urn victims is often hampered by fibrosis, thus, in certain embodiments, the

invention relates to the topical or systemic administration of the inhibitors to treat
burns. Wound closure following surgery is often associated with disfiguring scars,
which may be prevented by inhibition of fibrosis. Thus, in certain embodiments, the

30  invention relates to a method for the prevention or reduction of scarring.
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5 relates to a nethod for inhibiting | KB-a
degradation, conprising contacting the cell wth a

woaeopgmisd4 descri bed herein. In certain enbodi mMearAIS2G06843503

invention relates to a nmethod for reducing the
cellular content of NF-KB in a cell, nuscle, organ, or
subj ect, conprising contacting the cell, nuscle,

organ, or subject with a proteasone inhibitor
conmpound descri bed herein. 10 NF-xB is a nenber of the
Rel protein famly. The Rel famly of transcriptiona

acti vat oCerpi®pidaSorhid hhitsofll Db bl Blglada¥iBn HLNURSscsilNC

f|r ires proteolytic processing DIREF g

| e e to B R Prafetrops aninor sl bLOD 13-4

kDaf)egra‘ﬂaaomﬁbNEd -@@nlupatme(s%lg%emaeewlr@ezp{@b@‘)}gﬁh 785; and
in u

Rel gé%“%h ari f‘}&zé (ﬁg%s‘%ﬁéér* 44192 P18 @spest ¢fsherawettsion

Re| refatasitd g nmﬂrdnldbﬁmh%ngKBB d Qégr&‘d&ﬁﬂplc%mp'rﬁmg c9§t9ctﬂ1%§he cell

het |rrer ter yl ation and ubl qui ti1nati

‘9{ “I’G@ esqibg F’ P%?‘BP@F%GI&P@W&@@;%@@WM relates to
pr cﬁcms@ted! forrredsq@mgtth@/ eélwartcampﬁtwwm a ¥é, Nﬁs&i@ BB,
fromthe ﬁTasmtothe nucél eus.

tr
b?sgﬁlet fgé&gé%sm Gieting f sell, mpssles BRE2BPT SURIPH veith a proteasome
pr dﬂ@élg@fmp(om dﬁbebéd’oheﬁmal , Cell (1994)

78: 773-785). Active NF-KB forns a 20 stereospecific

10enhance™NEsRps membenofshe Rel irptginsfomilpt Toa Rkl Aatily\at or s

an dran@cr@tlonahlu@lva't(grproteing géﬁ:ﬁ vr?igé ﬁ)% {vy X eX olega&forn o

a particul ar gene. "NF- regul ates genes It group
t hée‘?‘}‘ﬁ%’ﬁ Hé’t%ﬂ%‘q Ii‘fP‘Feéﬂﬂ&taéﬁ Wcﬁ@gpei&@ﬂ?-mam OfikDe) Bed p52 (NF-

eV et 500 Kiow). q*la@@bﬁd gMNop & Aot rdRfY bF&%l§t?prB@e%51n% and
Qn e| o? gé %\ g %nogl obulin Iight
&nqlpdes PP (Rslfrg el{cy ARe1B). Bpid hotmes end hmpdnnezsscan be

15 h | sfbmwdlhy&ldl lﬁadn[l)t MemBER] KK-KBERAR ’exﬁﬂﬁe G lﬂﬁg %%f @Etgrodlmer

cvt enco exa

o B BERS S5 P hlon o b1 e pgins e

( pépgmm 4rd pregessH, resgigetively, Wﬁfhug&cﬁféﬁ\]}a@% which trarﬁsl%cates
ce ent.ion_rel at es 0

of "opt Be ETRRBHNIT MR b Gy iR ladren o fio procses by puriie
| LP®tearpipes (PaloiptieBa ot al., &alf (1564) e 7718-0%3). Active NF-kB forms a

20pr @t’éfe@bi%lcﬁ‘ cr@xﬂgﬂcgp&gnaﬁ %ﬁh Dthier Sgr%?rfgtg{n?&ét&%g%%gg] g.gHMG

25

30

30 _administering t J eé

pr Yird=88vrang seinchve e¥pressieped k patinuladgesel osed her ein.

Conpl exg% incl ud| ng p50 are rapid nediators of acute

-37 W0 D5UF t568'atsa epecr/inyshGdén tw3mosine and Indlamaavory respanse,

|( T%ml%%@gﬂgegé gﬂﬂ{gﬁ ;\g:?g?j 352?' %{anﬂlﬁ{ the EXI;I;ESSIO%e(;thhe

i BEBY uliplie atner:;@an thel Ue:édeC@ytO@ kidhem mmetthaslass I major
histocompatibility complex gene, and a number of cytokine genes encoding, for
example, IL-2, IL-6, granulocyte colony-stimulating factor, and IFN-B (Palombella
etal., Cell (1994) 78:773-785). In certain embodiments, the invention relates to
methods of affecting the level of expression of IL-2, MHC-L, IL-6, TNFa, IFN-B or
any of the other previously-mentioned proteins, each method comprising
administering to a subject an effective amount of a proteasome inhibitor composition

disclosed herein. Complexes including p50 are rapid mediators of acute
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TNFa is considered to be central to the processes

associated with septic shock. 5 Furthernore, it is
wgenevabdey accepted that the first step in thePCT/US2006/043503

activation of cells by LPS is the binding of LPS to

speci fic menbrane receptors. The a- and (3-subunits of

the 20S proteasone conpl ex have been identified as

LPS- bi ndi ng proteins, suggesting that the LPS-induced

signal transduction may be an inportant-therapeutic

target in the treatnment or prevention of sepsis

(Quirgahi 84 indhune rbsp 71
151?0 %Zéngizd?y%helr ef gﬁrlee S|drr11 cert%ﬁoézrg??o%bé\wmé't » Gell (1995)
i

prote nhi bitor conpositions may be used for the
inhibiti qiFa to. vent and/or treat septic

shock. l\ﬁo‘?{% N“’n °§?‘PB&$}5§§P‘€‘§”%(HR%'@%ﬁ%%pbnewch as
t heTHEfis camihésnecbm oecensal thalie prscfb@@ﬁ @ss%cﬁ?eh%m s[éptnc shock.

j|:>n \S;g‘!ét %%9%%@@% a‘ifg@e% é%?s " ‘JHSté?PdP H‘eé?ﬁm%@ﬁ £@lls by

t heLP$ischg bioging of EPS g0 $reecdicmidnitoanef roceptdifll Phd &NGdPdubunits of

adhgsh E-sel ect.i n,
P o a0 pioRefoms FS R e IR P P BdRe Rty o
cel ueggsting (h@f‘ thadmsnmémc@d |Slggalttmnsdmeum &ﬁy be afl important therapeutic

effthgEt @h IRt pRov DRI SAIY RRL:RORDOBHL 1B (2003)

nﬁ i@@g r ot easone

|'l 1%4) bl iiﬂ%f"iepﬁbqeﬁia@@mtydmntsh the proteasome inhibitor

H' \boRtpoSIEIGRY iy BET®eg or MO BRI g&m}%@

macg39, the H'V regul at ory }Jrlot el n %{éﬁgti}@tx%eat septic

di f1e¥ by two amno acids in the region V\,hl ch

contr ol nase .bj nd| n is believed that

the pr off\gf) %Ql?l?sﬁ ?'E“C ageﬁé'? eﬁ%r%i?h%‘s‘tfﬁ b salladheviomgenes that
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for inhibiting or reducing HIV infection in a subject, or a method for decreasing the
level of viral gene expression, each method comprising administering to the subject

an effective amount of a proteasome inhibitor composition disclosed herein.

30 Viral infections contribute to the pathology of many diseases. Heart

conditions such as ongoing myocarditis and dilated cardiomyopathy have been
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waQoB)osedsome viruses utilize the ubiquitin-proPeaaspm®6/043503
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I
LSS0 s tion

i nfenpHESiRmadministering to a subject in need of such treatment an effective amount
of a proteasome inhibitor compound disclosed herein. Examples of such conditions
30 or injuries include, but are not limited to, acute coronary syndrome (vulnerable

plaques), arterial occlusive disease (cardiac, cerebral, peripheral arterial and vascular
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heart failure, pancreatitis, myocardial hypertrophy,
stenosi s, and restenosis. OQther eukaryotic

wonreTgsedept i on factors that require proteol ysi 8CT/US2006/043503

processing include the general transcription factor
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af f eedlidiehsy, )éﬂ{elrdkcle&%QQB&SﬁHry S1KRY %E&naﬁﬁix{eﬁ Xlsias%") infarctions,

nFHs%ﬂge osmgacell ,(ln vitro or

pro S FTCERE OGS “?:y(?ﬁif%’é ByrsHTaphy.cytenosid, andrestenosis.
Cyclins e_pr.otein | nv.o in 10 cell cycle

control . 65?]? QUkaé’foélﬁ g?'? Aelopaihalreniyra praleolytic processing

d egmﬂillalta |tlmgea)érat§mismlsuonﬁxcadmﬂﬁm Gfer}fe)é @inthgx ViR e accessory

t gradati on
ot @*‘;’E@ﬁ? Bl oD S n it SO St oo g areom: e
(. Gembrnedohng stenobiregnlatory elmotiteindifg p@tein di Vi Si on) .
It is believed all cyclins are associated with p34odc2
prot ei n 10iG§HaE egrbodingnts; e ikientiseslatdite nptinide (ﬂ)r}é&‘feStmg cyclin-
tar hdegit Sl1@RRticicaIl | i asti

@%l SEN- 5 %?Jd estr E%?]éo% S;'% %ﬁ]éﬁrr}‘gg ggelplé 8‘2’8 g i vivo) to a

t halt™ 9%9“?%1“ Yitepipapositign fitsclgsedfhgreml vibelarsabt protetmsdnvolved in

10ubi @il dytX cohgéls aThe br&téh@&m@ £WGiphids BRGS hégrgdaln&g %f &clits.

act d ur.i. n Ci echanover
9%’%)’“"3 %%yﬂﬂsq“ﬁq]ﬁfﬁﬂ rB’i“tt}CcfHC‘éffs GihevelpsoanscayohB. Degradation
| nhifisyelinsepeblena deﬂgubaadﬂbh@ébu @BI& stpeiek Oﬂl@toh@ﬁdr@ eB%r another
cel (le gp rd?‘}(l%{t)@aq{ ls%eh?veg all cycé]n re ! nate cli n3 ! L AT
canc 2 5 8T aespciatednwitly p34SET protggnkinase or
20 relrogRinagds. 70@IprdtedI5is ta@mn@smatls REaliAR8 tb AUERLaLRE 42-

157 ell@&ﬁﬁGﬁ\ﬁSEN%tsﬁQQrucﬁén (?aﬁ%%gésrew%r oliferative

di sease in 6T ﬁ}%gqyglm greonverted to a
r eSPEMyYingmblede ﬁwbmltmglgambnthatsatcgclnmgoewictllgeseslu BitRGated

an g@kih a LLar.

conp olsfgﬁdgﬁﬁ | sc %f fa rdg’l[1 (tls%ﬁgﬁﬁr%\'/%ﬁt ?'HHMHP’% gf the

re |p5‘?t8%90fna inhipjy ?’YGH“ flegradafiontand gherefp inhibitetatl eliferation, for
[ nfelxékﬂ]ﬂal inQYclifrAatsIneGE (KGRI fef g?r&d 9.4 S}\er | g% 12{8 A

Ive armun

25 t herapeuti caI ly e
pr z@gigkg?hﬁ%‘m Bine agepindithd ipHendion eelptoeth a inethed For treating a

Ad qi»rdlifémﬁ{/ gished ineat,
Hifaat oer e j%cp(ﬁ;-: o, t&?rac{eg\é)ggﬁﬁig@qg% %%]tgitnc%%st) comprising

in
r eg u'i“a'}lsl’t%rr']ngotf’ ﬂb‘?ﬁ%’&?{ﬁcg‘lrb‘iff%“%“?@ﬂ RbBro¢slasame mhilrirgr or
in hOIDPQSlmgl disriced hgrfem\/t"me 1ﬂ&ﬁhoﬁrﬁﬁ@ﬁé¢até‘sqmrlh§th6wfor treatmg

e 30 subj ect, or
X QQ&&nnI%la@edo ;b é‘xgg ion rr%l 2%y ‘R]eﬁtr fﬁp%l?#@}pwp §@p@§!gd1

25 h er@rameuww re”ectmdumdw dra-paeeisend 1ﬁﬁbi&fr%3\%6§tlon described

- 30

st hepdlpat e ATP-and ubi qui ti n-dependent -40
2007/ 056464 PCT/ US2006/ 043503

Additional embodiments of the invention relate to methods for affecting the
proteasome-dependent regulation of oncoproteins and methods of treating or
inhibiting cancer growth, each method comprising exposing a cell (in vivo, e.g., in a
subject, or in vitro) to a proteasome inhibitor composition disclosed herein. HPV-16

and HPV-18-derived EG proteins stimulate ATP-and ubiquitin-dependent
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conj ugation and degradation of p53 in crude

reticul ocyte |ysates. The recessive oncogene p53 has
woeerr/isbuwwn t o accunul ate at the nonperm ssi vePCT/US2006/043503

tenperature in a cell line with a nutated

thernolabile E 1. Elevated |l evels of p53 may lead to

apopt osi s. Exanpl es of proto-oncoproteins degraded by

the ubiquitin system5 include c-Ms, c-Fos, and

c-Jun. In certain enbodiments, the invention relates

to a method for treating p53-rel ated apoptosi s,
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acC ra I te out recaver n re
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Pr @%biBrated herein in its entirety.

30 In certain embodiments, the proteasome inhibitor compositions inhibit

proteasome activity in a parasite without recovery in red blood cells and white blood

cells. In certain such embodiments, the long half-life of blood cells may provide
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be formulated as injections F4¥8nous,

201 ntAdRHB MG , Or subcutaneous), drop inf usi on

25

30

preparations, or suppositories. For application by the
opht hal mompmmml;ﬁep?iﬁé’tﬂbfs @B@nbé@h’&@in chiBY amlg]s}i’é;‘red in various
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W: %Qrg?tmﬁdg g{%\s{tu& ﬁ% Igc? ?%lfstergcg oraily\ll,efhcglrma%z( Ig:el Irr?lgltafedsalél %a%le%s? 2
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 or eye ointments. These formulations
can be prepared by conventional means, and if desired, the active ingredient may be
mixed with any conventional additive or excipient, such as a binder, a disintegrating

agent, a lubricant, a corrigent, a solubilizing agent, a suspension aid, an emulsifying
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agent, a lubricant, a corrigent, a solubilizing agent,
a suspension aid, an enulsifying -42 W 2007/056464

wOeCHIS006/ 043503 agent, a coating agent, a PCT/US2006/043503
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30  with a suitable base, such as the hydroxide, carbonate, or bicarbonate of a
pharmaceutically acceptable metal cation, with ammonia, or with a pharmaceutically

acceptable organic primary, secondary, or tertiary amine. Representative alkali or
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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) humectants, such as glycerol; (4) disintegrating agents, such as
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fi UL Yy Incorporating sterilizing agents in the form

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

compositions which can be used include polymeric substances and waxes. The
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pessaries, tampons, creams, gels, pastes, foams, or spray formulations containing

such carriers as are known in the art to be appropriate.

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
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Transdermal patches have the added advantage of providing controlled
delivery of an inhibitor(s) to the body. Such dosage forms can be made by
dissolving or dispersing the agent in the proper medium. Absorption enhancers can
also be used to increase the flux of the inhibitor(s) across the skin. The rate of such
flux can be controlled by either providing a rate controlling membrane or dispersing

the inhibitor(s) in a polymer matrix or gel.
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the absorption of the drug from subcutaneous or intramuscular injection. For
example, delayed absorption of a parenterally administered drug form is

accomplished by dissolving or suspending the drug in an oil vehicle.

Injectable depot forms are made by forming microencapsule matrices of
inhibitor(s) in biodegradable polymers such as polylactide-polyglycolide.
Depending on the ratio of drug to polymer, and the nature of the particular polymer

employed, the rate of drug release can be controlled. Examples of other
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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

30 ingredient which is effective to achieve the desired therapeutic response for a
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Compound (003):

To a 0°C solution of N-Boc serine(methyl ether) (001) (2.5 g, 11.4 mmol),
L-alanine benzyl ester hydrochloride (002) (3.3 g, 11.4 mmol), HOBT (2.5g,182
mmol) and HBTU (6.9 g, 18.24 mmol) in tetrahydrofuran (400 mL) was added a
solution of N,N-diisopropylethylamine (8.0 mL., 45.6 mmol) in tetrahydrofuran (50
mL) over 10 minutes. The mixture was stirred at room temperature for another 5
hours. Most of the solvents were removed under reduced pressure and the resulting
material diluted with ethyl acetate (300 mL). The solution was then washed with
saturated aqueous sodium bicarbonate (2 x 50 mL) and brine (100 mL). The organic
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O Bt Qf‘%‘*ﬂ%‘?‘fi%%? S A R Blynd Rk i 2 gy o
Pd/p@\(]% fiygs. com @?MQ/M@(WB@ (ME) vz 3417 |18wetich ®vas used

st iwithontlRithdr puitieRgqner e of hydrogen for 4 hours. The
m'xtlure was filtered through Celite-545 and the

fi |Gogpoeak @grs washed with tetrahydrofuran. The
organic filtrate was 10 concentrated under reduced

pr essur doarmdlysion o€ P0FN(fer a Hiingtesisd€ (005) U3, PAH: Aphfcation
15 Serial No. 11/131,688) (3.9 g, 13 mmol) in trifluoroacetic acid (50 mL) was added
10 % Pd/C (600 mg). The resulting mixture was allowed to stir under 1 atmosphere
of hydrogen for 6 hours. The mixture was filtered through Celite-545 and the filter
cake washed with dichloromethane (200 mL). The filtrate was concentrated under
reduced pressure and placed under high vacuum overnight to provide (006) as
20 confirmed by LC/MS (LCRS (MH) m/z: 172.13) and was used in the subsequent

transformation without further purification.
Compound (007):

To a 0°C solution of (004) and (006), HOBT (2.5 g, 18 mmol) and HBTU
(6.9 g, 18 mmol) in tetrahydrofuran (400 mL) was added a solution of N,N-

25  diethylisopropylamine (8 mL, 46 mmol) in tetrahydrofuran (50 mL) over 10
minutes. The mixture was stirred at room temperature for another 5 hours. Most of
the solvents were removed under reduced pressure and the remaining material was
diluted with ethyl acetate (400 mL). The resulting solution was washed with
saturated aqueous sodium bicarbonate (2 x 100 mL) and brine (100 mL). The

30  organic layers were dried over sodium sulfate and filtered through Celite-545. The

solvents were removed under reduced pressure and the residue was purified by flash
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provi de (004) as confirnmed by LG MS (LCRS (MH) m z:

367.18) which was used w thout further purification.
waaogmieud4 (006): To a solution of (005) (for aPCT/US2006/043503

synthesis of (005) see U S. Patent Application 15

Serial No. 11/131,688) (3.9 g, 13 nml) in

trifluoroacetic acid (50 nL) was added 10 % Pd/ C (600

ng). The resulting mxture was allowed to stir under 1

at nrosphere of hydrogen for 6 hours. The m xture was

filtered through Celite-545 and the filter cake

vvasmgmwogﬁpﬂy %L‘%%guce cega%% Avme @%FJ ng r ale

concent rated under re an e%Peﬁr‘fB%rF‘Cte“zed
hi g® Yaddd @%@K%M’Ztﬂopﬁ%w de (006) as 20 confirned

by boqﬁ"éﬁ%%%a(m mz: 172.13) and was used in the

subse nsformati on w t hout further

purificat Csolutlon
(004) andA %g&i‘qu?@g@go mg. ?“Ob)ﬁ’a d}qbwmitba@ (10
3, | m8) wavnhddei mﬂtmwahmdf]@c}i (JeraﬁLX %Qhéﬂekumﬂ% scﬁﬁit‘ij&fjw?s stirred at
SO i S

ot Ryl 5 S OB AS: (o  ance
mi er@fcgdmsgp prd thdn glacedwoniet high) esaiit for b (ﬂbural?@fnlaefde QOOS) as
howoes e ed und
r ed ucfeigh%fge sgﬁ/rlvéé gﬁ‘c dl§ g IgM%l? tél%na:ﬁp(r?ég ngf% M3 Ius%glthout further
di IRWEgatgm: h et hyl acetate (400 nmL). The resulting

soI tion %9/209 gashed wi th saturated agqueous sodi um
Wi &ruens x 100 nL) and brine (100 nL). The 30

organi c over sodiumsulfate and
filter e(ill (r?ogqus ’(%llOgt(@eggéﬁsme*%]é‘so’éacﬁp\?e%t’%fbwﬂlé acid (009) (94
r emeg @c74umaiel), HOmTo@ds pfgessuﬁrﬁolaaﬁd HBTU @56 e 1088mol) in

D SR LD R D Mty ioonmmm tgine 0.
acétlatZed mntod) lprt@vahdéro@&aﬂz :@B) &vegy$ ndiguieh anhaeﬁ&ﬁwezws stlrred at

15 83(’: r{gfgfx E?rll et f%xl\%]??)l{g( é 518§rs ang B'Peg fgoﬁgﬁﬁ‘[U§‘ qtt'(.}'? acétate (200 mL).

di dhvaybeewashed withGagrated aqmemsaaddmdu ticdrbora@s @aCHS inL) and

gin a e ic ! :
ac it Séa @r;lg) rfﬁe:)n‘pgkg B{};gn gé}ég] \J‘é%}% dnd (gxl/ji:;‘ cs)cr)]dr%%ssgﬁglg rﬁ{lfi gltered

I a)?}g Pesheflitechicintsplyents Wrﬁd@movwbmqi@edzdmedssmae andlthe
t hmldmle&&@(ﬂ)uﬂﬂé@ﬁy ﬁPﬂb‘ (Xc%&HMrﬁrggmaTW% a'i]g gr ov%‘iﬁ to

(008 |
20 PE#Y “%5‘81@ %5 e ?ﬁoﬂlﬁrarct?p@wbby LeMd$ (LcRS (Mﬁ) m/z: 529.26);
>90% proteasome CT-L inhibition at 40 mg/kg PO.
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10 Conpound (010): To a OC solution of (008),
5- net hyl -i soxazol e- 3-carboxylic acid (009) (94 nmy,

wO.2000/050mk ), HOBT (135 ng, 1.0 mmol ) and HBTU ( BED/USR006/043503

10

15

1.0 mol) in tetrahydrofuran (100 nL) was added a
solution of N, N-diisopropylethylamne (0.5 nL, 2.5
mmol ) in tetrahydrofuran (2 nL) over 5 mnutes. The

m xture was stirred at 15 room tenperature for another
5 hours and then diluted with ethyl acetate (200 niL).
It was then washed with saturated aqueous sodi um

bi cekhaprtze (2 x 10 nL) and brine (10 mi) and the
organic layers were dried over sodiumsulfate and

fi | Saremtk 2: tSynhegid o€Bhingtpd3. The sol vents were
removed under reduced pressure and the residue was

purified by HPLC,(aqueous ammoni um acetate and
acetoniftrile) tgrgé) gvide (010y (,195 as w0
charattar z&d™b e@cmq;f&'t;)*oa ‘ )MHQ%X: o

pr ot eas@me CT- Lotznhi bi tion at 40 fp/ ey PO 55 wo Ga P
2007/ 056464 PCT/ US2006/ 043503 Exanple 2 Schene 2:
Synthe5|s of Ex Ie03Ph O Pd/ C, HZH OHCSN

T. k#eTU N B (N L& DI JBOocNH O
(Bn D,gT@(g.,cB@ 1 BAZ0 L3 (006) N
101 OTFA HOO TUBCIZHNN[ﬁEA PHF, 0OC O H
0 DCM OCHZNO\HO Ph Ph OlSOlGéOOOVENBS
(PhCQOz) ogve UGH (aq Bn()—| Ts()—|oo OBn Mor phol i ge
Me N , ,——O.tl_Ei).Br / I@b&ﬁ , 100@—osn mo holine
Br N aHF, C‘? o) o @18 0150 Toiene, 00C g [N, TR
Q
o OBn PY/C, H, O on____(016) /é;Eo
/\\I)\ TR /0’\N EﬁsiTTﬁiTz"c (\ J/ﬂA “on
022 023
Compound (013):

To a 0°C solution of N-Boc L-leucine (011) (2.6 g, 11 mmol), L-
phenylalanine benzy! ester hydrochloride (012) (2.9 g, 10 mmol), HOBT (1.7 g 11
mmol) and HBTU (3.9 g, 11 mmol) in tetrahydrofuran (200 mL) was added a
solution of N,N-diisopropylethylamine (4.9 mL, 30 mmol) in tetrahydrofuran (10
mL) over 5 minutes. The mixture was stirred at room temperature for another 5
hours and became homogenous. It was then diluted with ethyl acetate (300 mL) and
washed with saturated aqueous sodium bicarbonate (2 x 50 mL) and brine (100 mL).
The organic layers were dried over sodium sulfate and filtered through Celite-545.
The solvents were removed under reduced pressure and the residue was purified by
flash chromatography (hexane and ethyl acetate) to provide (013) (4.4 g) as
characterized by LC/MS (LCRS (MH) m/z: 469.26).

Compound (014):

To a 0°C solution of (013) (4.32 g, 9.24 mmol) in tetrahydrofuran (100 mL)
was added 10% Pd/C (500 mg). The resulting mixture was allowed to stir under 1

{
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O OO0Bn Pd/C, 0-) OH (016) H N/ THF ~N/ HOBT,
HBTU/ N NIJI, N ONDEA THF. OC~N ONH PhH O

wO0200703&46© 023 Conpound (013): 5 To a 0C sol uPCOWSEG06/043503

N-Boc L-leucine (011) (2.6 g, 11 mml), L-

phenyl al ani ne benzyl ester hydrochloride (012) (2.9 g,
10 mmol ), HOBT (1.7 g, 11 mol) and HBTU (3.9 g, 11
mml ) in tetrahydrofuran (200 ni) was added a

sol ution of N, N-di i sopropyl ethylam ne (4.9 nL, 30 nmol)
in tetrahydrofuran (10 nL) over 5 m nutes. Theth -

m X j t ratur ar,.ano 5
10 o oS OrEE £ AR rhE R TRy R Ciics-sas
wi t ¥ddhefiftergake wpewased vwih)tetahotdrofiers i Sthewirganicsitrateatad

a0 UERIEn eI UndeDieGitel DRALE. 42 %1?%@ dﬂgér }ﬁgg% Iixidrﬁ]% bLi%e (014)

The organic | ayers were ver

rsnl] I) Bt ® a5 sanireddy d /M SRS O mé: 52%22) Which we$ veedtveithout

aner arthermvigdativider reduced pressure and the residue

was purified by flash chromatography (hexane and

et h§bémpoetg®e): t o provide (013) (4.4 g) as 15
characterized by LG M5 (LCRS (M) miz: 469. 26).
Conpoundlq #2%) soldt@nafQ@ 4 ¢3.81gi 204 aimd1Pd) (006). 32 11 mmol),

' . dded 10%
2ur 0PI 1 WP B39 4 1R Egen 00
st i 'Yaspdded a solutigpof NN BFpOB B4 G aRETY WSLANSID43RD3n

o ol Ry P80 b o TG ol

15soI

filtered throug 5 _ _ / _
waSHBBCTurhior apethgrydrontsand becapprshamraganius. ftiwas tanelimes with

I der
T T
LC/ :é%"ta@dﬂ b(‘%?l%fﬂl.ﬂ)- B orEpRic pyersvera dried exerwpdinoistifate and
5 ffiltetddethropgh ChliRaddis0The SoWERRUNGe fdddobd udder "i’ec& d prgssure and
tio .24 nmmmpl ) and (006 2.4 ¢,

. 3. .9
11 tﬁ?ﬁglsﬁ }16? @v&é%.:x:if' eil(b?' fga’sg iliromgjapgh gxqzngvn@:;_t}gfl goetatd), and the
nrolejirddreotrpbnad§od 55U @rvds3@atsd-And characterized by LC/MS (LCRS
(MH) m/z: 532.33).

Compound (016):

To a 0°C solution of (015) (5.0 g, 9.40 mmol) in dichloromethane (50 mL)

20 was added trifluoroacetic acid (20 mL) over 5 minutes, and the resulting solution

25

30

was stirred at the same temperature for another hour. The organic layers were
concentrated under reduced pressure and placed under high vacuum to provide (016)
as confirmed by LC/MS (LCRS (MH) m/z: 432.33) which was used without further
purification.

Compound (018):

To a solution of methyl 5—methy1—3—isoxazp]ecarboxylate (017) (14.1g, 100
mmol) in carbon tetrachloride (500 mL) was added N-bromosuccunimide (23 g, 130
mmol) and benzoyl peroxide (2.5 g, 10 mmol) at room temperature. The resulting
mixture was stirred at 80°C under an atmosphere of argon overnight. The reaction
was the cooled and diluted with 500 mL of dichloromethane and washed .with

saturated aqueous sodium bicarbonate (3 x 100 mL). The aqueous phase was
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was added a solution of N, N-diisopropylethylamne (4.9
m., 30 nmmol) in 10 tetrahydrofuran (10 nL) over 5

woorsed64 The mi xture was stirred at room tenperaSA06/043503

for another 5 hours and becane honbgenous. It was then
diluted with ethyl acetate (400 nL), and washed with
sat urated aqueous sodi um bi carbonate (2 x 100 nL) and
brine (100 nL). The organic |layers were dried over
sodiumsul fate and filtered through Celite-545. The
sol vents were renoved under reduced pressure and 15

t heeftasiec ) khi S r omat.ogy aphy

(hexane grfugt et hylﬁﬂgggitcgl?é ,eﬂgr?g’ Jt%ﬁgge TS l?eg{o"r%ﬁﬁ)@éfﬁ‘d were
( 01%%shed vithgringaad deed exes ¥1e86¥4- Erasohensnae thriyvel GhdMbe

(LGRSidué Mab pildifiod 1533%a %gp@ O)iid o1 2 ,
ol @gf& o fP (015) (SSE%%I"OH”IQ 5 Hggi're%gl?engnd e-{hyl aceQacge) to provide
di ¢ mephEheh pagchargeterized WaECAIE SUCRS (ME) ow/o a1t 450,
acid (20 n bl ver 5 mnutes, and the resulting

sol GEI N ™ Mas”stirred at the same tenperature for

inder 1 oduag SELBAT0LE 6l 2Y Sodwoih SRR bR B vas

pr cAfdgé a@.@.gggs) lithjgn hyahﬁ:tidf_néld oy, ANY/ Fhe deb(TRS: ﬁmre@a%:stirred at
b B W s
5- rieh Hif| exgagted with it teabadio fixar Gre20004T) Thd dorkbige odddfic layers

o Sreeaun e 2 Ll SRS e e

perS8RERiE Were smpved andhiip kesidae was dyvphidiapdtoatielt €019JK2 g), which
I eSudstofifirmdd byt ERIVASCISS hvitis 2608 La &

at mlnlslghere of “ar gongvg(/er n{gh?. Thggrgg)a%{aﬁ%ﬁd ‘3’3'}“\’/\555?”‘#??@ ‘
codlE4HIE diluted with 500 nL of dichl oronet hane and

wa g%owk%_zoz()f,atur at ed agueous sodi um bi carbonate (3 x
100 . € dqueous phase was -57 WD 2007/ 056464

PCT/ US200 5 d w 200 nl of
i chl or %‘rrgfthf?“gbﬁleog‘%%lndj)&%'ﬁg?%(gm\g}?tegelm”g%{?ﬂ}‘@?(%@% aé Pe

wadteencarfanybadich 6. bn @ mimp dh olene MIB@IL) Whastisiel Yenosc

Welp@ Y n S| \ ri.fied flash

e e e et B BT yRb il oy et and

( 0 Faphedzvith sppuraksil epuamus sadiam hivtdohaie d ThyaduehidpHatdGRS then
Aehed wighl 0 ; eIO Ao g: sol uti on

of Hdal f@th@?@f;}%?&é ?éﬁ%/a F ofeir aﬁ YOV HE vashed

of (018) (12 g, 55 mMmD
2008 ‘(1)‘3’6%‘80"1%&%61&0@% pHlatR Ayifilsrpdi @he 86lvents wéd)remdhiel and

25

30

r eghelrbdithge WASGWHRA W Slast éHr&xﬁgtontaphy (hexane and ethyl acetate), to

provide (020) (5.8 g) which was characterized by LC/MS (LCRS (MH) m/z:
295.98).

Compound (021):

A solution of (020) (2.0 g, 6.8 mmol) and morpholine (3.0 mL) in
tetrahydrofuran (50 mL) was stirred at room temperature for two hours, T;he solvents
were then removed and the residue was purified by flash chromatography (hexane

and ethy] acetate/methanol) to provide (021) (820 mg) which was characterized by
LC/MS (LCRS (MH) m/z: 303.13).

Compound (0:22) :
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roomtenperature overnight. It was then acidified wth

hydrochloric acid (2N) to pH =1 and extracted wth
woeto7asygn of uran (3 x 200 nmL). The conbi ne or gRATAIS2006/043503

| ayers 10 were washed with brine (10 nL), dried over

sodium sul fate, and filtered. The solvents were

renoved and the residue was |yophilized to yield (019)

(8.2 g), which was confirmed by LC M5 (LCRS (IVH) rriz

205.95) and used without further purification.

Compound (020): 15 A solution of (019) (6.0 g, 30

gg})igb a Spﬁﬂgﬂ’ bf (@b ?W@!I) rr]‘{%?%)]%lzj gjrr)]neol Straﬁ%lji}o%.lrléllg El?)s W:Lg gfgg?dded
1008 /(8’\96? Huoaweg) apgl theggixphie waastirmm rqopn toQeratite i@ dne

Wi t Rinideherd-o Oy dRSday oraCRhal & @%Qhen“ﬁ% gﬁ Celife and

sat urat ed agueous sodi um bi carbonat e

phaS@ HER g vedREParhich wer confrosd by lé?f/MeSt (MJRS (MH) m/z:

CELEREB) aill &/aS Q5HAI WithoRf SRMbCour@NEScH, Wer e washed 20
with brine, dried over sodium sulfate, and filtered.

TheC@qhmadU@zMBre removed and the residue was
purified by flash chronat ography (hexane and et hyl
acet at e)TO 1 8°C prlatiande (0 09Q) 305,83 inmvd)j &t (V)@@ (70 mg, 0.4 mmol),

h
%oﬁ%g%n b ;x%cij Okgy {1)18:{'& ?-llBt I Oggmgc gifd?meé D) teéra?l%drgfuran (50
mrom) yﬁﬁaqﬁgﬁ Igﬁg]upg@ o( N.Nydidoprapwlettyddmiat yais ﬁ‘fLU Emn(na) in
10ML) teb@sy dedfinfah @6l nid). TM)&L&%g %h}%‘l at t'oom c?\ll}ngera?ure Tor anot%er 5

solvents __were thén renpved
purfairsapd WC?’P%\Q‘PWWB%IW@Sélﬁﬁlil}ﬂﬂq-ltﬁémﬂeeth)dmdeteteriwo mL) and

evahed wahis k i a m
Characteriaea by LU (e “‘%ﬁ e RN ightfo mr).
ﬁ% SR8 YgTs Wermdngd OZ’GWFBE‘BE}B tmﬂi/ﬂ)@maro@g@s@me 545.
To "Ehessolvehts mr@feﬂ(&g&hndﬁl%u% CFrgssgh% R rebiBue was purified by
15tegﬁ€¢y Jgfeuuran u ?:tt n(gceed 10 %°d/ C ( n%
R T8 APGIE Anc poetanrile) &w@mﬁ@?@pw%pm)
?nle(mamgbwmmh veas @harhiytelfi gy ﬁws?(mg@mdj H/ 2836 558309
i t centrated to give
?‘g%\%ﬁ‘er@oﬁ’gh‘%‘ﬁf‘ﬁ g@‘ﬁ%&y M5 (LCRS (|\/H§J mz:. 5

213 08) and was used wi thout further purification.
Compound (023): To a 0OC solution of (016) (130 ngy, 0.3
mo]) and (022) (70 ng, 0.4 mol),
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HOBT (70 nmg, 0.5 nmol) and HBTLJ (170 ng, 0.5 mmol) in
tetrahydrofuran (50 nlL) was added a sol ution of

wol20b7disésopr opyl et hyl amine (0.5 ni, 2.5 mmol) PaTAB2006/043503

10

15

tetrahydrofuran (5 nL). The mi xture was stirred at
roomtenperature for another 5 hours and becane
honogenous. It was then diluted with ethyl acetate
(200 n.) and washed with saturated aqueous sodi um
bi carbonate (2 x 10 nL) and brine (10 nmL). The
organi c |layers were dried over sodium sul fate and
fil Eea@piletsnr ough Celite-545. The solvents were
renoved under reduced pressure and the residue was
pur Séheatt N\SyhthebiFlErkaMpRAY® anmoni um acet ate and
acetonitrile) to provide conpound (023) (125 np)

whi ch haracteri zed by LC/MS (LQI/ZQS M) m z: OMe

626. 35); >80% npseiismas en®CT
PO Fmaemdo %WW@ 4 PCT/ sze%/?og‘g@ OM%Q'anpmH@(,r“\)Lo

Schene 3: Synt sl 9" of Exatphe 029 GFH.DMPOUPi peri di n&® A
Ove O H¥B resin FnmocHN ((g2s H FnrocHN CH DI 2. 026
Frmoc- Ser (Owve) - OH FnocHN N OO EA, HOST DI EA HOST O

HBTU, DMF HBTU, DI\/F 0 024 025 026 Ove OV 1. 20%

Plpe[ glnrldl % EA, HOSTNN~mr
%—k—%em 00 0
027 62@Tu abe = HBTU RPYOF OM \)Lo”

OMe
(00), HOBT, HBTU / ,([(N \)J\ ©
DIEA, THF, 0°C
o~ o)

029

Compound (025):

To a 0°C solution of Fmoc-Val-OH (024) (348 mg, 1.6 mmol) in
dichloromethane (4 mL) were added MSNT (474 mg, 1.6 mmol) and N-methyl-
imidazole (0.13 mL, 1.6 mmol). HMPB resin (400 mg, 0.32 mmol) was added once
the mixture became homogenous. The resulting reaction mixture was allowed to \
shake for two hours at room temperature. The resin was filtered off, washed with

N,N-dimethylformamide (3 x 10 mL) and dichloromethane (3 x 10 mL), and was
allowed to air dry to yield (025).
Compound (026):

Resin (025) was placed in a solution of 20% piperidine in N,N-
dimethylformamide (20ml) and the resulting mixture was shaken at room
temperature for 1 hour. The resin was filtered off and washed with N,N-

dimethylformamide (3 x 10 mL) and dichloromethane (3 x 10 mL).

To a 0°C solution of Fmoc-Ser(OMe)-OH (546 mg, 1.6 mmol) in N,N-
dimethylformamide (4 mL) were added HOBT (245 mg, 1.6 mmol), HBTU (606
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DIEA, THF, OCNO-NHO/'- HO 029 Compound (025):
5 To a 0C solution of Fnoc-Val-OH (024) (348 ng, 1.6
wonw7)0sé464 di chl oronet hane (4 nlL) were added MBNT/US4004/043503

ng, 1.6 mmol) and N-nethyl- imdazole (0.13 nL, 1.6

mmol ). HWB resin (400 ng, 0.32 mml) was added once

the m xture becane honbgenous. The resulting reaction

m xture was allowed to shake for two hours at room
tenperature. The resin was filtered off, washed with

10 N, N-di net hyl formam de (3 x 10 m_) and

di dt

dlr ;H{gg{ @:ﬂgflg‘l"‘)rhgtczl g\?’N)ﬁlr’Lg%r%%th ﬁ erga*,nf) %E%va\ﬁge resin was
pl apdded pﬁceathg magtlprbﬁlmre De¢anpi l-plmqumms Thee ﬂ&lsd‘ihng mixture was
di nEtdwedfite %H@(@O@@m(g%gm r@smnggj?erg gl}é’rjﬁﬁ oﬁ%na" )glts}lflerdew1 ,N-

shaken at room 15 tenperature
was P4 }{yéfPQHaIBﬂP (%\ﬁdo\mis)w@d dightomorngthane (3 x 10 mL), and allowed to

i nathwhﬁgidmg)zdye (3 x 10 nL) and dichl oronethane (3 x
10 mL). To a OC solution of Fnoc-Ser(Owe)-OH (546 ny,
1. 6Compdndi(@2D; N- di met hyl f or mami de (4 nL) were added
HOBT (245 ng, 1.6 mol ), HBTU (606 -60 WD 2007/ 056464

PCT/ US2 d@@ﬂn)@gﬁ))@as plgged In 6 sottidn of m%iplperldme in N,N-

NN- The resin
gh{egig&gggér%ggt er eazﬁlgtﬂlgeor S'ﬂ{r’?‘_& ’foé“rﬁ évé‘éﬁ%aken atroom
hon‘ﬁ@‘@ﬁ"é}t}ge for Hélolues”fihlbtmsngwm fteneccoffiasd wadheaweth N,N-
105 hakime AN 6 RLGHe (TR %0 S lafld }ﬁﬁﬁlokgﬁ&? ')g.‘s eg%d I;Sf f and

washed with N, N- di rret or mam and

di chl or ore4 mﬁ)llﬁ%%f]é(}ngﬂa}lﬂs%gcl%gls:&: %\D&%E%g) acid é&bp gl‘(?g Jee.

| d d (027
Lo ¥k gt gﬁ,}\{)@mfg&? o (ydaﬁ L) frerg xitod HOBT (245 mep. 1.6
d| rmmbw HBTTRGD6 thef Zeﬁihrholéiﬂﬁh Nh&dﬁ%&»ﬂp&le‘&gﬂmﬁk 6.6 S >

shar{,gl%g aly rogm erature for our. The resin
b B e TR Do e o i the Tobnra el and
15( 3|the m@uumg reanwordmodmre maemaml g(sﬁaléé oLlergh} Th-EQcaﬁlz Qs ghen
so t Xazol e car.hoxyl1c aci
e b G R N S R R RS i G vt )
Werdgché@qmthm X Em&LD;ggnd Ihefresin was allowed to air dry to yield (027).
Compound (028):

To resin (027) was added a solution of 50% triflucroacetic acid in
20  dichloromethane (10 mL), and the resulting mixture was allowed to shake for 30
minutes. The resin was then filtered off and washed with dichloromethane (3 x 10
mL). The volatiles were removed under reduced pressure to provide (028) which

was characterized by LC/MS (LCRS (MH) m/z: 328. 14) and used without further

purification.

25  Compound (029):

To a 0°C solution of (029) and (006) (117 mg, 0.4 mmol), HOBT (70 mg,
0.5 mmol) and HBTU (170 mg, 0.5 mmol) in tetrahydrofuran (50 mL) was added a
solution of N,N-diisopropylethylamine (0.5 mL, 2.5 mmol) in tetrahydrofuran (5
mL). The mixture was stirred at room temperature for another 5 hours and became

30  homogenous. It was then diluted with ethyl acetate (200 mL) and washed with
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nol ), HBTU (606 ng, 1.6 mmol) and
N, N-di i sopropyl ethylamne (0.6 nL, 3.2 mol). Once

woOheowesessht i ng m xture becanme honpgenous, the PeETIUS208943503

10

15

added and 15 the resulting reaction m xture was

all oned to shake overnight. The resin was then
filtered off and washed with N, N-di net hyl f orrnam de (3
x 10 nmL) and dichloromethane (3 x 10 nL), and the
resin was allowed to air dry to yield (027). Conpound
(028): To resin (027) was added a solution of 50%

tri EhiiQl g 10 nl)

and the%aza‘selg&{u%rﬁgarhgxﬂtl%f%&\?\g aI I %ﬂ?}r@ﬁ Wemf*brThS@rgamc

i niRYEs wepp dripdeyes sedismishiéae fid ﬁlearecumlfghamktw @¥e solvents
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rempved under reduced pressure to rov

was ‘CHEPS CPERIWE apsiate end/Sefanitriig) (prvmé 10293 zﬂshﬂg) waliich was

$1s e chathddetl b WO/RST (LR ( | 0

To a, C sol %t?on of (029) Ngjﬁ)gﬁi(zoﬁ]) %gfwwn%%g%ﬁsoﬂé 8?)1‘

mn%ﬂ MkgH0- 0.5 mmol) and HBTU (170 ng, 0.5

m’mh ijn t trahydrofuran (50 m) was added a solution
Bllsopropyl ethylamne (0.5 nL, 2.5 mol) in

t et sahwel £Af m xture was stirred at

roo?nterrp‘g %%@gggﬁkﬁ’&l%@% 5 hours and becane 30

honogenoug= It was then diluted with ethyl acetate

(200 i) washed with 561 056464
PCT/ US20006/, 48R sn s atwan mﬁd@qvgé’éé%pm i1 @

bi cEFEBnale (25"SED nl) ahd pri nF agernl) . "THE" olgafi c
|l ayers ygfe dried over godnuﬁn su ?ate and filteréd \E\>
t hrough Celite-545. The Yolvents were renmoved und®
reduced pressure and the regsidue was purified by HPLC
(aqueous ammoni um acet at e nlpl a;c&pnltn le) to proyid

(02 O Ppgidneng) mﬁ% erln,;ed by L
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Synthesis of Exanple 035%N=\ SO I.20% Pi perl di ne (P34
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o) n ©
(006), HOBT, HBTU _ /\MN N\,/U\N 0
DIEA, THF, 0°C (j o-n " 6 \iﬂ o
Ly

© 035

Compound (031).

To a 0°C solution of Fmoc-L-4-thiazolylalanine (030) (1.0 g, 2.5 mmol) in
dichloromethane (4 mL) were added N-methyl-imidazole (150 uL, 1.9 mimol),
MSNT (755 mg, 2.55 mmol) and HMPB resin (800mg, 0.51mmol) was added once
the mixture became homogenous. The resulting reaction mixture was allowed to
shake for two hours at room temperature. The resin was then filtered off and

washed with N,N-dimethylformamide (3 x 20 mL) and dichloromethane (3 x 20
mL), and allowed to air dry to yield (031).
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DI FA, HOST O HBTU, DVF N HBTU, DMF O N 030 031 032
OHOOOLft 1. 20% Pi peddine N H I-O4d N-j 2. HBTUDMF

wol2007H5Q6¢ © O NNDCM O-CN-~/L HON (02RET@32006/043503

0330034 S s OHO(006), HOBT, HBTU N~N O DI Fr4,

THF, 0C CODO N O 035 2 10 Conpound (031): To a OC

sol ution of Fnoc-L-4-thiazolylalanine (030) (1.0 g,

2.5 mol) in dichloronmethane (4 nL) were added

N-net hyl -i m dazole (150 uL, 1.9 mmol), MSNT (755 nyg,

2.55 mmol ) and HWVPB re3|nh(800ng, 0. S#Ennlésn?fiﬁgded
nc hur e became honogenous. e

?eag?T%ﬂ@ﬁ?B%ire was all owed to 15 shake for two hours

at room R&pEBaJ (356 mg] 023 mGsb] ?Wﬁ@ﬁla&&ﬁﬁ afsh uttlgé%g%?% B rPCi:ndme

di net hyl e
i ISR E e pamidl 4 ok Jnd he realting wegureowas shakdmaat roor
to tpn@bﬂh;(ré)ﬂa}:)l hwﬁ?fhms&gg% ﬁé.gggéke&’@ﬁfah@%ggﬁefd%ﬁ?ﬁ%

5§|° g’@gé}lg %’%‘f’ﬁ(f X0 mé)fe%ﬁﬁ&éqmgﬁw (3x0mL).

and _the r sultln
r’\rll Qt Slr gefv\gés/bscﬁgcggtnm at roof‘#gt%'é A fié,mnjgolggulﬂN-
ThedimediyHoppamitde &hmi) IWlewraeldechDBal’(d maﬁghe 92 Wrh 1), Niﬁdgﬁ (349
0 L ORI TR Btort sk 808 UGB TEL A B L2 e

0C sol ut
o 5*@6%%135‘ op¢e e Reacifmmixtiyce bmammod@gélﬂomj‘hdheﬁﬂn@dﬂﬁc@hre

10HOBRas(al@4 e e sth@gt SGL) fiv Ao Aﬂrg %g éesgpwgs \% m%%rgzl o?fnand
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hombe andithe rdsain@8sih WafdWeE Y bR dry to yield (032).

Compound (033):

Resin (032) (0.23 mmol) was placed in a solution of 20% piperidine in N,N-

15 dimethylformamide (20 mL) and the resulting mixture was shaken at room

20

25

temperature for 1 hour. The resin was then filtered off and washed with N N-

dimethylformamide (3 x 10 mL) ang dichloromethane (3 x 10 mL).

To a 0°C solution of (022) (123 mg 0.58 mmol) in N,N-dimethylformamide
(4 mL) were added HOBT (124 mg, 0.92 mmol), HBTU (349 mg 0.92 mmol) and
N.N-diisopropylethylamine (402 uL, 2.3 mmol). Once the resulting mixture became
homogenous, the resin was added and the fesulting reaction mixture was allowed to
shake at room temperature overnight. The resin was then filtered off, washed with
" N,N-dimethylformamide (3 x 10 mL) and dichloromethane (3 x 10 mL), and the

resulting resin was allowed to air dry to yield (033).
Compound (034):

To resin (033) was added a solution of 50% of trifluoroacetic acid in
dichloromethane (10 mL), and the resulting mixture was allowed to shake for 30

minutes. It was then filtered off and the resin washed with dichloromethane (3 x 10

mL). The volatiles were removed under reduced pressure to provide (34) as
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10 was allowed to shake at 5C for five 5 hours. The

resin was then filtered off and washed with
wol20b7chisemst hyl f or mam de (3 x 20 nmL) and di chl or eOBUS2006/043503

(3 x 20 nL), and the resulting resin was allowed to

air dry to yield (032). Conmpound (033): Resin (032)

(0.23 mmol ) was placed in a solution of 20% pi peri di ne

in NN 15 di nmet hyl formam de (20 rnL) and the

resulting m xture was shaken at room tenperature for

1 hour. The resin was then filtered off and washed

Wi t Bhd¥adheriZdh BO L layila (137X :

di chl ot onet hgge (SggL&R@rfE?{ ) l{?/o %éloglét%qlaﬂv%)snussg Wigow further

( 12B"#Fa°%8 ol ) in N, N-di net hyl formanmi de (4 nl)

vverre/, added T (124 ng, 0.92 mmol ), HBTU (349 ng 0.92

f N, N-di i sopropyl ethyl am ne (402 uL, 2.3

nmo he [ ti Xt ure becane honbgenous,
t he*f%eéﬁg%émad%@%%aw o g e P grradadioh iR me
Nasmatdlond HBTU (bitake (837 maol) ih REYEb @m eI it added a

The el e
e L T T v ———
(3R 161"1\¢Ln)ﬂxtuamda$ Hizredmesoht iemgemnest forsapual dnawas ciﬂ%ted with

e C (] T
e e
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furRQher purification. Conmpound (035): To a 0OC
solution of (034) and (006) (70 ngy, 0.23 nmol), HOBT
15( 5E%agnple537 5 mol ) and HBTU (140 ng, 0.37 mmol) in
tetrahydrofuran (50 nL) was added a solution of
N, ReBfme SpPuphesds ol Example089. 5 ni, 2.5 nmol) in
tetrahydrofuran (5 mnL). The mxture was stirred at

roomte tyre for 5 hourg4n en diluted witho (o

et hyl™ g}o@é}é&%ﬁ:} me&gg\%@@ th, %N\)Lo@
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Compound (036):

Resin (031) (800 mg, 0.23 mmol) was placed in a solution of 20% piperidine
20 in N,N-dimethylformamide (20 mL) and the resulting mixture was shaken at room
temperature for 1 hour. The resin was filtered off and washed with N,N-

dimethylformamide (3 x 10 mL) and dichloromethane (3 x 10 mL).

To a 0°C solution of Fmoc-L-Ser(OMe)-OH (435 mg, 1.3 mmol) in N,N-
dimethylformamide (10 mL) were added HOBT (276 mg, 2.0 mmol), HBTU (710
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reduced pressure. The resulting residue was purified

by HPLC (aqueous anmonium acetate and acetonitrile)
woaeoqvswdcde (035) (15 ng) which was charact eri Pew/usg006/043503

LG M5 (LCRS (MH) nfz: 633.3); >90% prot easone CTL

inhibition at 40 ng/kg PO 15 Exanple 5 Scheme 56

Synthesis of Exanple 039 p Ove O Owe FinacHN 1. 20%

Piperidine J ~ OHW OFmocHNIT | | f N- OI.

209 peridine N,/-O 2. FnoaLeu-OH 2. DIEA, HOST 1 H

036 5> HB 09) F p-NO _N~ 032 ~S~- HTU OW 0 037 S O

OVen@, EWnibbiadd ¥ N-als I#Bﬁﬁ}’r(?&%ﬁﬂogq PNTfhé resin was

H oC O N O N D
03 8then a agce m%m@gg@)becmhmnqgasggs TBOsulging mixture

O 2@ asnitdwedwa Shakle &ﬁ@ﬁ: folt 5Ro5Q! Hid 19%] 1 Has 4R fﬁ\!epe%rqffj an Washed

forrmm de (20 nL) and the resu
m x%vﬂ}r’lg}l! &ka@mgﬁéi} agtidg GorR0 ‘{“é?rﬁ'& dichlpronfethrang (he (P mL) and
SThealtosaidno wislny iol idd eabepf f and washed with N, N
di nmet hylforrngfm de (3 x 10 nL) and dichl oronet hane (3
X 1@omp9undT@37: OC sol uti on of Froc-L-Ser (Owe) - OH (435
ng, 1.3 mmol) in N, N dinethylformam de (10 nlL) were
added HABFIY 2@? 6) Wep place0 imursdlptiorHBTIO% Fipbridindth NR-

and
ﬁlo %ﬁg@?@gﬁﬁgﬁnﬁé %g%n%ﬁ% %%@n% hwéurf \ﬁgﬁﬁ%h%kenﬂtl foom
r esPRPHERITe {95 d hoge de resitowas fileredeaft hndwashied iwitheN, lec ame
10hondigethgfsrmahii@e (£52 6 HL‘? gncmiléﬂlld{o%lethane (3 x 20 mL).

To a 0°C solution of (009) (162 mg, 1.3 mmol) in N,N-dimethylformamide
(4 mL) were added HOBT (276 mg, 2.0 mmol), HBTU (710 mg, 2.0 mmol) and
N,N-diisopropylethylamine (0.9 mL, 5.1 mmol). Once the resulting mixture became
homogenous, the resin was added and the resulting reaction mixture was allowed to
15 shake at room temperature overnight. The resin was then filtered off, washed with
N,N-dimethylformamide (3 x 10 mL) and dichloromethane (3 x 10 mL), and
allowed to air dry to yield (037).

Compound (038):

To (037) was added a solution of 50% of trifluoroacetic acid in
20  dichloromethane (10 mL), and the resulting mixture was allowed to shake for 30
minutes. The resin was then filtered off and washed with dichloromethane (3 x 10
mL). The volatiles were removed under reduced pressure to provide (38) which was

characterized by LC/MS (LCRS (MH) m/z: 383.09) and used without further
purification.

25  Compound (039):

To a 0°C solution of (038) and (006) (156 mg, 0.51 mmol), HOBT (111 mg,
0.82 mmol) and HBTU (311 mg, 0.82 mmol) in tetrahydrofuran (50 mL) was added
a solution of N,N-diisopropylethylamine (0.5 mL, 2.5 mmol) in tetrahydrofuran (5
mL). The mixture was stirred at room temperature for 5 hours and became

30  homogenous. It was then diluted with ethyl acetate (200 mL) and washed with
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was allowed to shake at 5 C for 5 hours. The resin was
then filtered off and washed wth

wol20b7chisemst hyl f or mam de (3 x 20 nmL) and di chl or eOBUS2006/043503
(3 x 20 nm.) and 5 allowed to air dry to yield (036).
Compound (037): Resin (036) was placed in a solution
of 20% piperidine in N, N dinethylformam de (20 nl)
and the resulting m xture was shaken at room
tenperature for 1 hour. The. resin was filtered off
and washed with N, N 10 di nethyl formam de (3 x 20 nL)

and sgiHdene ( . sol uti f .
( oo%@( ohe s E%%m%?a?bqﬁgte@hlgﬁﬁg%@ﬁng CHimEE The greanic
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t he 9BETY ARHROniYR agetath and #retanitsle) t prgvide 4619 (22 mixwhick was
s ciadriceread be LEIMShakR sSAMENGRR §RPET 544, oL gt
The.nr c;bslg.n v&??tg)‘gn gi I te?ed off,gﬁa@ﬁ’e?% ?Eo‘?é’a%me %HIL

N, l\ll-cll"l rré?rh%/l JPsrEdt He (3 x 10 nL) and di chl or onet hane

(3 ¥xdQnflg . and allowed to air dry to yield (037).
Conpoung (038): To (037) was added a solution of 50%

of SéHddir ' Ld i di chl orqonmet hane (10 ni),
and the %sﬁ?ﬁig%&i&%‘ﬁ?g&ﬁé&%ﬂo@ﬁgaSto shake for 30

m nutes. The resin was then filtered off and washed

L OMe
wi th di chl oponeNBmse (3 X 0f L 2PpRireidsE at [ | es wefe Q
r enﬁ&‘/’é’ﬂ“&ﬂer DY UREd grogs',\é‘g’ruéor@) %’Eﬁﬁﬁwe@-‘%) Fritd H\:/”~o@
was chgracterized by LG MS (LCRS (KHp.owz: 383.09) o =

and used without further @tification. 25 Conpound 042
(03'9): To a 0C solution of (038) and (006) (156 ny,
0.51 mmol ), HOBT (11} omeQ. 82 mmol ) and HBTU (311 ome
my, OzB®peaml ) in_te gﬁ%‘gnof &P (50 _nl) was aglde a\i
sol UE.iID)EB.IGﬁBTNh i Joprbpyll ethyl ani W&‘S ~Z. N~ oH
mol ) THespt rahyd?dturan 15 " mi). The m xtureMas © =
stirred at roomtenper®3ure for 5 hours and becaneo&0
honogenous. It was then diluted with ethyl acetate

(200 nL) and washed with -6& WQ 2007-056464

PCT/ 14S30RB4 043503  sat ra;%d(',:}aq eods gpdi um

bi capERHEE §ed 2 X ) HndibrineNT ). The organic

| ayers were dried o9l sodi®msulfat® and filtered
through Celite-545. The sol v#ts

10 Compound (041):

To a 0°C solution of Fmoc-L-alanine (040) (1.0 g, 3.2 mmol) in dichloromethane

(30 mL) were added N-methyl-imidazole (190 pL, 12.4 mmol), MSNT (950 mg, 3.2

mmol), and HMPB resin (1.0 g, 0.64 mmol) which was then added once mixture

became homogenous. The resulting reaction mixture was allowed to shake for two
15  hours at room temperature. The resin was then filtered off and washed with N,N-

dimethylformamide (3 x 20 mL) and dichloromethane (3 x 20 mL) to yield (041).
Compound (042):

Resin (041) was placed in a solution of 20% piperidine in N,N-

dimethylformamide (20 mL) and the resulting mixture was shaken at room
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were removed under reduced pressure and the residue

was purified by HPLC (aqueous ammoni um acetate and
waeedmsedeni | ) to provide (039) (22 ng) which m$/Us5%06/043503

characterized by LCMS (LCRS (MH) mlz: 536.21); >75%

proteasonme CT-L inhibition at 20 ng/ kg PO. Exanple 6

Scheme 6: Synthesis of Exanple 045 (approach A) HO O

I. 20% Pi peridine OV HWB resin FnocHN OH D1 E4, HOBT

FmocHN-O~ 2. Fnoc Ser (Owe) - OH FnocHN N_OO HBTU, DWVF

DI EA, HOST 0 HBTU, DMF 0 = 040 041 042 Owe O Ow 1.
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di chinetigihanRle ((m%wkrma& aeaed b E%él)rﬁﬁqmagﬁ'ﬁ_@hggm
41919_l lz, 12, %,__ NT (950 ng, 3.2 , a .
resi i (T"B"’é,a el -diisapreryipthiamipes(iliiah, Gddedolp it resin was

m xthen eddddenadnihe haRBGe MRUSe bEREd %%g%%&l%bzﬁé;&%lﬁﬁ%&iﬁcmm

m X{4e 1003 t@lﬁ}lﬁigcg\?th °E30 oagggtferﬁ.gﬁ{efréy\fli\g Biag thepfidtegpd ®ff and washed

t enper at ure. > resi
wa sl NaN tdimeghiformamide (3 x 20 mL) and dichloromethane (3 x20 mL), and

allowed to air dry to yield (042).

10 Compound (043):

Resin (042) (0.23 mmol) was placed in a solution of 20% piperidine in N,N-
dimethylformamide (20 mL) and the resulting mixture was shaken at room
temperature for 1 hour. The resin was filtered off and washed with N,N-

dimethylformamide (3 x 10 mL) and dichloromethane (3 x 10 mL).

15 To a 0°C solution of (009) (203 mg, 1.6 mmol) in N,N-dimethylformamide
(10 mL) were added HOBT (346 mg, 2.6 mmol), HBTU (970 mg, 2.6 mmol) and
N,N-diisopropylethylamine (1.1 mL, 6.4 mmol). Once the resulting mixture became
homogenous, the resin was added and the resulting reaction mixture was allowed to
shake at room temperature overnight. The resin was then filtered off, washed with

20 N,N-dimethylformamide (3 x 20 mL) and dichloromethane (3 x 20 mL), and
allowed to air dry to yield (043). '

Compound (044):

To (043) was added a solution of 50% of trifluoroacetic acid in
dichloromethane (10 mL), and the resulting mixture was allowed to shake for 30
25  minutes. The resin was then filtered off and washed with dichloromethane (3 x 10
mL). The volatiles were removed under reduced pressure to provide (044) which
was characterized by LC/MS (LCRS (MH) m/z: 300.1 1) and used without further

purification.

Compound (045):
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di met hyl formam de (3 x 20 nL) and di chl oronet hane (3 x

20 nmL) to yield (041). Conpound (042): Resin (041)
woasopisewsed in a solution of 20% pi peri di ne i nP&TNS2006/043503

di met hyl f ormam de (20 nL) and the resulting m xture

was shaken at room -66 WO 2007/ 056464

PCT/ US2006/ 043503 tenperature for 1 hour. The resin

was filtered off and washed with N, N

di met hyl formam de (3 x 20 nL) and di chl oronet hane (3 x

20 nL). To a OC solution of Fnoc-Ser(Ow)-0H (546 ng,
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of trifluoroacetic acid in dichloronethane (10 nlL),
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t
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15 Compound (047):

To a 0°C solution of N-Boc-serine(methyl ether) (001) (6.57 g, 33 mmol), L-
alanine benzyl ester hydrochloride (046) (6.45 g, 30 mmol), HOBT (5.05 g, 33
mmol) and HBTU (11.8 g, 33 mmol) in tetrahydrofuran (400 mL) was added a
solution of N,N-diisopropylethylamine (9.0 g, 70 mmol) in tetrahydrofuran (50 mL)

20 over 10 minutes. The mixture became homogenous and was stirred at room
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was characterized by LCMS (LCRS (MH) nfz: 300.11) and
used without further purification. Conpound (045):
WORTWEs4007/ 056464 PCT/ US2006/ 043503 To a OCPew®iUSR006/1043503

of aforenentioned internedi ates (044) and (006) (195

My, 0.64 nmol), HOBT (137 ng, 1.0 mmol) and HBTU (357

my, 1.0 mmol) in tetrahydrofuran (50 n) was added a
solution of N, N-diisopropylethylamne (0.5 nl, 2.5

mrol ) in tetrhydrofuran (5 nL). The m xture was

stirred at room5 tenperature for 4 hours. It was then

| Wy er t 209 by and washed vvvl th o
2 Iat ur at eagqlltggﬁﬁ%dég 323%{% lﬁ?%:targg‘ rfgi gnfwas haryremoyed,ipd
br i Fpéiueqftprﬁqglre anf éhe rgputrg maﬂeag’lehmwdemél eihyleldet@téQBOO mL). It

sodivdinwastetiatith anfatd L(%J Bl?sdsohﬂ oﬁ)’grgbonate gSADng&) gn¢ibrine (200

sol vents_were renoved under uced pres
1 esIid 8nhAE 95eaq flayers pgre qqaé@vémdemuwlﬁtcmmdlﬁlmed through

aﬁ: Iegalite ﬂgﬁﬁl@&%‘l&?ggs:vgérr{e geéndotvgd Qﬁ%}‘ 'rgﬁz:{cgéggstxﬁ%ndz?g residue was
4531"2@1 d @’8@%% }? Ene angirsithl ap@ate)atp pZ@ndqﬂOh@ (11.8

PO. e E’haSﬁkh&i@d_é L@m E6RS (M
(apﬁ%m B)S ok O O H TFK n( Hcém HETU BocNH OH

+ HZNnPER, (07%F, 0C BocNH N OBn DCM 0C O O O 001 046
047 oMe H O CO2H Ove HzN N - OBn + / ~N HOBT, HBTU H
O = Me DIEA°TEPUt@OI(0M) (N.OBN31.04BndPH dRHbemEtha48 00 mL)

l(QVE‘was added trifluoroacetic acid (50 mL) over 10 minutes, and the resulting mixture
was stirred at the same temperature for another 3 hours. The solvents were then
removed under reduced pressure and the residue was placed under high vacuum
overnight to provide the TFA salt of (048), which was characterized by LC/MS
(LCRS (MH) m/z: 281.15) and was used without further purification.

15 Compound (049):

To a 0°C solution of (048), 'S-methyl-isoxazole-S-carboxylic acid (009) (3.93

g, 31 mmol), HOBT (4.7 g, 35 mmol) and HBTU (12.5 g, 35 mmol) in
tetrahydrofuran (400 mL) was added a solution of N,N-diisopropylethylamine (20
mL) in tetrahydrofuran (100 mL) over 10 minutes, and the pH of the resulting

20  mixture was ~8. The mixture was stirred at room temperature for another 5 hours.

‘ Most of the solvent was then removed under reduced pressure and diluted with ethyl
acetate (1.0 L). It was then washed with saturated aqueous sodium bicarbonate (2 x
100 mL) and brine (100 mL) and the organic layers were dried over sodium sulfate
and filtered through Celite-545. The solvents were removed under reduced pressure

25  and residue was purified by flash chromatography (hexane and ethyl acetate) to

provide (049) (10.8 g) which was characterized by LC/MS (LCRS (MH) m/z:
390.16).

Compound (044):

To a 0°C solution of (049) (3.28 g, 8.4 mmol) in tetrahydrofuran (100 mL)
30  was added 10 % Pd/C (500 mg). The resulting mixture was allowed to stir under 1
atmosphere of hydrogen for 4 hours. The mixture was then filtered through Celite-
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P&, HON O (006) OOW z NO f~e THF, OC/ HOH

HOST HBTU N OJ~-N ON O = DEA THF, OCO'NH- O
wO02d0746464 15 Compound (047): To a OC sol uti on ®CT1/US2006/043503

N- Boc-seri ne(net hyl ether) (001) (6.57 g, 33 mml), L-

al ani ne benzyl ester hydrochloride (046) (6.45 g, 30

mol ), HOBT (5.05 g, 33 mmol) and HBTU (11.8 g, 33

nol ) in tetrahydrofuran (400 nL) was added a

solution of N, N-diisopropylethylamne (9.0 g, 70 mmol)

in tetrahydrofuran (50 nL) 20 over 10 m nutes. The

o 065 ORR R ARTREEHR RS A a5t drfioetepinmiaatc was

anottspnttdsomdst refitest! pofssurh end;plh&eelnmwﬁﬁglt bR umaBPY 84 to

U n dﬁ@] d(b&—‘@}“@ﬁfih RfaS %g%écﬁgr?%g 67%3.8?/1&%5 (EthWm(%a égL bS) and was

WI t!‘Pegd‘t‘@PH‘t@ﬁh%Iquéﬁe@oyodl um bi carbonate (2 x 150 nl)
5and brine (200 nl) and the organic |layers were dried
oveFo’%‘H‘i"ﬁ’lW‘gd{ fate and filtered through 5 Celite-545.
The sol v, e under reduced pressure and
the resi gou%av(\gg 1“%%9?@@3 ap¢ (G061 0 8- o Ay HIQBY (2.0 g, 13
( hewawé) ad HRXWY3.4 gCBt @ire)) ih @emah@d&bﬂxear(@éa)nr&) l\]as Gdded)a

{
3 8 1 ;Q@%&W gdﬁ‘%%"er{’ %t?y “"%8’325%(55 é% ms'eqlbw ts‘rah(yewﬁ)ran (10 mL).
( 117® gixtigg w@s sinpdd)at iropnd ieipecaton @it unsdes 4 Q@urm-l\)Iost bBthe solvent
10Wasw§sdtg§xgreh‘fo'v£é TP @e%ggédcrprgs%hr% agé (aae \I\% gtlrggte ‘il;‘?tF’éﬂ diluted pith

m nut es, and he resul m xXtu
sarfihyl @pgsese é‘tQﬁ»mL} étrwmmmwshad hmhrSMraTdraBaqaed)us&Bﬂlﬁm
verigedrbéiate (2% BOUAH) Mne r(%ﬁlig gncp{hg orgramc lﬁ)(eé%werte Siried over

re5|8ue was Iaced unde
pr 9P %“Illfét‘*‘PF?ﬂﬁ%‘SYe@ %P“%W@)te 5\%|E1¢ selvents varacteveetier

b y rbﬁc%pre@é&%d IMs'ﬁiuemers plgfﬁi:led by )HE?.@ B%Gﬁéo_lgg ﬁl%jrt?gkutnb S:tate

g urificatio npound
s 0 | F“?)da 950“@ (Préé)r(g/ﬂﬁ i23 hichoyas-cBargeletitodyyi 1C/MS
aci (ﬂCB(SQMHXrB/z%SB 23).

Example 8

Scheme 8: Synthesis of Example 055

N7
o
H
OH 4 N/g(osn HOBT, HBTU \/U\ PdrC, Hz N
BochH i DIEA, THF, 0°C O8N, oo~ BocH \é/U\OH
002

0°C

051
Lv:Q ~
-
O HOBT, HBTU Ho§ /¢E0 _TFA_
+ N LB LN 5 \/‘L
= I DIEA, THF, 0o BOoHN I N DM, 0°C
~ph o]
053

(008)

COH
HOBT, HBTU
7
+ /(;{l "DIEA, THF. 0°C \/U\

(009)
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g, 31 mvol), HOBT (4.7 g, 35 nmmol) and HBTU (12.5 g,
35 mol) in tetrahydrofuran (400 nL) was added a

weabaroses4 of N, N-di i sopropyl et hyl ami ne (20 nlPCiTS2006/043503

tetrahydrofuran (100 nL) over 10 m nutes, and the pH
of the resulting 20 m xture was -8. The m xture was
stirred at roomtenperature for another 5 hours. Most
of the solvent was then renoved under reduced pressure
and diluted with ethyl acetate (1.0 L). It was then
washed with saturated agueous sodi um bi carbonate (2 x
100 cBlupodtoby)-ne (100 mL) and the organic |ayers were
dri ed over sodlun1sulfate and filtered through

grelelst e- 54‘2 e51 0% golftei’d;r?/ﬁleg%v\?a\egf -8 ?fﬁ?ﬁ\c{lgg%lg 'aﬁ%g gﬁ %“f %i mmol), L-
chrB § g“éﬂ”b‘fﬂ% dé?ﬂﬁ‘l%’ldﬁ;@ozaébﬁ at %76 tgnolp VBT E0.68 g,
( 049 ngchd) an@anm (qts B3 &HANIR b F YA (160 M) (e RRucd o

d t]
of °d‘%‘}“ ‘t?? %%“50 rgpyjo‘ﬁglal%;']“q é\ i} wﬁyfm}wﬂwﬁann ( 11)081[2) The
L) mix3@rewess stittetbat r&&n %rﬂds’r&x(eigpadw)er 3 TB6rs i@ Hleh! 'dpgted with

m X tlr under 1 atnnsp ere
hydértg%lgaﬁx\@%r(%zld T usBerd e s3hiv o0 adleont RehoT oronete (2.x 50

t hr ol PndCeririet (€00 m6.9 aMDhE @%%Wﬁw%@n@@%@&%%m%ate and
SA5diRdEl {h%g% il lfﬁe \slv"iven\{\?vaf felrré&vgé Wpder reduced pressure and

t et r ahydr of ur an. e organi c

10c o ride Fstdie s pded byeﬂhﬁh eliropragpsaphg (Bex@nd hialaRl1WBSSE) 1o

hi gdrodi ; 4
chggcter 2o byond tb- (1 MG o8 e W
Y ‘hout further purification. 5 Cbnpound (045):
T 0C f (044 d (006 1.9 g, 85 1),
Hoé‘?"”( 896&5“ 3 ?rm)l() a)ndarIjIBTEJ (5) 4(g, 14 rmol)minrjl :

tetrahydgo was ded a solution of
N, N-di i g{)pafr %@ °“§“r?§7 |°£m3)dém(‘8tfﬂwgmfa@n &HR9 ML} yas added10 % Pd/C

15: gt(i Ahipg) @JffiﬁtharcS(lllxﬁg rdu)tgltre \gis&émwa W§1r\ﬁﬁ§?rslgdtﬁ1[,§ﬁlegtof
ol TUGRERER LS, LA m B 3 thadiioratiaan prkissis andhe fitr

25

30

t h&akewas vashgd with eetiahydrdfuiratt. Gtle wigahic iy a8 @Rh&bfcentrated

h d
( 4dié'ftr)adticgc§a }r)f@gsﬁlg% ate]l%lqaéﬂ%ﬁ élBQer\i\\';g}h Vﬁxgl?%l?'l :;q?ér%(glg %ﬁ%? %& A§/MS

t thGF AMED 'T‘/ﬁydell“s?)wév@ s wsed ovtbout feoickir porifieHtbat € and
f|| ered@%&;g)gh Celite-545. The solvents were renoved
un 8rPoY celd presSure and residue was purified by

HPLC (a cetate 15 and acetonitrile) to
pr ovi Sjeq‘?(ﬁké S?’f.‘%‘?s"gf)@ %{ﬁ"@ﬁo%iéo -85 &r B8 menol) dTOBY (()) 70 g, 5.3

L Crvsl) apd HBTU (1.70 g, 4.9 mmol) in tetrahydrofuran (100 mL) was added a
solution of N,N-diisopropylethylamine (3 mL) in tetrahydrofuran (10 mL) and the
mixture was stirred at room temperature overnight. It was then diluted with ethyl
acetate (200 mL) and washed with saturated aqueous sodium bicarbonate (2 x 50
mL) and brine (50 mL). The organic layers were dried over sodium sulfate and
filtered through Celite-545, and the solvents were removed under reduced pressure
and the residue was purified by flash chromatography (hexane and ethyl acetate) and
HPLC (aqueous ammonium acetate and acetonitrile) to provide (05 3) (1.51 g) which
was characterized by LC/MS (LCRS (MH) nv/z: 567.21).

Compound (054):
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m z: 453.23). Exanple 8 Schene 8: Synthesis

gkchsagrpwll_% 055 N~'\ N~)N~ Ph O O OBn HOST, HBTU H
weab@/osédeld BoCNH OH + H2N DI EA, THF, OC cNH N eBm/uEskios/043503

O CBocNHNOH O0O0O\Ph O'Ph 050 002 051 052 N~
N~ O HOST, HBTU H O TFA p O ': N + H2N O EA THF. 00C
BHN N, NDCM OCH2ZN HOO-1 Ph OO 11 Ph O (006)
053 054 NQCOzxH OO + / 1 HOBT,HBTU N~ O OW DI EA
THF, OCNNHPh O (009) ONOHO55 -70 WO
2007/ 056464 PCT/ US2006/ 043503 Conpound (051): To a 0OC

soI uti ontef ONS BOGebn (IBXi‘F?: (‘gb{é %‘g’; Efgéqoi% dichiQoethane (10

h
hy dg‘&gﬁr‘gé piidrd f(lge%r;aqemc gcid (1BmLE anﬁﬂie)rﬁsmeSO(lﬁxoﬁSVa@ stirred at
5. Othensdring tediyrdtd e o 2hoSePhow: Cf:(';%gln)on whs concentrated under reduced

n (100 nL) was a
tet {)r%gs)(xger gnfdu}{laaced nder hlgh)vacuum to provide (054) as confirmed by LC/MS

5 (LCRS (MH) m/z: 467. 26) which was used without further purification.
Compound (055):

To a 0°C solution of (054) and 5-methyl-isoxazole-3-carboxylic acid (009)

(127 mg, 1.0 mmol), HOBT (135 mg, 1.0 mmol) and HBTU (350 mg, 1.0 mmol) in
tetrahydrofuran (100 mL) was added a solution of N,N-diisopropylethylamine (0.5

10 mlL) in tetrahydrofuran (2 mL). The mixture was stirred at room temperature for 5
hours. It was then diluted with ethyl acetate (200 mL) and washed with saturated
aqueous sodium bicarbonate (2 x 10 mL) and brine (10 mL). The organic layers
were dried over sodium sulfate and filtered through Celite-545, the solvents were
removed under reduced preésure and the residue was purified by HPLC (aqueous

15  ammonium acetate and acetonitrile) to provide (055) (40 mg) which was
characterized by LC/MS (LCRS (MH) m/z: 576.27); >80% proteasome CT-L
inhibition at 20 mg/kg PO.

Example 9
Scheme 9: Synthesis of Example 061

o
H H
BT Pd/IC, H. \/&
o oH & n N/(n,osn HOBT, HBTU Boc NEN\_)KOBH 2 o Boent N Non
oc . DIEA THF, 0oC = THF, coC z
o) ~ (o] ~
Ph
058

Ph
057

H

) HOBT, HBTU \/q(n /&;R _TFA \i
+ /¢Q — . \/lL "DCM,0°C . HaN

HaN DIEA, THF, doc ~ BO°HN

'\

060

coH
Q \/</_\( “" _HoBT,HBTY N\)OL o
+ N DIEA THF.0G W I N
o X o
Ph
061

o-N
20 022
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5 solution of N, Ndiisopropylethylamne (1.6 nL) in
tetrahydrofuran (10 nL). The mxture was stirred at

woammnosesper at ure for anot her 3 hours and t henpdiriusted/ 043503

with ethyl acetate (200 nL), washed with saturated
aqueous sodi um bi carbonate (2 x 50 nL) and brine (100
m.) and the organic |layers were dried over sodi um
sulfate and filtered through Celite-545. The sol vent
was renoved under reduced pressure and 10 the residue
was purified by flash chromatography (hexane and et hyl
aceteb@duddusprovi de (051) (1.45 g) which was
characterized by L MS (LCRS (MH) mlz: 504.24).

ConpoundTé 892 solh@oroOE HyelIuf,i i
tr ey O T Ao (056 P 0 mreD koo

tetrah of uran (100
ng) {;@eﬁ’ﬁ%gﬁﬁ‘énerb&ﬂﬁfﬁtﬁbﬂ)}%%we\A%Z) 41 - ewbd Mmool tHOBT (1.0 g, 7.4
undeymol) akdRBPUER.6 gpf.4 nhnisly le%ﬁaﬁ}fa;ofﬂran?wosmL;Qgs added a

i hen filtered through Celite-545 9
£ MBS QU CITLC B A TR o
or geh)-clheinhitctuae was/\gmﬁgaemoﬁpﬁﬁ@efaﬁa& ﬁﬁlts HOUEEId gl%%g@%d with
g;ef@ibse@%g%@ﬁ?ma%ﬁ?i&ﬁﬁa _ré';égﬁﬁlljeg]ﬁs o lgrg zbéliggrebogate (2x50
wi t REUend brre{@90 mild,i il ¢lat dreanic BPerCorpOMd dvRBHdiun] Qulfte and

B I i

‘?Sé’l‘fﬁmaéplﬁ'i*%w 1 h shyomatesrgdhgt €blexane sal éthyl@Bet@E) to
N, Norovie @B P Rulcathg AL NS ' of ur an
(10 ni) g the el urggnv\éeg bgtﬁ)‘%’ Méﬁ%ﬂ%%ﬂi m/zi 455125).
t enfperatmd @ssyernight. It was then diluted with ethyl
25 acetate (200 nl) and washed with saturated aqueous
sodi um Biooed Eosttien oZ (057501308, 2835 hrks1) Mtete ) afIRlran V8 mr)

or [ dried, over, .sodi.um sul f at &€ and
1 P84S HRE BIMEHB0 Ble °EEreSiiRe fisdhsovapanio ot sicunder 1

15r erptveshern @€ hydreghrcfod4 pres STHeanixaiiel whb 616688 B WBSite-545

fahdl HRATIRY e aph he e.and et
Sﬂe?a%%g‘f‘%’n’ G SR E AR ThEalRe Ssten
ac EPRTPER P Byder sedyerstprdesule0Ba placad bideghightaslund® pieside (058)

Compounained S8 LR (RS et S ot Ukbt e ot furter

To PR
To PHBY98Y uti on of (053) (200 mg, 0.352 mol) in

20?285%%?%ﬁ§%53¥e (10 nmL) was added trifluoroacetic acid

25

30

he resulting solution was stirred at

was. conadntr G o it S oS FARM05 (0.8 4.6 mmon, HOBT 062 5, 4.6
mmol) and HBTU (1.70 g, 4.9 mmol) iq tetrahydrofuran (100 mL) was added a
solution of N,N-diisopropylethylamine (2.4 mL) in tetrahydrofuran (10 mL). The
mixture was stirred at room temperature overnight and was then diluted with ethyl
acetate (200 mL) and washed with saturated aqueous sodium bicarbonate (2 x 50
mL) and brine (50 mL). The organic layers were dried over sodium sulfate and
filtered through Celite-545. The solvents were then removed under reduced pressure
and the residue was purified by HPLC (aqueous ammonium acetate and acetonitrile)

to provide (059) (1.21 g) which was characterized by LC/MS (LCRS (MH) m/z:
518.32).
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pressure and pl aced under high vacuumto provide (054)
as confirmed by LOCMS 5 (LCRS (MH) mz: 467.26) which

woasosed4w t hout further purification. Conmporam/UsS2006/043503

(055): To a OC solution of (054) and
5- net hyl -i soxazol e-3-carboxylic acid (009) (127 ny,
1.0 mmol ), HOBT (135 ng, 1.0 mmol) and HBTU (350 ny,
1.0 mol) in tetrahydrofuran (100 nL) was added a
solution of NN-diisopropylethylamne (0.5 10 nL) in
tetrahydrofuran (2 nL). The mi xture was stirred at
roomheaRai@sgre for 5 hours. It was then diluted
with e‘tghyl acd(}et ate (200 nL) and washed with saturated
aqueous BOSl DR 195 @240%m f%P

. The qc: %?nl c Ia‘g{ras )vvere %01& of}n%lc%[or%q’etgane (10 mL)
suI ‘f’%\st"él sh Wofqaé?té’cﬁctqﬂlgm‘glﬁ @l the eesBliSg selhdorswhs/@inted at the
wer amertefpetedre foflSioth? U %@6&%% ﬁ%%ré Q(@nce?t? ! (ylgﬁlgr

nium ace

fied b PLC (
ggﬁe’i’eg‘g‘igfl Plfq%ﬂﬁre g‘&”ﬁ?‘&‘}l ‘g‘ggr%gégyacem torgiovidei(B60)wwa sonfirmed by

15

C halt /M S (LRSI (MWL) ki MBS QbR ch Ma) wildzyi
pr ot easonme CT-L )I nhi bi tlgﬁﬁgt 2o“m§lzw t&l@ﬁ%ﬂrpmﬁga@on

ScHeqreroand Gidhesi s of Exanple 061 Ph Y OH + H I\I(Bn
HOST, HBTU J~NH Pd/C, ~ TH HZ H BocNH Z 1O DI EA, THF,
OTC BocNi? 3 9°C solien PEEOGOT @hd (OB@)c@‘ilelz hliEOB150 mrﬁ&fﬁ, 08T ﬁoz mg

05%)% ﬂﬁ%ﬁgoﬁ) aH@IB%(%E%é% ) in Eﬁl?rdhow ﬂ,ﬁ(? 6']19'@'@6
6%cba s%ut@z}qN N-diisppragylethgming (.38 rol)Gn tﬁ'ahy&ﬂ:lﬁlr@l (2mlL)
EA,anHl'HE: mBfce Walstirred at room temperature for another 4 hours. It was then
diluted with ethyl acetate (200 mL) and washed with saturated aqueous sodium
bicarbonate (2 x 10 mL) and brine (10 mL). The organic layers were dried over
sodium sulfate and filtered through Celite-545. The solvents were removed under
reduced pressure and the residue was purified by HPLC (aqueous ammonium acetate
and acetonitrile) to provide (061) (88.4 mg) which was characterized by LC/MS
(LCRS (MH) m/z: 612.33); >80% proteasome CT-L inhibition at 40 mg/kg PO.
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N 20 022 O-NHO0610 - Ph HO -72 WD 2007/ 056464

PCT/ US2006/ 043503 Conpound (057): To a 0OC sol ution of
woORkBOmsé46m- val i ne (056) (1.0 g, 4.6 Mol ), L- PCT/US2006/043503

phenyl al ani ne benzyl ester hydrochloride (002) (1.4 g,

4.6 mmol), HOST (1.0 g, 7.4 mol) and HBTU (2.8 g,

7.4 mol) in tetrahydrofuran (100 nL) was added a 5

solution of N, N-diisopropylethylamne (3.2 nL, 18.4

mrol ) in tetrahydrofuran (10 nlL). The m xture was

stirred at roomtenperature for 3 hours and then

di | mxeshpyd 1 ethyl acetate (200 nl), washed with

sat urat ed aqueous sodi um bi carbonate (2 x 50 nlL) and

bri SehdriO0:Myhthesid@f ERE@mPIORH]I C | ayers were dried over

sodiumsul fate and filtered through Celite-545. The

sol venteanas renoved under reducedmgressure and 10 thgo

resi dueswas puri r"%?l bé{ flash chro tﬁaphy (hexane 09

and set Ohcetrat " N fas: . A

charactepi zed by BC/I\/BD W(M—D z: \4%';51 HHyC P [ o

Conpourt?(058): ¥% a 0C sol ution of o§2057) (1.30g, 064

2.875 mrnol) in tetrahydrofuran (100 nL) was added

10% Pd/ C\(100 ng). The resukbi ng m xture was al | owed
to sti r)‘é“zﬁﬁr 1 .15 at nosphere of ogen for 4
houts ki i Xt s f b . Nd)L

the fil{et cake was washed wid hig,Et rcahydrofuran The <
filtrate€’was then concentrate®sunder reduced pr essube
and pl aced under high vacuumto provide (058) as
confirmed by LC M5 (LCRS (M—|) nmz: 365.2) which was
used withogy, further purifi ca}i on. i Conpound (059):
To @ QC Iut_lt'eﬂ_*&*U_(SS ad( g, 4.6

mol ) , T (BE‘B‘ZFE;C choas\% (1 70 g, 4.9
mol ) i mezt etrahydrofuran 100 ) “myas “added a

sol ution of N, N-diisopropyl etoﬁyl amne (2.4 nL) in

t etCakpear@fossan (10 ml). The mixture was stirred at
room tenperature overnight and was then diluted with

Set hyl 2T oac@Cadofutipd @ONIB Y- er!@ﬁ]la d
e %Q ]SOdI m b tl(e:)ar g at eﬁgg ?@HAS g)ngq{#&agl%?ga L-
;f’ “’éﬁa a%‘F‘%, ZX Ty Y@r%%é?rédeo(ﬁp@d 16vae - 3o tioDnHOBITT Atss g,
?E& -5 fairlol)emd HRT I8 b, €8 hirk&) Mémh%%f&gh }/ﬁi@trﬁw‘@% added a
er ressyre an e resi
B e B e R L Pl i o ceelase G The

ac Aishre vy %l)Ted at room temperature for another 3 hours and then diluted with

Ph

Ph

10 ethyl acetate (200 mL) and washed with saturated aqueous sodium bicarbonate (2 x
50 mL) and brine (100 mL). The organic layers were dried over sodium sulfate and
filtered through Celite-545. The solvents were removed under reduced pressure and
the residue was purified by flash chromatography (hexane and ethyl acetate) to

provide (063) (1.81 g) which was characterized by LC/MS (LCRS (MH) m/z:
15 471.24).

Compound (064):

To a 0°C solution of (063) (1.35 g, 2.875 mmol) in tetrahydrofuran (100 mL)
was added 10 % Pd/C (100 mg). The resulting mixture was allowed to stir under 1
atmosphere of hydrogen for 4 hours. The mixture was filtered through Celite-545
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. . i zed by
to provide (059) (1.21 g) which was characterize
LT IE/IS (LCRS( (MH) mz: 30 518.32). -73 WD 2007/ 056464

WOCHI719S2406/ 043503 Conpound (060): To a 0C solkariusm06/043503

9 250 , 0.48 mmol) in dichloronethane (10 nlL)
&gg édéed t??fluoroacetic acid (10 nL.), and the
resulting solution was stirred at the sane
tenperature for another hour. The organic |ayers were
concentrated under 5 reduced pressure and placed under
hi gh vacuum to provide (060) as confirnmed by LCYN?her
( LCRR1 thivtiiten e véa%%va%ﬁe)g %}a m‘ﬁrs e%n\é\g qt’rg%)r}lf% ﬁ[tg#e el
purification. . Compoun P68 '
( 066?“°5ﬂﬁatf‘g‘2%3€f {oipgedrmessure8d paotd yndeOBEh (vAGMing,provide (064)
0. 7ds contfinhedbyl LEBEL (Léﬁg (M) 39227%4?% k&)hiéth/as used wit%aout further
tetrahgdrofuran (100 nL) was 10 added a solution'o
N,NP fﬁ?gﬁ?opylethylanine (0.35 nL) in tetrahydrofuran

2 and e mxture was stirred at room _
fen%%%ﬁ?uréﬂggf another 4 hours. It was then diluted

ith eth ed with saturated
Aqueous Z%a?ﬁ?@lkﬁ%‘é‘?‘ﬁ@ﬁ%%d?@%m? iy amp HORT (162 .1
L) PR HRRY €17 Gget 8 muer )smdct:ra_éxjr wéen ot ( 0 ?gglvi/seant «da
sul éonltfnyTN ,ﬁLdlisgﬁI%g%]Etmplg{ﬁ% (](9% rlniginEEetragwgr an (10amky), dhe
wer e. renoved _under reduced pressure . }
was B 138 GHIBSH 2mpemn Ceppestiurs oxemmighit amd theetidnted with @thyl

1Gac edconaid @D &)L) ta0d Prachedda i Q6L ed

888, Wh; \f@:u‘:h Yoz 50
' Mz 612 é?s’rf AB o
;Pg'g’ggé"?n%‘z’%%@xﬁ% ‘E'\%S ‘FE"t(ﬂli_FCg?efg, Glerﬁgslrv'@él aoe) sodiufd suMBte and

200 t<p&bthEot gRCELS2A30 GhOLIRDS w %m(l)v%% Jagc(l)éa%gd é&s‘.\re and

' Ve h )
et R e es PRAER e et ammpmiumapratn snd meiangl
Bx NFP G (068L (U 1-0kvhibh @aQrikHctedice Db PH@/M9 2LERS (Rt A64

15Ph 534.31).

Compound (066):

To a 0°C solution of (065) (230 mg, 0.43 mmol) in dichloromethane (20 mL)
was added trifluoroacetic acid (10 mL), and the resulting solution was stirred at the

same temperature for another one hour. The reaction mixture was then concentrated

20 under reduced pressure and placed under high vacuum to provide (066) as confirmed

25

30

by LC/MS (LCRS (MH) m/z: 434.26) which was used without further purification.
Compound (068):

To a 0°C solution of (066) and 5-isopropylisoxazole-B-carboxylic acid (067)
(81 mg, 0.52 mmol), HOBT ‘(93 mg, 0.69 mmol) and HBTU (262 mg, 0.69 mmol) in
tetrahydrofuran (100 mL) was added a solution of N,N-diisopropylethylamine (030
mL) in tetrahydrofuran (2 mL) and the mixture was stirred at room temperature for
another 4 hours. It was then diluted with ethyl acetate (200 mL) and washed with
saturated aqueous sodium bicarbonate (2 x 10 mL) and brine (10 mL). The organic
layers were dried over sodium sulfate and filtered through Celite-545. The solvents
were removed under reduced pressure and the residue was purified by HPLC

(aqueous ammonijum acetate and acetonitrile) to provide (068) (75.7 mg) which was
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Meo Mo + O HOST, HBTU H O p TFA H O O H2ZN O DI EA
THF, O0C BOCHN NLH OCM OC HzN NH O "Ph O O "Ph 0 006

wO0@bo7086464 Vao COZH HOBT. HBTU O H O o  + /, N DI B&T/USRAG6/043503

10

15

OC Nv N 067 p-N O -~PhH O 068 Conpound (063): 5 To
a 0C solution of N Boc-HoSer(Owe)-OH (062) (1.0 g, 4.3
mmol ), L- phenyl al ani ne benzyl ester hydrochl oride
(002) (1.3 g, 4.3 nmol), HOBT (0.88 g, 6.5 nmol) and
HBTU (2.3 g, 6.5 nmmol) in tetrahydrofuran (100 nlL) was
added a solution of N, N-diisopropylethylamne (2.0
ML) cHafactegibé dearyy The Xhpr e was
St'xﬁ[ug)d at cfﬂcs)%mte Ig(rﬂgégwgb?wr Anot ﬂ]e 34W8%%§°“?fnﬁT'L
fonatd0 et B® et hyl acetate (200 nl) and washed
aﬁ Sahun ted aqueous sodi um bi carbonate (2 x .50 ni)
FHipls ?100 m.). The organic |ayers were dried over
SO I f and t hrough Celite-545. The
soldévéélhmtnéq\}\e &Pgsﬁ%‘\)/%% alf‘h'glgﬁ% fppeedrhtlessure and the
residue was purified by flash chromat ography (hexane
and ethyl acetate) to provide (063) (1.81 g) which

was chaﬁfen zed by LC MELCRS (M) mz: }5 47'10/2p4) 3
Conpo G50l et THERIEE~ aGaN (M. (ﬁ&»
2.875 InD, bidg ahydr offur afsTi®6 i) s % e e
% Pd/ Cgd00 ng). The revmd ting m xture Wwgg “aite] owed ‘Y'Y
stir under 1 atnosphere of hydrogen for 4 hours. The

m xture was filtered through Celite-545 -75V\D

2007/ 056464°PCT,US2006/ 043§Q§ and the fil te5 C
washed, i th et Lal@dr of The romgani C H@i D
concentratefl upder ré d‘ pr esFuyesand g def_ Bom. 0°C
hi gh vacuugyt o ¥ovi de (R§4) ora oM
OMe OMe
H O
O HOBT, N
‘{),\{'\,)J\N/Qf \)LOH + DIEA, Ttl?:ﬂoj"c \(\’/U\ /[“/ \/[L
O OMe
006 075
Compound (070):

To a solution of L-serine (methyl ether) hydrochloride (069) (1.0 g,
6.4mmol) in water/dioxane (1:1, 80ml) was added sodium hydroxide (768mg,
19.2mmol). After the mixture was stirred at room temperature for 30 minutes, it was
cooled to 0 °C, and a solution of 9-fluorenylmethyl chloroformate (1.65 g, 6.4mmol)
in dioxane (16 mL) was added dropwisely. The reaction mixture was allowed to stir
at room temperature for another 4 hours. The solvents were then removed, the
residue was diluted with water and the pH was adjusted to ~1 with 1N HCI, and the
aqueous layer was extracted with ethyl acetate (4 x 100 mL). The organic layers
were concentrated under reduced pressure and placed under high vacuum to provide

(070) (1.8 g) as confirmed by LC/MS (LCRS (MH) m/z: 342.13) which was used
without further purification.
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as confirmed by LOMS (LCRS (MH) mz: 381.19) which
was used without further purification. 5 Conpound

w0Q6e)0s6460 a OC sol ution of (065) and (006) (OP@9/US2006/043503

4.6 mol ), HOBT (0.62 g, 4.6 mmol) and HBTU (1.70 g,

4.9 mmol) in tetrahydrofuran (100 nL) was added a
solution of N, N-diisopropylethylamne (2.4 nL) in
tetrahydrofuran (10 nL). The mnmixture was stirred at

room tenperature overnight and then diluted with ethyl

10 acetate (200 m.) and washed wi th saturated aqueous
sodtun1b| nate (2 x 50 nL) and brine (50 nL). The
orgam@zfdﬁ6 “were dried over sodium sul fate and

filter edrhdyauahRl & Sding 1116 381 FALSNELS yfifOVed
under reduced pressure é Fhe e was ur ed

by ¢irhlerqmsierse s agirdasky ifmeéﬁe(t\@)dﬁd (Qﬂ@b(iémmg, i1l éenmiot) was
Pr O¥is &gy I

LMD (1R eQiQQ Q)(cll\l/lﬁfogonléthé})e 121% t&&eé@lﬁﬁ&#%?ﬁd@ﬁ é%‘ﬁ%ggi/mld%ole 95
2 0lso? omadhfodpwed B MSINYB G 7rmng, 0.648metypiOnce the resulting mixture
di chlaieeamt héﬂ@géx@@s H’B)mm § iPILe SQ:‘ i L Y RS et £

acid (10 nL), and resu tlng |on was s?;trrelnasa
at USReNSORR dwhhmﬁhw& dp- “éhmteﬁénnmectiwumxtuw was allowed

I eaish e dViedtist CTMASsih RRS ﬂ%ﬁ'}ﬁt%fgdfcﬁ‘%ﬁﬂ washe\IRE DMF (3 x 20

vacuumto

d d_pl d d
or o a8 8] 78 onPENEER 2B Lo o Towerss Fivky ield 071,

10434(:. rgg%\/\?(g@@was used without further purification.

To a 0C solution of (066) and

8 '5§°pr et QOIS0 0,195 RPN, W Pk agolyviob ab 2
0. 6IPeRTNG muhﬁN-CB@etletfpahmid@(Mrah) {rii0Be resylting miadaothsahaken
SOl 4t b A tehpedbtiYe Fbi ﬁ)qﬂfn%\é %@Xélﬁ Wa@ %ltérgd %8‘ n’id)was}éed with

tetrahydrofiuran (2 rrre
r ot teisdndiognamidg (3 xaﬁ @wd@mplgetme (Ras20t B Ntwice.

d| | ut ed acetate (200 nL) and washed with
Bsat ur at eﬁg %E&ﬂé‘@d’d?ﬂ?ﬂ%ﬁ%@?ﬁ%ﬂ@%@&g mnak H63ang) in N,N-

br i dimethiFoimhamidd (1© BLORMN Aided BVEIS(108 fy, 057785may; eIJiBTU (291
q“g’ Ifa) ?dfl” le)ﬂthro¢lg Celite-545. "The

sol'vent s MBAE SRR 084 le d-9ramely Q%@e

t herewémIgjmectwnabeqamei Hoimexgeinyus HRE €2s{na(Q L8 Gk o L DDM A }J%s added

o e 5 BB b w TP o 0 67 ekt The i was

20¢ hahmﬁlémdz efﬂ' afy whhel/B/i(hlITAB (ML) HCM G 8 I3 MeOH Q%mL),

P AERAEOYRLYCHMF (10 mL), MeOH (10 mL), and DCM (10 mL), and allowed to
air dry to yield (072).

Compound (073):

To (072) (300 mg, 0.19 mmol) was added a solution of 20% piperidine in

25  N,N-dimethylformamide (20 mL) and the resulting mixture was shaken at room

30

temperature for 30 minutes. The resin was filtered off and washed with N,N-

dimethylformamide (3 x 20 mL) and dichloromethane (3 x 20 mL) twice.

To a 0°C solution of (009) (61 mg, 0.48 mmol) in N,N-dimethylformamide
(2 mL) was added HOBT (104 mg, 0.77 mmol), HBTU (291 mg 0.77 mmol) and
N,N-diisopropylethylamine (0.34 mL, 1.92 mmol). Once the resulting mixture
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inhibition at 40 ng/ kg PO Exanple 11 Schene 11:

Synthesis of Exanple 075 (approach A) Owe f Ove OH
wOonb®ase6d- C--P- OH HWB re=in . 0 |. 20% Pi pePC@iuse006/043503

H, N NaOH DI FA. HOST FnocHN, 2. DI EA HOST O H20,

D oxane 0 HBTU. DMF HBTU, DMF 069 070 OW'OM (070)

Ok OCZHOW - OO 1. 20%Pi eridine FnocHN N,,,U-O

+ pi NNO- TFA- OON2. UDMHOBT NH O DCM CC Owe

HBT O N 072 009 073 O Ow OO0 OV ONI" O N NOH +

O HOST. HBTU N H - H ~( H H2N DIEA, THF, OCHH O. N O

006 ound ,(070) ;
o sotarcasaroiedrs Ret (LG O 7 mpR DR RGoed e ione
( 06‘9}1“(01‘ TOIXgIre WaS a]ﬂnwﬁd)to isimkeat sofrdieonyenatird dve];mgﬁtoflfﬁé resin was
e e e
ni nd0a8L), DMEEY mb), Masdkd (10 LD a@i DEM (&) ©b), ahd 6lovodd to air dry

9 fq 18 yethyl chloroformate (1.65 g, 6.4nmmol) in
dlo;gﬁi ?Mg nm.) was added dropwi sely. The reaction

m xComgoundg024)} owed to stir at roomtenperature for
anot her 4 hours. The solvents were then renoved, the

resi due 'ma@m)' wmamewatsaum @ﬂsoa@dfﬁmowzkemacﬁ%ust ed

ueous
exct iceabiolials U e 735 et TRk i yowmieo shaaivicso
| ay'EFlslteES The reelmmmm fladredloff ate wasted Mgﬁxdi)mﬂ&sméﬂﬁn@@@c 10
| 7
logoﬁr]fllﬁr o latﬁ%b'\g\é %\gd Mi_é% {5 ucet? B ui%)anév‘[]he gﬁg Wgs
us e®mpound (074) was characterized by LC/MS (LCRS (MH) m/z: 330.12) and used
without further purification.

Compound (075):

To a 0°C solution of (074) and (006) (78 mg, 0.38 mmol), HOBT (41 mg,

15 0.30 mmol) and HBTU (116 mg, 0.30 mmol) in acetonitrile (50 mL) was added a
solution of N,N-diisopropylethylamine (0.1 mL, 0.6 mmol). The mixture was stirred
at 0 - 4°C overnight and then diluted with ethyl acetate (200 mL). It was then
washed with saturated aqueous sodium bicarbonate (2 x 10 mL) and brine (10 mL)
and the organic layers were dried over sodium sulfate and filtered throu gh Celite-

20 545. The solvents were removed under reduced pressure and the residue was
purified by HPLC (aqueous ammonium acetate and acetonitrile) to provide (075) (29
mg) which was characterized by LC/MS (LCRS (MH) m/z: 483.24); >80%
proteasome CT-L inhibition at 20 mg/kg PO.
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wi t hout further purification. -77 WO 2007/ 056464
PCT/ US2006/ 043503 Conpound (071): The resin HWB- BHA

W@ 2@0/0mg64 0. 32 mmol ) was washed with di chl or oPEL/H82006/043503
In a dry flask, Fnoc-Ser(Me)-0OH (070) (546 ng, 1.6
mol ) was dissol ved in dichloronethane and to the
sol ution was added 1-nethylim dazole (95 5L, 1.2
nmol ) followed by MSNT (474 ng, 1.6 mml). Once the
resulting m xture had becone honogenous (10 m nutes)
it was added to the HWPB-BHA resin as a suspension in
di gRl Fgrﬁt hane (5 nL). The resulting reaction m xture
was al Fowed to shake overnight. The resin was then
fi blRmRoh0f aﬁglswme Y 373 (Mme.a]ﬁ 20 m), MeOH (3
x 20 ), m'_’ and owedto air dry to
yield (6m1). 10 Corrpound o(\,.p72) Resin (1) (300 nyg, oMe
0, 122, i) macrpaned | o golaeior oi%xo 000 oo
pi F&'tdilne i nENN i neeeHy Y or T e 20 0L) aibnE be
resul tbdag m Xt ure was sh@ken at roomt@ﬂrperature for 078
30 mnutes. The resin was filtered off and washed wth
N, N- di rrethylformam de (3 x ¢0 nL) and di chl ororrethan

\OMe

(ﬁgééép(m t C*’ig%s To a solig_tligé_ﬂqgf W(%LM .
Mdadn h A Q, | 18 )

di methys f or rmmode\(,h;]eo m) wls addBd"HEBT (104 Mg, f).
nmol ), HBTU (21 ng, 0.77 %&§ol) and 080

di i sopropyl ethylamne (0.34 nmL, 1.92 mmol). Once the

resul ting mxture be ame honogenous, the resin (0.13
mml 200 ng)° and nresul ting reacdil e
T Shake/ verm”’—c’é-h%'——'Fh
20 then’ f| te e Qi f dand wasked wi'thi "BNF (1004L) F OMe

(10 L), MeCH (oao m_) H20 %0 i), DWVF (10 ni),

(10 n.), and DCM (10 nL), and allowed to air dry to

yield (072). Conpound (073): To (072) (300 ng, 0.19

5 mmebypwasi @dded a sol uti on of 20% pi peridine in 25

NN- di net hyl f ormarni de (20 nL) and the resulting

m xt ur eTaad°s salution afoli“mrﬁerinﬁmp@whﬂbﬂequfﬁiﬁ)g, 200 mmol),
m %gtlgﬁamﬂ;g %ZJ ?é' ﬂSOViﬁt%og lah,§ 81 é&ﬂneg{yf]arﬁipg gl Céiﬁ@ g,with

f ormam de hl or onet hane
( 3 dseh@e)omt)mml &) s 24 e’@ %oétrtm% Rewp! elgomforpate (Y g 240

0. 4&adi)R @icHl&oMeNfagé 30 1 Y R B0InHRitesAd Mle) reiBSn A S8 de was

HOBT (104 nyg, 77 m’mlt) HBTU (291 0.77 nmol) and
10 stirred at the same temperature or another 3 hours Saturated aqueous sodium

bicarbonate (200 mL) was then added and the organic layer was washed with
saturated aqueous sodium bicarbonate (200 mL) and brine (200 mL). The organic
layers were dried over sodium sulfate and filtered through Celite-545. The solvents
were removed under reduced pressure and residue was purified by flash

15  chromatography (hexane and ethyl acetate) to provide (076) (54 g) which was
characterized by LC/MS (LCRS (MH) m/z: 310.16).

Compound (077):
To a 0°C solution of (076) (54 g, 174.6 mmol) in dichloromethane (200 mL)
was added trifluoroacetic acid (200 mL) over 10 minutes, and the resulting mixture

20  was stirred at the same temperature for another 3 hours. The solvents were then

removed under reduced pressure and the residue was placed under high vacuum
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N, N-di i sopropyl et hyl am ne (0.34 nL, 1.92 mol).

ggce t he resﬂlt?ﬁg m xture -78 WO 2007/ 056464
WOCHIWS606/ 043503 becane honpgenous, the resPaT(30®6/043503

ng, 0.192 mmvl) was added and the resulting reaction

m xture was allowed to shake at roomtenperature

overnight. The resin was then filtered off, washed

with DMV (10 nmL), DCM (10 ni), MeOH (10 ni), H20 (10

m.), DMF (10 nmL), MeOH (10 ni), and DCM (10 ni), and

allowed to air dry 5 to yield (073). Conpound (074):

To 6&?&)ghwgaﬁng&@epb@sai%ﬂ{bm Tog;&*gr%rg{% fﬁgnﬁéLﬁW (ME) gz

:L;£#g§rﬂ%1%%gﬁ§%fWF@“W§§ﬂ§FPWW@UHPE shake for 30

esin was then filtered off and washed
ﬁ ﬁiéﬂ%gﬁ'%ethane (3 x 10 10 nL) The vol atiles

, and the desired
?ﬁr pound | o4 o GUTARES FoMPino By N qrsorim v ethen)
nBHgé@7 2236 arnqmﬂbs BOBT27 lep00 fntol)ad HBRITW | 71(3@%' 290-mmol) in
ng@@éﬂﬂac(erZﬁh “%H%F%% 45% ulti%pl 09%51& g % ﬁ?ﬁggqt]}ylgmﬂne (75 g,
HBT@%?'ETB' Hbtetreh fivrr (50 mlaoeetrdmmmuﬂea shB BT KneN@Suling
ad daftnge wa® B THIMQfurdNad] étir?‘e%gacc 9&%\1 & tgtp%l g{f agnother Srnﬁours

Was
ov %ﬁ%heafﬁg’e?ﬂ‘]é% ‘iléj‘ir”}e‘iﬁﬂ@é{edf\)iuﬂﬁ edhgad raestiatad (208sulting

IOrrL)matélﬁal\dﬂﬁteH e et abisle Y\l 6 h’? f[ﬁ@vh’sr %1? d ?ﬁﬁ%\pgxs aﬁx?gecy m
g:r 3‘ [‘Q°g‘s Pa ’“‘%“iﬁé‘?"é’ag& éol B%Ir) asré@rlawé)mmax anddiglorganic
fi llayersedere hlnedl gher@ecﬂlhfnesui}@teaﬂé ﬁlt&%@ tt}f]rglhérﬁgcg%l c-3%4 eigqe solvents
re an
B B A R Arg A e S B e Ao
ac ébmamgrmy (hexape and ethyl(20at50:) (O%QOWHQQO%{ 2%) h was

I e

heme 12:
20@6hoAbd7PCT/ US2006/ 043503 Exanple 12 Sc
Syntﬁggls @%Eéiénple 075' (approach B) Ove Ove Owve W

00C _ THAa(8QLolthibd of (079) (13.4 g, 32.7 mmol) in tetrahydrofuran (300 mL)
was added 10 % Pd/C (2.7 g) and the resulting mixture was allowed to stir under 1
atmosphere of hydrogen for 4 hours. The mixture was filtered through Celite-545

20  and the filter cake was washed with tetrahydrofuran. The organic layers were
concentrated under reduced pressure and placed under high vacuum to provide (079)

as confirmed by LC/MS (LCRS (MH) m/z: 321.16) which was used without further
purification.

Compound (580).'

25 To a 0°C solution of (079) and (006) (5.6 g, 26 mmol), HOBT (6.0 g, 41.4
mmol) and HBTU (14.8 g, 41.4 mmol) in tetrahydrofuran (400 mL) was added a
solution of N,N-diisopropylethylamine (23 mL) in tetrahydrofuran (40 mL) and the
mixture was stirred at room temperature overnight. Most of the solvent was then
removed under reduced pressure and the resulting material diluted with ethyl acetate

30 (500 mL) and washed with saturated aqueous sodium bicarbonate (2 x 100 mL) and

brine (100 mL). The organic layers were dried over sodium sulfate and filtered
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B EA C, , DVAP BocNH OH TEA, OCM 0BocNH OBn DCM CC

HZN OBn HOST, HBTU BOCNH NYOBn 0 0 O DIEA, THF, 0C O
wOR7/08044076 077 078 Ove Ove JO Pd/ C, HZ - - - PCHUS2006/043503

"OH + O HOBT, HBTU N THF, 0C O HZN O DVA, THF, 0C

BocHN 0 Ove 079 006 080 0 Ove OV IT j( TFAHOHO

CoZH DIEAB THF, O C OO HOHO -k~ DCM 0OC HZN N N +

/ ONNOOw 0 O009 O'NH-OWw 081 075 5 Conpound

(076): To a OC solution of N-Boc serine(nethyl

ether)-OH (43.8 g, 200 nmml ), triethylamne (26.5 g,

260nf5uRh LRt 44: Tl L ufidSed Dod o

di chf?grgo%r:et hane g?lé!m?‘;Le;Hys\/\wgésIé 211%%1@5529 %‘%Ir% ueetp TSI e

chI6H8¥oY RS tied by dlasipaigompiegtaphy theginshaing etybadesats to provide

( 25080LP. 20 &FhicHOwAB JhiaB&ridtthy NE/ME G d Hﬁh{? : s
10 sti rregé\)at t he sam;1 tgrrper}lature ?%&rﬁééggt eré'%%'z%
houTsnpdsat wsayed aqueous sodi um bicarbonate (200 nl)
was then added and the organic |ayer was washed with

SE at ur at €t 2efiCemsionad(080) _biooa::@ OBt Bm6B @;Ogﬁh}ba&ﬁléihane (10 mL)
ri or | Vers re rpe over
8 A ol B8 L0 U ot s
solsg®A fempeyaivie fpleqmﬂed hourd€lte srgahic Bler eSS EdRedfited under
r esbdlieed PRSsuPULIS ﬂlfc@d lﬁXd:—Irl)h?é‘;gva%éunq :gc(gjgrrg?%lg %;ﬁ? g%c%ﬁnned by

(hexane and et hyl” acetate prov

d
whitMRdC L BFea)byhitlovMset] GRBogMkyther pmrification.
1031(2%%"2) . m und (077): To a OC solution of (076) (54
g, oy /f i n dichl oronmet hane (200 nmL) was added
trifluoracetic, acid (égolg_g over 10 mnutes, and the
resul ti ﬁg’ a‘r:nd%;(:tgﬁ’ lruglon QBE Land 3-pethyl-ispxazRie-Segrhoxylic acid (009)
t elfpemat Uf enrficl), HOBT &S m3, O uinsol) AFIBOUVEN ﬁag,vvﬁg @mol) in
t hel} i, CaBY.E5, reduced pressur nd. the residue
has pl.g cegﬁun@%@i Vé%s a\l(/ig% %Eﬁlutlon of?\l,ﬁ-cglsopropylethylamme (0.5
mL) in tetrahydrofuran (2 mL) and the mixture was stirred at room temperature for
15 another 5 hours. It was then diluted with ethyl acetate (200 mL) and washed with
saturated aqueous sodium bicarbonate (2 x 10 mL) and brine (10 mL). The organic
layers were dried over sodium sulfate and filtered through Celite-545. The solvents
were removed under reduced pressure and the residue was purified by HPLC
(aqueous ammonium acetate and acetonitrile) to provide (075) (85 mg) which was
20  characterized by LC/MS (LCRS (MH) m/z: 483.24).

Example 13

Scheme 13: Synthesis of Example 083

OMe o OMe
H o COM o, HBTU T /(n/H T
N : — N
szgr \_)l\ﬁ + { o’\N: DIEA, THF, 0°C (YU\ N \,/U\N
(o] “~ome © o-N © “OMe
081 082 083
Compound (083):
25 To a 0°C solution of (081) (160 mg, 0.43 mmol) and isoxazole-3-carboxylic

acid (082) (60 mg, 0.5 mmol), HOBT (65 mg, 0.5 mmol) and HBTU (175 mg, 0.5
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-80 WD 2007/ 056464 PCT/ US2006/ 043503 overni ght gi vi ng

the TFA salt of (077), confirmed by LC M5 (LCRS ( MH)
wone07/0540. 11), and was used wi thout further PCT/US2006/043503

purification. Conpound (078): To a 0OC sol ution of

(077) (43.8 g, 200 mmol ), N-Boc serine(nethyl ether)-

5 OH (36.7 g, 167 mmol ), HOBT (27 g, 200 mmol) and

HBTU (71.4 g, 200 mml) in tetrahydrofuran (1.2 L)

was added a solution of N, N-diisopropylethylamne (75

g, 600 mml) in tetrahydrofuran (250 nL) over 10

m n sul ti m_xture._was -8. The
i xitﬁ:??’z) l\ﬂgés}gas? %?‘Ie%‘t‘ @ 7 o‘?[r?scaéﬁ'g%? SBP 95 d¥-Nanot her 5
houfiésopropylethydgming €0.5 oily émtetralagirdfhen (2 @11y ved tﬁél’tdﬁfure was

\rMe ?ﬁﬁ'i&? aP E&)in g?%te%%%i tf%eaE t%%xlu fmur Iﬁl Y{%ﬁq:‘gt T t{x ﬁthyl acetate

sat 8 W%@Hﬂ!}ﬁﬁe@ amanobmmﬁm ()anboﬂzﬁé) @k )0 aﬂq and
33 69’1 ani S € 0} Su

sé'd“ﬁ""@% e@g“an ORI, fricd APl el it fees

sol § i o RD YETeEE reraened etidgredicad preasue and the

r esneelildef: waspmddmyqdpm dqhash nﬁﬁHn E%&Jt?glg%ac%ﬁ%ﬁg?to

ARl Lo PLA, Sfoyﬂlge%%c rRre Ay LGS (RS IED

Conffoa2 X807 protehsorte OC-IShibiticdt 00 nlePdo(13. 4 g,

32.7 mmol) in tetrahydrofuran (300 nL) =~ was added 10 %
10pd/Examplz 14) and the resulting mixture was allowed to
stir under 1 atnosphere of hydrogen for 4 hours. The
i x3Geredds Synthesy eliExample@B5 Cel i t e- 545 20 and the
filter cake was washed with tetrahydrofuran. The

or gani g.ayers vvere concentrated under reduced ?’6:7

pressuyr ey under dngh to provibde 9p
pessy o aga wnde %%%%WJ@
was used Vi ,j,iou furthery’ purl Ication urd o “ome ©
(080) : 2581To a 0C sol utiggp of (079) and (006) (5.8.0.
26 mmol ), HOBT (6.0 g, 41.4 nmol) and HBTU (14.8°4,
41. anmmhc}(ac?ﬁ)tetrahydrofuran (400 nL) was added a
solution of N, N-diisopropylethylamne (23 nL) in

t et r ahy dioaf QfEaelutien ofi()81 (@0 iy 0. 4mmﬁ1bm) thd’\&%Sx]&Ble[j -&fboxylic

at r the sol vent was
152 SERATEHIEP L) Jufm S H RS e w75 whtoter B TSR s mgo-5

rmtﬂé??lérn tgirahydefuran (50 wilhyhs addet! atseluB6n 6SRMN-NL) and

\i\lgghﬁq;raﬁﬁé?hﬁﬁhﬁk ‘ﬂ) g‘i{nﬂqh' ?e%ﬁycﬁgﬂfral'ﬁr?z%lf) queartmex r% va(as
stxrreg at room temperature for another 5 hours. The reaction was then diluted with

ethyl acetate (200 mL) and washed with saturated aqueous sodium bicarbonate (2 x

20 . 10 mL) and brine (10 mL). The organic layers were dried over sodium sulfate and
filtered through Celite-545. The solvents were removed under reduced pressure and
the residue was purified by HPLC (aqueous ammonium acetate and acetonitrile) to
provide (085) (71 mg) which was characterized by LC/MS (LCRS (MH) m/z:
483.24); >50% proteasome CT-L inhibition at 20 mg/kg PO.
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brine (100 nL). The organic layers were dried over

sodiumsulfate and filtered -81 WO 2007/056464
w8606/ 043503 through Celite-545. The soP@ENSR06/043503

were renoved under reduced pressure and the residue

was purified by flash chromatography (hexane and et hyl

acetate) to provide (080) (9.2 g) which was

characterized by L MS (LCRS (MH) m z: 474.27).

Compound (081): 5 To a OC solution of (080) (200 ny,

0.43 mmol ) in dichloronmethane (10 nL) was added

trifluoroacetic acid (10 nL), and the resulting

SOl Uk d'BS spdchbhiest 1k &)ﬁ,} gsane tenperature for
anot her hour." The or gani ayers were concentrat ed

under redu pressure and placed under high vacuum
to provide ) as confirnmed by LC M (LCRS (IVH)
mz:. 374.2 i ch was used without further

purlfldﬁWﬁon 0 Conpound (075): To a OC sol ution of
(081) - and 5-£Ethyl i&aﬁézole 3-carboxylic acid (009)
(65 nyg, 0.5 nmol ), T (65 0.5 nmmol ) and HBTU

(175 mg, @.5¢ Mol 3 tetr rofuran (50 nL) was
adde u(#d #Ne NP i

Lopyl et hyl am ne (
mL) i notlet rahgdriefyran (s &éﬁﬁé—éﬁx j;r \)L °
O

stirred at roomtenperature ¢or 15 anot her HouP's. O | figyn
was then difdted with ethyl “cetate (200 ni) and 088
washed with saturated aqueous sodi um bi carbonate (2 x

10 ntgmﬁﬂgdhfdpe (10 nL). The organic |ayers were
dried over sodiumsulfate and filtered through

Cel i t e- 54%.a sbheios 6f e (FrepMed &u’(gqm)éégm@ gm%%%{r% 5@(@ ﬁ%gce t
pres e.res u e ueou
amm%%%zjﬂg?ﬁ{]%nnéenws e eﬁtlgﬁ?dtfgﬁ(lg yLeugngh @y PYe %%?%Sl}m‘ﬂ) in
(85 W omricEnacihe 0 i) wrsaddedtl@%h &G (meﬂl’h@re@ﬂﬁi&ﬁmxture
(M—|) man A&%aﬁadﬁ(ﬁﬂ%k b o3

o %NE o FX AR B SOBERGIR (¥ R heR 30

N o] (eIt s S fsaTToT ks OeScCERGicHir ool (50

t@ mL) The filtrate was concentrated under reduced pressure and placed under high

vacuum overnight to provide (087) as confirmed by LC/MS (LCRS (MH) m/z:

206.1) which was used in the subsequent transformation without further purification.

Compound (088):

To a 0°C solution of (087) and (074) (166 mg, 0.354 mmol), HOBT (54 mg,
15 0.354 mmol) and HBTU (134 mg, 0.354 mmol) in tetrahydrofuran (20 mL) was
added N,N-diisopropylethylamine (0.2 mL, 1.18 mmol). The mixture was stirred
0°C overnight and became homogenous. It was then diluted with ethyl acetate (20
mL) and washed with saturated aqueous sodium bicarbonate (2 x 10 mL) and brine
(10 mL). The organic layers were dried over sodium sulfate and ﬁltered through
20  Celite-545 and concentrated under reduced pressure and the residue was purified by
HPLC (aqueous ammonium acetate and acetonitrile) to provide (088) (10 mg) as

characterized by LC/MS (LCRS (MH) m/z: 517.69); >80% proteasome CT-L
inhibition at 20 mg/kg PO.
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081 082 083 Conmpound (083): 25 To a 0OC solution of
(081) (160 ng, 0.43 mmol) and isoxazol e-3-carboxylic
wa@eiod/osadel) (60 ng, 0.5 mmol ), HOST (65 ngy, O0.BCHTH10)6/043503
and HBTU (175 ng, 0.5 -82 WD 2007/ 056464
PCT/ US2006/ 043503 mmol ) in tetrahydrofuran (50 nl)
was added a solution of N, N- diisopropylethylam ne
(0.5 nm.) in tetrahydrofuran (2 nL) and the m xture was
stirred at roomtenperature for another 5 hours. It
was then diluted with ethyl acetate (200 nL) and
mashed W th saturated agqueous sodi um bi carbonate (2 x
The organic | ayers were
dr| ggl%e\%?légﬁmbﬁ%“sﬁl 8{“8} M4 filtered through
Celite-545. Ther solvents were renoved under reduced
pressure an e residue was purified by HPLC
(aqueous a I um acetate and acetonitrile) to
74 ng) which was characterized by LC/ M5
69%a2),; >80% prot easonme CT-L
W@OPO 10 Exanpl e 14 Schene 14:
Synt hesi s_of 5% 85 H O O CO2H HOST,
HBTU JJ~ N H 0 N O OEA THF O0Gy
"=\ ?‘Fo Ove fo8 00&4510@5” Conpou d N\/ﬁ\
(085) : Ofb a Ot sodwet | on ) DEAGH. 17y 4B o N
and i soxazob®- 3- car boxylic ;;5 aC|d (084) (65 ny, 8 5\Dm o
mol ), HOBT (65 ng, 0.5 nmol) and HBTU (175 ny, O. 59
mol ) in tetrahydrofuran (50 nL) was added a sol ution
of Ne®rrtiund 690bpyl et hyl amine (0.5 nL) in
t;trahydrofuran (2 nm) and the m xture was stirred at
room t enperiaelifien pHP8Qererrard Bing ke sme Pheedusaat hngoosyas

t herexdédt tiiaeGbak-fldorophenylalanine was substituted for Cbz-leucine) (0.100 g,

i nhi biti on ade 20

0.28 mmol) in trifluoroacetic acid (10 mL) was added 10 % Pd/C (20 mg). The
resulting mixture was allowed to stir under 1 atmosphere of hydrogen for 6 hours.
The mixture was filtered through Celite-545 and the filter cake washed with

10 dichloromethane (50 mL). The filtrate was concentrated under reduced pressure and
placed under high vacuum overnight to provide (090) as confirmed by LC/MS

(LCRS (MH) m/z: 224.1) which was used in the subsequent transformation without
further purification.

Compound (091):

15 To a 0°C solution of (090) and (074) (110 mg, 0.336 mmol), HOBT (51 mg,
0.336 mmol) and HBTU (127 mg, 0.336 mmol) in tetrahydrofuran (20 mL) was
added N,N-diisopropylethylamine (0.2 mL, 1.18 mmol). The mixture was stirred
0°C overnight and became homogenous. It was then diluted with ethyl acetate (20
mL) and washed with saturated aqueous sodium bicarbonate (2 x 10 mL) and brine

20 (10 mL). The organic layers were dried over sodium sulfate, filtered through Celite-
545, and concentrated under reduced pressure. The residue was then purified by
HPLC (aqueous ammonium acetate and acetonitrile) to provide (091) (60 mg) which

was characterized by LC/MS (LCRS (MH) m/z: 535.69); >80% proteasome CT-L
inhibition at 20 mg/kg PO.
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ethyl acetate (200 nlL) and washed with saturated
aqugous sodiunfbicarbonate (2 x 20 10 m.) and brine
WOQ2007m5§464 The organic layers were dried over sedrawseo06/043503
sulfate and filtered through Celite-545. The solvents
were renoved under reduced pressure and the residue
was purified by HPLC (aqueous ammoni um acetate and
acetonitrile) to provide (085) (71 ng) which was
characterized by LCMS (LCRS (MH) mlz: 483.24); >50%
proteasome CT-L inhibition at 20 ng/kg PO -83 WO
2007/ 056464 PCT/ US2006/ 043503 Scheme 15: Synt hesi s of
Exanple 088 0 ChbJNH O Pd/C, H2 086 TFA, ODIC Ow
NO\Bml@]d\ﬁsAc{-Ivﬁ-OH(BT HBTU IH 0-N O Ove H2N DI EA
THE, Oc/ H-H j:; o 074 0 0-NO OV O 087 088

Conpoundcfisthds %ﬂéqclama&wm 415 9§sd/ﬁ§é)tra &@?@fv%ﬁicle and
usi the a ro re as (005) exce a _

%Q‘H%‘ﬁ&‘?f% 8.‘??1&%%703% TS epimplephpr). @prhauspestrioing, the

5( 0. 2bPaly wereos'aeﬁﬁmatcﬂn)i therfou&\mn%lﬁuﬂfeeﬁ&%ﬁté;d %ﬁo}% lar}ﬂ Mrdnal
e resu

Wasg“} %f’j ﬁg“‘lo {‘Vef i %ég’ég%)f%?%&é m%%rvéslwfi%we PEHIBS and
6 Hm:mdsby h?hetomcwhwle(mmﬂl 50t ARNTHid bnﬁ @g & dﬂ\? H@Mh Blood lysates
G 04 O] Yo SR SRR o et s
c orfdBistIcaRtEifuasn d@‘lle GleH spediqueassy DEprafedsoﬁi{e&ﬁ%ﬁchJ@Qﬁé was

10 Ely @Ealuﬂ@@ ”(Bf %@ﬁﬁﬁamgg Bt thé Brogeargg%cgl\ll\t}(wa%%%% bfgegoéxiaagf%%ssay

sub¥ &affaﬁ%sle lﬁmqs@rﬁtamarldomd 1) uinet taeerof cleavage of the
P U fiubtdpRhic ProteastRBRASRDGABBY AMC. The percent proteasome activity for

the analog-treated animals was calculated by dividing of the average specific activity

for each analog-dosed cohort by the average specific activity of the vehicle-dosed
15 cohort. Percent proteasome inhibition was calculated by subtracting percent

proteasome activity from 100.

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
20  of use thereof described herein. Such equivalents are considered to be within the

scope of this invention and are covered by the following claims.

All of the above-cited references and publications are hereby incorporated by
reference.
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To a 0C solution of (087) and (074) (166 ng, 0.354

mol ), HOBT (54 ng, 15 0.354 mmol) and HBTU (134 ng,
wO.286ds5m0l ) in tetrahydrofuran (20 nL) was a@deas2006/043503

N, N-di i sopropyl ethylam ne (0.2 nL, 1.18 nmol). The

m xture was stirred OC overni ght and becane

honogenous. It was then diluted with ethyl acetate (20

nm.) and washed with saturated aqueous sodi um

bi carbonate (2 x 10 nL) and brine (10 nL). The

organi c |layers were dried over sodium sul fate and

filkihgﬂﬁ.hrough 20 Celite-545 and concentrated under

reducé ‘essure and the residue was purified by HPLC

(aqueous ammoni um acetate and acetonitrile) to provide

(088) (10. NO) ARSmp6 Il Sl i

mz: 517, 69): >80&)‘5p}?{)1%gg§oan%% ERortlnly o Eplhliceutically

ng/ RisepePle syl thagsofo07/ 056464 PCT/ US2006/ 043503  Schene

16: Synthesis of Exanpl egd91 GO &gpzNH O Pd/C, H2

089 TFA,OC F F O%‘ZEH - tOH+ @ OOH=0
HOST, HBTU N O -N , HH H
ONO '-OM 0 074 090 P91 4§{09 : 5 To a

sol ution of (089) (prepared usihg the sdme procedure

as for (005) except that Cbz-@) fluorophenyl al ani ne
wasywatRst i tuted for Cbz-Ileucine) (0.100 g, 0.28 mmol)
intrifluoroacetic acid (10 nL) was added 10 % Pd/ C

( ZoLﬁbﬁe}eWom C=0, C=S, and SO;;
X is selected from O, S, NH, and N-C, ¢alkyl;

Z is absent, Cygalkyl, or C;¢alkoxy;

10 R',R?% and R? are each independently selected from hydrogen, C;.salkyl, C;.
salkenyl, Cj.¢alkynyl, C;.shydroxyalkyl, Ci.salkoxyalkyl, aryl, C¢aralkyl,
heteroaryl, heterocyclyl, Cy.sheterocycloalkyl, C;.gheteroaralkyl, carbocyelyl
and Cj_¢carbocyclolalkyl;

R* is selected from hydrogen, C)aralkyl, and Calkyl;

15 R’ is heteroaryl; and

>

R® and R7 are independently selected from hydrogen, Cy.alkyl, and C_saralkyl.
2. A compound of claim 1, wherein Z is absent.

3. A compound of claim 1 or 2, wherein R*, R%, and R” are

independently selected from hydrogen and methyl.

20 4, A compouﬁd of claim 1 or 2, wherein L is C=0.
5. A compound of claim 1 or 2, wherein L is SO.
6. A compound of any one of claims 1 to 5, wherein R', R?, and R® are

independently selected from hydrogen, Ci.salkyl, Cysalkenyl, C;¢alkynyl, C,.
shydroxyalkyl, C,.¢alkoxyalkyl, C,.aralkyl, C;¢heterocycloalkyl, Ci.gheteroaralkyl,
25  and Cgcarbocyclolalkyl.
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resulting mxture was allowed to stir under 1

at nosphere of hydrogen for 6 hours. The m xture was
woizba7ased4t hr ough Celite-545 and the filter cakeTwasived43503

with 10 dichl oronmethane (50 nL). The filtrate was

concentrated under reduced pressure and placed under

hi gh vacuum overni ght to provide (090) as confirned by

LCOMS (LCRS (MH) mz: 224.1) which was used in the

subsequent transformation without further

purification. Cbnpound (091): 15 To a OC sol ution of

(090) and (074) 6 nnol T

0. 336 m’rg1) a% ° Wgé“@et%*s %aandR are

t et mraleyehderfitiyr Grsa (k30 rTL) was added
N,N-diisopropylethylanine (0.2 nL 1.18 mmol ). The

m xture %trred 0C overni and becanp
hompgenots. GREPOTHLRT i &« e’(ﬁiﬂtﬁlyetft%/i Raaeed B are( 20
) nﬂiﬁﬂendaﬁtl}esﬂelwteﬂffnﬁlﬁfrﬂd 1, 8thy8 USs Yty 1 e~
bicarb ﬁte (2 x 10 n) gﬁd b?.%é (?R$y butyl, and

organlc ayers were dried over sodluntsulfate

filtered through Celite- 545, and concentrated under
reduced Br eSSHcEmpdli® SR RS LAP B RUTE! Ld N
HPLC (aqueous annDnlun1acetate and ace ori t r11 0

pr omda]gen(iggMpr()mgy}g) whi ch was characteri zed by

L M5 (LCRS (MH) nfz: 535.69); >80% proteasone CT-L

|nh|b|t| at 5, W0 2007/
CT/ USZOgg/ O4‘§§8‘§'gg/§'dg?fﬁglrga VREFImATY f&ﬁ%oﬁﬁqﬂg Her e

forumné@lﬂYrQ]ﬁb%rPM}NaO trate (pH 3) vehicle and
admi nistered to mce orally (PO (3 animals/cohort).
1ne hour, post ; dosi n anjmal s were, sacrificed

p t

Ind the Yol | odicRgPe s‘tféE“Hava‘@Etf@a any phB Rppng I are
adr edegengéralycelebied fioneindrddywehyl MiDhyeirddyeagl.(- 200 1)
was washed twice with PBS and |ysed by hypotonic
shock (300 gl 50. MM Tris pH 8, 5 nM EDTA). Bl ood
lysat es Lwer et §PPPRIAL clagD 6, wherein @SQQ%CR BidoRVare

| ysiatiggend@ite @ laikbtyapd1 by centrifugation in a

m crocentrifuge. The -L specific activity of
proteasone in each |ysate was 10 eval uated by

det er mi ni3ng: Aapompeundrofcirim 12 ovlgeeih nay bbR' R?, amddtfared

1t Ao Pt R Ry Dl

fl uorogeni c proteasonme substrate LLVY-AMC. The percent
pr ot easofe ach bminpyuntief clairh 6, @Rakiaany bERL, ¢, Al 108):S

g&,egygn?lg%d gé(%rgér\ggcp%ng of the average specific

act IVIity g-dosed cohort by the average
specific activity of the vehicl e-dosed

15. A compound of claim 14, wherein any of R', R?, and R? are
independently selected from imidazolylmethyl, pyrazolylmethyl, and
20  thiazolylmethyl, and pyridylmethyl.

16. A compound of claim 6, wherein any of R', R?, and R? are

independently cyclohexylmethyl.

17. A compound of any one of claims 1 to 16, wherein R', R?, and R? are
“all different.
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W

15 cohort. Percent proteasone inhibition was

cal cul ated by subtracting percent proteasone activity
bnoms0@4 Equi val ents Those skilled in the aPCTWiSkd06/043503
recogni ze, or be able to ascertain using no nore than
routi ne experinentation, numerous equivalents to the
conpounds and net hods 20 of use thereof described

herei n. Such equival ents are considered to be within

the scope of this invention and are covered by the
following clainms. Al of the above-cited references

P 5 SR VI Bl

CLA?WS{ if selpctech o Grighyshionyatyhanst G usthoreligdl. f or mul a
(1) or a pharmaceutically acceptable salt thereof: Rl

R6 0 R3 SZL N N R7 05 r
L is sel egc?t ed 75 o%ﬁﬁf%gﬁ&a‘ﬁlb“ Pt legst °§e g%*‘e"éﬂ‘tde‘ﬁlJ
f r den-@lkogyalky, and N-Cl.6alkyl; Z is absent, G

6al kyl , or Cl1.6al koxy; 10 R1, R2 and R3 are each

'ndepen ntIy sel ected from hydro en, Cl.6al kyl, CL
: Rk

10

15

20

6al keny 4 5PRppd of elflreﬁ%wwvmakwst one of R' and R? is

Cl -sehcted yomt Kl)éfhoxﬁﬁéthyla@hm(ﬁ( kwly, heteroaryl,
het erocyclyl, G .6heterocycl oal kyl, G -6heteroaralkyl,

car bocycl yI and Cl. 6car bocycl ol aI kyl; R4 is selected
from hydHeger canp@md af kys oneanfdla@hs 620 Kyt 18 tolf), Rbedefa R° is

hetseleeRd Yom &Ng1 1@{1@ 1 1e independently sel ected
from hydr ogen, C]:?@éal k)ﬁgza nd G _6aralkyl. 2. A

conpound of claiml1l, wherein Zis absent. 3. A
conpound2of e eémpalindbf ApinnbEreereiltt? iR alkpd R7 are
i ndependently sel ected from hydrogen and net hyl .

23. A compound of claim 22, wherein R? is selected from methyl, ethyl,
isopropyl, sec-butyl, and isobutyl.

24. A compound of claim 23, wherein R® is isobutyl.
235, A compound of claim 21, wherein R® is C.¢aralkyl.
26. A compound of claim 25, wherein R? is phenylmethyl.

27. A compound of any one of claims 1 to 26, wherein R? is 5- or 6-
membered heteroaryl.

28. A compound of claim 27, wherein R® is selected from isoxazole,

isothiazole, furan, thiophene, oxazole, thiazole, pyrazole, or imidazole.

29, A compound of claim 28, wherein R’ is selected from isoxazole,
furan, or thiophene.

30. A compound of claim 29, wherein R® is furan or thiophene.
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20 4. A conpound of claim1 or 2, wherein L is C=0

5. A conpound of claim1 or 2, wherein L is SC2. 6. A
woaopgmisd4of any one of clains 1 to 5, wherei nPRrjUSRDE/043503

and R3 are independently selected from hydrogen,

Cl. 6al kyl , C -6al kenyl, Cl.6al kynyl, Cl_

6hydr oxyal kyl , Cl. 6al koxyal kyl, C1. 6aral kyl,

Cl. 6heterocycl oal kyl, Cl-6heteroaral kyl, 25 and

Cl. 6car bocycl ol al kyl . -87 WD 2007/ 056464

PCT/ U82006/ 043503 7. A conpound of claim®6, wherein

any of d endend |y Cl-6al kyl . 8.

A corrpoun d' of C%‘i]n gir ?alpe n\/\%ﬁV] 1§.¥1,rxsﬁﬁt,1tu§h5ur§g—%-yl or
ar ethigm@ependent | y sel ected from nethyl, ethyl,

propyl, isopropyl, butyl, sec-butyl, and 5 isobutyl

9. Aco und , of cI ai wherein any o , .and R3
are | ngggendmoﬂ?‘g]%%l@?l 29, yierep %o‘lsrfﬁ%ﬁ@lﬁfyl ©F ®pxazol-5-
6, wherein any of R, R2, and R3 are independently

Cl . 6hydr oxyal kyl . 10 11. A conpound of claim 10,

wherein any of R, R2, and R3 are independently '

Sel ect ed33r onPrepempexyhefidiaim 32 herpiir iy étoRydol-33,2 thafhas a

CONpditheRt at Gleds-Pofionvherein any of R, R2, and R3 are
i ndependent |y Cl.6al koxyal kyl . 13. A conpound of claim

12, wherein any of R, R2, and R3 are 15
i ndependéht | yAsempotstioffclm 32p ivhenet et i yox 8404l 5-y1 that has a

mst Q%M%ptygtthglf;&oﬁm%onpound of claim 6, wherein any

are’ independently C
| -6het eroaral kyl . 15. A conpound of claim 14, wherein

any gfz OR35| R2A 0.6 ode G}Lciﬂnm' ﬁdﬁ@@ n\dﬁ&&lh%héﬂb@&th@rq i $eRed
1‘# hi % "\r/ﬁﬁ@w%y' saliy, ﬁm Vﬁ‘@( Mhywxys&kx‘e R¥beRdic gpid,

cl aaminecarbbrerise, I’Cﬁll}tyﬁfmﬁcarb@ylalﬁj’@llFﬁkﬂhﬁmmocarboxylate Ci-

onc B e 6 o RS Bl oo GRS R L 015,

di f fcerbenycloalkyl.

36. A compound of claim 35, wherein the substituent is selected from

15 methyl, ethyl, isopropyl, and cyclopropylmethyl.

37. A compound of claim 35, wherein the substiuent is selected from C,.
gheteroaralkyl and C;_gheterocycloalkyl.

38. A compound of claim 37, wherein the substituent is 1,2,4-triazol-5-
ylmethyl.

20 39. A compound of claim 37, wherein the substituent is azetidin-1-

yimethyl.

w/ﬁ

g
40. A compound of claim 37, wherein the substituent is

wherein W is O, NR, or CH,, and R is H or Cisalkyl.

L,
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-88 WO 2007/ 056464 PCT/ US2006/ 043503 18. A conpound

of any one of clains 1 to 5, wherein at |east one of
w&200708646R2 i s sel ected from C . 6hydroxyal kyl 20W/US2006/043503

Cl . 6al koxyal kyl . 19. A conpound of claim 18, wherein

at least one of R and R2 is C I.6al koxyal kyl. 5 20.

A conmpound of claim 19, wherein at |east one of R and

R2 is selected from nmet hoxynet hyl and net hoxyet hyl .

21. A conpound of any one of clainms 1 to 5 or 18 to

20, wherein R3 is selected from G -6al kyl and

G 6al kylT 107 Fm bR BARERR ooEielt B 59 her o1 n RS

is selected fromnethyl, ethyl, isopropyl, sec-butyl,
and i sobutyl A2bm ﬁ@ammphmhe% 2l b 230st ARG 1
i s isohuty 25. p%u ound of cl ea| m 21, S V\,herlelsﬂe%ed from

is &8 E?WWICW&@BXY“A‘Y onpound of claim25, wherein
R3 is phenylmethyl. 15 27. A conpound of any one of

clains 1,40 2 5

het er oar yIQ' gco %{"% o{fr? Aot hgref‘ﬂ r% Sﬁ%wrrg‘reg sgigetpd from
8el oretledtyf ¢thonyi mﬂazmhethy, angmnduhcawetlhgl furan,

t hi ophene, oxazole, thiazole, pyrazole, or i m' dazol e.

29. A co oung of claim 28, wherein R5 is selected

from i soXazol & compgupd,pLglaim}’, phetsihibn substgrenins selected from

conpaboxylafaci, ammod@boxhae &l RalkPlairindcardRylate, (C;.

thio 007 64, P / US2006/ 043503 31.
A cSﬁ%ﬁ%nﬁmoFar%PQ rﬁe’s‘ﬁé &Rﬁgfﬂ FRORBAFs unsubsti t ut ed
furan-3-yl or thien-2-yl. 32. A conpound of claim 29,

wher el n BS i sAlempdsfd ofc1diin 4, whnSRKARE suttinitht lsﬁxe%@l
d.of claim32, wherein R5 is isoxazol-3-yl th

in
ﬁ O@Gﬁgtltuent at the 5-position. 34. A conpound
of cI aim 32, wherein R5 is isoxazol-5-yl that has a

46. A compound selected from

@

o—N

OMe

0 0
H o)
/\(W)LE‘ N\:)I\N
o-N o X :H o)
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substituent at the 3-position.
33 or 34, wherein the substituent

wGl2007a05646l |

Cl. 6al koxy,

Cl. 6al koxyal kyl ,

35. A conpound of claim
is selected 10 from

PCT/US2006/043503

G - 6hydr oxyal kyl ,
Clj al kyl am nocar boxyl ate, (C
1 6al kyl ) 2am nocar boxyl at e,

car boxylic acid,

C1

am nocar boxyl at e,

6al kyl car boxyl at e,

Cl. 6heteroaral | cyl, Cl.6aral kyl, Cl.6heterocycl oal kyl,

and Cl_ 6carbocycl oal kyl . 36.
wherein the substituent is se

A conpound of cl ai m 35,
ected from 15 nethyl,

et hyl, isopropyl, and cyc] opropyl nethyl. 37. A
compound of clajim 35, whekein the substiuent is

sel ected fgomC"? ahet al kyl and

Cl. 6heger dey Ricy L onpound of cl ai m 37,
wheren fhelsudbtituedt i 1,2, 4-triazol-5- yl met hyl .
20 39N79conpodhd Of ~chai™ 37, wherein the substituent
is azetidin-I- ylnet w ~I  40. A conpound of claim

37, wherein the substituent

is wherein Wis 0, NR or

CH2, and Ris Hor Cl.6alkyl. -90f{ WD 2007/056464
PCT/ US2006/ 043503 41. compound cl ai m 40, wherein
Wis 0. 42. A conpgpndfof wcl ay m }7, erein the

substituent LS g
1. 6al koxyakiyl N, 43. A c

carboxylic acid,
Ct . 6al kyl amy no

am nocar bpxyl
Yrox yd at

6al
met hyl 0¥ car bdXyl at e~ 46? A
OOw HO atilil
OH
o G0
\(/\H/U\N N\_/U\N
H = H

ofnd "of

t he subs(i tg()ent is select ed
nmet hoxy , and net hoxyeth 14. A conpound of

claim 37, wherein the substfituent

Z

~bal koxy and C
| ai m 42, wherein
5 met hoxy, et hoxy,

is sélected from
at e,

(Cl-

1) 2anihocAr byt e orle€l. 6al kyl carboxyl ate. 45.
Ac ofy clfhi mE44.N whigrer'n the substituent is

conpound sel ected from

s

O

(@)
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1HH ONOOOHO NH H=ONOO and 1 47. A

phar maceuti cal conposition conprising a conpound of
wanyormsecof clainms 1 to 46 and a pharmaceut i calirgus2006/043503

acceptable diluent or carrier. 5 48. A pharnmaceutica

conposition of claim47, which is orally

bi oavai |l able. 49. A nethod for the treatnent of

i nflammati on, conprising admnistering a

therapeutically effective anmobunt of a pharnmaceutica

conposition of claim48. 10 50. A nethod for

inhibiting or reducing HV infection, conprising

adm ni stering a therapeutj ly effective anount of a

pharmaceutical fonpositio claim48. 51. A nethod

for the trgat t ofpne enerative di sease,

conprisindl a MIﬂégjﬂi herapeutical ly effective

anmount” of aNphalf mageut) call conposition of 15 claim

48. 520-M nethdd fér the ?reat;nent of nuscl e-wasting

di seases, conprising admnistering a therapeutically

ef fective anount of a pharnmceut} conposi tion of

claim48. -104 WD 20074056464 P 2006/ 043503 53. A

met hod for the trgatneft ofgca conpri si ng

admi nistering a tHerdpedii cil

phar maceut i omposi i o of}y I m48. 54. A nethod

for the treatmehlt of cRronig i nf8ctious di seases,

conprisimgdi adm nistering altherapeutically effective

anount of a pharmaceutical conposition of 5 claim48.

47. A pharmaceutical composition comprising a compound of any one of

claims 1 to 46 and a pharmaceutically acceptable diluent or carrier.

5 48. A pharmaceutical composition of claim 47, which is orally
bioavailable.
49, A method for the treatment of inflammation, comprising

administering a therapeutically effective amount of a pharmaceutical composition of

claim 48.

10 50. A method for inhibiting or reducing HIV infection, comprising
administering a therapeutically effective amount of a pharmaceutical composition of

claim 48.

51, A method for the treatment of neurodegenerative disease, comprising
administering a therapeutically effective amount of a pharmaceutical composition of

15 claim 48.

52. A method for the treatment of muscle-wasting diseases, comprising
administering a therapeutically effective amount of a pharmaceutical composition of

claim 48.

-104 -



55. A nethod for the treatnment of a hyperproliferative

condition, conprising admnistering a therapeutically
woeht@aiséase anount of a pharmaceutical conposi PCOASOG06/043503

claim48. 56. A nethod for the treatnent of nuscle

di suse, conprising 10 adm ni stering a therapeutically

ef fective anount of a pharmaceutical conposition of

claim35. 57. A nethod for the treatnent of

i mmune-rel ated conditions, conprising admnistering a

therapeutically effective anount of a phar maceuti ca

conposi ti 59N of m&h}% E"er%l% trell?‘né@ of LAndE corg]i)rtls%g% admmlstermg a

af fecting the eve vira ene expres

sub Jth?eapeutlwmfﬁe@tmgmmm ofi asnhermarvgumai bampgsition of alairy 48.

effective anount of a pharmaceutical conposition of

claim48._ 59. A ngt for altering the variety of

antlgen|é4pepﬁﬂagg %? éEH“BV“OfﬂgoﬁF&ﬁ@ﬁ?ﬁﬁﬂ“?ﬁe%ﬁompnmng

Or gatiniiRtefiy ehempagicallyd fidcE Ve immght b & pRffatdtiBhll dpmposition of
20 amount of a pharmaceutical conposition

gf f gﬂﬁ‘\% - 105

55. A method for the treatment of a hyperproliferative condition,
comprising administering a therapeutically effective amount of a pharmaceutical

composition of claim 48.

56. A method for the treatment of muscle disuse, comprising
10  administering a therapeutically effective amount of a pharmaceutical composition of

claim 35.

57. A method for the treatment of immune-related conditions, comprising
administering a therapeutically effective amount of a pharmaceutical composition of

claim 48.

15 58. A method for affecting the level of viral gene expression in a subject,
comprising administering a therapeutically effective amount of a pharmaceutical

composition of claim 48.
59. A method for altering the variety of antigenic peptides produced by

the proteasome in an organism, comprising administering therapeutically effective

20  amount of a pharmaceutical composition of claim 48.
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