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Background of the Invention In eukaryotes, protein degradation is .

pr edoni nawelayomseicat ed through the ubiquitin pathway i rcwhisedvspiszbei ns
targeted for destruction are ligated to the 76 5 ami no acid pol ypeptide
ubiquitin. Once targeted, ubiquitinated proteins then serve as substrates
for the 26S proteasome, a nulticatalytic protease, which cleaves proteins
into short peptides through the action of its three major proteolytic
activities. Wiile having a general function in intracellular protein
turnover, proteasone=nedi ated degradati on also plays a key role in many

rocesses such as 10 majo i i bl L | e MHC) cl ass |
Bresent ation, apopt osi sJ @wamgg’#bbﬁmq%%ﬁ%u on. The 20S
proteasone is _a 700 kDa cylindrical-shaped nulticatal ytic protease conplex

conpri sed of Mﬂwﬂ_@w into four rings that plays inportant
roles in cell growth regul ation, j or histoconpatibility conplex class I

15 presentation, apbptgsicts %‘ﬁf@F@@W@PB%§§F??@m1W1KB‘%¢%tqueh theand

t ransducti on afnquprnq;amwalyamﬁdwgtotsw Retbeted fod dé’s@@t@ﬁorﬁﬂ@ 118508 %o @bkagryotes, 7
di fferent s} subunlt out.er mgs and different 0 subunits
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19S (PA700) ansisubbirSBeq BA?r&)ZGIngchtkﬁbﬁfeya £QMRhAKES prdt&ase Whikh &8avds Physi cal

e two (3 20 subunit
P?LglserTLﬁg t ﬁou{;ﬂ]i‘/gto& peP 5%8&‘5‘63@a%téqnlogrmghrf%m&ﬂr?fm%@yté? 26S particle
("the 26S proveagiosse " Whild huvmg\ﬁogeaxqaem:mmﬂm 1hmcellﬁwtetd’l@£nolvablh blb jtl on off
the 20S for adl rrrelated to in ition o
265 pr ot easont s i sl FARAIRAAN, i AN A 60 BBl Bkt Shahi o
during pat?i creidrdisiescmpatibiipposelaniMidC) daswlipadsetthti@gnpogosigstiiues, which

serve as the gaisbnybh&NRUGH £ORRIES. 25 The subunits responsible for
catalytic activity in proteasone thus possess an amino term nal

nucl eophi lic resi dge 200gkotdasife SWPBDIKDS HEhANRGI- g]&p&hﬁ’xu tﬁg@aiy\[w ?r'oté\é'sé erm nal
nucl eophil e (Nt né hydr ol ases wher e the nucl eophi | term'nal residue is,

for exanpl e, CEyRlex gé‘PPrlSFHrO APusitheieaniaed isipliers i%gsrfb@té’ﬂﬂyesl)lpofﬁmis fam |y
i ncl udes, for rol&%ﬁlﬁfﬁlﬂ 8rowik Pdgaiatibh,MmiforitytbesipaiBHY coRSBk Elbdi N V acyl ase

( PVA) ! gl 'I% ar g}egeental:t)ggpapoptosm, antigen processing, NF-xB activation, and transduction of
pro-inflammatory signals. In yeast and other eukaryotes, 7 different a subunits form
the outer rings and 7 different B subunits comprise the inner rings. The a subunits
serve as binding sites for the 195 (PA700) and 11S (PA28) regulatory complexes, as
well as a physical barrier for the inner proteolytic chamber formed by the two B

20 subunitrings. Thus, in vivo, the proteasome is believed to exist as a 26S particle
(“the 268 proteasome™). In vivo experiments have shown that inhibition of the 208
form of the proteasome can be readily correlated to inhibition of 26S proteasome.
Cleavage of amino-terminal prosequences of B subunits during particle formation
expose amino-terminal threonine residues, which serve as the catalytic nucleophiles.

25  The subunits responsible for catalytic activity in proteasome thus possess an amnino
terminal nucleophilic residue, and these subunits belong to the family of N-terminal
nucleophile (Ntn) hydrolases (where the nucleophilic N-terminal residue is, for
example, Cys, Ser, Thr, and other nucleophilic moieties). This family includes, for
example, penicillin G acylase (PGA), penicillin V acylase (PVA), glutamine PRPP

30  amidotransferase (GAT), and bacterial glycosylasparaginase. In addition to the

ubiquitously expressed B subunits, higher vertebrates also possess three y-interferon-
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30 am dotransferase (GAT), and bacterial glycosyl asparagi nase. In addition
to the ubiquitously expressed (3 subunits, higher vertebrates al so possess
three y-iwbeosmsesss -1 WO 2007/ 056464 PCT/ US2006/ 043503 pcirndoeisokssof 3
subunits (LMP7, LMP2 and MECLI), which replace their normal counterparts,
X, Y and Z respectively, thus altering the catalytic activities of the

prot easone. Through the use of different peptide substrates, three ngjor
proteolytic activities have been defined for the eukaryote 20S proteasone:
chynotrypsin-like 5 activity (CT-L), which cleaves after |arge hydrophobic
residues; trypsin-like activity (T-L), which cleaves after basic residues;

and peptii dyl giducamyp syepts (dmphmpi M MEBCLAC vhich typl4RERD noriifa) Ch cl eaves
after acidic resi due Ty) @%[d ional |ess characterized _ activities have
al so been ascf?f ‘Hgﬂpf‘ > the B¥dt BIREG el shusamepg (hicpplytic RRY WResalfditves af t er

br anched- chai praedisoneathoagh 4 dsSHPARe@aE peoplitiysubstited) thlk&: &hjdayRteopfticer

smal | neutral ot ea roteol ytic act|V|t|es
appear to be contl{r??sbut egmﬁ1 degn?(f@jf g‘r‘?teeg%ﬁl%ltf’??gg“g?aﬁ%‘? RAYPHRIEP or s,

poi nt nut abi orstivity(CT3L)% wlbwhlclezavesmftet hegeehmf@m*eic@és1¢ues nmsfilaﬂcemcﬂm@um ng p
subunits alte i s to variou ears, the
pr ot easone hagTE' e@ﬁCh g%”ée\é a%%rﬁoasm g™ ?‘ &rP t%ggq?tﬁwgﬁe@ﬁﬁ? Byq‘ﬁlty@f"%entl on
In cancer, | nﬁﬁnetye(ﬁﬁpbmvmwhmgmes dﬁ@@paﬁm&&duesnfﬂvamtﬁitiomll lessschemi c '
T ooy etradeaRn St Rkl 0 SR %aBla9) B8RSR BagEocHe. Lhe

only FDA-approved proteasone In tor 1s however
several ot her Yot duyengter hwmbliqdmhsmaqnenewdmncﬂ SNBeiRrgtiviy.arhidt ed in

clinical tgi al:ﬁaave-gmﬁﬁr $rrdy ne@i:rlal atnhﬁ§§01aéﬂ'eﬁﬁgﬂéjgf oL %ﬁﬁgggbg?&p}lﬁ &3S 20

currently are adm nistered via IV. Cinical applicat easone
i nhi bi tors i n?PRABTRELPITPHId by diférientsrialytie sites bigerainbibiarsspaint ragatiqns| o

and | ynphona isp sutegits hrﬁ[tﬁgeidﬂarig%rdfybyteﬁf&%nﬂ&ﬁﬁﬁﬁgéﬁbglﬁltsfd’lt%mﬁ@&t IV
adm ni strati ons. i nproved by oral adm ni strati on.

However, due ?“@hﬁé%ﬁfmuageﬁswe of these rml ecul es, systemc exposure

foll owing PO adm nj St ea}]ttl on e g lg § mted by several
factors including gastri ¢ pH, g'teﬁogle ifs F?ﬂ“e Eﬁ ‘WB Héﬁ?‘ﬁﬁtafg‘es ef f | ux
punps, bilt¥ar wemut@tmweandn inntaesdr] inahur@ndd hepahintunedisahild, ¢ activities.

inflammation, ischemic conditions, neurodegenerative disorders and other diseases.
To date, the only FDA-approved proteasome inhibitor is bortezomib
(VELCADE™), however, several other proteasome inhibitors are currently being
evaluated in clinical trials. Thus far, all these therapeutic proteasome inhibitors

20  currently are administered via IV. Clinical application of proteasome inhibitors in
the treatment of hematologic malignancies such as myeloma and lymphoma is
restricted in part by the necessity of frequent I'V administrations and would be
improved by oral (PO) administration. However, due to the peptide nature of these
molecules, systemic exposure following PO administration of these inhibitors is

25  limited by several factors including gastric pH, gastric and intestinal peptidases,

efflux pumps, biliary excretion and intestinal and hepatic metabolic activities.

Methods used to 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



Met hods used to overcone the ability of peptides to be enzymatically _
degraded and to inprove absorption into the blood streamfromthe digestive
tract hawe wemiseded naki ng anal ogs which are | ess pept ipdesds/0it3503
structure and which are 30 reduced in size. Such nethods are deened to be
successful when the peptide anal og achieves satisfactory blood | evels
after oral admnistration, or in the case of -2 WO 2007/ 056464 o .
PCT/ US2006/ 043503 proteasone inhibitors, when the proteasone activity in
bl ood is satisfactorily reduced. The above nentioned techni ques have been
applied to preparing anal ogs of the peptide epoxyketone proteasone

i nhi bitors, tBwt&aymeamfdr@gvhemmﬁategsbmeacmlgal\eaawo%% gﬁ%‘ﬁ?‘&nm% y of the

I nvention The i ve tlon relates to cl asses of rol ecul es pepti de
epoxi des and P "-aziridines. The parent nol.ecul es are understood

i nd ffici t er.si and selectively to N-term nal
;8clble(r)]phi Fe I(Kllt (ra])n @%?%ﬁvrgeﬂ\feémom%d ARIAuES a"§ 587 FRILISE (3 PrepAtingicnalegy ef cul ar

activities of trenpeptigsegoaykaigherpibteagoine 1ﬁ1ﬁbl@dry,tthﬁeb}a&hdléﬂntg)(henoaﬁﬁ€/t hought
nmerely to dis qgglg£ denatured and m sfol ded proteins, the proteasone is
nOM/recognlzeg as constltutlng proteol ytic machinery that regulates the

| evel s of div p Proteins through their degradation in a

signal 15 depggﬁgﬁh #g?ﬁgﬂhﬂh e, there is great interest in identifying
reagents that can Tﬁ@ﬁﬁeﬁtl&%ﬂabésRﬁé;&é&.&sboftd?&e%ﬁés'leﬁb%% ;Endte'&egprm easomne
and other Ntn h d ol ases and hereby be use robeg 10 st dy the role

of these enzyREI4s aps BERSGECaP fﬁ%‘é‘é%% gde Pa@@ﬁﬁ@lﬁﬁﬂbs tigandergipgbto ik Nt n

hydr ol ases ar eﬁh&lhﬂy,ﬁrrélﬁsﬁlélybﬁd sclEMNERAS Nﬁ?ﬂlﬂ?‘l}%cléoﬁﬂﬂ’é@tﬂféﬂﬁ%]afgpt| de
epoxi des tide aziridines that can potently, selectiv

i rpr ever si E(Py P GaSlsPecbé?ﬁ”lyd'ﬂh‘ 'ltpiff‘f)‘flﬁraf’scﬁiﬁ’é‘e%te{?WP%@V&?@nﬂﬁt‘@él%@éﬂwand
claimed. Unl akivitgeveral other peptide-based inhibitors, the peptide
epoxi des and peptide aziridines described herein are not expected to
substanti al Iy i nhi 8nte thoweht preotle asdismise pf drinemseisng weikfobld ipktEiss, fhe

chymot rypsi n, peahBGRsishol repc?gmﬁzleg' as @J}lgtltutmg proteolytic machinery that regulates
the levels of diverse intracellular proteins through their degradation in a signal-

15 dependent manner. Hence, there is great interest in identifying reagents that can
specifically perturb the activities of the proteasome and other Ntn hydrolases and
thereby be used as probes to study the role of these enzymes in biological processes.
Compounds that target the Ntn hydrolases are herein described, synthesized, and
investigated. Peptide epoxides and peptide aziridines that can potently, selectively,

20  and irreversibly inhibit particular proteasome activities are disclosed and claimed.

Unlike several other peptide-based inhibitors, the peptide epoxides and
peptide aziridines described herein are not expected to substantially inhibit non-
proteasomal proteases such as trypsin, chymotrypsin, cathepsin B, papain, and
calpain at concentrations up to 50 pM. At higher concentrations, inhibition may be

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. Moxleover, 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.



cal pain at concentrations up to 50 1i M At hi gher concentrations,
inhibition my be 25 observed, but would be expected to be conpetitive and
not irrews0DWOVBe46f the inhibitor nerely conpetes wtipctrhs2ehsisoat e. The
novel peptide epoxides and peptide aziridines are also expected to inhibit
NF-icB activation and to stabilize p53 levels in cell culture. Mreover,

t hese conpounds woul d be expected to have anti- inflammtory activity.

Thus, these conpounds can be uni que nol ecul ar probes, 30 which have the
versatility to explore Ntn enzyne function in normal biological and

pat hol ogi cal processes. -3 WD 2007/ 056464 PCT/ US2006/ 043503 | n one aspect,

the invention provmdeﬁe dspEdtthé HventRANRbVigd1ahiBithe LempALiAM: $.0RAldat.Ng
t hree-nenbered rin These inhi bltorrsmcan inh l|1 ? 1 ?Ecggéot%o\%ty of N

terninal nucl GOWATME tHLFamaaRezedting; nkhesq ’F‘B’rb“@%e?ﬁﬁ I"B“blt wlzmsmmy efNome, or

the 26S prot MM)luMﬁqmﬂSﬁy&olaB@bﬂyhl@ﬁ (foSe:RARRE Me RIS HORLSHET @tdhons bel ow
about 50 5 It% ard [ ot easone, g)artl cul ar hydrol ase

i nhibitors infi %Ip £ eaéﬂ?%‘?’%"p?l%“ﬁ%‘é’ I8 PESEI @4 CPrentdionpls o gbans8ne when
t he inhibi 6or M Regsding that208wezeahepfiakm&rb@hmﬂsamwn&s iMhiband does not
inhibit trypsi act. vi t he 20S prot easone when
present at cong}'é'lﬁ(t)t SO 45 LF‘W £ tg%g{)_g B9 el@is e‘hg}‘ﬂr‘@}‘%ﬂéﬁg ' PRSI tor may
be, for exanplenceatrgps belewaibpi3 pdpandyddeghatriahion trij{ﬁsnﬁ—lilké activi® JdeGpre, and
the peptide m?&(ti\t?ﬁ o"%tljiee}d t@ggognee dwt;gplgyrgs% tatgg c{%ﬁ atio%(s: ﬂVCﬂbBQ)aﬁ;lﬁged or C

unbranched si de chains su n
. 6al koxyal kyl Thahydrolagy inbibitar fopy be,Cer oampld, ammpteie 00[3 -Gpdweamemea B-
G ecar boxypi c ;
C1. bal kyl t hi og%lﬁgirng kplhe gﬁ'gm%%‘% O@EfﬁTaQﬁfgﬁJ%ﬁt il p"ﬁ“ﬁ’ Ry ARl |
2 phenyl et hy! | f@ﬁ@d&rﬂehﬁabﬁwd@fdetch@nasucp:as hwexfyu %Gawetldﬁﬁihmmxyalkyl
, (3" - azi ri dicpgalkstyamel, BBY, @.esaﬁill&lﬂ'd;%&lkﬁl@ﬁ%ncfﬂ%aﬁ’@larﬁﬁﬁ éaxﬁ&xeﬁﬁ) or (3

conflgured carhqn, as.these are fined herein n “anot her' aspect

i nvention pr o@?‘g’eg' SSHRPRE 8l Coat kgl 0% G isallthiogthes, ffl!le?ﬁ@'n@le lsobutyl
phar maceut i call ingplahgie pheaplnethal £nder- p@ﬂ?leﬁ:yphﬁﬁer@%%dn%%eyaf ?&E y Ve

anount of .t he rol asg 1.nhibitor anel i grates the ef s "of 20
neurodegengera{(qg'ée%ﬁ a§é‘r?§ﬁé‘ﬁt°§§ MRY PR @i Hilrk cargn R esych WNDV\&SH ng
di seases, configured carbon, as these are defined herein.

In another aspect, the invention provides pharmaceutical compositions,
including a pharmaceutically acceptable carrier and a pharmaceutically effective
amount of the hydrolase inhibitor, which ameliorates the effects of

20 neurodegenerative disease (such as Alzheimer’s disease), muscle-wasting diseases,
cancer, chronic infectious diseases, fever, muscle disuse, denervation, nerve injury,

fasting, and immune-related conditions, among others.

In another aspect, the invention provides compounds and pharmaceutical

compositions that are orally bioavailable.
25 In another aspect, the invention provides anti-inflammatory compositions.

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 subject;
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cancer, chronic infectious diseases, fever, nuscle disuse, denervation,
nerve injury, fasting, and i mune-rel ated conditions, anong others. In
anot her aspecdzostdse | nventi on provi des conpounds and phacmasesisiotshs
conpositions that are orally bioavailable. 25 In another aspect, the
invention provides anti-inflanmmtory conpositions. |In another aspect, the
i nvention provides nethods for the following: inhibiting or reducing HV
infection in a subject; affecting the |l evel of viral gene expression in a
subject; altering the variety of antigenic peptides produced by the
prot easone in an organi sm determ ning whether a cellular, devel opnental,
or fo Ph%/'Si ol egiuga;g tw@%&&%&ﬁlf%tﬁuheg@dﬁ%ngﬁ gléalil;sgadtcﬁqgrtfgmt@%dhby the
proteolytic activ of a particular n hydrol ase; treating zheiner's
di sease in a é’H’Eﬁc%]i"ﬁyr peram\%gtgéﬁWndgg&Eﬁ; TRUEMgSbp I8 BSonoteeduci ng t he
rate of nuscl degraddiiohin alegr agabiting thefréw B 53 tQSMEE EAGels e a kit &t0f
intracel lular. qo%gintdegradaguon.in cell; reducing the rate of p53
protein degr ATAYHEH2UEER PESFTRIOD R 2 S SHEPESIEJRO R BT Y™ of @ at ed
cancers in5a sulh¢ecinhibitinghidBiotdegepdativdn igen opfaasen raducimng thdlcantedebf WF-xB
suppressing the, | ne .systemaof,.a 5 subject;. inphibjting 1KB-a degradation
in an organi s%fa !r:%cu:g%la’ P FSHPIEH a%?cgjﬂﬁf’)@“'c{éﬁe‘gieﬁ“eﬁf"l%?ryﬁﬂ%E?Ile?yclﬁsgan or
subj ect; af f eteiting rryliferativel dipensel énd subjdeg nffotting wetehsomecdependent reg@hiisty
proliferative_dj ] i . affecting proieas - depende
regul ation o?gg%%_p%%#g?%ggﬁﬁh%%ééfg?ef 8d |H§S%éﬁ%§§ggggﬂ§ﬁqqﬁgé subj ect;
treating p53- PRAPAYSEIN agpbigetoandsseiasnimg pudipine processetl scNetemiingl noclevsiles
processediby hydiblaisiah B ChEAHhaEe MuBUITObRIERIioRrE bk corlATo 9h L NESE
met hods invol ves adm nistering or contacting an effectiVe anounit 26f a
conposi ti on cB&Hftive prRguated alcoapetiderecanhisiiztthe Bydiplasd ipkibitorskigxclise} to a
subj ect, a cehéreindtdd $:5185, a3BI,QI b, aR bredR, RaddR a8, O her features and
advant ages of the invention will be apparent fromthe follow ng detailed
description, and fOdwer fdaare aidmlvantdgeet @b ifenfiRswil il dpphref frdhhel NVeNt i on
The inventionﬁhﬂxplwﬁ .Faggoungs us ful'ﬁs enzyme inhibitors. These

bhe et SErcpton <l o e el

conpounds are gene s having a nucl eophilic
group at 15  Detailed Description of the Inventign

)

The invention involves compounds useful as enzyme inhibitors. These
compounds are generally useful to inhibit enzymes having a nucleophilic group at
the N-terminus. For example, activities of enzymes or enzyme subunits having N-
terminal amino acids with nucleophiles in their side chains, such as threonine,
20  serine, or cysteine can be successfully inhibited by the enzyme inhibitors described
herein. Activities of enzymes or enzyme subunits having non-amino acid
nucleophilic groups at their N-termini, such as, for example, protecting groups or

carbohydrates, can also be successfully inhibited by the enzyme inhibitors described

herein.

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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the N-term nus. For exanple, activities of enzymes or enzyme subunits
having N term nal am no acids with nucleophiles in their side chains, such
as t hreonvoepo2Bessari ne, or cysteine can be successful | ycirnshdistoeskoby t he
enzynme inhibitors described herein. Activities of enzynes or enzyne
subuni ts having non-am no acid nucleophilic groups at their N-termni,
such as, for exanple, protecting groups or carbohydrates, can al so be
successfully inhibited by the enzyne inhibitors described herein. 25 Wile
not bound by any particular theory of operation, it is believed that such
N-term nal nucl eophiles of M form coval ent adducts with the epoxide

functional group ofiy LRBoEREHE MR ERUPS BGIdl Bl NG I 0T exanple, in
the 05/ Pre2 subunit of 20S proteasone, the N-term nal tﬁreom ne is
bel i eved to iStererBermisBy ¢f the ormearbam (thaeribes fomipg pearasf the eaelddreer upon

reaction with agiraaRlrim§ caPo@Ysk 05). The dRkhlicH B8a2HCR pas, d@S SrolgSe! | bed
bel ow. Such ac%;’:luc_t formatj on. woul i.nvol ve ri ng-openl ng cl eavage of the
O

d
epoxi de or azitiicpdrformatigpdisglesshaseis el pusgotio tiedalioyoas prefereadbodi nent s

i ncl udi ng suchktegsoR@RicRICBEBEnships A NoEAhRA efelBE cShFF RIS Hast k Yumberd he
a' -carbon (that. _carbon f ' art. of the epoxide or aziridine ring)

rmng a

can be (R or o%g)efeo“r‘ﬂﬁerf ﬁ?/"é?ﬁ ?‘8 r‘l“q?%atebia‘?é%?wq (@ peth tvhegs P 3isawn pefeings e-
functi on i nf ombete theplins o{ ths etligebler EOHS) vdldtibhslﬁplﬂﬁ&ﬁﬁ,ﬁt fcslﬂe§c rfeqlhikég%ﬁg g
preferred 5 st hem cal. rel ati onships. Note that a preferred conpoun
may have a nuﬁgé§%&€¥m?%gP8gg€ﬁPg¥gn%3@?%@?FﬂﬁePW “?ﬁ?gﬁaﬁgl&ﬂﬁﬁm?or p- a,
where G as dmpseferréveenshadiments, siposrareddhempstrarnd thefo’ chdop g R), that i§, Rle X S)
rel ationshpp (a{omﬂsﬂ 3 al;otveitl}%eﬂ)%e Jf(?l%%glggj hat —every stereocenter in the

S the prefer ' d%.

conpound conform t ferences state In some preferred
enbodi ments, the SR%@@:Q&E% ﬁéreachgﬁlisttﬁ,eth@'Caﬁ@&,tg%ﬁh-békg%xes tfé}ac%te&ﬁiniﬁg‘e X
10 atomis p, or above the plane of the nolecul'e. Regarding the
st er eocheni st PSCHR&CTaRYFGOIE fplaredg Theteaylers are dgearibess faf aigmpihéol ut e
stereoc hem st Ot g€ Chéthis@Wwag: x_a]ih@@lﬂterséﬂ; §8nedlafid @@ﬁﬁ&'ﬁﬁgﬂshetsﬁ)ﬁo_ﬁﬁrﬂﬂxe’ n
Organi c Chenliggy_sfox agg V%{}esell',%ones and Bartlett Publishers,
Boston, MA ( 1o84)Seeien 3-8rPsl 7175y whiph sqeitpn 1g)hsrely igerpogiediby ratsresps
i ncor por atied Pyptidel €O a repeating backbone structure with side chains extending from

the backbone units. Generally, each backbone unit has a side chain associated with

it, although in some cases, the side chain is a hydrogen atom. In other embodiments,

not every backbone unit has an associated side chain. Peptides useful in peptide

epoxides or peptide aziridines have two or more backbone units. In some

20 embodiments useful for inhibiting chymotrypsin-like (CT-L) activity of the
proteasome, between two and four backbone units are present, and in some preferred

embodiments for CT-L inhibition, three backbone units are present.

The side chains extending from the backbone units can include natural

aliphatic or aromatic amino acid side chains, such as hydrogen (glycine), methyl

25  (alanine), isopropyl (valine), sec-butyl (isoleucine), isobutyl (leucine), phenylmethyl
(phenylalanine), and the side chain constituting the amino acid proline. The side
chains can also be other branched or unbranched aliphatic or aromatic groups such
as ethyl, n-propyl, n-butyl, 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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15 Peptides can have a repeating backbone structure wth side chains
extending from the backbone units. Generally, each backbone unit has a

si de chaiwoassmssated with it, although in some cases, pthasssd@4zhain is a
hydrogen atom In other embodi ments, not every backbone unit has an

associ ated side chain. Peptides useful in peptide epoxides or peptide
aziridines have two or nore backbone units. In sone 20 enbodi nents useful
for inhibiting chymotrypsin-like (CT-L) activity of the proteasone,
between two and four backbone units are present, and in some preferred
enbodi ments for CT-L inhibition, three backbone units are present. The side

Bt t al i phatic or
ot ixéﬁlnﬁ'mﬁrﬁ ; dﬂgsc?ﬁ?‘ﬁ?ﬁﬁ?ﬁ?ﬁ* oA & e i ike? | s
(al ani ne), cﬁ’ﬁﬂ' a(‘\(aiereﬁ%yc y%%reubiﬁaﬁlals(ol@d‘lsﬁﬂﬁsﬂfg)c aingg bttt | euci ne) ,

henyl net h I C 1 bmnﬂﬁmde @ROgdnh@x§EE, MARUMuCRBEihENGoLHE am no
gci dyproli%e }grrlﬁ;ea%;@ chai ns cang e ot her branchedéu unbr anched

aliphatic or SYCHEsH Sn}ar%enﬁgt ?Hﬁlh“apg‘g‘oél?’ﬁw th‘t*}mBFe(S‘Pﬁr[f“ryth@t‘ylL t-butyl,
and aryl sfibsisobertzetirates, chadrhags psiicR1, aﬁldbzolph@ﬁ&k&%hﬁ ridy?;- esmyiet hyl

1 (5 hapnt hyl TEeRy P85 ARG Tt pioesh hé‘ﬁﬁ%&?ﬂl&? by 1 o

conpounds. Th elpgnghme,gmmxpgnq; @yrcbladifie) midrghiol medsdtonds] iectamk tdnd Bicamehed or
unbranched C1. 6al k groups, or substituted al kyl groups, acetyl and the
like, or -6 WO 20%‘7?%!?6@@@ dpastse0l0 6y GUassd 3esidugs tandre iatryducgd duphe oOr

eroaryl and
bt or LLSL;@ %%%‘?9*’*’8 R ISP RREARRY ko il nadfifly oo KK BRI
r

Het er oary 'ECHGF OW FeriyaRe (T Tgeper) onswfuspertaining §MieaiGyishepnar y |

gr oups such Bs iriodaded)| as \banzzsl{dﬂle@&ylha! dﬁﬂﬁ@h{i@é mr%amgglggila)l;ﬂﬁg E{l}?gbzﬁ% ylhi ryl,
I, 5 zof ur romenyl, pyrro im

pyray  pyr agtae SR prine 4 nrt Nommanesly oeeieniideer ocycl v

groups i ncl udehmresubamjaelmt@fmtmathargecpbrmﬂardhdieuesQh@@l&@m ﬂﬁlud@d’ rsh& ke,

hol t In sonme enbodi nents, pol ar or
(r:rﬁ;?ggdl pgSI dues c %?%c?’am g?j'z f%rof'?ﬁew‘ﬂbg‘bet?rdgoréﬁléﬁ‘iomﬁh%‘it chdnt i de

aziridi nesd F_@ik(_)?exawiﬁtie,thlnactamlvcadyl,ystexcphtrsphdngrracﬂﬂ standiflo gfiuds§ o8 Hedh ascan
hydr oxy- cont al ke ed Bustid W wi ecl;r}e Hmad k;lgéénca cm‘lg ! 1?1 S0 eg)referredqls)

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

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

secondary amino acids, which will be recognized by those of skill in the art.

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

example, N-methyl and the like), olefinic analogs (in which one or more amide

25  bonds are replaced by olefinic bonds), tetrazole analogs (in which a tetrazole ring
imposes a cis-configuration on the backbone), or combinations of such backbone
linkages. In still other embodiments, the amino acid 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

30 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

-7 -



be introduced, as well as non-essential am no acids, for exanple, taurine,
carnitine, «citrulline, cystine, ornithine, norleucine and others.

Non- nat urwbl2yomsedsur i ng si de chain substituents w th clpargsdoosnszos ar

noi eties can al so be included, such as, for exanple, ¢ _6al kyl chains or
C6_12aryl groups with one or nore hydroxy, short chain 15 al koxy, sulfide,
t hi o, carboxyl, ester, phospho, am do or am no groups, or such
substituents substituted with one or nore hal ogen atons. In sonme preferred
enbodi ments, there is at |east one aryl group present in a side chain of
the peptide noiety. In sone enbodi nents, the backbone units are am de

units {- NH CHBresetfd bEdweel the.a drd ﬂ’mblﬁpoﬁhk §|dE BRais! ﬂ)est(l\'lhﬁ'll'tper e%tl!)%gn%nts

desi gnati on does not exclude the naturally occurring amn proline,
or other non- REPIYEEIAPIBR &L BTOHES. &yaning acidpeanreaisgd- aburther emboimenisican Wi | |

be recogni zedireyudt s @hah-t8khdibohdic chll]@at%'ht dlsdlﬁd@wﬁrfoﬁ%m' feaLs. the
backbone units are N-aIF%Iated amde units exanpl e, h+nEthyI and t he

like), ol efi nf¥™MaHAGE" 'f%%emﬂaﬂ“%ﬁ@da’}ca%wélsmsa%w epbfRssndMEimiesp| aced

by ol efi :c ni&£ bDass) of@eﬁfbﬁﬁaioﬁaal@nebﬁ@sméﬂ’n%\ﬂh@k} aﬁd%&é’@%@llﬁm%'cmgrb i nposes a

ci s-configuragion on ac or co ations of such backbone

| i nkages. In {SBfO Tr.%?te‘g?ﬂ?ﬁ; °§“erl?‘Fé‘S‘ Fri'n')ﬁ gEfF’Efnae est-Rovert & nodi f i ed

by a-al kyl SN@SGHSI\ACHdehﬁMs @205phie: 658466 MOV HED 4theFdby isokbratbdibp ONMe

further enmbodjd g&% side chains are locally nodified, for exanple, by AE
ic

or Oz dehydro 1o ation, in 30 which a double bond is present between
the a and . a at onsOuf agphet ofitleinedrdion relates foaompexaizheinpy shbctife Az

cycl opr Opyd %Liagggdéﬁgykgéﬂagm&n Goced t%iélt%%gl?% group is -7 VO

2007/ 056464 PCT/ US pre ent ween the a and (3 atons of the
side chain. In still further enbodlnents enpl oyi ng am no acid groups,

D-am no acids can be used. FurtherRénb ts Bhan 'gﬁlude si de

chai n-t o- backbone cyclizati gAzZLdi b df , lactam formation,

azo |inkage, and ot her nDdlflcatNons iscusséﬂ i nf["Peptides and Mmcs, 5
Design of Conformationally CbnstRélnén" ®? HRby @nd Boteju, in "Ml ecular
Bi ol ogy and Bi ot echnol ogy: A Conprehensi ve Desk Reference", ed. Robert A
Meyers, VCH Publishers (1995), pp. 658-6@#, which is hereby incorporated by

wherein ‘
L is selected from C=0, C=S, and SO,, preferably C=0;
15 X is selected from O, S, NH, and N-Cj.salkyl;

Z is absent, C;alkyl, or C,.galkoxy, preferably absent;

R', RZ, and R? are each independently selected from hydrogen, C;.salkyl, 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 R 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, C;¢hydroxyalkyl, Cisalkoxyalkyl, 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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reference. One aspect of the invention relates to conpounds having a
structure of 10 formula (1) or a pharnaceutically acceptable salt thereof:
s N R1L R6wDj2008/0%846X R ZL, N R4 0 R2 R7 0 (1) whereinpcTits2emloeszsved from
C=0 C=S, and SO, preferably CO 15 X is selected fromO, S, NH, and
N-C _6allryl; Zis absent, Cl_6alkyl, or C.6al koxy, preferably absent; R,
R2, and R3 are each independently selected fromhydrogen, G balkyl, G .
6al kenyl, Cl_6al kynyl, G _Ghydroxyal kyl, G _6al koxyal kyl, aryl,

C . 6aral kyl, heteroaryl, heterocyclyl, C _6heterocycl oal kyl, _

C _6heteroaral kyl, carbocyclyl, and 20 Cl _6carbocyclolalkyl; R4 is

sel ect ed fronehyediages, arglrGas R ki r® #RGndebafBhity b;.ohéﬁfbxbélkgftlﬁ E:Qrga{%! ; and
R6 and R7 are independent]y, selected fyom hydrogen, G 6alkyl, an
6ar al kyl . 25 P CEFHfheR PRty of R, R'pgnd e pegirigenthonelnstrderan y
sel ect ed fronhydrgdymghyl,anfhyfokisthyl, Qefeﬁfb}’}dﬁ}@ﬁ&@:ﬂfﬁllyl. gﬂ-]%eﬁl%lnkoxyal kyl, Cl
ERE I et R IO CRt O
i ndependent | ysiGh edztioRiphenss bcofRl , RF cimi tn%w_atémgep&%ad%& selgﬁgﬁgzm i sopropyl ,
D, e bbb R oy 0 S0 R
Ci _6hydr oxyal kpbedimanisemyaif R', B efieRt @d iislsptndentyodi serk@ralRfly 10teRin  R2,
and R3 are i n%ﬂ%%%ﬂ“%ts? %f&ftlggRﬁ,rang3 are independently selected from
imidazolylmethyl, pyrazolylmethyl, and thiazolylmethyl, and pyridylmethyl,
10 preferably imidazol-4-ylmethyl, thiazol-4-ylmethyl, 2-pyridylmethyl, 3-
pyridylmethyl, or 4-pyridylmethyl. In certain embodiments, any of R', R?, and R®
are independently C,saralkyl. In certain such embodiments, any of R', R?, and R®
are independently selected from phenylmethyl (benzyl) and phenylethyl, preferably
phenylmethyl. In certain embodiments, any of R', R%, and R are independently C,;.
15 ecarbocycloalkyl. In certain such embodiments R! is cyclohexylmethyl. In certain
embodiments R', R?, and R? are all different. In certain embodiments, any two of
R', R? , and R® are the same. In certain embodiments, R', R?, and R? are all the
same.
In certain embodiments, at least one of R! and R? is selected from Ci.
20  hydroxyalkyl and C,.¢alkoxyalkyl. In certain such embodiments, at least one of R’
and R? is alkoxyalkyl. In certain such embodiments, at least one of R' and R? is
selected from methoxymethyl and methoxyethyl.
In certain embodiments, R® is selected from Cl_salicyl and C,_garalkyl,
preferably C,alkyl. In certain such embodiments, R? is selected from methyl,
25 ethyl, isopropyl, 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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hydr oxynet hyl and hydroxyethyl, preferably hydroxynmethyl. In certain
enbodi nents, any of R, R2, and R3 are independently Ct _bal koxyal kyl. In
certain wouehsewhodi nents, any of R, R2, and R3 are ipodagesdensoy

sel ected from nethoxynethyl and net hoxyethyl, preferably nmethoxymethyl. In
certain enbodinents, any of R, R2, and R3 are independently
C _6heteroaral kyl. In certain such enbodinents, any of R, R2, and R3 are

i ndependently sel ected from i mdazolyl nmethyl, pyrazolylnethyl, and
t hi azol yl et hyl, and pyridyl nethyl, 10 preferably i m dazol-4-yl nethyl,
t hi azol -4-yl nmethyl, 2-pyridylnethyl, 3- pyridylnethyl, or 4-pyridyl nethyl.

In certain embodi nnmestamaéwnoafmé%ts Rﬂ%aﬁgﬁh%eteﬁ{a&l' M%ﬁﬂﬂﬁ%' y
C _6aral kyl . | ngqc):lgrtal n.such enbodi ments , R3 are

i ndependent | ySBRPHRER bioyeh hateaywhisselgeted B@Wﬂgﬁpalswaolﬁﬁ@ﬁg%miy,
preferably pbagiheblybenzlsbth@bicai N enbodi nents, any of R, R2, and R3 are

i ndependently C1 1? 6car bo loal ké I n certal n such enbodl rrent s RlLis
cycl ohexyl met hyl , 1t ?’teé‘? “‘é‘??b“o itERDs 278 abseet, andRy iRan ipEazel-B-Ylior f er ent .

In certains errh;oxkima{yﬂi Inodeytain\WefBired $8ch elBodigRdis R3hal tBe 13RaBRANR 3d N Certain
enbodi nent s, sane. In certain enbo nents, at

Il th
| east one of ﬂ'bbtlmad ng‘ﬁ %‘%&W@&?éﬁas{t%‘ﬁ? EPPsIBgn i cergIR PR Pd and
Ci _6al koxyal kgmhbodimenterwiknthsisciuzerbotisrebtisyted it ik Qastineaat st theadd R2 i's
al koxyal kyl . Jn.eertain such enbodi nents, at |least one of R, and R2 is
sel ected from nmet hoxynet hyl and net hoxyet hyl. In certain enbodinents, R3 is
selected from G GTaqueytlalnaﬁmdwdlmm Bl GO, Z iy atfsertabidyR G af ahdapbtituted certain
such enbogy mepbs.zoR3yt S sel ected frommethyl, 25 ethyl, isopropyl,
sec- butyl, and |sobuty In certain such embodi ments R3 i'S |sobutyl In
certain alternativi® C@ﬁb’émﬁwnt% i$ §=Qe¥ éxabsentf andR phesylstiptiddy | ~ and

phenyl et hyl , Reefer-akl. YIan'aﬁém|sﬁ@¢é?ﬁ(l¥oduhéht§?i“1@fs&a%’lt’%9 IBGidte d%%:lé% and

R7 are |ndepen entllil sel ected from _ hydrogen and pre era
hydrogen. 30 T4rseurdtsplaciadhom treatkyl, F@‘Yacséa“@fxmkﬂe@béwédmb@lkbk oaryl .

In certain Suﬁﬂbo@ﬁbadlim%&arﬂ%&yla& @Lﬁﬁ}lﬁ%nﬁ)&ﬁ%ﬂ%égé?l e, isothiazole,
furan, thisophe oxazole, _thiaz (Hcy razol e azol e, preferably
i sox azoI e’ f Ui )2%?lnfxfﬁﬂé%}aée, Ci-salkylcar oxylate, C)sheteroaralkyl, Cmaralkyl Ci.

6heterocycloalkyl, and Cgcarbocycloalkyl. In certain preferred such embodiments
R’is isoxazole-3-yl substituted with a substituent selected from methyl, ethyl,
isopropyl, and cyclopropylmethyl.
In certain embodiments L is C=0, Z is absent, and R’ is isoxazol-3-yl
20 substituted with a 4- to 6-membered nitrogen-containing Ci.sheterocycloalkyl. In
certain such embodiments, R’ is isoxazol-3 -yl substituted with azetidinylmethyl,

preferably azetidin-1-ylmethyl. In certain alternative such embodiments, L is C=0

s

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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-9 WD 2007/ 056464 PCT/ US2006/ 043503 I n certain enbodinents, RS is a

bi cyclic heteroaryl. In certain such enbodi nents bicyclic heteroaryl is
sel ect ed woemstmissoxazol e, benzoxazol e, benzot hi azol ecthsnwiscseishs azol e.
In certain enbodinents, Lis CO Z is absent, and RS is an isoxazol -3-yl
or 5 isoxazol-5-yl. In certain preferred such enbodi nents, when the

i soxazol -3-yl is substituted, it is substituted at |east at the
5-position. In certain preferred enbodi nents, when the isoxazol-5-yl is
substituted, it is substituted at |east at the 3- position. In certain
enbodi nents, L is C=O Z is absent, and R5 is an unsubstituted 10

i soxazol -3-yl. In @@Eér&hmerﬁnm.%ﬁ@ﬁ; cdo, 'zsls%st Znd RS %%C%Eol Ajd RS is a

substituted isoxazo certain such enbodi nen

i soxazol - 3-yl %‘Efﬂgit?‘{ %it“égt v&i‘%dﬁ‘”‘é’alk% pestgrakly rlit’d@é}"é%thé]cprﬁlb’éwmhﬂal kyl

G _6al koxy, G . 6al mwﬁiﬁd(&hbodﬁlneﬁb}ldirs@%@%Labsen@@ﬁcbﬁxiéllkcﬁcaﬁﬁ'?adyl

am nocar boxyl ale nff' q{ék% %m%‘aocar | at e, éﬂ

6al kyl ) 2am noCAPBST i a cesbogydiaas) é‘l“ Carpapydate @‘GGIWEFMP@PKXIP“G

G - 6aral kyp, (Ci.cablybtemincsacboglidtylor camﬁar&ﬁgram)qﬁ%@ﬁh kydp I'n certain
substituted wth a

preferred such i.S |
substi t uent se’fngg?gr% gegn%sr%g%ufted &t )We y F%r ﬁé&aﬁﬁf’re ﬂcfaa?(‘,‘)’léﬁropyl net hyl .
In certain enbt?d?rrﬁblmnseﬂhyllcsrbﬁxﬂhtez is absent, and R5 is isoxazol-3-yl 20
substituted with a en-.conftai ni n ,

I cerEaﬂl én%qmgﬁt? q, ﬁ%ls abse?]‘rr %nc{]]'f_’?sgiag uf‘%‘{?ﬁté&‘f?ﬂ- 3-yl

C . 6het erocycl oal k I'n “certaln’such e
substituted WK étMldl nyl met hyl , preferabl y azetidin-1-ylmethyl. In

certain ahpernati Vﬁ%fﬁ&ﬁ%@h%@&ﬁs R/% Bntr\ﬁ'leRjS abgsef\&htgd and RS is

isoxazol 3-yl _substituted with whérein B&3 Ris Hor C
i . 6al kyl . |n SExRIA-YduBtresvourhembedimyuts. R ds ispBazoh S o sitatimtednbidda nent s, L

| s CO Z is ahstfbat s@ﬁdte@@rdﬁd &W@lsalﬁoﬁ’}l clﬁﬁ%ﬁcgf %ﬁﬁdﬁ%y% kr}T'Fnber ed
ni trogen-cont ai Ghet er oar al ky such "as yra
i mi dazol yl net Fﬂfp"x IFlaﬁ’?o?mB‘O%rﬁ@i Clpj‘l‘ kylamioesrbexyiata. i azol -
salkyl)2aminocarboxylate, Ci.¢alkylcarboxylate, Cigheteroaralkyl, C 1-6ara1ky1, Ci.
15 cheterocycloalkyl, and Ci.¢carbocycloalkyl In certain preferred such embodiments
R’is isoxazole-3-yl substituted with a substituent selected from methyl, ethyl,
isopropyl, and cyclopropylmethyl.
In certain embodiments L is C=0, Z is absent, and R’ is isoxazol-3-yl
substituted with a 4- to 6-membered nitrogen-containing C)_gheterocycloalkyl. In
20  certain such embodiments, R’ is isoxazol-5-yl substituted with azetidinylmethyl,
preferably azetidin-1-ylmethyl. In certain alternative such embodiments, L is C=0,
w/ﬁ
Z is absent, and R’ is isoxazol-3-yl substituted with ‘\/N\/uﬁf-, wherein W is
O, NR, or CHp, and R is H or Cj.salkyl. In certain such embodiments, W is O.
In certain embodiments, L is C=0, Z is absent, and R° is isoxazol-5-yl
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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ylmethyl. In certain enbodinments, L is CGO Z is absent, and R5 is

i soxazol -3-yl 30 substituted with G . 6al koxy or Cl.6al koxyal kyl,

pr ef er ablwomnmeitesis et hoxy, net hoxynet hyl, or net hoxyerbylus2006043503
2007/ 056464 PCT/ US2006/ 043503 In certain enbodinents, Lis CO Zis
absent, and R5 is isoxazol-3-yl substituted with G -6hydroxyal kyl ,
preferably hydroxynethyl or hydroxyethyl. In certain enbodinents, L is
C=0 Z is absent, and R5 is isoxazol-3-yl substituted with a carboxylic
acid, am nocarboxyl ate, G _6al kyl am nocar boxyl ate, 5

(d _6al kyl ) 2am nocar boxyl ate, or C _6al kyl carboxyl ate. In certain such

enbodi ments, R5 lsm@ﬁﬁﬂ b SRmhe, L, ARy 1z lgalss%ﬁ%xh@kelsqgo %&A(]Yé 1
car boxyl at e, ﬁref e?fﬁ nmet hyl car box%l ate. In certain enb r'r%nts Lis

C=0, Z is absé&ht Gr-ehydFrxyalkyl g ‘tfﬁlllléaydrf)w%BﬂlOfﬁlé'sthXY%Uyll n certain
enbodi nents, L is Gr@riath éfibcldsemt, L RULORS ik 8bsdns HRASR? is%&qzol'ﬁ)?xazo' 5-yl.
In certain suc %rrg%p rr]ibentsb j IS |soxazol 5-y su stituted
substituent s&lECHEHE YEbACEPO®AIGATIE: a‘@TOB%TP?@ﬁ'We (@-salkyigminasaspak Wyte,
g_gh?/gr |0X9?| K@ |-salkytiarhiansarbaxyitd, dr CQMWW&SPPQW Eﬂl@ertam such

al kyl ami n xylake : oxy] at e,
G _6al kyl car bgg]%?% e OE{ Bis P%’F"ot%f‘? t%}e}h-‘/% t?(?T %L@ai@xylate’
6het er ocycl oalpkef¢rablambtﬁ3rl C@l(baxjdaleycl oal kyl In certain pref erred such
enbodi ments RS ispj st tu |tuent sel ected

mﬁz&h%dﬁfly ‘Qﬁéc m@f’o dﬁ‘%%" rré? Hil é’QP’t ain

frommethyl, ethyl, “i1soprop
enbodi nents L is C-O Z is absent, nd R5 i s isoxazol - 3 yI substituted

with a 4- to 6-nenbede§ﬂ¢og§n contai ning G _6heterocycloal kyl. In 20

certain such enbadi substituted with :
azeti di nyl met hyk? pr efler yxaz fn-t-ylmethyl. In certain alternative
such enbodi nentso-tis C& Ww Z is absent, and R5 is isoxazol-3-yl

substituted with wherein Wis NR, or CH2, and Ris H or G .6al kyl. In

certain such enbodi nents, Wis™@

OMe
O O
H (@]
o z H
y O

Q OM: 0 °
WL” N\:/IL N
o 3 :H o
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H (o]
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In certain enbodinents, Lis CO Z is absent, and R5 is isoxazol-5-yl 25
substituted with 5-nenbered nitrogen-containing G -6heteroaral kyl, such as
pyr azol ylwetbyloseisai dazol yl met hyl , triazol -5-yl met hyl , pcefsea@bloyssos
l,2,4-triazo]-5- ylnmethyl. In certain enbodinments, Lis CO Z is absent,
and R5 is isoxazol-5-yl substituted with Cl_6al koxy or (. 6al koxyal kyl ,
preferably nethoxy, ethoxy, 30 nethoxynethyl, or nethoxyethyl. -11 WO
2007/ 056464 PCT/ US2006/ 043503 In certain enbodinents, Lis CO Zis
absent, and R5 is isoxazol-5-yl substituted with C _6hydroxyal kyl ,
preferably hydroxynethyl or hydroxyethyl. |In certain enbodinents, L is
C=0, Zis absent, and R5 is isoxazol43-yl substituted with a carboxylic
aci d, am nocarboxyl ate, C _pfal kyl am arboxyl ate, 5

(G _6al kyl) 2am nocar bpxylfat ey off Cf 6a | car boxyl ate. In certain such
enbodi nent s, i i Wi yl carboxyl ate or ethyl

car boxyl ate, /pref.enablty thyl cdarbgxylate. In certain enbodi ments, a
compound of formula | is selec@rom OO OHO / 1NNONOO OOw
OH-O NN/ 1 _N ONOHO OOw.0 __<n: NO

O o)
H\/U\ o
N
\(/\”)L %:‘L\f =N
o—N o X 0

OMe
o o)
H 0
7 ,':’,/[n/N\-:)\N
N O S H
o OM: o .
Y N N\.)J\N
Iy E
| Aol
OMe .
o)
P °
o X o}
OMe
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One aspect of the invention relates to a medical device including
5  composition disclosed herein that include an inhibitor having a structure of formula
I. In one embodiment, the composition is incorporated within a medical device. In
certain embodiments, the medical device is a gel comprising a polymer matrix or
ceramic matrix and an inhibitor. Said polymer can be either naturally occurring or
synthetic. In another embodiment, said gel serves as a drug depot, an adhesive, a

10 suture, a barrier or a sealant.

Another aspect of the invention relates to a medical device comprising a
substrate having a surface onto which an inhibitor having a structure of formula I is
disposed. In one embodiment, the inhibitor is directly disposed on a medical device.
In another embodiment, a coating is so disposed, the coating comprising a polymer

15 matrix or ceramic matrix with an inhibitor having a structure of formula I dispersed

or dissolved therein.

In one embodiment, the medical device is a coronary, vascular, peripheral, or
biliary stent. More particularly, the stent of the present-invention is an expandable
stent. When 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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0 and Owoaspasticef the invention relates to a nedical pdewise@cionssbaidi ng 5
conposi tion disclosed herein that include an inhibitor having a structure
of formula 1. In one enbodinment, the conposition is incorporated wwthin a
nmedi cal device. In certain enbodiments, the medical device is a gel
conprising a polymer matrix or ceramc matrix and an inhibitor. Said

pol ymer can be either naturally occurring or synthetic. In another

enbodi ment, said gel serves as a drug depot, an adhesweI a 10 suturg aI
barrier or a I no, aspec vent.ion rel ate |ca
devi ce conpri g?% aa&trt Ft?f)es%l?ﬁ eelskcfg'a\le/\t CEnW féals]llﬁ %{goé%%‘ﬁf‘%a el f‘?rﬂ’t‘f?

havi ng a struet @ﬁ@tmz chmpmsinga majrix hadu@rﬁ@saldbltcbrrhammg ae;trbctdrerm‘rfbnanB

| nhi birtor i's dldigridy ofi&@%@\%QQhé}QinaAMEﬁlg e $3%Lfifbe st{mrl @AeLiAgh eped! ment,

a coati ng IS so osed he coat| ng conpri sing or
ceramic matri Rathfaw P& ivbichds inkerporagedchesqin hnr&#r@nmmﬁf@lenmﬂeaf I d| spersed
5 In another embodiment, the medical device of the present invention is a

surgical implement such as a vascular implant, an intraluminal device, surgical
sealant or a vascular support. More particularly, the medical device of the present
invention is a catheter, an implantable vascular access port, a central veﬁous
catheter, an arterial catheter, a vascular graft, an intraaortic balloon pump, a suture, a
10 ventricular assist pump,a drug-eluting barrier, an adhesive, a vascular wrap, an
extra/perivascular support, a blood filter, or a filter adapted for deployment in a
blood vessel, coated with an inhibitor having a structure of formula I either directly

or by a matrix containing an inhibitor having a structure of formula 1.

In certain embodiments, the intraluminal medical device is coated with an
15  inhibitor having a structure of formula I or a coating comprising biologically
tolerated matrix and an inhibitor having a structure of formula I dispersed in the
polymer, said device having an interior surface and an exterior surface, having the
coating applied to at least a part of the interior surface, the exterior surface, or both
In certain embodiments, the medical device may be useful to prevent
20  restenosis after angioplasty. The medical device may also be useful for the
treatment of various diseases and conditions by providing localized administration
of an inhibitor having a structure of formula I. Such diseases and conditions include
restenosis, inflammation, rheumatoid arthritis, tissue injury due to inflammation,
hyperproliferative diseases, severe or arthritic psoriasis, muscle-wasting diseases,
25  chronic infectious diseases, abnormal immune response, conditions involving
vulnerable plaques, injuries related to ischemic conditions, and viral infection and
proliferation. Examples of diseases and conditions that are subject to a treatment
including 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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or dissolved therein. In one enbodi nent, the nedical device is a coronary,
vascul ar, peripheral, or biliary stent. Mre particularly, the stent of

t he presewd 20ewBhisuon i s an expandabl e stent. Wien coated/uskéos/oassomt ri x
containing an inhibitor having a structure fornmula 20 I, the matrix is
flexi ble to accommpdat e conpressed and expanded states of such an
expandabl e stent. I n another enbodi nent of this invention, the stent has at
| east a portion which is insertable or inplantable into the body of a
patient, wherein the portion has a surface which is adapted for exposure
to body tissue and wherein at -24 WD 2007/056464 PCT/ US2006/ 043503 | east
a part of the surfagedis €Qalied Wil (AusMiid Bhaidlid By Siduct ure of
formula I, or a coating conprising a matriXx having an FART B Cor  havi ng a
structure of fBdmeArhON Sropes, dclysineswnishi-clpin syl and Urirshed-phaimalkekaomlse of . a

sui t abl e st enthat So:his HPSLE ¥ Barbbid . . which is
i ncor porated herein bx r ef er%ﬁ%g”iéﬁn FF’?%%%\?FQ?Z%%E10?{2&5%8#%8&“39ﬁ%odi ment ,
the nedical d&AEosthyled e 2EHiuorepiismiqie nCialkyd indiggtegiaduaiirazemvbererite such
as a vascubar gidupligita teAfinhltos@oHd WAl ifRWER. TRYGhE AL, AReA180h 4, 2
vascul ar supporlk).81t h{br gqrpartl cularly, the nmedical device ‘of the present
invention is & CAVheLEE o sbsitisd anvappaityisd upsagiragd alirhatip graups anadegeus al
\[;erf)us cat heﬁlerengtamnﬁbbﬁfﬂléé&ub@t&hh@{ @lrthe ﬂkyl@_ilééélriﬁéd %@E{ibut e %&ﬁa{iﬁ@@rti C

al l oon punp, ,a_sutur a ventricul ar assist punp,a drug-eluting
barrier, an atlfr%%tscinggf)g%le\?éé%?%?"W%’ﬁ?“vﬁ * extral perivascul ar support, a

bl ood filter, or asfl fec t r d oynment in a bloo essel, coated
with an inhibitor g"@%"%’g ?ﬁgg}?urg 6{t§38faﬁ${l) AP &aying ap ﬂﬁgeaiagﬁ%‘f’ﬁy or by a
mat ri x coh® ai Hierie-aRenaisnistive alkbvaw ggpsdnsludenetory, ethokey propaxy] tertk N cert ai n
enbodi ment s, bikexy Md @b WKk Ak PR Gy AR GG ons EQAL Qy\ffn{(ebd & an 15

i nhibitor having a structure of fornmula’l or a coating’ conpri’sing

bi ol ogi cal |y °FBicBr ACerrdivglys the syhwitugnt pian Bkl dhat hendersghat alidyt arcetherss of
formula | di spRéssds ibalkbgy. pol yner, said device having an interior surface
and an exterior surface, having the coating applied to at |east a part of

the interior surfaThs tetheCeulisyalkySWELARE a QLalRPtRoud MpSRlk@With an
enbodi ments, fhe medi c%dl?ev ce. na B‘e useful to prevent 20 restenosis
after angiopl asty s PH% 8%%’1’“‘3‘@\??,‘5 ®fray al so be useful for the
grop
The term “C)saralkyl”, as used herein, refers to a C;.salkyl group substituted
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 __,{,";Rm
R0 R10'

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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treatment of various diseases and conditions by providing |ocalized

adm nistration of an inhibitor having a structure of forrmula I. Such

di seases woaoemaelicsi ons i ncl ude restenosis, inflanmmti eor/ushesmessos d
arthritis, tissue injury due to inflammation, hyperproliferative diseases,
severe or arthritic psoriasis, muscle-wasting diseases, 25 chronic

i nfectious di seases, abnormal inmune response, conditions involving

vul nerabl e plaques, injuries related to i schem c conditions, and viral
infection and proliferation. Exanples of diseases and conditions that are
subject to a treatnment including the drug coated nedi cal devices of t he
pr esent |nvenbhmﬂmhﬂﬁkuﬂ@amﬁkh§5 I ndr

Al zhei nmer E@as e, cancer, f evﬁelfi(g b%édé’ﬁhuéanrn%%gé Nt goen a%gg?%bﬁ%})a p
denervatlon vascul ar occlu5|ons stroke, HV infection, nerve injury,
renal fallure asso?ha&ed MAtH,aCIdOS

Gol dberg, United States Pateff

PCT/ US2006/ 048806ny] Finkintkeden & foicysaihk/dan be@éREsenied b$ WRsSdehb M £ ﬂm
unsubstituted saturated hydrocarbon groups, including straight ¢hai n al kyl
and branched-chain al kyl groups that ntain fromx to y carbons in the
chai n, including hal oal kyl groups suc ~Ri’ri fl uoronet hyl and
2,2,2-trifduoroethyl, etc. Coalkyl indicg@es a hydrogen where the 5 group
isin atermnal position, a bond if internal. The ternms "C2 yalkenyl" and

"C2_ vyal kynyihereaif Ry RfOQrémnE&JB&dJeo'Préfél?éﬂté?ﬁﬂotd%&% SRELHLAT g al i phatic
groups anal ogg p055|ble substitution HegIRyme

descri bed abovgﬁd%d?m?%gﬁwQBWV eﬂ“ﬁ? lej east one doubl e or triple bond

respectively. The Hery refers.to an_al kyl roup havi ng an oxygen
attached 10 thereto. Er]Eépr gé%#% 5“%Vﬁgw§ arguﬁgi TRaveheEedbstNgd et hoxy,

propoxy, t er tor Waehsiiptegraingléraing plosatidrouet hewhich Sadhweorh ¥EHEGAERONS

coval entl o | i 6. Bheddm g t he substltuent of an al kyl
that renders that .al Kyl a%)l(})eit l‘?%g%géf;J&lV%C}é%P%gy TSR G WopEErRr m " O

zal koxyal kyl "SYFHf Bpgs 1Povfacwoaa|w¢ cgbonsrrs apshbt it 96 atdidifingfingsl5 al koxy

group, ther ebyhdreinat REstdNe 8F MEHn Jﬂedrc;ngz{tm oo as used herein,
refers to a C‘ZJ 163_} k?/ gr oup subs | tut e. %%tl?erc\y/cllc rings can be
ycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls.

Aryl groups include benzene, naphthalene, phenanthrene, phenol, aniline, and the
15  like.

., and hepatic failure. See, e.g.,
N, B ey agb recogmzaf3s 20 GRi0G S4B tuted

The terms “carbocycle” and “carbocyclyl”, as used herein, refer to a non-
aromatic substituted or unsubstituted ring in which each atom of the ring is carbon,
The terms “carbocycle” and *“carbocyclyl” also include polycyclic ring systems
having two or more cyclic rings in which two or more carbons are common to two
20 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) 0

25 )LX’R“ or ~ Jl\

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,

X7 R
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"am ne" "am no" - i zed and

ith an aryl group. The ternms "amine" and "am no" are art-recognize
\rMefer to bgt hg ungubstitut ed and substituted am nes and salts thereof,
e.g., a nwoebydseas can be 20 represented by the gener 2ctfuspevgloassvs RO R9
N o’r N Rlo R10 'Rto wherein R9, R10 and R10' each independently
represent a hydrogen, an alkyl, an al kenyl, -(CH2)m Rs, or R9 and R10
taken together with the N atomto which they are attached_corrpl ete a
het erocycl e having from4 to 8 atons in the ring structure; R$ 25
represents an aryl, a cycloal kyl, a cycloal kenyl, a heterocyclyl or a
polycyclyl; and mis zero or an integer froml to 8. In preferreg10 nd
Tr O T ouen o tepRagngh hiflogn, Bl Qo A of ACRORRS, wihieflgn oF e e
t he nitrogen tocge her do not forman imde.” [n even rore
enbodi nents, Bd '-‘élwad R ye( ARFrofts emetiegn RIOR ea®' isvie ppdrdent, the represent a
hydrogen, an driyila repridsetde@Nbter 0 whdORA) Q#gxygleﬁl, SR an hJ_dr206gen, Sic
2007/ 056464 Pg:T/ UFS?ZOOGI 043503 enbodi nents, t'he am no group /s d’
meani ng the protoRatEE T AR HiqKid™> 7.00. The terms "anide" an
"am do" arg art-regggnicﬁ]ed.a& an api no-substituted hclallr bonyl and includes a
moi ety that can be’ T epresent ed B En BeterParialiyomy ally groggimicgouss Rs y
wherein RO, Ru0leavle vdichiefiiced: abiomeical Riefion meraaedhimRt Ssh shiifn @M de
will not inclyde J.md Mx{gé %psi(%a 08 Unst abl e, Theenterm aréjlfdtas used
herein includes 5-, 6-;&&% "7-enper ed - SUBSE T BPBIMEnddBErId ut ed
single-ring af@esdagesyiated dnaymes, chiqedinhted barynosk, ﬂahﬁaf]ymgd b&g&mgs,g?r ggpé

m " ar Yier Male] paby. G Ic.r SySt avi ng ¢
Yol 16 1S b e L e B ABAT et Mot ng 11 ngs
H)g enzymes, naturally-occurring or artificially-generated mutant enzymes, enzymes
with side chain or backbone modifications, enzymes having leader sequences, and
enzymes complexed with non-proteinaceous material, such as proteoglycans,
proteoliposomes. Enzymes can be made by any means, including natural
expression, promoted expression, cloning, various solution-based and solid-based

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

The term “C.gheteroaralkyl”, as used herein, refers to a C.alkyl group

substituted with a heteroaryl group.

The terms “heteroaryl” includes substituted or unsubstituted aromatic 5- to 7-
membered ring structures, more preferably 5- to 6-membered rings, whose ring
20  structures include one to four heteroatoms. The term “heteroaryl” also includes
polycyclic ring systems having two or more cyclic rings in which two or more
carbons are common to two adjoining rings wherein at least one of the rings is
heteroaromatic, e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls,
cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls. Heter(;aryl groups include,
25  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,

30 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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wherein at |east one of the rings is aromatic, e.g., the other cycl:c rings
can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls,
and/ or hewenoeysbass. Aryl groups include benzene, naphthapmnegmﬁo3le" and
phenant hrene, phenol, aniline, and the 15 like. The terms "car ?Céc r
“carbocyclyl", as used herein, refer to a non- aromatic subst|%E et Ons
unsubstituted ring in which each atomof the ring is carbon. e erhaVin
"carbocycl e" and "carbocyclyl" also include polycyclic ring systegs  ha 20g
two or more cyclic rings in which two or nore carbons are conrpn o] 2
adjoining rings wherein at |east one of the rings is carbocyclic, e.g.,

ATyl S, heteronryl o analar ke ra st frep HEAUR T U e U RR e e

g, an r,, heterocyc . ' Iela)
2: %ll ? ec ggﬁlie; gg&%ﬁghqt‘?ﬂ??ﬁ’g" s o5 UetFromyPkie greyp’ayscimpluferolyeptiesiepederhy t he
gener al f or nuhavin®twd orRhdre @Srclzl%':_l‘in)é's iﬂvgh% im, l)TO %%;‘%%@“ﬁaieﬁcﬁg‘ffg%&% t‘(‘)’én al kyl

) . su r, an rep | : :
o 8l Reny! , - PEPBIR S sfhole e G bty Tnbeepesstices 5 ol other A0

2007/ 05646% POi¢48A006§O4IEAR cyRbiikeas, Q?ﬁﬂilﬁy%é??ﬁésgggtgr&z}?fk,%cg'%{x{a 1 Xai”s an

- (&2, re | nd R§ ar as ) '
thggﬁlagg Rg 1 é?ﬁ%ﬁ&rggﬁ%Fyﬂ¥§¥Sﬂ§dTﬁW%éﬁ”FBWﬁWFdBFépWééb%Fs an "ester
Were X is anPipydjen pireretin®] pyrdlalirg, hpeHousd) ,13'0&3)1@3, %&grgyn Iag% g]crgﬁ{kgls Ie St g r a
" b lic acid". 5 As used herein, "enzyne can be any _ _
V\A(‘:\glr I SX)pl)r ot ei naceolks term [ Goditeraghélosikgldy asivsed Biiéin fre CREIH 0@ calk§BELLHN 1N g

i i i fusion enzynes,
atal yti c nmanq®ktituf WAL WYFES, c1yf 3lbyRe native enzynes,
Sroeniynes, apoeazynes, denatﬁfrce}gg gﬁzynes, famesyl at ed enzynes,

ubi qui ti nx ed enzynESpnﬁa@pﬁy@gﬁyﬁhﬁdngggxﬁgéLmﬁggggmggagﬂEu%%gghgnzynes,
GPl -1inked eqﬁ%ggg,rlupld-!lpke enzymes, prenyl at neg ehzynes
natural | y-occ rrlﬁag%?'artlflglally-generated mut ant enzy ,

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

15 LLR-AMC and Z-LLE-AMC, inhibition of various catalytic activities of the 208
proteasome). An inhibitor can act with competitive, uncompetitive, or
noncompetitive inhibition. An inhibitor can bind reversibly or irreversibly, and
therefore the term includes compounds that are suicide substrates of an enzyme. An
inhibitor can modify one or more sites on or near the active site of the enzyme, or it

20  can cause a conformational change elsewhere on the enzyme.

As used herein, the term “orally bioavailable” is meant to describe a
compound administered to a mouse at 40 mg/kg or less, 20 mg/kg or less, or even 10
mg/kg or less, wherein one hour after oral administration such a compound shows at
least about 50%, at least about 75% or even at least about 90% inhibition of
25 proteasoxhe{ 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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with side chain or backbone nodifications, enzymes having | eader sequences,
and enzynes conpl exed wi th non-protei naceous nmaterial, such as

pr ot eogl weense7/,0spicat eol i posomes. Enzynmes can be nmade by pamyuso®sngssos
including natural expression, pronoted expression, clonlng,_varloush |

sol uti on-based and sol i d-based 15 peptide syntheses and simlar netho Sd
known to those of skill in the art. The term"C _6heteroaral kyl", as use
herein, refers to a G.6alkyl group substituted with a heteroaryl group.
The terns "heteroaryl” includes substituted or unsubstituted arpnatlcmg- to
7- menbered ring structures, nore preferably 5- to 6- menbered rings, ose

[ | "
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21: 28 |2nclsudes ' Ssyst ems0 havi ng #bré cyc’?']gé ¥ ngs in

in
whi ch two or rr%'g rb ?f’é“grﬂge ‘E‘?ﬁﬁ?éﬁ‘%ﬁ?%%eééﬁmmbﬁ@mmdwgsnmwteﬁeﬂ at
| east one of the r S _hetergaromati the other cyclic rings can
be cycl oal kyl s, Jﬂir;' Fﬂe%’i?i"%““ngcV&%’&FWPsﬂdﬁmﬂ@S@d@r@}abmgom and/ or

het erocycl yl sconldétoar whyhagwwLmuﬂrmé (g, pald), b Bise L% 30N £ caR¥r 0l €, furan,

i ZR ole, thi zole trlazole pyrazol e,
:)Slr ?grﬁge 5plyr ﬁlﬁf\ogll'e con& %g% né 3??8%%§ rFl‘?fﬁ‘?yn%‘ eTaAgflicah gonditian, is walk t er m
"het er oat ont @Eﬂ%ﬁ;‘@d lhd’reenm ankamBiderndaiinigtrationasTy coh@BBAbn FhlRETeddan carbon

e.nitro oxygen, phosphorus, and
Ul fur 30 Thivr eaiere? oE ek 80 AEBafll B Myb S By etite s toner er o

substituted ofubiegheslabiye fq mlénﬁcnwhwardommm«:ecewem«e dobhpweitiogr @8ud,i Ng

2006/ 043503
tructures, maeenBbebeEABLYinduddsOx 34@ 7/,056464, PCT/ US
?- :nl;(rzrbere I’In% snﬂ\?\hgse rlrnlaglgct1 rsuc?trﬁ%agn (?1% gqoneu‘?%er%ﬂ? e¢abler oat ons.

The term "“ﬁ‘é‘-‘tf’éﬂ‘fﬂ?d‘q‘ S’/P"Plﬂ?twnhéipeﬁlmwtqmng laq»uqaihymbs@trembmde
pol ycyclic r Irlagtlsélﬁi:&n’ﬁltreﬂ@& trdl POpuLtiROL Ry GVl éoﬁlg hé‘%)pe'?rap I .ch two or

nor e carbons are mmon to two adjoining rings ea(’sft one of the
rings is heterocs @ G @neggoyy groyihg 1 “bi' Hettedpiuiagion veispgan wareated contedioal kyl s,

el Kery] aupopse o s o 60 oSG LU
rOMPS i1
E? tpg g;y(r:]ey p%'rlg%&od’ ‘H@“H%F%ﬁiﬁ‘]”f‘ﬂs reflugineshe sumbgraf dingnosea df thhe I i ke.

15  infection in a treated population versus an untreated control population, and/or
delaying the onset of symptoms of the infection in a treated population versus an
untreated control population. Prevention of pain includes, for example, reducing the
magnitude of, or alternatively delaying, pain sensations experienced by subjects in a

. treated population versus an untreated control population.

20 The term “prodrug” encompasses compounds that, under physiological
conditions, are converted into therapeutically active agents. A common method for
making a prodrug is to include selected moieties that are hydrolyzed under
physiological conditions to reveal the desired molecule. In other embodiments, the

prodrug is converted by an enzymatic activity of the host animal.

25 The term “prophylactic or therapeutic” treatment is art-recognized and
includes administration to the host of one or more of the subject compositions. If it
is administered 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),

30 whereas if it is administered after manifestation of the unwanted condition, the
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The term " C . 6heterocycl oal kyl", as used herein, refers to a C _sal kyl
group substituted with a heterocyclyl group. 10 The term"C

. 6hydr oxywbkyé7jostsfiers to a Cl. 6al kyl group substit ut edpgirtus2@e/osds oxy
group. As used herein, the temi "inhibitor" is neant to describe a
compound that blocks or reduces an activity of an enzyne (for exanple,
inhibition of proteolytic cleavage of standard fl uorogenic peptide
substrates such as suc-LLVY-AMC, Box 15 LLR-AMC and Z-LLE-AMC, inhibition
of various catalytic activities of the 20S proteasone). An inhibitor can
act with conpetitive, unconpetitive, or nonconpetitive inhibition. An

i nhi bi tor canubithfnf €MREHelid, (AL it ISUEISID erefore t.he term
i ncl udes conpounds t hat ?ﬁelsgl C|l éSlsu set rta'%ﬁe{nsmfggddmeth%me SESANZE K bi t or

can nodify on8x‘6ttm%1‘5’r“@“?fjt°8§d18ﬂ“Brrs“i“r’eﬁfectsﬁbera@fﬁ| ve site of the enzyne, or
it 20 can cause a gﬁe{or mat | onal changde el sewhere on the enzyne. As used
herein, the term "oralty BiCSAVANY A5/used hereipdsmeant tp melude imyaure- apdnpound

adnmi ni st er ed tanstitutive petaatondés. ng/ kg or | ess, 20 mg/ kg or less, or even 10
ng/ kg or | ess, wherein one hour after oral adni ni stration such a conmpound
shows at 1east abbue teﬁ@%ubaitltutedasstferabmmbleﬁs%aarﬁng@wﬂltaénté RphtingRout 90%

I nhibition ofy AERsSQ | 0 the od. As used herein, the
term "peptide" }a??l%%lrnudes ng%%1 onl a'rbo%té ﬁlar ki Ge I‘Ylhﬁéﬁﬁﬁdw%f’?chthé“t andar d
a- subst it uent ssubﬂtrvtl%mwbytltutedwazwédnqmm@smdaompnert pms'lsleﬁdilQiich modi fi ed

| i nkages, nongyladiifigd | apd si.d
modi fi cat i onsS as det ;IM? g%%maﬁgﬁv‘gngggﬁh&pcfva%me o Fﬁ%lﬁfg ‘S’Tfat?fl” and ey cycl i ¢
refer to two SPSHYPYE Fdihat ﬂEeeSUQStltu“QIyT@FIdwmyb@ble@ymbolaﬂd;elgyl“auch does

cycl oal kyry| snotapytsneoliy BEdREY knsfRRIASH s RBLEEPRYGH Vo
2007/ 056464 PC /uszooalo 3503 whi Ch two or 2=ty carl#gﬁ)en{ %Chzatrlr%n to two

adjoining rin Ffeeiny the torp guhstifutedyj d¢ confepaiated ta ineludé ngs of

the pol ycycl ealbmmlmlbiaatdnsititﬁéﬂts%k&gamﬁl&ﬁ%uhaéﬂlﬁq_brcﬂ&sg&ﬁrﬁl pLeventl Ing : S
such as a loca

?;EL‘:: rez(rjlggl ?g&é‘m?s 1%13 su?g{xtuengs lél!élgggegclgg %grgisgyggg@éq?n?:ﬂgil aEr:d unbranched,
carbocychc and heterocyclic, aromatic and non-aromatic substituents of organic
15 compounds. The permissible substituents can be one or more and the same or
different for appropriate organic compounds. For purposes of this invention, the
heteroatoms such as nitrogen may have hydrogen substituents and/or any
permissible substituents of organic compounds described herein which satisfy the
valences of the heteroatoms. Substituents can include, for example, a halogen, a
20 hydroxy!l, a carbonyl (such as a carboxyl, an alkoxycarbonyl, a formyl, or an acyl), a
thiocarbonyl (such as a thioester, a thioacetate, or a thioformate), an alkoxyl, a
phosphoryl, a phosphate, a phosphonate, a phosphinate, an amino, an amido, an
amidine, an imine, a cyano, a nitro, an azido, a sulfhydryl, an alkylthio, a sulfate, a
. sulfonate, a sulfamoyl, a sulfonamido, a sulfonyl, a heterocyclyl, an aralkyl, or an
25  aromatic or heteroaromatic moiety. 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
30  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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5 syndrone conpl ex such as heart failure or any other nedical condition, is
well understood in the art, and includes adm nistration of a conposition
whi ch r edwoeso7/dshesaf requency of, or del ays the onset of pcsyuspéosnsssof a

medi cal condition in a subject relative to a subject which does not

recei ve the conposition. Thus, prevention of cancer includes, for exanple,
reduci ng the nunber of detectable 10 cancerous growhs in a popul ation of
patients receiving a prophylactic treatnent relative to an untreated
control popul ation, and/or delaying the appearance of detectable cancerous
growhs in a treated popul ati on versus an untreated control popul ation,

©.0 by a st gl eabliorl@ok il Lably, S ObL G ampunt,, Brevent i on

of an infection incl udes, fo exarrpsa,cco ‘(?l%m Ayt d&fdé‘ ﬂ‘bses of
the 15 i nf ect fsrlijondes of P@E]E‘édl tp bp ireated onthveosmrslc@nrmm reeAtaed reesiab

popul ation. abeHdmtuisk@hi8kbpikablids GISELeR] RXHRLLMS OF the infection in a
treated popul ation versus an untreat ecf control popul ati on. Prevention of

pai n i ncl udes, forTﬁa&Wﬁl“mlodthféfé}Qtotﬁeal bt AR aaka aﬁ?)[;/eq{at/gxgqatl vely
rienced by subjects in a treated popul ation

del ayi ng, :Pal n 1§§nsat| 0 e

versus an untteat &8¢ ?C(S‘F Bﬁfﬁﬁ? i eeferrehentprdimenten the)fthigeiber” ienconpasses
conpounds t hatepraserded bjl)l‘ﬂfslkpll G@pﬁe&ématﬁ&ﬂﬂbé&@;&tﬁoulﬁngﬂ@w%;ﬁgo| nto

t her apeuti cal ét){ ,a‘ﬁ‘ﬁ tﬁeqﬁ?ts A conmmon neth for making a prodrug isto

i ncl ude sel ect e noi eti es that are hydr ol yzed under physi ol ogi cal

conditions to revegl ,idgeAesSise dle, dn ot her. odi nents, the
prodrug is converted b by an erﬁzeyrg}[ﬁg?%eaglc i Vi ttrealg?e Bgn%sstre‘étaﬁ?‘%l 25 The

t er m " pr ophy| X8¥§ipe. oF afrpgsing tha gymptons; ehﬂnln@rstgns,smamhddrwmﬂ@gyadﬁ

i ncl udes BodNi ¢Yngitioatih anké 16 BEpBASE: Sfbil r fhe subj ect
conpositions. If it is adm E?%rt er erd prl?ica)%stggj E%C%ngf’ ‘mani festation of the

unwant ed cond$dléeadivity €or@0S prétesemse or ot her unvvant ed state of the host
animal) then the treatment is prophylactic, (i.e., it protects the host

agai nst devel opi nglitermmzymueanhiterCdindbsed Boein 229 udMRQiL Bt bcalide the;y 1nh1\J§ t
20071 036464 Rt B0 e ISR NP a ML BHOr-BETE08 Ppaseme 11 1 5
i nt ended to dphibiprsnthe gormbiundatisclogd Istedbade ihighly fedecti®X toward hep¥ant ed
condi ti onsor sih@dgsofie %h%es&n@c‘:‘{ntc? Ol protease enzymes. That is, the instant compounds
show selectivities for the 208 proteasome over other proteases such as cathepsins,
calpains, papain, chymotrypsin, trypsin, tripeptidy] pepsidase II. The selectivities of
the enzyme inhibitors for 208 proteasome are such that at concentrations below
about 50 uM, the enzyme inhibitors show inhibition of the catalytic activity of the
20 208 proteasome, while not showing inhibition of the catalytic activity of other
proteases such as cathepsins, calpains, papain, chymotrypsin, trypsin, tripeptidyl
pepsidase II. In preferred embodiments, the enzyme inhibitors show inhibition of
the catalytic activity of the 208 proteasome at concentrations below about 10 pM,
while not showing inhibition of the catalytic activity of other proteases at these
25  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-
30 3908.
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The term "proteasone” as used herein is neant to include i muno- and
constitutive proteasones. 5 The term"substituted" refers to noieties
havi ng sweetwémBniecs repl acing a hydrogen on one or nor eceasbh@e®+33hH3 t he
backbone. It will be understood that "substitution” or "substituted wth"
includes the inplicit proviso that such substitution is in accordance with
permtted val ence of the substituted atomand the substituent, and that
the substitution results in a stable conpound, e.g, which does 10 not

spont aneousl y undergo transformati on such as by rearrangenent, cyclization,
elimnation, etc. As used herein, the term"substituted" is contenplated to

include all Beksiiwsife€eh 'sirugmggcqagfrgani ¢ conpounds. In a broad
aspect, the perm ssible substituents 1nctude acyclic and cyclic, branched

and unbranched, cRamosyEéhBodkAENtIEE BE OEHmld iﬁhibﬁfng%%wurgasat%?{l%%é romatic

substituents of orgapic 15 ganound%. The perm ssrble’su uents can be

one or nore and the same Bl EPeass By crmticippbopdisaleativehgmhibit thonpounds.

For purposes eofiyndtiypsinikeniciian, oft the20habRh QMO I8 csibiie BB thl gem. ey have

hydr ogen sybsg&§%§5ﬁ§wgag&9r aQ% gernisFible substituents of organic

conpounds descri bed Ker er i whitCHYBRETRSiy kqpstivipy pefSarrotspsopteds het er oat ons.

(Su bsL i tuents ekamdterized e clehvage @Xpdgmd&sl inah&fa;hxﬁ&ﬁfte VRIS Jﬁﬂéﬁ&}\’dmpﬁb&af bonyl
such as a ca : car bonyl . or , .or an acyl), a

t hi ocar bony!l &Eﬁﬁéﬁé a2 %grtft%hflég)e% Cée}'ry 1mog¥ ?W%E‘c‘:@"ﬁg%/% of hitn Bydrafagss spmbz e) , an

al koxyl, a pPogpHerdhy cleavagmefrsitndardsupstaso bnaiples off spdosphiRalg an

am no, an am |owiAh thadp i im . cyana nitro, an azido, a

sul t hydryL00 a]g al kyl t hi O,Me){eegﬁ _le?’tgeq,e[}%lvag]lﬂ%()rﬁ%{f‘%fgerévagm’ Famssed g

sul f onani do, EQmeERsfic aswyhateatissioped iyl U.Sagppéiratiokyskrialatunmer @Bseu7agat i ¢ or

het er oar omat | ExamgileYnd bleibtlal, BB ARG Rpotfagge skilled in the art
that the noieties substituted on the hydrGcarbon ¢hain can thensel ves be

substituted, Us InhitétorsA "t herapeutically effective anpunt” of a
conpound with respect to the subject nethod of treatnment, refers to an

amount of the conpBridglegicalroasegerprepRatchsdmowhihisition WheN.ageini stered as
part of a despbREsALSAISiHTT (to a mammal, preferably a human)
al leviates a symptom amla[oi ora gesn "RERSd %t P BFFveryfon ang/pr treatment of a

15 multitude of diseases including, but not limited to, proliferative diseases,

neurotoxic/degenerative diseases, Alzheimer’s, ischemic conditions, inflammation,
immune-related diseases, HIV » cancers, organ graft rejection, septic shock,
inhibition of antigen presentation, decreasing viral gene expression, parasitic
infections, conditions associated with acidosis, macular degeneration, pulmonary
20  conditions, muscle wasting diseases, fibrotic diseases, bone and hair growth
diseases. Therefore, proteasome inhibitor compositions, such as the orally
bioavailable peptide epoxy ketone class of molecules as described herein, provide a

means of treating patients with these conditions.

Proteasome inhibitor compositions may be used to treat conditions mediated
25  directly by the proteolytic function of the proteasome 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,

30  and the immune response (e.g., antigen presentation). Specific examples discussed
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WD 2007/ 056464 PCT/ US2006/ 043503 sl ows the onset of disease conditions
according to clinically acceptable standards for the disorder or condition
to be trewpedomseishe cosnmetic purpose, e.g., at a reasomalphs2o0e@mshit/ ri sk
ratio applicable to any nmedical treatnment. The term"thioether” refers to
an al kyl group, as defined above, having a 5 sulfur noiety attached
thereto. In preferred enbodinents, the "thioether"” is represented by

-S-al kyl. Representative thioether groups include nethylthio, ethylthio,
and the like. As used herein, the term"treating" or "treatnment" includes
reversing, reducing, or arresting the synptons clinical signs, and
underlylng pabhel e udd g- ner to_.lnproyve or stabilize a
subj ect's condition. giﬁgcg%g?ﬁg&%%%kﬂggh é&%gﬁg“?ﬁg YRUSAARi hhi bitors
di scl osed her@?ﬁ”&?@“U@@@DFmﬂﬁ3part because they inhibit the action of the
20S prot easone. Adg]tlonally unl i ke other 20S proteasone inhibitors, the
conpounds di scl oseft FEreliHatipyelthe propmalation of padyutiquitivhtechproRQS, ddl

pr ot easone, mrtomwoﬁgpec&hahgesoaxl&ﬁipoefogfs%@&@be%l?%éfz%ﬁéd ugteaentof §orfsnSt Nt
conpounds shov¥hse ectivities for. the 20S %ot easonme over o?’h rsot eases
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enzyme

pr ot easone ar C at . at cp ncentra s below about
i nhi bitors sh%vﬁ‘]}{h‘ﬁ Baq‘? n“’t&" YER &% ﬂiﬂ")‘f cInhiiting thy pEteaspme 2BluRGS

prot easome, wbrokeelyisist thetebykerigcing bt hisole ;ﬁ&teﬁlhsss@aa Wilr6gedbld hd ¥n OF Ot her

ot eases suc <5l S, & ins, chymotrypsin, trypsin,
'Ito ;I pept i dﬁ] %gﬁes%'l @ggggﬂ%“l@ et rgtrﬁr ’étﬁﬂ‘cfgtaf?éﬁ‘f @% @hﬁ%ﬁ?&ﬁﬁhqx%{ﬁﬁrﬁl tors
ti

show i nhi BHsSEE-wasting d@@@@hyﬂpmpamtds oif thy 1@¢ent1d5tem295e RETLIEBS RNt

concentrati ong e.not W i nhi bition of the
catal ytic acti \?F?{;)Q%V&ﬁhqﬁ%aécgrr’ gitl %)g}gégtle goup Iqésg%seﬁén ‘%&rfﬁ'ésﬁ{er‘ﬂf‘ﬁ%@‘)phﬂ even

nore pref er r ARISeBGYR RN R Ve tlhmefaztyrmrqnmll"faihnx’ew@cﬁhﬁwnm eftliuolaisl afan of the

catal ytic acthepaﬁ(yfagﬁret lkge, Qb s n .bel ow about |
AM whil e not nrg i nh? b?el%tsl on of gstﬁgef:%%na{q& ??Qgc IVI y 5f ot her
prot eases at ”E‘ © ?)?1@8‘?1t‘?’é’{“ﬂ%’ﬁbﬂe@ﬁ?mﬁlm%@Dmpoats@a:yfsr aedacitpgsied osed in

LBJI gc hgfn pl ]|(5(1: gtgmtérbf nﬁ@d&lg ggogtélﬁ '@l@@r’édﬁ%%QZé@ TGCE%EI%&Ia?e @fqgtrace ﬁlgr I%Etelé}ll '
cpe)gi-adatldn reducing the rate of degradation of p53 protein in a cell; and inhibiting
the growth of p53-related cancers. Each of these methods includes contacting a cell
(in vivo or in vitro, e.g., a muscle in a subject) with an effective amount of a

pharmaceutical composition comprising a proteasome inhibitor disclosed herein.

20 Intracellular proteolysis generates small peptides for presentation to T-
lymphocytes to induce MHC class I-mediated immune responses. The immune
system screens for autologous cells that are virally infected or have undergone
oncogenic transformation. In certain embodiments, the invention relates to a method
for inhibiting antigen presentation in a cell, comprising exposing the cell to a

25  compound described herein. Proteasome inhibitors of the invention may be used to
treat immune-related conditions such as allergy, asthma, 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

30  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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. -32 WD 2007/ 056464 PCT/ US2006/ 043503 Sel ectivity for Ch
ﬁgtfgggin-Like Activity Particular embodiments of the enzyme inhibiting
conpoundswoeseniskad herein are further useful because wheyseasoesshi ciently
and selectively inhibit the chynotrypsin-like activity of the 20S ]
proteasome, as conpared to the trypsin-like, 5 and PGPH activities. The
chymotrypsin-like activity of 20S proteasonme is characterized by cleavage
of peptides in the imediate vicinity of large hydrophobic residues. In
particular, the chynotrypsin-like activity of Nm hydrol ases can be
determined by cleavage of a standard substrate. Exanples of such substrates

are known 10 the af benaFQm@eRiBLE ndtnl GHEKIMAL DU hYQSRAS ot yat i ve can

Mg H8n seri al
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function of tH¥ASIdERagHI thepervens sweisw), enukiagle seigrosie and otbeli ﬁt;ﬁd;et ndi r ect l'y
vi a proteins mbdiatd aélﬁroﬁd’tﬁ)&@%%ecblhﬂalh h#an@rs%&gﬁlg Thda gygg]natn:?sf ?cu;;l 1=n§ oF onal
pr ot easone part i cllnpat es_int rapid el i mpnation and pos
onal neuropathy, acute mflammatory demyelinating polyneuropathy, and Fisher

15 Syndrome), HIV/AIDS dementia complex, axonomy, diabetic neuropathy,

Parkinson’s disease, Huntington's disease, multiple sclerosis, bacterial, parasitic,

fungal, and viral meningitis, encephalitis, vascular dementia, multi-infarct dementia,

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

dementias (such as Huntington or progressive supranuclear palsy), focal cortical

20  atrophy syndromes (such as primary aphasia), metabolic-toxic dementias (such as

chronic hypothyroidism or B12 deficiency), and dementias caused by infections

(such as syphilis or chronic meningitis).

Alzheimer's disease is characterized by extracellular deposits of B-amyloid
protein (B-AP) in senile plaques and cerebral vessels. B-AP is a peptide fragment of
25 39 to 42 amino acids derived from an amyloid protein precursor (APP). At least
three isoforms of APP are known (695, 751, and 770 amino acids). Alternative
splicing of mRNA generates the isoforms; normal processing affects a portion of the
B-AP sequence, thereby preventing the generation of B-AP. Itis believed that
abnormal protein processing by the proteasome contributes to the abundance of B-
30 AP in the 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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herein. 20 I'ntfacel | ul ar proteol ysis generates small peptldes for

MHC cl ass | -nedi ated i nmune
Dot ot o L, bR b eSS e, Enatar i a1y

onses. The inmune systems
ir ﬁfs gct ed or Hpre th@rid/emg»miéeraova:ggﬁm of fibr 1Sk OdrAES hRBeiatbd willab@ afion of

for inhibiting antigen
enmbodi nent s, hOeGFYEAAIAR phhal S8t Qid thOd A
presentation in a cme/ 1 gﬁprl g#ngl ’éofbso'g‘( SERENYES flerogitign 98 conpound

Gescri bed ShersaitFeeliplas magoms dan i dvic waithin Gftudllyen nieeistor abrobPevirgl used to
different tissues. Normally, the level of intracellular signaling protein (Smad) that
activate transcription of target genes upon TGF-B stimulation is regulated by
proteasome activity (Xu et al., 2000). However, accelerated degradation of the
TGF-p sfgnaling components has been observed in cancers and other

20 hyperproliferative conditions. Thus, in certain embodiments the invention relates to
a method for treating hyperproliferative conditions such as diabetic retinopathy,
macular degeneration, diabetic nephropathy, glomerulosclerosis, IgA nephropathy,
cirrhosis, biliary atresia, congestive heart failure, scleroderma, radiation-induced
fibrosis, and lung fibrosis (idiopathic pulmonary fibrosis, collagen vascular disease,

25  sarcoidosis, interstitial lung diseases and extrinsic lung disorders). The treatment of
burn 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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di sease, Huntington's di sease e SCr
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mul ti-infar ctrczdemmma)a,Thels@de%ﬂﬂqs dAENER e denentia such as
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defi ci enc caused by infect
y) Aafper pgosrr%orylatlon an ubnquntr)r/aatlon of IxB and p105, the two proteins are

degraded and processed, respectively, to produce active NF-kB which translocates
from the cytoplasm to the nucleus. Ubiquitinated p105 is also processed by purified
proteasomes (Palombella et al., Cell (1994) 78 :773-785). Active NF-«B forms a

20 stereospecific enhancer complex with other transcriptional activators and, e.g., HMG

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

NF-«B regulates genes involved in the immune and inflammatory response,
and mitotic events. For example, NF-kB is required for the expression of the
immunoglobulin light chain « gene, the [L-2 receptor a-chain gene, the class I major

25  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

30  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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of j3-AP. It is believed that abnornmal protein processing by the
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Nornmal 'y, the level,of intracellul.ar signaling protein (Smad) that
activate transcri g\tuiT 5% az)sf’ ptaaf‘cé‘?fesd'éﬁ‘@sexﬂrﬁé?ﬁorﬂ@igﬂcﬁl4drlm$19n gones thet r equl at ed

by pr ot easorascedst E-véleqtin( Kuaelettig ICAME ROV CANQVR S Ilins 2EC L8 TR5A 1968y adat i on
of the 5

68:499-508). In cetain embodiments the invention relates to a method for inhibiting
cell adhesion (e.g., cell adhesion mediated by E-selectin, P-selectin, ICAM, or
VCAM-1), comprising contacting a cell with (or administering to a subject) an
effective amount of a pharmaceutical composition comprising a proteasome

inhibitor disclosed herein.

20 NF-kB also binds specifically to the HIV-enhancer/promoter. When
compared to the Nef of mac239, the HIV regulatory protein Nef of pbj14 differs by
two amino acids in the region which controls protein kinase binding. It is believed
that the protein kinase signals the phosphorylation of IkB, triggering IxB
degradation through the ubiquitin-proteasome pathway. After degradation, NF-xB

25  isreleased into the nucleus, thus enhancing the transcription of HIV (Cohen, J Y
Science, (1995) 267:960). In certain embodiments, the invention relates to a method
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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TGF- (3 signaling conponents has been observed in cancers and other 20
hyperproliferative conditions. Thus, in certain enbodinents the invention
rel ates two00mBtdsed for treating hyperproliferative compdirtisensosiseh as

di abetic retinopathy, macular degeneration, diabetic nephropathy,
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congestive heart failure, scleroderma, radiation-induced fibrosis, and

l ung fibrosis (idiopathic pulnonary fibrosis, collagen vascul ar di sease, 25
sarcoidosis, interstitial |lung diseases and extrinsic lung disorders). The
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(Pal onbel | a, et & 1?51‘%'&?1‘4?@)70??1138@ the, farorppiziiie Ramaily, wiichallso, EMBO
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Accordingly, in certain embodiments, the invention relates to a method for treating
viral infection, such as SARS or hepatitis A, B, C, D and E, comprising contacting a

cell with (or administering to a subject) an effective amount of a compound
20  disclosed herein.

Ischemia and reperfusion injury results in hypoxia, a condition in which
there is a deficiency of oxygen reaching the tissues of the body. This condition
causes increased degradation of Ik-Ba, thereby resulting in the activation of NF-kB
(Koong et al., 1994). It has been demonstrated that the severity of injury resulting in

25  hypoxia can be reduced with the administration of a proteasome inhibitor (Gao et al.,
2000; Bao et al., 2001; Pye et al., 2003). Therefore, certain embodiments of the
invention relate to a method of treating an ischemic condition or reperfusion injury
comprising administering 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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(2003) 10 171of cJ5I% cLae) » cdn@IcRliOhe coll 8Ycfeidedicd g AL B oy bliGher

[) :‘) o:)reg\slggf |an ; b'dt“{mg%)[ qggg)teil%ve8§ﬂ ggams%reg q%ggcgqt;cg\tvﬁbpﬂ Ci peotes kinpset dre
expressi on ofrelakea kigdsks. diirgsowalysie tegetihh 8ignal is localized to amino acids 42-

15 RAALGNISEN-50 (destruction box). There is evidence that cyclin is converted to a
form vulnerable to a ubiquitin ligase or that a cyclin-specific ligase is activated
during mitosis (Ciechanover, A., Cell, (1994) 79:13-21). Inhibition of the
proteasome inhibits cyclin degradation, and therefore inhibits cell proliferation, for
example, in cyclin-related cancers (Kumatori et al., Proc. Natl. Acad. Sci. USA

20 (1990) 87:7071-7075). One aspect of the invention relates to a method for treating a
proliferative disease in a subject (e.g., cancer, psoriasis, or restenosis), comprising
adrﬁinistering to the subject an effective amount of a proteasome inhibitor
composition disclosed herein. The invention also relates to a method for treating
cyclin-related inflammation in a subject, comprising adminstering to a subject a

25  therapeutically effective amount of a proteasome inhibitor composition described
herein.

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

30  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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virus (MAV) b P E%@em?rsrr}a%mqeawepmmmbmmsbctw:aiosose dnBgkdidas t he
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correl atil¥g Iffotetdll foretbi@ttaionicinhibitbConsitiBRPAEL S it Rl@ttregt];ne%p §f eat ed
cells. The hmltﬁelgp‘ectlons in humans caused by a protozoan parasite selected from
Plasmodium sps. (including P. falciparum, P. vivax, P. malariae, and P. ovale, which
cause malaria), Trypanosoma sps. (including T. cruzi, which causes Chagas’ disease,
and T. brucei which causes African sleeping sickness), Leishmania sps. (including
20 L. amazonesis, L. donovani, L. infantum, L. mexicana, etc.), Pneumocystis carinii (a
protozoan known to cause pneumonia in AIDS and other immunosuppressed
patients), Toxoplasma gondii, Entamoeba histolytica, Entamoeba invadens, and
Giardia lamblia. In certain embodiments, the disclosed proteasome inhibitor
compositions are useful for the treatment of parasitic infections in animals and
25  livestock caused by a protozoan parasite selected from Plasmodium hermani,
Cryptosporidium sps., Echinococcus granulosus, Eimeria tenella, Sarcocystis
neurona, and Neurospora crassa. Other compounds useful as proteasome inhibitors
in the treatment of parasitic diseases are described in WO 98/10779, which is

incorporated 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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B virus (HBV), a nenber of the Hepadnaviridae virus famly, |ikew se
requires virally encoded envel op proteins to propagate. Inhibiting the

pr ot easongo 20egrsadat | on pat hway causes a significant regggtuseseiomssvhe
anount of secreted envelope proteins (Sinsek et al, 3 Virol

79:12914- 12920, 2005). In addition to 15 HBV, other hepatitis viruses (A
C, Dand E) may also utilize the ubiquitin- proteasone degradation pat hway
for secretion, norphogenesis and pat hogenesis. Accordingly, in certain
enbodi nents, the invention relates to a nethod for treating viral

i nfection, such as SARS or hepatitis A, B, C, D and E, conprising

contacting a pfeddecih ; L4 1 . ject) an effective anount
of a corrpoundp20 gfg\’gfdgegggﬁ ﬁ@gglie ér%w%ogt%ﬁg% %g%élﬁ&%rgg%jgéf)ﬁg?%ﬁesit(hf"ﬁ?s)}tef"esuI ts

in hypoxia, alcUH@™RPdmenhithaprotepsems inkibiordefipositionymay proxidgen r eachi ng
the tissues Oproldigedpfi¥octidhivith G fdcﬂ@moﬁl@g?ﬁﬁgg ﬁ%ﬁﬁ?ﬁﬁgmqﬁgr adat i on of

1K-Ba, thereby resulting in the activatio oong ?“é‘r., 1994) .
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(Gao et al”, °J0Y0* "RAYopalgn n bopgqreappdiges. fjurtherpmus)wheTisegheinbibiorscer t ai n
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condition or f inpur compri sing admnistering to a subject in
need of such {n(?%g%er?;b%b gﬂ“’é’%f@%????égg%ﬁ’ﬁtr te%?"eé78r/°df3é§§g=r¥eRi eftel-bi't or
conpound di scFtsddvére(208) 1 Bxampl-e28ftharufbe S@Rekitik @b tR0buiddl Ur i es

i ncl ude, but ® I acut e corgpary. syndrome (vul nerabl e
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at her oscl er 0SirgahGR1A8F Yre9GiSh 87 biSensE IR0, 4%@&@6 giocage). [nfarctions,

heart failure, pancreatitis, myocar yper and
restenosis. CIHfEPPRRRAryotic transcription factors that require proteol ytic

processing include the general transcription factor TFIIA herpes sinplex
virus VP16 accessgﬁﬁtea%"“%r‘ﬂ?‘éltﬁn(}‘ﬁ%%lfeaéiég¢enf‘abt1@¢<) as a/fhexapeutivchtretelyy forl FN
regulatory fabe oratihopraficdidar, paftftulahy niARE ARIOROL b L Bheda GABLAL AT Y

, the

el ement - blisndivntgo Rr o1 ei.n 1. e}lﬁn certal.n enbodi ments I'nvention relates to

met hods for aF7aawd zﬁzdméo)}e?(? 5, one would predict that it ‘could serve as a strategy against
other cancers, particularly heme-related malignancies and solid tumors. Therefore,
certain embodiments of the invention relate to a method of treating cancers
comprising administering to a subject in need of such treatment an effective amount

of a proteasome inhibitor compound disclosed herein.

20 Administration

Compounds prepared as described herein can be administered in various
forms, depending on the disorder to be treated and the age, condition, and body
weight of the patient, as is well known in the art. For example, where the
compounds are to be administered orally, they may be formulated as tablets,

25  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

30 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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dependent eukaryotic cell cycles, conprising exposing a cell (in vitro or
in vivo) to a proteasone inhibitor conposition disclosed herein. Cyclins
are prot ewvoemsedeved in 10 cell cycle control. The preceasesns/ 043503
participates in the degradation of cyclins. Exanples of cyclins include
mtotic cyclins, GL cyclins, and cyclin B. Degradation of cyclins enables
a cell to exit one cell cycle stage (e.g., mtosis) and enter another
(e.qg., division). It is believed all cyclins are associated with p34odoz
protein kinase or related kinases. The proteolysis targeting signal is

| ocalized to am no acids 42 15 RAALGNI SEN-50 (destruction box). There is
evi dence t hat FP® r to.a formvul nerabl 0 .a ubiquitin
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The i nventi onwaichean &k ab@Bint®with ARAAREnfa@Fial 10§ dRE s&éfé'd.ogéée%x%ﬁ @g
adminstering to a subject a 5

i nflanmation i bject, co sin <
t her apeut i cal F%/hegafl (Labglttlg?}éh’é’ﬁﬁ{m{d’%?m%%%WQ%ch?#ﬂ terapeutiesffsosi t i on
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ime and/or amount of a ministration, which will require no more than routine

experimentation consisting of monitoring the subject and adjusting the dosage

and/or timing.

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

other problem or complication, commensurate with a reasonable benefit/risk ratio.

The phrase “pharmaceutically acceptable carrier” as used herein means a
25  pharmaceutically acceptable material, composition, or vehicle, such as a liquid or
solid filler, diluent, excipient, solvent or encapsulating material. Each carrier must
be “acceptable” in the sense of being compatible with the other ingredients of the
formulation and not injurious to the patient. Some examples of materials which can
serve as pharmaceutically acceptable carriers include: (1) sugars, such as lactose,
30  glucose, and sucrose; (2) starches, such as corn starch, potato starch, and substituted

or unsubstituted B-cyclodextrin; (3) cellulose, and its derivatives, such as sodium
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i i i the invention

5 include c-Ms, c-Fos, and c-Jun. In certain enbodi ments, .

relates to a method for treating p53-related apoptosis, conprising

adni ni st ewbngor@em4subj ect an effective, anount of a preotragseew4isohi bitor

conposi tion disclosed herein. In certain enbodinents, the disclosed

conposi tions may be useful for the treatment of a parasitic infection,

such as infections caused by protozoan parasites. 10 The proteasone of

these parasites is considered to be involved primarily in cell

differentiation and replication activities (Paugamet al., Trends

Parasitol. 2003, 19(2): 55-59). Furthernore, egt armebatspem es hﬁ:/gl :)g(rag
! S¥h t to proteasome in
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th pr ot easone inhibitor conpositions In rSfeasone
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patately reacting a puritied nhibitor(s) in its free base form with a suitable organic

or inorganic acid, and isolating the salt thus formed. Representative salts include the .

hydrobromide, hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, valerate,

oleate, palmitate, stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate,

20  maleate, fumarate, succinate, tartrate, naphthylate, mesylate, glucoheptonate,
lactobionate, laurylsulphonate salts, and amino acid salts, and the like. (See, for

example, Berge et al. (1977) “Pharmaceutical Salts™, J. Pharm. Sci. 66: 1-19.)

In other cases, the inhibitors useful in the methods of the present invention

may contain one or more acidic functional groups and, thus, are capable of forming

25  pharmaceutically acceptable salts with pharmaceutically acceptable bases. The term
“pharmaceutically acceptable salts” in these instances refers to the relatively non-
toxic inorganic and organic base addition salts of an inhibitor(s). These salts can
likewise be prepared in situ during the final isolation and purification of the
inhibitor(s), or by separately reacting the purified inhibitor(s) in its free acid form

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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prol onged protection with regard to therapy agai nst recurring exposures to
parasites. In certain enbodi nents, the proteasone inhibitor conpositions
may proviwe 20pribanged protection with regard to chenoprophyskasiosssagai nst
future infection. It has al so been denonstrated that inhibitors that bind
to the 20S proteasone 5 stinulate bone formation in bone organ cul tures.
Furt hernore, when such inhibitors have been adm nistered systemcally to
m ce, certain proteasone inhibitors increased bone volume and bone
formation rates over 70% (Garrett, |I. R-et al., J. din. Invest. (2003)
111: 1771-1782), therefore suggesting that the ubiquitin- prot easorre

machi nery regullalifSeoHtseRbmamle g n bone formation.
Therefore, the disclosed prot eagllgrlr%}ﬁl{"ﬁl éddm %ta@ag@é? 1 SR M RERP S ﬁg ful in
the treat nenf U AHEB Al %‘%ﬁ? Hibh %?pf%ﬁes@ﬁz%@gmgé@nme@bfumfohthbone | oSS,
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Miltiple

a therapeuti Coibh teg%ﬁ; ‘h he, treat nent of cancer »vfg

myel oma.  HoweV eF MO BRES i HanalAming piperazing, proths hie (see VQ?iant%[Bsrgemne woul d
predi ct that at,samal).d serve as a strategy agai nst other cancers,
particularly heme-rel ated malignancies and solid tunors. Therefore,

certain embodi ment ¥etingtagents remenitifiens, anélletirRahts, sacied badin® faulyi §AkINgLancer s

conprising ad inn ed of such treatrent an
effective am){t?rell?lll égu‘fel{ étg%?%‘t eskegfri}e%]c?ﬁ%}nﬁlag S: LYRASE AR CQINg 88ther ei n. 20

Admi ni strat i ofiveinis Adeoringepal mdfuasnglasarsi preskrigives imdeafoRgaaspiigt er ed
in various fgd sen@ﬁﬂﬁ@@érﬁposﬂfbn he di sorder to be treated and the age,
condition, and body weight of the patient, as is well known in the art.

For exanpi®, wher eEidﬁﬁalemrﬁB&Wéut%ﬁy SéEePthl@‘JH&&ﬁa\tﬂndJ lggluge? |‘¥ g they may

be fornul at ed 1L % capsul es, granul es tlps; "or for
par ent er al ad?ﬁ M pts, %“ﬁ%?s ﬁ‘sé?Tbb‘eaClcf Slfﬁ’fﬁngblefhodéomdq, Eltduurmbsulfate,

(i nt ravenous, sdditn m&mﬁtsuifﬂé, ,so&hmsddbﬁéltaﬁﬂ%qﬁc)eh(zﬁ %19501#:18 (?(L)%%E}Jr&rg ﬁﬁr anee}'r a’; '08?2

? L e; ! ﬁgs > Ibte01E %Sra%c rgﬁé’ d ﬁglgate g%&%‘b@%‘%"%?’%"% k‘ﬁﬂﬁé«rﬁ”‘&y]ar@'ﬁ bydotydelweneat i ons

can be prepar@HBylecitivgnopyd rgallatér&&ﬂﬁ tocupblerof, 260& Melfe, ardd8) ALkl Ve

ISEgLeglsegfsbl ee?‘ang%éﬁ'@ S’Lf&g‘éé{'rs g{%ﬂ [a, RN, Slré {agnrl]naél tet?:e(ija(glettlc! a\llc?d ?I:“YD’I?K)CI pirent,
sorb1tol tartaric acid, phosphonc acid, and the like.

- Formulations suitable for oral administration may be in the form of capsules,
cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and acacia or
tragacanth), powders, granules, or as a solution or a suspension in an aqueous or

20 non-aqueous liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an
elixir or syrup, or as pastilles (using an inert matrix, such as gelatin and glycerin, or
sucrose and acacia) and/or as mouthwashes, and the like, each containing a
predetermined amount of an inhibitor(s) as an active ingredient. A composition may

also be administered as a bolus, electuary, or paste.

25 In solid dosage forms for oral administration (capsules, tablets, pills, dragees,
powders, granules, and the like), the active ingredient is mixed with one or more
pharmaceutically acceptable carriers, such as sodium citrate or dicalcium phosphate,
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

30 example, carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose,

and/or acacia; (3) humectants, such as glycerol; (4) disintegrating agents, such as
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ricant, a corrigent, a solubilizing agent, a suspension aid, an
Zgﬁrgifiikgb -42 WO 2007/05%464 PCT/ US2006/ 043503 agent, a coating aggnt,
a cycl odewbrevosessd/ or a buffer. Al though the dosage mnbanMﬁmmmdﬁgﬁn i ng
on the synptons, age and body wei ght of the patient, the nature ?n
severity of the disorder to be treated or prevented, the route o f
adm nistration and the formof the drug, in general, a daily dosage o
from0.01 to 2000 ng of the 5 conpound is recomended for an adult hgnan
patient, and this nmay be administered in a single dose or in divide
doses. The anount of active ingredient which can be conbined with a
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o oF S o pentn Qb EhEly hllos S h it Seata, 40 i&%‘@%fn%ﬁ‘aahavvﬁ@m cal j udgrent,

suitabl e for REd¥ethyleneosivests, and thh likbe tissues of human bei ngs and ani mal s
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" cEh as_used herei ans a 25
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liquid or soOIFf “or&yPEPé‘MPmPélmﬁﬂpﬂ éﬂimossbllwhm’antomeemldam,ul ating
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conpatible wi stoglugnhgart%xylen%thypg 1lulose), surface-actlve or dispersing agent. Molded tablets
may be made by molding in a suitable machine a mixture of the powdered

inhibitor(s) moistened with an inert liquid diluent.

Tablets, and other solid dosage forms, such as dragees, capsules, pills, and
20  granules, may optionally be scored or prepared with coatings and shells, such as
enteric coatings and other coatings well known in the pharmaceutical-formulating
art. They may also be formulated so as to provide slow or controlled release of the
active ingredient therein using, for example, hydroxypropylmethyl cellulose in
varying proportions to provide the desired release profile, other polymer matrices,
25  liposomes, and/or microspheres. They may be sterilized by, for example, filtration
through a bacteria-retaining filter, or by incorporating sterilizing agents in the form
of sterile solid compositions which can be dissolved in sterile 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
30  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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formul ation and not injurious to the patient. Sone exanples of materials
whi ch can serve as pharnaceutically acceptable carriers include: (1)
sugars, swoho@msbaat ose, 30 gl ucose, and sucrose; (2) strarayess0$soh as
corn starch, potato starch, and substituted or unsubstituted

p-cycl odextrin; (3) cellulose, and its derivatives, such as sodium -43 WD
2007/ 056464 PCT/ US2006/ 043503 car boxynet hyl cellul ose, ethyl cellul ose,
and cellul ose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7)
talc; (8) excipients, such as cocoa butter and suppository waxes; (9)

oils, such as peanut oil, cottonseed oiI safflower oil, sesanme oil, olive

oil, corn oil ctasrbdn &Qﬂtada Qisb be c o 3 Ien ycol :
(11) 5 polyols < %f 1 nisb betrtlorgle &?}Llﬁﬁaﬁ% oafspg g%t %Vi%rne

cerin, sor
gl ycol ; (12) é’éc’(r%? %é%‘%rf}lé%“béfiﬁwlpléméat e and ethyl |aurate; (13) agar ;
(14) buffer | ng ageﬂt uch ?agnem um_hydr oxi de and al um num hydr oxi de;
(15) alginic acid; Oﬁﬁe %érﬂs gl a@&&t”é?“a“?‘lwlqu@b@maee@aalﬂ}ne (18)
Ri nger's sol uWC@ntab(e_‘B%)ulml’myimcﬁd)dhﬂhﬂbns, é(ﬂ@ﬁox@@%ﬁg?ﬁiroﬁs 59:‘6%@ &hd SRkt | ons;

and (21) othe | e subst ances e
phar maceut % caIEn {b%r qétt;ﬁeoar?g%fn&regjéw é]i‘%h‘%!%%ﬁaﬁ%ifﬂ‘@ ”BM&Pﬁtﬂ'élemrt cal

conposi ti ons didyentsgonpnedentediintenid arhas efoﬂé)ﬁn{p}’d BER of othbr RivenflO NOt

i nduce signif el.evat i,ons mnistered to a patient.
The term” pha%ﬁa@gielﬁltn % gg%% g}é%%’gulf g gy o }\{\Qé'%é‘ﬁ%l tserrend aleshel pthagl y non-

toxi ¢, i nor gafftBoneiR e@b’b%ﬂ?ta@e agnzul @deliol,itenzy8 abidaef propRedd it 0§ (s) . These
our i 11 cat on o Cheey abt #?%.‘%‘2*}?'ﬁ‘&“ﬁ“%%gsee%r&%rﬂqﬁ N UK -

i nhi bitor t(g) 1 sepamg ousy shveseols eirahydiofiry balselidl, aohethylgamlyeolsdnd faly gani c
acid, and isoddd bdigsbh&rbiant aﬁd’&lﬁmﬂ@{ﬂ%{é ¢ Representative salts include the
hydr obr om de, hydrochl oride, sulfate sul fate, phosphate, nitrate,

acetate, val erate, Besmeeamdxmammawc fi3hEear AW RLGae RERERR! e

| act at e, phos%hﬁgtﬁ genysl at CI trate, mal eate, funarate, Ssucclnate,

tartrate, naphthylat e  ne fne g B?Fé‘f}’c“@r‘i’é?‘gs sWegleringi iavaties,

| auryl sul phorfml@mﬂabttr@mlag,chrﬂme%ewamdﬂagsmlsts and the like. (See, for

exanpl e, Berge et al. (1977) "Pharmaceutical Salts", J. Pharm Sci.

1-19.) Ini%ther caW&Rensions in additior ortse al:Sﬁéhﬂhlblfbr(khﬂlaﬁB&rHQEQ§ué?)fen&ln? pf ese“t
hu

; ti 0 f t r s and are
Icg\é:& IeO(l’)lf W&ﬁtﬁé& %(‘ex@ﬂﬁﬁle EthBW]ﬁe@% gearyl alfco%ols E}yox%/egzy ene sorbitol and

sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite,

agar-agar and tragacanth, and mixtures thereof.

Formulations for rectal or vaginal administration may be presented as a

20  suppository, which may be prepared by mixing one or more inhibitor(s) with one or
more suitable nonirritating excipients or carriers comprising, for example, cocoa
butter, polyethylene glycol, a suppository wax or a salicylate, which is solid at room
temperature, but liquid at body temperature and, therefore, will melt in the rectum or
vaginal cavity and release the active agent.

25

Formulations which are suitable for vaginal administration also include

pessaries, tampons, creams, gels, pastes, foams, or spray formulations containing

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

Dosage forms for the topical or transdermal administration of an inhibitor(s)
include powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches,

30  and inhalants. The active component may be mixed under sterile conditions with a
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25 pharnmaceutically acceptable salts wth pharmaceutically acceptabl e
bases. The term "pharmaceutically acceptable salts" in these instances
refers towbheowsbaii vel y non- toxic inorgani c and organipcTha3@eaaskos i on
salts of an inhibitor(s). These salts can |ikew se be prepared in situ
during the final isolation and purification of the inhibitor(s), or by
separately reacting the purified inhibitor(s) inits free acid form30 with
a suitable base, such as the hydroxi de, carbonate, or bicarbonate of a
pharmaceutically acceptable netal cation, with ammonia, or with a
pharmaceutically acceptable organic primary, secondary, or tertiary am ne.
Represent ati vgp 5 PCT/ US2006/ 043503 al kal i ne
earth salts i ﬁcﬁgiédtwﬁ[y acgﬁﬁ%é% gagggf unrral6 W%?réys%rei?ﬁi’a“é’aﬁ’@f@ﬁﬁsa %agnesi um and
al umi num sal thpSl’?d‘tsc‘H’é‘Ch%beR‘éwrre@ent ative organic anines useful for the
formati on of base addition salts include ethylam ne, diethylam ne,

et hyl enedi ani ne, HAABRAtS RestesgrreanApd avl mey opitper mziddgionand t he | i ke
(see, for exahqhibetpr(BJeegﬁpleﬁts sBciths anlraérl%é)w%e‘{?oﬁéf ofRIGALS, Syl sifiers,

and lubric ntstr}s;u as hsodl uml a e and “magnest uhi &t ®ar ate, as
wel | as col or TR ageAtanth: celf l&%‘%éiea&ém% polystiyleng gbfgelﬁisshconss;vberttemte@,g
flavoring, ansligeréidnalcgaraiDan kidd) bEMBIYRE téRsrand anti oxi dants can al so

be present in the conpositions. 10 Exanples of pharmaceutically acceptable
ant i oxi dant's i ncl uRjevdegsiandsptags carsaintab, %Mﬂlﬂl@XﬂoQﬂﬂﬁ}ﬁbxt&w}Qx &picaRcor bi ¢

aci d, cysteingch Bl su di um nmetabisulfite,
sodi um sul fi teC gﬁ%@f{&@ée%[l& Rficic %?d ath iRge bﬁ‘?@xgﬁt‘i ‘i“HéWP%teS d¢h as
ascor byl pal mlynede B‘RW%faQrélehy@erxlyaﬂ snﬂmtaace(sBISﬁ)a,ys bait datdRdily contain

hydr oxyt olouengistotfd 186t Qich Late herql, and the
like; and (3) 0t alw-%rgpc hel |cﬁg?s Qﬁégfnwuog% R RO aF‘P BItane substituted
ne

et hyl enedi am H&" cé'tbPa%té%‘f}i&E%nﬁ ap sorbitol, tartaric acid,

phosphoric acid, aﬂ‘B ﬁ 5 Formul ations suitable for oral
adni ni stration may BePRE c?‘b'?eiﬁlﬁf“aé‘&?ig@ﬁ’@srllstereébhe@rwolpﬂhisss tabl et s,

| ozenges ( usiasgpraplished/by ﬁ:tdp.hﬁt‘gl &h,aqliédns |a£1§6sc§l UG RSB al E}J}%aa?é%%ﬁ & 3

tragacant h), pawsler or.as a solution or d suspensi on in an
aqueous or 6’9 non- é’é’&%ﬁ‘&n‘ﬁ a?}T‘EPS“B’i“ ASPYRILFoRs (%mﬁ‘@@?ca@bmfm@mﬂan@ oi |

| i qui d erldl sisaipengipn emildbe used. Sonic nebulizers are preferred because they minimize

exposing the agent to shear, which can result in degradation of the compound.

Ordinarily, an aqueous aerosol is made by formulating an aqueous solution
or suspension of the agent together with conventional pharmaceutically acceptable
carriers and stabilizers. The carriers and stabilizers vary with the requirements of

20  the particular composition, but typically include nonionic surfactants (Tweens,
Pluronics, sorbitan esters, lecithin, Cremophors), pharmaceutically acceptable co-
solvents such as polyethylene glycol, innocuous proteins like serum albumin, oleic
acid, amino acids such as glycine, buffers, salts, Sugars, or sugar alcohols. Aerosols

generally are prepared from isotonic solutions.

25 Transdermal patches have the added advantage of providing controlled

delivery of an inhibitor(s) to the body. Such dosage forms can be made by

dissolving or dispersing the agent in the proper medium. Absorption enhancers can
also be used to increase the flux of the inhibitor(s) across the skin. The rate of such
flux can be controlled by either providing a rate controlling membrane or dispersing

30 the inhibitor(s) in a polymer matrix or gel.
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elixir or syrup, or as pastilles (using an inert matrix, such as gelatin
and glycerin, or sucrose and acacia) and/or as nout hwashes, and the |iKke,
each contwonvempsascspr edet ermi ned anount of an i nhi bitor eer/BI008045Z05 i ve
ingredient. A conposition may also be administered as a bolus, electuary,
or paste. 25 In solid dosage forns for oral adm nistration (capsules,
tablets, pills, dragees, powders, granules, and the |like), the active
ingredient is mxed with one or nore pharnaceutically acceptable carriers,
such as sodiumcitrate or dical cium phosphate, and/or any of the
following: (1) fillers or extenders, such as starches, cyclodextrins,

| act ose, sucrose, ghitsacaicARRH . OF. Sl 1 Cl € id: (2 i nders, such
as, for 30 exanple, carbox nethﬁ%%gqu qég?“gfﬁéﬁﬁﬁ g@?ﬁaéngFﬁ? pol yvi nyl
pyrrol i done, &UEpFGdaNon T5F OQe aerare iplgpitengise it eombination ehithasme gt woes ol ;| (4)
di si nt egr at i nghagabduicalBldtBepasble Stéﬁle\égle%qga 9&1@&1@&u§ (%56#%8%6/ 043503

agar - agar, calscsi um. car bonalte, potato or tapioca star A d,
certain silicates, *"ZRUEB§I°Uin L seHlrRemelers(whicksmpy bt esonstitatedlinngstadient s,
such as pa¥ af friimaerﬁéohatmsﬁ)6mik@asio&ggﬁlp%a{0q;s§,,Wﬁgpga9§0%§tag{i nary ,anmoni um

. d
conpounds; (7 t, .agents . such as, for exanple,” acetyl ArESHEF and
gl ycer ol mnoé%%%%’é’tag;gn?%%’éﬁl%efﬁv tharends dye fgamujagieryisptanigvdthitbablonilt e cl ay;

(9) lubri cant efths ingéndad tezipient caheberBid @ahiRkéhindBGARSI UM stearate, solid
pol yet hyl ene glycols, sodiumlauryl sulfate, and mxtures thereof; and
(10) col oring agenExamples affypitahdswuebuscag swhepeolsabbiiSwhRRehapive! S, the

phar maceut i ca¢mple AShd ri bufferin gents. Solid
conposi ti gns of ag)?iqm l?éaéﬁﬁﬁa%gx(ﬁagk&g?%%%é ogﬁﬁllﬁ?@ﬂo%g’%ﬂgf: 8% in soft and

y
hard-fillEd gePaolpolal<sichsis ghica], momime ghycol, polyathylens glyaslt asEmer Nl k

sugars, as Wwelike)amdRbigdbldmb-esH: Ak WEl Jyethylene glycols, and the
like. A tablet may be made by corrr}:?r ésvg o%blggﬂyﬁg'lﬁ? iaﬁé’?v%gltl’ia(?ﬁéfp??aww one

or nore acceZ8EF§ THEG U ayftlhy] oksginp Faerss fluiditylcet be nmintdired) fepaimpiesi Ng

e ] O g e ool comhtshiloile ek AUUAIARYY HRE ML BR5Lg P T SBM
inert diluent ar&é I esaévatl vg _di si ntegrant (for exanple, SOdI% tarch
glycol ate or RErod%iy Wby case ghoigprrsiansy asd hethayise efsutfastante) , surf ace- act i ve

(r)nra cﬁ: ?] ge;l%:ﬁn)g(t 3?2%&{%&%&%&5 rg‘slt? r'é@tz also Q&}{aiﬁidjﬂ%&ets st?u%hrarlglpgésgng/atlivgs,a sultable
wetting agents, emulsifying agents, and dispersing agents. Prevention of the action
of microorganisms may be ensured by the inclusion of various antibacterial and
antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the
like. It may also be desirable to include tonicity-adjusting agents, such as sugars,
20  sodium chloride, and the like into the compositions. In addition, prolonged
absorption of the injectable pharmaceutical form may be brought about by the

inclusion of agents which delay absorption such as aluminum monostearate and
gelatin.

In some cases, in order to prolong the effect of a drug, it is desirable to slow
25 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.
30  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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inhibitor(s) nmoistened with an inert liquid diluent. Tablets, and other
solid dosage forns, such as dragees, capsules, pills, and 20 granules, my
opt i onal Iwyohkeomeeseed or prepared with coatings and shel lpgr/iSeas/02s03 enteri c
coatings and other coatings well known in the pharmaceutical -fornmul ating
art. They may also be fornulated so as to provide slow or controlled

rel ease of the active ingredient therein using, for exanple,

hydr oxypr opyl net hyl cellulose in varying proportions to provide the
desired rel ease profile, other polynmer matrices, 25 |iposones, and/or

m crospheres. They may be sterilized by, for exanple, filtration through a
bact eri a-r et aj, | J . i rpgrating sterilizing agents in the
form of st er})%leigés}%(ﬁby Igdgyfrrmp%g fr{%?lugﬁgg&f(f?c Oe%t%ﬁﬁpw RpbSeRYIBges) nDepatr i | e

wat er, or sonBUsiabls forgulationsarg alpeprepdibebyrentiappingniedtug ieliposbebose use.
These COMPOSI i B6m MBlinlvAith aloh AR Y BAUBLOLY,EPACT Vi ng agents and may
be of a conposition that they release 30t acti ve ingredient(s) only, or
preferential ly, inTke gepiraionsPOiden® Al bd [ i nal . tract,

optional lyy ipn adel. %2% nner .é Exarr%{ esé]g?‘rg%ﬁ%%%{l}hgﬁtﬂ%ﬁ%g&ﬁ}(’i%ns whi ch
can be used i hélude E et iCRUTST 1A YeR Py derriitolin dor cadthadmini$Gatid 13087/ 056464
PCT/ US2006/ 04B&G3amale! iheg aicngiiliteidlt i abled st Qahiid Brdli 1 BeEHGAPS Ul at ed

form if appr Lat e i t.h one or nore of the above-déscribed excipients.
Li qui d dos ageﬂp%l%ﬁé“’ F%ér/w‘%“r’%l"“g’a‘ﬁi“hF‘%’P%it%ﬁn@ﬁevwéwﬁwabme@um cal ly

accept abl e entihtmetisipd motallyehyLshspaitsriess @il ddaisistrAbaREPRtRRg, SYrups, and
elixirs. 5 1n addition to the active ingredient, the liquid dosage forns
may contain inert HieReIves nevamtnell agmirsistchtion” hikadfinisteiea BafiterdIQr agxanpl e,

wat er or 1wt hafsed BEéRNthsns mHALUNH dakZl; S,..and epulsifiers such as
ethyl al cohol ,. i.sopropyl  al cohol etlﬁ%ﬁ%ggg%reﬁBhﬁgtegferag?ﬁif"pﬁ@ tate, benzyl

al cohol , benAfMiBiswateg; wsually binjestien.ging daslludes, Bithootilimitative, glneedous,0i | S (i n

particul ar, cofdRneeRe inelaR Nittath Ol It f8hMar OhlrYSni 28 HOL . 10 and sesane
al coRol g%ﬂaé’tlht/r%/oerﬁléﬁgli“ 3Bfdiac.ang fatty

oils), glycer.ol, . tetrahydrofuryl
aci d) estg e)r/s SPGB E*H,%paﬁ%r‘eﬁff fepgtashaah sulecytane@iss subestiquiver intratirticidnt s, t he
oral conposi tshbrapsdan sutlathndid, ikepRe] AGaRE ssiShl Pnie@Rn VallihRgia9ent s,
emul si fyi ng and suspendi ng agents, sweetening, flavorihg, '
15 The phrases “systemic administration,” “administered systemically,”

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

metabolism and other like processes, for example, subcutaneous administration.

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

as by powders, ointments or drops, including buccally and sublingually.

Regardless of the route of administration selected, the inhibitor(s), which
25  may be used in a suitable hydrated form, and/or the pharmaceutical compositions of

the present invention, are formulated into pharmaceutically acceptable dosage forms
by conventional methods known to those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical
compositions of this invention may be varied so as to obtain an amount of the active

30 ingredient which is effective to achieve the desired therapeutic response for a
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ring, perfum ng, and preservative agents. 15 Suspensions, in addition
fglﬁhe gct?ve inhigitor(s? may contain suspending agents as, for exanple,
et hoxyl atwo 20smst@aryl al cohol's, pol yoxyethyl ene sor bi t ecTarsdoossessbs t an
esters, mcrocrystalline cellulose, alum num netahydroxide, bentonite,
agar-agar and tragacanth, and m xtures thereof. Fornulations for rectal or
vagi nal adm ni stration may be presented as a 20 suppository, which nay be
prepared by m xing one or nore inhibitor(s) with one or nore suitable
nonirritating excipients or carriers conprising, for exanple, cocoa _
butter, polyethylene glycol, a supp05| to;y ng ?; aefg![ L(r:gl :;3 \tAﬂle(r:Qf Io?e
o1 2t OO EBEA Eorfilcdy b A dmis G B e oDk ke Bgent . 25
For nul ati ons asiréHerdy e sui t abl e for vagl nal adm nistration al so include
pessaries, tanpons, creans, gels, pastes, foans, or spray fornul ations
contai ning such c Shg sapeentengion pBa fsdasedicomphendainta phernipeeatatlp pedeptable Dosage
forms for thembaieGall vafy ddpBRBAEETReAPRLRLS (il r@}hgﬁ?ﬁge Lphi bi tor(s)

ncl ude powder s ra ol ntnent s astes, crea gel s,
!sol uti ong éNd 6“%%‘% %ge afreinistered: &ﬁtpganwelﬂaemq Qbéme@mpimsaﬁttherray be m xed

6 06/ 043503
gﬂgf:raiéﬁ[: L:Tcrr?ﬁ;ﬂdsgaﬁpm?dg;ﬁ Ithg?@utﬁ%&%ﬁ? {ﬁQgt%}l grrlg‘g%%%/i% |9ves buffers,
RRERE HEG:

or propel | anf% 1SJRVSEGT MRk &e Prvadediin pragiesus soifoasonteinizars, and

S s ani mal
gel s rmy Cont@homomoa'ddm¢mmounmmbab§eam6§)nsf§§g B!ht@f:%&gtgaéﬁtg h'1°of" cel L ul ose

e i ns
Sgtrjl x:? ?E/glsj '€ af%ertaka me’ﬂi,eStrX%nczll’yERag‘?qu rogesare fom aept 81 fo abopi 34 ¢ aci d,
tale, andi®i n@g@glﬂéodsowelmm@emdeﬁ ghier e 0#4. dlﬁﬂWdﬁssS A IR dESdoR@haGONt @i N,

in addition t&m?ann {Hé@b@'ehpﬁffﬂ@em ggg&l ien fstge ;sng% j}gégn‘?c)%g tal c silicic

d | um num hydr oxi cl um r'cat , or
ﬁlmxturgs of tfffé@ V%%%‘tnéﬁ@@@dmgmay@r@afwt‘admcﬂudnmﬂhbyvﬁmlmhedltm 0159 custonary

propel | ant's, sagch, A1 B khRidHdR% Q@YO%eo&aadgx?ﬂﬁra%ﬂg of fledl se e!:t%d lélgnsqgcpusll%l(ss uted
hydrocarbons such as butane and propane

Another aspect of the invention provides a conjoint therapy wherein one or

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

separate dosing of the individual components of the treatment.

In certain embodiments, a compound of the invention is conjointly

administered with one or more other proteasome inhibitor(s).

20 In certain embodiments, a compound of the invention is conjointly
administered with a c;hemotherapeutic. Suitable chemotherapeutics may include,
natural products such as vinca alkaloids (i.e. vinblastine, vincristine, and
vinorelbine), paclitaxel, epidipodophyllotoxins (i.e. etoposide, teniposide),
antibiotics (dactinomycin (actinomycin D) daunorubicin, doxorubicin and

25  idarubicin), anthracyclines, mitoxantrone, bleomycins, plicamycin (mithramycin)
and mitomycin, enzymes (L-asparaginase which systemically metabolizes L-
asparagine and deprives cells which do not have the capacity to synthesize their own
asparagine); antiplatelet agents; antiproliferative/antimitotic alkylating agents such
as nitrogen mustards (mechlorethamine, cyclophosphamide and analogs, melphalan,

30  chlorambucil), ethylenimines and methylmelamines (hexamethylmelamine and

thiotepa), alkyl sulfonates (busulfan), nitrosoureas (carmustine (BCNU) and analogs,
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The inhibitor(s) can be alternatively adm nistered by aerosol. This is
acconpl i shed by preparing an aqueous aerosol, |iposomal preparation, or
solid pawbibasemant ai ning the conposition. A nonagqueowsT(i82@)6/043503

fl uorocarbon propellant) 15 suspension could be used. Sonic nebulizers are
preferred because they mnimze exposing the agent to shear, which can
result in degradation of the conmpound. O-dinarily, an agueous aerosol is
made by fornul ati ng an aqueous sol ution or suspension of the agent together
wi th conventional pharnmaceutically acceptable carriers and stabilizers.
The carriers and stabilizers vary with the requirements of 20 the

particular co , typically i de nonj.oni ¢ surfactants (Tweens,
Pl ur oni cs, SO?%%?%Z%E@&H&%S{}% %Qcaﬁﬁlﬁxne(@)g‘lﬁ%b ﬁB‘i‘%‘)’hgbaﬁ‘é(P/ﬁﬁ’é‘éﬁ?ﬁl% ally

accept abl e c oantipstehokites syelces falic pad yedlbpsl (BRehogbyae)| pyﬂrﬂiaﬁﬁlhﬂhﬂ%%w oteins
Lo, serum Al bkl 8y o 0B AL O SR LS S BT

salts, sugars, or sugar al cohdls gener
i sotoni c sol uW‘Efﬁ%?t"@%m%rthwgwlﬁmbelﬁeﬁtﬁhemdmmmWMdsx&gvthaﬁﬁe of

rovi di ng £ontahdilo®dan le¥eRls t he bo Such dosage
1? or\r/r:s I(:a% be rradeog:gﬁﬁglﬁgksdg@ve?( ;%g e, %@Qé‘?é’sﬁ%% (ﬁgﬁﬂﬁ’gﬁ’tcm#{%‘@ pr oper )
8

medi um  Absor FYTRIFE §arp am@l pocirbazinee Hydroxyuer, eaoenthe fl ux of the

inhibitor(s) ascinoghtelifiddhidtonddBackBiRe @ID%@L()\ Iﬁlhﬂ;ljpolllg( hS Rk (S contr roI l ed by
ei t her provi d| ng a rate control ling nenbrane”or di sgersing QOC

i nhibitor(s) i ndgha TBEPS AROP ke R 85 18}"‘“6%‘!“8 h°WeWQUW%6%@HRH)
PCT/ US2006/ 048508ts (Rbtatac Ruprotiad arkDEPRSdIin) O@&epghémtﬁerbﬂy‘gg td% 91)& 8 2# tabl e

for parenfgr ation co e or. nore inhibitors
conbi nat i %)(ﬁ \;a'i\nntc ﬂg%qﬁ]g&%ye e n&ﬁﬁ’@‘é’ﬂt ChPge-derepfapradodiesi | e aqueous

or nonaqueousgasmlfabmamveldlr@parasy andog osdesPRie RSHIYT IR MkHoRRs, or sterile
powders which may be reconstituted into sterile 5 injectable solutions or
di spersions just pRicsitain gmyedimentsi @anndoﬁt}mnmreaﬁbn Qx:bdﬁntt buf fers,

bact eri ost at sadnsgllsté}dasvy}m d h t he bI ood
of the intended reﬁdf)l ent gsﬁo%ﬁés]pg Hﬁgs{n&h?% targ 5%%0 é‘?f’pl es of

sui tabl e aquebu® AR TYRHERsUs8.dlrani d sGWﬁul@hytﬁWIbeyte@mIﬂwyed in the
phar maceuts caStixmﬂmrh@swtbﬂ(m\misF)hﬁNFr&vg@ugpg},d 5k wde water,

In certain embodiments, a compound of the invention is conjointly
administered with a steroid. Suitable steroids may include, but are not limited to,
2]1-acetoxypregnenolone, alclometasone, algestone, amcinonide, beclomethasone,
betamethasone, budesonide, chloroprednisone, clobetasol, clocortolone, cloprednol,
20  corticosterone, cortlsone cortivazol, deflazacort, desonide, desoximetasone,

dexamethasone diflorasone, diflucortolone, difuprednate, enoxolone, fluazacort,
flucloronide, flumethasone, flunisolide, fluocinolone acetonide, fluocinonide,
fluocortin butyl, fluocortolone, fluorometholone, fluperolone acetate, fluprednidene
acetate, ﬂuprednisolc;ne, flurandrenolide, fluticasone propionate, formocortal,

25  halcinonide, halobetasol propionate, halometasone, hydrocortisone, loteprednol
etabonate, mazipredone, medrysone, meprednisone, methylprednisolone,
mometasone furoate, paramethasone, prednicarbate, prednisolone, prednisolone 25-
diethylaminoacetate, prednisolone sodjum phosphate, prednisone, prednival,
prednylidene, rimexolone, tixocortol, triamcinolone, triamcinolone acetonide,

30  triamcinolone benetonide, triamcinolone hexacetonide, and salts and/or derivatives
thereof.

-52 -



10 et hanol, polyols (such as glycerol, propylene glycol, polyethylene
glycol, and the 1like), and suitable m xtures thereof, vegetable oils, such
as ol i ve wol2porasusisnj ect abl e organic esters, such as ethylusedosaizzos Pr oper
fluidity can be maintained, for exanple, by the use of coating materials,
such as lecithin, by the maintenance of the required particle size in the
case of dispersions, and by the use of surfactants. 15 These conpositions
may al so contain adjuvants such as preservatives, wetting agents,

emul si fying agents, and dispersing agents. Prevention of the action of

m croorgani sns may be ensured by the inclusion of various antibacterial and
anti fungal agents, XA hl.Qr obut noI sorbic acid,
and the like. It Irri&hgrl%so bgﬁ%ee@lé?ggﬁgo%n% olf(rglé ll%c %qelici}mg'dj usting
agents, such a%m@af@ea?%vvlﬂmn Horuuetherhpeotit dgsnt. a&ﬁtamhammu«mthempeumm@gems
conposi ti ons. mha iRddiel h@Are 1Y abl e

phar maceuti c ?orm may .be rtghgﬁg%g%%ﬁﬁﬁm%&g(\%m elfvz% RS¥ #yents which
del ay absor pt PBRO@tAIGHEday ]@Hiqh{ﬁiﬁfi)n@ﬁ@éi’%rraxcapmlategmbmxi,n In sonme cases,
b order Lo polangsdiias,ehiBglot, falliotfide, bhd kil ARlRBalL. ghow 25 Lhe
absorption of _the. dr m subcut aneous Or 1 ntranmuscu I Nj ion. For
exampl e, del afi 88005‘8?g?‘ﬁlt’i°8ﬁ3 617 be pHeeprked ar eonjumdirdrsiieh asrrisxidabg form i s

acconpl i shed byitdhess, uleﬁguﬂhasu@déﬁﬂﬂhm ehRZEHAY ibituABm3b hinY&hi ! e
I nj ectabl e degqungf QL s are formng mcr oencapsuTne matri ces of

i nhi bi tor(s) odeqt 8&%{’6’1%1 ﬁ%‘faﬁﬁﬁ?’ébﬁ imab, gretinibiand wrstyzomglyl ycol i de.
30 Dependi ng BReditiridadby© ©f drug to polyner, and the nature of the

parti cul ar po‘ITEIIEL_E'np"! oyed, the rate of drug rel ease can be controll ed.
Exanpl es @f okfghpre49 WO 2007/ 056464 PCT/ US2006/ 043503 bi odegr adabl e

pol ymers i ncl ude poI y(orthoesters) and poly(anhydrides). Depot injectable
formul ati ons &t‘flﬁm&hSSyﬁfh@ﬂgbﬁéoh%,Oﬁﬂa o#PpPi ng the drug in |iposones or

m croenul si ons which are conpatible with body tissue. The preparations of
agents may be gi vene or aIIy Prpar enterally, topismally, or 5 rectal lope They

are, of course, divgn by SHbdraie for . ac;tp dm ndysty ati on I‘ON,I For
exanpl e, theyB°%W' dmini é'\{ e ed [ peAablet s*BY Oé"“f?qms* b*i?“"ﬁnj
003
CbzHN X HaN THOBT,HBTU BocHN/@(N\;)LN #Aooc’
DIEA, THF, 0°C o =\th o '
007
OMe COzH OMe
N\)L _HOBT, HBTU /Q(N
/("/ I< DIEA, THF, 0°C ‘(% \/ll\
008 009
Compound (003):

To a 0°C solution of N-Boc serine(methyl ether) (001) (2.5 g, 11.4 mmol),
15 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
20  material diluted with ethy] 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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i nhal ation, eye lotion, ointnent, suppository, infusion; topically by
lotion or ointnent; and rectally by suppositories. Oral admnistration is
pr ef er r edwobb@/pBdsases "parenteral adm nistration” and ‘padrosnecsioessesl
parenterally" as 10 used herein neans nodes of adm nistration other than
enteral and topical admnistration, usually by injection, and includes,

W thout Iimtation, intravenous, intranuscular, intraarterial,
intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular,
subcapsul ar, subarachnoi d, intraspinal and intrasternal injection, and

i nfusion. 15 "syst.em c mnistratjon,"” "adm ni stered
systemical ly, 1B BJegha%ﬁ%rogf%y%og MmN ‘gfa?eaﬂ%offs#’er‘%fhmuéﬁ keftester Bep s9bventsher al | y"
as used her ei erggemovadandenieiiured preasiire andthe 2esidug and pudlfistdvy A4shot her

mat eri al ot heg i I e tral, nervous syst such_that it
enters the patl}r%ﬁ?tpélqg?/}gﬁg;ﬁ%ngn@h? H‘ng'g?ce:t\’age%%%ﬁtlé%gesgs C?fﬁ?é‘é‘gﬁ%ﬁ\(‘éﬂ@) ot her

| i ke processe¥as Felated aagphasacterized by EEISSLEHRI(MEBtm/at 43723)20 These

i nhi bitorss(s) may be 51 m nistered to humans and other animals for therapy
by any sui t abtEHBAEEWH adni ni strat i on, including orally, nasally, as by,

for exanple, a spray..tectally, intravaginally, parenterally,
intraci sternally, aon%oté)fﬁq‘étéqnl %},(063%5'5%/31)5\/\%%‘1“@,01)6? tatieBydrefusam @Popd.)

i SC! udi ng buces ddﬁeﬁhmﬂ’tdmhtiﬂgmé)lbyhe F@ﬁﬁlﬁ%ﬂfﬁﬁﬂ@gagﬁ%ﬂeg% ﬁir%&derl

adm ni strati t t he i.nhibitor(s), ic may be used in a
suitabl e hyd%%Pé@hg%roﬁygrﬁﬁ%#rtqﬁ‘guﬁhi{éeréb’%‘ﬂff’i“@éﬁlté@ﬁﬁ%’§P$h Gre5#5 the
present i nverfitddie fillgreakowauivashed with taraphdofimae The 6alahit AeHERLEDI € dosage
forms byioconsamdnanalunigis those of .skill in _the art. Actual
dosage | evels of the acti vreéﬁlfé%dﬁl[e%g‘élﬁgen}fn?f1 Rl?\ceﬁﬁg&ﬂﬁlﬁ’ﬁ?&%‘ﬂ?f‘&%ﬁ houzrgiposi ti ons
of this i nverPHfc P8¢ tecopfirmedibsbCASS (ICRS (MEN nsin 3MI8Nwhish wdh@sact i ve 30
i ngredi ent Whiiedbut fur@bf SiidMBo4 O achi eve the desired therapeutic response
for a -50 WD 2007/ 056464 PCT/ US2006/ 043503 particul ar patient,

conposi ti on, Guwgpoamd@oaj: adm ni stration, w thout being toxic to the
patient. The concentration of a disclosed conpound in a pharmaceutically

accept abl e ni xt urle amolutionaif YOI (Fenslsyigheaiz oF €003Y Sde 1. 8CH AL AgpiEddgdi Ng t he
dosage ofjst h&erial 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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5 conmpound to be adm ni stered, the pharmacokinetic characteristics of the
conpound(s) enployed, and the route of admnistration. In general, the
conposi t iwow@fostdsss i nventi on may be provided in an ageerus206loudsoon
containing about 0.1-10% w v of a conpound di scl osed herein, anong ot her
substances, for parenteral adm nistration. Typical dose ranges are from
about 0.01 to about 50 10 ny/ kg of body wei ght per day, given in 1-4

di vi ded doses. Each divi ded dose may contain the sane or different
conpounds of the invention. The dosage will be an effective anount
dependi ng on several factors including the overall health of a patient,

and the fornu i L nLstsration.o | ect ed
conpound(s). LAﬂr:}%%tnﬁ{e&r‘(’rfaﬂ ggy h%# L%fﬁ{dﬁmé\}gaﬁ%)i %r? r%\Fxg?/{oggg&aﬁs BIATicOrAtteRERSy apy

ec
wher ei n one oPyL@megg&(Méi)m/hei%)W)ti c agents are administered with the
proteasone inhibitor. Such conjoint treatment may be achi eved by way of
the sinult aneb%@Poe8d0Hii al , or separate dosing of the individual

conponents of the treat t. In tai n embodi ments, a conpound of the
i nvention is conjorfht ?yag(gﬂm%?gﬁgi)éazwgw'6]r§emB’r°1)riﬂﬁé’hlﬂmmthmedﬂ@asorre

i nhi bi t or (%) . mRPwhaadden thadlworextefelhdi® (H0SmL ParkiARP RLMGL folhigh LIVEMEQP 1S
conjointly aﬂgismles{e%{ %ga V%Aegg’l a ﬁlhem)t hﬁ{‘}apeuti c. Surtable

chenot her apeut i ¢ ey A Reodd 2nothgt hgur Thsqreanic layers msreongentetedaintier oi ds
(i.e. vinbl aseiwred prispor bsd ihee plaaadiundet high @hdtiuRLior 2 PB6Hsitd 8%8lde (008) as

epi di podophyl j j ide., teniposide), antibiotics

(dact i nonyci néogggﬁ‘%&n%yn{?g{hgs E)‘?élgggﬁ%ﬁﬁi{ﬁc‘ﬁﬁ;ﬁg@wﬁmww Withew futhgani bi ci n) ,
ant hr acycl i ne®ifigpiencant r one, bl eonycins, plicanycin (mithranycin) and

m t onyci nlé) en@/rres (L-asparagi nase which systemi cally netabolizes L-

aspar agi ne an ”é‘iélﬁf’fi\@@)-bel | s which do not have the capacity to synthesize
their own asparagi ne%{;C ant i plc&tel et agents; ant i:ﬂrol iferative/antimtotic
al kyl ating agents Suth © SpLutonat SR8, Jriethyl-exazatechrarbetigriidd009) (94

cycl ophosphanngi®. EndmalaoE, (188 ki) aloaino And WA ABRY Gid ) 0 lﬁrfngéli ni m nes
and net hyl mlté‘t@hgﬁr%f&rggz t%mldﬁ@ ne and thiotepa), al kﬁM ul f onat es
(busul fan), nitrosourea ﬂ%&% 2 dted ¢ BN of Y- dilsapisglethylagiinano. 5

2007/ 056464 PUHASR086) D43T0Fdrosirne (X MEPEVAR)S, minh@E e mixn oG8 YRt ne
(DTIC); anti 95&{1'térﬁﬁe%t{ll\é%xa‘gr¥c}thngrt5%to{lr% and then diluted with ethyl acetate (200 mL).

It was then washed with saturated aqueous sodium bicarbonate (2x 10 mL) and
brine (10 mL) and 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

20 provide (010) (195 mg) as characterized by LC/MS (LCRS (MH) m/z: 529.26);
>90% proteasome CT-L inhibition at 40 mg/kg PO.
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antinetabolites such as folic acid anal ogs (nethotrexate), pyrimdine

anal ogs (fluorouracil, floxuridine, and cytarabine), purine anal ogs and
rel at ed iwbi2bat3644 (mercaptopuri ne, thioguani ne, pentoPraiisnoanesso3

2- chl or odeoxyadenosi ne); aronmatase 5 inhibitors (anastrozol e, exenestane,
and | etrozole); and platinumcoordination conplexes (cisplatin,

carbopl atin), procarbazine, hydroxyurea, mtotane, am nogl utethim de;

hi st one deacetyl ase (HDAC) inhibitors; hornones (i.e. estrogen) and

hor nrone agoni sts such as | eutinizing hornone rel easi ng hornone (LHRH)

agoni sts (goserelin, leuprolide and triptorelin). O her chenotherapeutic
agents may 10gkimbide mechl oretham ne, canptothecin, ifosfam de, tampxifen
ral oxi fene, gentitabine, navel bine, or any anal og or derivative variant of
the foregoi ngSchenie L:eSyhdtieBis O ERIPRGS, @ compound of the invention is
conjointly admnistered with a cytol cine. Cytokines include, but are not
limted to, Interfieron vy, s and -f3, Inteyleukins 1-8, 10 and 12,

G anul ocyt e Monogyte Col o y B15 Stlnulatln f,act or GN1CSF) P]\lF«aa and - (3,
and TGF- (3. | eewentin eWbyd: mess s dﬁ;b

conjointly adni gisstered wzth a ster0|d SuP abhe ster0|ds nﬁ% rﬂclude but
are not limted to, 21- acetoxypregnenolone alclonetasone gestone

“anti noni de, becl onet hason bet t hasone, bydesoni chl or opr edni sone,

cl obet asol , clocmmtolonelgzL 3§;Qd1T%p cortfcosser, cortisone,
cortivazol , defEgmEaLortn &net hasone,

di fl orasone, diflucortol one, {nfdbrednate end&oF@neO fl uazacort,

fl ucl oroni de, flunethasone %7 uni sol i de, fluoci Al one acet oni de,

fl uoci noni de, ocortln but | uocort ol onegq fl uoronet hol one,

f | uperol one ace pt eent60! ONe, Fosn mophoine
f1 urandr enol i ¥, o?lutf%h 8ne Fonafﬁ”’f%ﬂﬂéﬁ%}téfme cmnonla%
hal obet asol propionat e, hal onet asone, hydrocogbi sone, Iotepr gnol

et abonat e, mazi predone, nedrysone, nepredni sone, nethyl pr dnlsolone
iégoﬂﬁ

nonet asone furgate; qpar anet hasone, rednlcarbate predagi

pr edni sol one fg?hﬁcgfﬁVLﬁhﬁno \dng‘ one

predni sone, pre , pr%dn Be, rwﬂ€w0&®n tloxfOCBrtooI,Ph
trianci nol one, trioanci nol one aceszdni de, 30 tri amwei nol one pby netonlde,

tri anci nol one hexacetoni de, and salts and/or derivatives thereof
Compound (013):

5 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

10 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

15 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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-52 WD 2007/ 056464 PCT/ US2006/ 043503 I n certain embodi nents, a conpound of
the invention is conjointly admnistered with an inmmnotherapeutic agent.
Sui t abl e wonemisbguapeuti c agents may include, but arepoetuskéosiosszdsto, MR
nodul ators (verapam |, valspordar, biricodar, tariquidar, |aniquidar),
rapanmycin, nycophenylate mofetil, 5 cyclophosonide, cyclosporine,
thal i dom de, and nonocl onal antibodies. The nonoclonal antibodies can be
ei ther naked or conjugated such as rituximab, tositunmomab, alentuzumab,
dacli zumab, epratuzumab, ibritunmomab tiuxetan, gentuzunmab ozoganicin
bevaci zumab, cetuximab, erlotinib and trastuzumab. Exenplification 10

1 Sch f,Co nd .010 one. .BocN HzN '
ETEXP S, o s U AESER s A T mixtite WS e | E@gﬁ‘ Caftpd 6 Ny O
001 002 O Ph @ndHhe flUGECaEQWaPWa(DedMiﬂ\k&@yaroﬁﬁaﬂggees%ﬁﬁTﬁgﬁteG%ZgHN '(I)'FAOO;(:
Ovb OOzH OV (o e b e B tsdlin el haptyecting: Wprp e 619 A,
THF, OC H ry Br 8ayconmegdy 1o IDACROMBbwi 37803) which was used without
5 further purification.

Compound (015).

To a 0°C solution of (014) (3.5 g, 9.24 mmol) and (006) (2.4 g, 11 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

10 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 (400 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 through Celite-545. The solvents were removed under reduced pressure and

15 the residue was purified by flash chromatography (hexane and ethyl acetate), and the
desired compound (015) (5.0 g) was isolated 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
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.

25  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. Thc:: reaction
30  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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To a OC solution of N-Boc serine(nethyl ether) (001) (2.5 g, 11.4 mol),

15 L-al ani ne benzyl ester hydrochloride (002) (3.3 g, 11.4 mmol ), HOBT (2.5
g, 18.2 worb)7@ué4HBTU (6.9 g, 18.24 mmol) in tetrahydrofrusame/p48303 nl) was
added a solution of N, N-diisopropylethylamne (8.0 nL, 45.6 mmol) in
tetrahydrofuran (50 nlL) over 10 m nutes. The m xture was stirred at room
tenperature for another 5 hours. Mist of the solvents were renoved under
reduced pressure and the resulting 20 material diluted with ethyl acetate
(300 nL). The solution was then washed with saturated aqueous sodi um

bi carbonate (2 x 50 nL) and brine (100 nL). The organic -53 WO 2007/ 056464
PCT/ US2006/ 043034 r ied over sadjumsulfate and filtered

t hrough Celite- 54%6.(1.@1' e (Z)o vgﬁggmo\g\cfer?ee arngh%\%ce%e Ped aerie pypisasser e and
the residue w&ashsdryifh binelapd driad hver MsHthat Bigr sptents(Wex anfo@ddne il |

tate), andrdsfage 98si . i sol ated and
Char act a1 i sed %*gﬂ%‘%ﬁ}éﬁl?%&% T oAt g i SR B0 Va0 o oc
sol ution of (693) ((Senwuhigh was chmagterised by RCIMS (BERE(BI)maR: 21D0B)TL)  was

added 10%§3d/g &500 ) _The resulting mxture was allowed to stir under |
at mospher € of ﬁyﬂ?‘@d«?ﬁ Yor 4 hours. The nixture was filtered through

Celite-545 and t hhter. cake shed with tetrahydrofuran. The
organic filtrate Vh\g%g!l?oé & té‘gh?fr(mcf\{\)ﬁ%’ds gl i isgrapydsafieand 2@ ml) prasced

under hi gh vaaddedequeonslithbu hydroxid@muﬁn,en?owehma@ﬁﬁgﬂ{iitﬁms%n%%évs (ECRS

(MH) mz: 367 I d,, without. further purification. npoun

(006): To a srglg,ﬁ%tie)g/ﬁ&g&ré(ﬂ%%gé{ E‘?tf%rw agtt}éeﬁr"i’ﬂﬁléfqusm& hydeesdyjoriceasid (2) trpl ent

Appl i cation Tharesitastediyith tatabSdro688) (33200 gL). T8e 6dMbine iofzahid 1f)edor 0Oacet i c

acid (50 M) was v . : 0 LG\( . Jhe resul ti m Xt ure was

allowed to stir unggé?qxilt%tgrrlrrggsg (Ianrcr‘“g ?%% q?g%l?ogﬂléﬁsqlg’fe’én‘:‘lwg&?r§¢ e nixture

was filtered SOHeBigYPremsmaved sudbthe mebidul evas ilydphilized kyeldq6 199 ¢8. Migh, Rvhich

di chl or onet hapg doAfEndddy Ld, i . ntrated.under = reduced

pressure and PEI. ced undeerh%%%%%%%ﬁ%ﬁg?r#gﬁgf%ng uﬁ?%??’i"g%“t( as 20
RE'ELCRS (M) nfz: 172.13) and was used in the subsequent

Compound (020):

confirmed by

15 A solution of (019) (6.0 g, 30 mmol), benzyl alcohol (3.5 mL), and p-
toluenesulfonyl acid (1.1g, 6 mmol) in toluene (100 mL) was stirred at 100°C
overnight. It was then allowed to cool, diluted with 300 mL of ethyl acetate and
washed with saturated aqueous sodium bicarbonate. The aqueous phase was then
extracted with 200 mL of ethyl acetate. The combine organic layers were washed

20  with brine, dried over sodium sulfate, and filtered. The solvents were removed and
the residue was purified by flash chromatography (hexane and ethyl acetate), to

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

Compound (021):
25 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).

30 Compound (0:22) :
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transformation without further purification. Conpound (007): To a 0OC
solution of (004) and (006), HOST (2.5 g, 18 mmpl) and HBTU (6.9 g, 18
mrol ) i n wetwatseeef uran (400 nL) was added a sol uti on etThishhidm43s03

di et hyl i sopropylamne (8 nL, 46 mol) in tetrahydrofuran (50 nm.) over 10
m nutes. The m xture was stirred at roomtenperature for another 5 hours.
Most of the solvents were renoved under reduced pressure and the remnaining
material was diluted with ethyl acetate (400 nL). The resulting solution
was washed with saturated aqueous sodi um bi carbonate (2 x 100 nL) and
brine (100 M.). The 30 organic |layers were dried over sodiumsulfate and
filtered thro ‘| vent.s.were renove nder reduced
pressure and ?ﬁgSgggF%EEéégémggﬁﬁ??ggr%ym?V5§ﬁ§“@§§QVEﬂﬁgﬁg‘@@Eﬂ@?d

PCT/ US2006/ 0438 88d/¢ (Y08rrag)sgd dlshipixtire xam stiramicht eddmy lengeettat @hdertdde pr ovi de

007 3.5 a | r N I\ rg ; 0. 29). Conpound
gOOSg X (To aggcﬁg)g uti gﬁﬂ}g?dg%gg‘%)??%’%&%,s(‘%%&(’%3 glﬁr%:eifec‘}ﬂ%o? onet gne.
(10 5 nl) was HEEEEREY PrEidO3Re whick vepsicdnfiri@d iy LGNS (LGRS @6H) ting sol uti on

was stirresl api3.08)and ¥aE ub WAL Hired iR NEr hour. The organic layers
were concentrated under reduced pressure and then placed under high vacuum

for 2 hours tGoppawidqe2£)008) as confirnmed by LG MS (LCRS (MH) nmfz: 420. 24)
whi ch was used without further purification. 10 Conpound (010): To a 0C

sol ution of (008),T&aAHE kyiltiorsap(are) (E3BmgAY. Dereydlj sncBORE) (OAR) 04Mmofjy. 0. 74
[rg? Ir Zihyggg;rupg%%%%% n?ﬁi)g'%log&ggglﬂgﬁétﬁgH'rggoti“méiﬁ’ag{"éb%ﬁrleg%rb@ﬂyI am ne
(0.5 nilL, 2. ®Linwvesjdded atselutiahpfNN-diisuprdpletiylamivie 0.5 mli, 21 @fol) R M Xt ure
W Th ethyl acerapeaaRR G Phful® beg AR b Pt S et e eous
sodi um bi car b¥at ad(became homegengw It wasithen dilldrwith ethyl dcbieteqRORBMILY ahdY €r S
were dried oveshs® QiR kdPledidolibtlilEbnate (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

15  HPLC (aqueous ammonium acetate and acetonitrile) to provide compound (023)
(125 mg) which was characterized by LC/MS (LCRS (MH) m/z: 626.35); >80%
proteasome CT-L inhibition at 40 mg/kg PO.
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through Celite-545. The solvents were renoved under
?esi due was purified by HPLC (aqueous anmoni um acet ate and

t he

reduced pressure and

acet oni t rwbeo#3R0 provide (010) (195 ng) as char act er pzedshych@sh (LCRS

m z:

529. 26);

>90% proteasonme CT-L inhibition at 40 ng/ kg PO

-55 WO

2007/ 056464 PCT/ US2006/ 043503 Exanple 2 Schenme 2: Synthesis of Exanple 023

Ph OH}

013 Ph 1J~ 014 Phh N101 HOM Co'
%CDCB:GSHNNOSI Eg\llTallzz CC 0 Ph OO Ph O 015016 0 0 O Ove NBS,
(aq,) OH BnOH TBOH 0 OBn M hGne
Tduene, 1CDC Bgample 3/ HF,
(016) O x.4 N

) N7

ON O Ph  028cH¥aze 5} SYgthesis of Example 029

10

15

Q
OH HMPB resin FmocHN\/u\ O@
FmacHN DIEA, HOBT H
i HBTU, DMF A
024 025
OMe
(o] o]
I. 20% Piperidi H
iperidine p N N\)Lo@
“ERE T W
3 —~N @) ~
(009) 0O PN
027

OMe

(o} H (o]
0086), HOBT, HBTU
DIEA, THF, 0°C H z H
o-N (o} P
02

9

Compound (025):

Me /O\N C4, ,,
N 017 018 019 020
(N THF rt N/ N HOBT HBTU / )

ryOBn HOST, HBTU NO Pd/C. Hz BocNH O O DI EA, THF, 0C NH OOBn THF,

0 HOST HBTU BcHN
(PhCO- Me UGH
80C Br ON THF, n 6r /O(N
ol\\ pOBn PtUC, Hz 0 \" OH
HHO. DEA THF O0C

OMe
l. 20% Piperidine H (o] @
2. Fmoc-Ser(OMe)-OH g0y N\_)Lo
DIEA, HOBT H
HBTU, DMF 0 A
026

OMe

o) n 0
TFA N
DCM, 0°C \(’\,y/u\ N \s/lLOH
o-N 0 N
028

(o]

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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ound (013): 5 To a O0C solution of N-Boc L-leucine (011) (2.6 g, 11
gﬁﬂ?), L-(phe%ylalanine benzyl ester hydrochloride (012) (2.9 g, 10 nnnl%,
HOBT (1. W0.20dz/d5646imol ) and HBTU (3.9 g, 11 mmol) in tetcahusdioaiussan (%0
nm) was added a solution of N, N-diisopropylethylanmne (4.9 nL, 30 mmol) in
tetrahydrofuran (10 nlL) over 5 mnutes. The m xture was stirred at room
tenperature for another 5 10 hours and becane honmpgenous. It was then
diluted with ethyl acetate (300 nilL) and washed with saturated aqueous
sodi um bi carbonate (2 x 50 nL) and brine (100 nL). The organic layers were
dried over sodiumsulfate and filtered through Celite-545. The solvents

renoved C essure an he residue was purified by flash
\(I:\ﬁ; gmat ogr ap hl;&?ﬁgérﬁgtﬁaaﬁg I‘g{"ﬁ";ﬁ"%ﬁ?@f 8@%%"’9‘5’ rgdmlﬂdgéz (‘5‘1‘?43 the r&?‘@)waés 15
char act er i zed2dsipdiogravBe (¢aCRS: lAdreibaam B2 ous. Tarpeuliag (@dd:wako a 0C
solution of (Schedd shkelestight. THIGLAy s beh ERIVALAMGARAOR Ty vas
added 10% Pd/ C (500 ng), The Tesu tlng_nleure U "I under
-56 WD 2007/ 086HEW PermuEz(d 6/1048508d didhimephtbae Gfx tydLyged all@vedkohour s.
The m xtur® masdghbgﬁg@@ukyrough Celite-545 and the filter cake was washed
with tetrahydrofuran. The organic filtrate was concentrated under reduced

ressure and gbepedidyop®r hi gh vacuum to provide (014) (3.5 g) as
Eonfi rmed by I(_TC/}R/B (dll_nC]:Rg (MH) mlz: 378.22) which was used without 5

i ficatiResi wanpla¢ddib s soliforBof095 pipbliadial ik, N.014) (3.5 g,
gugzhﬁgnpyrgaécz I@%MIG?ZT fﬁgf %so i{Iﬂﬂééf g,. 11 mmol) and HBTU (3.9
g, 11 mol) int gg’r aﬁéﬁ?bf’ g%%rﬁ (a%ggh‘gn‘;ff“m%@‘ 8 &S ghaksn gt jogm of
N, N-di i sopr oppmeeiwra firriehofsd. Thentsin 88 ghml:c) offind Rastel Q?W’E‘gf ]y(r)?nag é'([)h reﬁrL) ]
over 5 m [t egimeffrofhathidt €3 a8 ity bl §dnale L opm. Le
hours and becane hogngenoug? It m5§“?§€n°H?P%€%8<3ﬁﬁﬁfn€%hyl aceaggen£?ognd
m), and washed witda6at bﬁl@ﬁ&%f@%@tﬂ?ﬁﬁéﬁ%ﬁ?&%&&ﬂ?gé?ih ﬁg}%@s&txgg,and
brine (100 nL? Th% ogganlp | ayers were dried over “sodi u

.6 mmol) m N,N-dimethylformamide (4 mL) were added HOBT (245 mg, 1.6
mmol), HBTU (606 mg, 1.6 mmol) and N,N-diisopropylethylamine (0.6 mL, 3.2
mmol). Once the resulting mixture became homogenous, the resin was added and

15 the resulting reaction mixture was allowed to shake overnight. The resin was then
filtered off and washed with N,N-dimethylformamide (3x 10 mL) and

dichloromethane (3 x 10 mL), and the resin 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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filtered through Celite-545. The sol vents were renoved under reduced
pressure and 15 the residue was purified by flash chromatography (hexane
and et hylweqedaisejs4 and the desired conpound (015) (5. @cguseas/oiszos at ed
and characterized by LM (LCRS (MH) mz: 532.33). Conmpound (016): To a
OC solution of (015) (5.0 g, 9.40 mol) in dichloronethane (50 nL) 20 was
added trifluoroacetic acid (20 nL) over 5 mnutes, and the resulting
solution was stirred at the same tenperature for another hour. The organic
| ayers were concentrated under reduced pressure and pl aced under high
vacuumto provide (016) as confirned by LG M (LCRS (MH) m z: 432.33)

whi ch was used Iy mpoun 018): To a
sol ution of ne?tma&é%ﬁk%&ﬁ Fgﬁgmi béf%;%c’zn(% ee(g 69157} %ﬁdgo m€~34Thfg>rgaIl00 mol )
in carbon tet ﬂaé{em vorre dried 5@@ Somylmwaﬁ‘atadntbﬂlté‘ﬂed)ﬂmdmg&@&wsm d8e bAPerls 130

mmol ) and benzRy roomte er ature. The
resulting mxt uérrge%gg&{gg%%%aé rg%% r‘]ing b 8 rﬁﬂd‘éﬁ ied by P4 Cyon

overni ght. Th éaqtué‘é{?tai"é}ﬂms@nwa@a@ land @@@ﬂrmlea ihelpiehivide t(mb)\(vl 25 mBORhiBk wg;’g
di chl or ones habraradishizeash e & /st um b| rbonate (3 X
100 mL). The a 18QUS phgse was @CR%?(WO% %@g@ %MO%?IMSSOB

extracted V\AtH1 Borh"f_”(?fm%ﬁ(&ﬁpororret hane, and the conbi ned organic | ayers
wer e vvashed Fﬁ‘{ ne and dried over MgSO4. The sol vents were renoved and
the residue vvé APt fied by flash chromat ography (hexane and et hyl
acetate) to pg ch was characterized by LC M5 (LCRS
(MM mz: 2109. %"ge%ééo%@s“"é’?g"ﬁ%‘ o a 0C solution of (018) (12 g, 55
mmol) in tetrahydrofutan (20 nL) was added aqueous |ithium hydroxide (35

m., 4N). The resul ti m xture was siirred,at .room terrpe/ri\ure over ni ght .

It was then acidif Q, wmmgrmm@m@a;pﬁ—@tﬁ—m pH ract ed
with tetrahydfofiirall (3RRLEED nl) El'he conblaneoamrganl*’t?“'l""ay rsvi{?/ere

washed wi th brine gj_o rL) dried ov&[@odl uam'stl fate, and follt\epjgd The

0 o
1. 20% Piperidine i
2 D_*..IEA, HOBT /¢\/u\o TFA rs(/\”/U\N/d/\N\./U\OH
HBTU, DMF DCM 0°C N o-N H o = N
¢ o

(022)
033

o} !
(006), HOBT, HBTU N O
- 7 N e N
DIEA, THF, 0°C _ H -\E [ﬂ

10 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

15 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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re renoved and the residue was |yophilized to yield (019) (8.2
;?l V\mitzhwewas confirmed by LG M5 (LCRS (M) nfz: 205.95) and used w thout
further wonbéiweadsuon. Conpound (020): 15 A solution of pCOASP006R4Bogy, 30
mmol ), benzyl alcohol (3.5 nL), and p- toluenesul fonyl acid (l.lg, 6 mdne])
in toluene (100 nL) was stirred at 100C overnight. It was then allowed to
cool, diluted with 300 nL of ethyl acetate and washed with saturated 00
aqueous sodi um bi carbonate. The aqueous phase was then extracted with 2
nmL of ethyl acetate. The conbine organic |ayers were washed, 20 with bri nﬁ,
dried over sodiumsulfate, and filtered. The solvents were renoved and tte
resi due was p@gjnpj,,gg,({gyz)gl ash chromat ography (hexane and ethyl ace'ﬁﬂat g), o]
provi de (020) (5.8 g) which was characterized by LG M (LCRS (l\/:—l) é
295.98) . Conpound (1%41031?@6611%%%'&908 asggig%dﬁl?a'sgll.?i’on%ggotgg%?%@?ﬁg
nmor phol i ne (3.01\1%%}_i§1¥tt§etrahydrofuran 5 n}_ was stirr oo ' due
tenperature f By LROTHEH m%@eé%ﬁM?@tWémﬁmXWMMamt;r tLes o
was purified teynpelaash f@hriowB e radhal m%%ﬁﬂéredéﬂ‘lng%ﬂte% ?}_ et hano

i [ d RS (MH) ml z:
303713) | 50 Ot ks 548 mipsnagehisenehaPCTAIS2005/ 043503 To n
St f (021) £4 1.3 |) .in tetrahydrofuran (40 n) was added
igl :JE%L'S? CO( 1(()0 ng)f%%gocgr%deluth?&?zfl}tnéoc\%éeg‘iip‘? 284 g 05§ ammeR mpNat ur e under
one at nosphedigestylihyuamige i fob) w2rdaides HOBT (a8 nigh 6.@2?&&6&3@%&&3% h( RS
(V) s 50y R el RS Sor S Rt LR, ol il Montesinarapound
E(I\)A;)s) . To a Obewaddsd oner B 14a0i®) m{xL8O ba@me(}xoangﬁmdu)g. a}mregllﬂa@ rrr]lﬁmeng, 0. 4
mol ),  HBT (da1ded % shalBB 3ocHIP BT h(’)]urg.]ﬁng 8 was aemel)ed off and

n 0 . . .
tetrahydrof urv?‘ashgzé:’ with N,N-dimethylformamide (3 x 20 mL) and dichloromethane (3 x 20

mL), and the resulting resin was allowed to air 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
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
20 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).

25 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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solution of N, N-diisopropylethylamne (0.5 nL, 2.5 mmol) in
%)t\é\?faﬁsgsgfﬁran (5 m). The m xture was stirred at.roomte.rrperaturfa for
anot her Svohowm@esnd becane honmogenous. It was then di | weedisadshizvhy .
acetate (200 nL) and washed with saturated aqueous sodium bi carbonate (
10 mM-) and brine (10 nL). The organic |layers were dried over sodi umd
sulfate and filtered through Celite-545. The solvents were renoved under
reduced pressure and the residue was purified by 15 HPLC (aqueous ra;mm)nl um
acetate and acetonitrile) to provi de conpound (023) (125 ng) which was
characterized by LG M5 (LCRS ( mz: 626.35); >80% proteasone CT-L

0 4 S2006/-043503 Exanpl e 3\
Schene 5. Syntpan Siaf "E‘fgé%%ﬁ??&z@% Bl g T G e RPROKUer D
FrnocHN OH DI ER““%‘P“ 'O'~+ 2. FnocSer (Owe) - O—I FnocHNNv Q(r) HBTU, DMF
DI EA, HOST 11 41(0HBTU DMF O 024 025 026 Owve Owve O 1.20% P ipendi ny

~1-11 1111 TF 1111’?% 55)HBUDIVFOH/"O~ DoM 0C NE H O (009) O-NO/\

THF, OC! N\~ N ONH
O N O 027 028 HBTU N f DI EA,
O=- HO 029°° nCpggIHﬁ and (006) (70 mg, 6.23 mmol), HOBT (50 mg, 0.37

5

mmol) and HBTU (140 mg, 0.37 mmol) in tetrahydrofuran (50 mL) was added a
solution of N,N-diisopropylethylamine (0.5 mL, 2.5 mmol) in tetrahydrofuran )
mL). The mixture was stirred at room temperature for 5 hours 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). The organic layers were dried over

10 sodium sulfate and filtered through Celite-545 and the solvents were removed under
reduced pressure. The resulting residue was purified by HPLC (aqueous ammonium
acetate and acetonitrile) to provide (035) (15 mg) which was characterized by
LC/MS (LCRS (MH) m/z: 633.3); >90% proteasome CT-L inhibition at 40 mg/kg
PO.

15  Example 5

Scheme 5: Synthesis of Example 039

OMe OMe

FrmocHN \)I\ @ 1. 20% Piperidine FrmocHN /['(H \/lLO I. 20% Piperidine W]\ /(H/N\)Lo
2. Fmoc-Leu-OH "2 DEA.HOBT Hoar 1

DIEA, HOBT HBTU, D o-N
\ FIBTL, DMF \E (008) " \E
e 1Y oz LY w

OMe

OMe
“\)LOH 008), HOBT, HBTU i ﬁ\)oL o
_TFA / ; (008), WLN <N
DCM, 0°C o-N \E DIEA, THF, 0°C N Hog§ \Eﬁ o
by »
J

039
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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To a 0OC solution of Fnoc-Val-OH (024) (348 ng, 1.6 mmol) in
gi chl oromet hane (4 nL) were added MSNT (474 ng, 1.6 mmol) and Nnesgj?élea
i m dazol ewOQod/dsedes 1.6 nmmol ). HWPB resin (400 ng, O0.32peumispoosmss d
once the m xture becanme honbgenous. The resulting reaction _mxturefyviat o o
allowed to shake for two hours at roomtenperature. The resin was |th er
off, washed with 10 N, N-di methyl formam de (3 x 10 nmi) and dichl o(rjorrgzea_
(3 x 10 nL), and was allowed to air dry to yield (025). Conpound ( ) :
Resin (025) was placed in a solution of 20% piperidine in N N s
di met hyl formam de (20ml) and the resulting m xture was shaken at roo

f shed with N, N
tenperature fgg iohﬂr%l)aﬂ_&"ﬁrﬁ%ﬁk Pt 760 O To8in. Was
dlxthylforma de 10 nt) ad}%@ Hhsda ?ﬁg ﬁ‘f STHWES 0C

de
ol ution of FHGB2 %}heew%smeimtgre bbCiﬁnﬂfﬂmh()gehﬂusl\lIhb rediifing hykthey mam
?4 n) were addesidwddTo AR alagc;c @Orgh N'ﬂ? BTV, 606 ﬁlF’FR%l ?ﬁ?‘ﬁp 7/ 0%6464

|sopropyle
52 ) T BN im0t ) b Horor s (o B ity

Thlbwealau biridegtoWixtivgywas al lowed to §hake over ni g_ht The
?gg})gec\ggﬁ hen fil teredrﬂ)gfafnSl an W%.Shed with N, N di methyl formam de _(3|>C<I 10
m.) and dichl 6repatidatieZ)(3 x 10 nL), and allowed to 5 air dry tgcyyl e
(026) Corrpound (027): Resin (026) was placed in a solution of 2 to as
piperidine in N, I\I-RQﬂlrn@ﬁﬁywamlmﬂhﬁiescﬁlﬁﬁ?@ﬂ_()fm‘)dpfbbﬁdlﬁé’%tl\! ng mxture

d
shaken at I'OO(mneEl-g/rl"fB fﬁg?’%d:l%i ant{;l (eﬁu ggéﬁgenﬁ%m&%#%#tmﬁtl;ngn(g X
pashed WL N pggn fe Bor o 4 ﬁlmratmﬂfencﬁwﬁs’hréb%ﬂﬁ'NN-aC' d (009) (162
10 m_) To a GwpPeBiLe fQir”@P Shapesinyvas HOBT (245 ny, 1.6
ny, . 6 100l Jirdeth MrﬁﬁﬁE@/J{&Q gq‘kﬁjﬁt_ éﬁl)r P%&?é?ﬂ & 3.

0.6 n, 3.2
rrrml) HBTU (606 ng, 1.6 mmol ||sop mne_( ,
nmml ). Once the reri O'Tmébhﬁﬁdhtdfr(@od??f@rmg,h%%ﬁl)oﬂ%W,Nl-cpmeﬁa?/ﬁjorrr]navn\?ige added

and (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

- 65 -



15 the resulting reaction mxture was all owed to shake overnight. The resin
was then filtered off and washed with N, N-di net hyl formam de (3 x 10 nli)
and di chivonoemmishaae (3 x 10 nl), and the resin was al | peggaist@emissosiry to
yield (027). Conpound (028): To resin (027) was added a solution of 50%
trifluoroacetic acid in 20 dichloronethane (10 nL), and the resulting

m xture was allowed to shake for 30 mnutes. The resin was then filtered
of f and washed with dichloronethane (3 x 10 nlL). The volatiles were
removed under reduced pressure to provide (028) which. was characterized by
L M5 (LCRS (MM nfz: 328.14) and used wi thout further purification 25

Co d (029 0.4 |
HOBT (70 g, )Sat“%daaq%‘é%‘)&*&@%ﬁf Rz Bl g b o pavemin ah' (50
nm) was added adersgmraérl%ow Rpdipisiop a@ﬁlt@tmgﬁmmlwsﬁs rﬂae sdvéntemol ) in
t et rahydr of ur aRrd 2moWtd undzp?edmég s@m‘é@ﬁdﬁf reglg\ge \f/ﬁselﬁlrig‘mf]&ﬁ;gﬁ)iﬁat ure for

anot her 5 hours and becane 3 enous th ethyl
acetate (200 ﬁﬂi@%ﬁ&%@ﬂ@a aﬁﬁ‘@‘ﬁ an wtwmwms@mazqym M@?Qﬁﬁh%%os

sat urat ed AqueRtiSctsRRH BNLI/KRY h@ﬁ@ The
organic |aye ?1ed ove(r so um su[?’ate an?l/glpfcft arsg'ﬁgg:% ugh

LS. Were
Cel i te-545. TH%”%%WV@%P§“ e Pe- rennved under reduced pressure and the
resi due was pggigl% by HPLC (aqueous ammoni um acetate and acetonitrile)
to provide (0O % ng) which was 5 characterized by LCMs (LCRS (IVH)
mz: 481. 26); gz&meog -L inhibition 20 nmg/ kg PO Exanple 4
Schene 4: Synthesis (C)%y%@ fgxﬁg'@leﬁf@'f”c'? i peddine O HWPB resin
FrmooHNJ (r) 2 Frnoa- Le_OH ~ Ny 1, Fm)cHN OFi_ DI FA, HOST O FncHN ow

HMPB resin I. 20% Piperidine
OH ———————p -
FmocHNJ\[r DIEA, HOBT Fm°°”"'\/”\ @ 2. Fmoc-SerOMe)-OH  EmacHN N\/ILO@
fo) H
O =

HBTU, DMF DIEA, HOBT

HBTU DMF
040 041 042
OMe OMe
l. 20% Piperidine H
2. DIEA HOBT — 77
HBTU, DMF o- DCM o C -
(009)

OMe
o
006), HOBT,
(006), HOBT, HBTU h‘<;\7/ﬂ\ ,I:n,N\V/ﬂ\N
DIEA, THF, 0°C H

o-N O

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

- 66 -



T - ~ Hj OO
BTU, DM DIFA, HOST 11 \) p N HBTU, DW O N 930 031 932 1~ O
T.ZO%Dipeddine HI1f 2. D EA 1i0B7" | HOTFP r-~ HN/'OH HBTU, Hg/_llz_uom
O\ Y=N DGV 2067/0844N (022) ~~ 033 G \) 034 s |C H OpCOARRoclII3 B
NIl NO -DI- CCTHF CC N\/ ONH O,,H QO 035 LQ 10 Conpound (031): To a
0C sol ution of Fnoc-L-4-thiazolylalanine (030) (1.0 g, 2.5 mmll)gln ¥
di chl oronet hane (4 nL) were added N-nethyl-im dazole (150 uL, dd Sm) C,e
MBNT (755 mg, 2.55 mmol) and HVPB resin (800ng, 0.5l mol) was adde I?)n |
the m xture became honmpbgenous. The resulting reaction mxture was ?_lfwe ;
to 15 shake for two hours at roomtenperature. The resin was then filtere

] lrephyi f.or mam de x 20 nmL) and di chl or onet hane
?;f Xagg \Anf)s h%g%%& %Fﬁeg%’m%g‘% ) ﬁ%‘%f‘ﬁ g\‘fﬁeé%gfaeés‘ffhedkwh Wd2007/ 056464
PCT/ US2006/ 049303hylsmpoifed3 cPO2PE) Resiionl¢r0Bithat3@0 M. 23 mol ) mrri y
placed in a solution of 20%piperidine in NN-dinethylformamde (20 nL) a

the resul ting mixt dP@& QasolutieneiFaec-SotMe)-OfpEramy; &.6famol) BN~ The resin

was then fil tefMﬂf%%me\gﬁ@nfﬁg witd dnabiNue st (85, b IR d8ed §7¢0 ™)

' x .1 .
and di chl 04 Orrler;[g@g renn'go‘?) and N,N-diisopropylethylamine (1.1 mL, 6.4 mmol). The resin was

then added once the reaction mixture became homogenous. The resulting mixture
was allowed to shake at 5°C for 5 hours. The resin was then filtered off and washed
with N,N-dimethylformamide (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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To a OC sol ution of Fnoc-L-Leuoine (204 ng, 0.58 mmol) in N N

di net hyl formam de (4 nL) were added HOBT (124 ng, 0.92 mmol), HBTU (349 ngy
0. 92 mmolwoaoerdsbkedi i sopropyl et hyl ani ne (402 ulL, 2.3 mmplrwsi®vg/oussss n was

t hen added once the reaction m xture becane honpbgenous. The resulting

m xture 10 was all owed to shake at 5C for five 5 hours. The resin was then
filtered off and washed with N, N-di nethylformam de (3 x 20 nL) and

di chl oronethane (3 x 20 nlL), and the resulting resin was allowed to air
dry to yield (032). Compound (033): Resin (032) (0.23 mml) was placed in a
solution of 20% piperidine in NN 15 dinethyl formam de (20 nL) and the

resulting mxture oom te erature fao The resin was
then filtered off gﬁg oﬁgﬁﬁ%rﬁ&f OROREYS nﬁe tﬁweﬁﬁﬁéﬁﬁ‘één‘?@%) 0§5ms and
di chl or omet haté4 paned), HORT(137Tog,d (Dﬁirrsad)]amﬂlﬁﬁiﬂdf(x(mg,)l(éikﬁ?olm 0.58 mml )

n N, N-di met hpsbhrdns: r HBTU
I(349 gy :) 92 %TTD% and a‘iiﬁso (n‘i) %l aa%&%r%%y E@rﬁm lﬁoé)r?@gééhﬂﬁmqug‘gmml ).
Once the resuPts frg THIRY m@ﬁbﬁkaﬁlﬁaﬁénd@emrsl}xtuﬂeewaseenad smasomadded and t he
resulting s ea&tﬂp@ﬁtd}b For W ua s vl lute fw1§h§*§3ﬁ ggtatrecz%(m rtnEganec{ v%zgsw;ac?

overnight. The.resin was then filtere
N, N- di met hy! f BiS3gtsd@agusous godipm bmdvoaﬁfer@ 118 meft)tvand drig@ (30 1hD).Mhg, and t he

resul ting reswreamasayaislmednémom Bodiny sﬁl&atyérﬁi ﬁlt&%fc%}o éﬁ%eﬁg@&uﬁg@ 5234)3

To resin (03 s)0Ive %ﬁdde tion of 50% of trifluordacetic aci
di chl or onet hane { L0 ?‘fffem%?’r‘? “P reused preRYTaANithe Esidus was pwified tyo shake for

30 minutes. HPLUdsubberenimbiienhedetabhndbebiddi@id)qs bviR0es (W B‘x@% wgich

pressure Lo pr eyl O VTN R e
char act er i zednhipition/ak/8).figRP@.MH) m z: 480.18) which was used without

further purification. Conmpound (035): To a 0OC solution of (034) and (006)
(70 ng, 0.23 W¥aAmple 71408T (50 g, 0. 37

Scheme 7: Synthesis of Example 045 (approach B)

OMe OMe

OH 4 n NJ\ﬂ/OBn HOBT, HBTU /({fN
BocNH/(n/ T DIEA. THE, 0°c . BOCSNH \/u\OBn DCM, 0°C
047
OMe
H \/tcl)\ COzH OMe
HzN " oBa * ﬂ _HOBT,HBTU
o = ¢ o "DIEA, THF, 0°C \(ﬁ)\ N\/U\oan
048 009
049
OMe oM
_PACH, /Q(N\)\ oo e
TR 0 —¢) OH “posr, HBTU \_(YU\ N\)J\
O-N DIEA, THF, 0°C o R

045

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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| ) and HBTU (140 , 0.37 mml) in tetrahydrofuran (50 nL) was added a
golrrLTi Zjn of N, N-di(i soppgpyl ethylamne (0.5 nL, 2.5 mml) in tetrahydrofuran
(5 nl). Wwbeosmostsue was stirred at room tenperature fopchuseess4os tgen
diluted with ethyl acetate (200 mL). It was then washed with saturate
aqueous sodi um bicarbonate (2 x 10 nL) and brine (10 nL). The organi 245
layers were dried over 10 sodiumsulfate and filtered through Celite-
and the solvents were renoved under reduced pressure. The resulting
residue was purified by HPLC (aqueous ammpni um acetate and acetonitri Ime)
to provide (035) (15 ng) which was characterized by LC M (LCRS (M—i) z;

Sehert 5. Syntideraagoribiy s Ml ot ShEREKGLRR POV RBRGI ne | 11 e
~  FnwcHN ulfeq\lﬂﬁtd~@eisum~thmsuldng1mbteﬁhl diluzed ngtFIEé%hylaidetaé (5%%1?1,9 O%IAO ESST
piil o ?8‘&%%%%&‘%-’%%%%‘; oy QRGP T BrersoRg's {21 Gy e e RGP ER
TaF O C I/~ RNy apd ghe.organdy laggs “(er&dr@@@vemdpmumdfa(d)éiﬁ)ﬁltel’%eﬁhmugﬁ)31) (800

0 er
NN di ot hy 1 o e e T et 1Rl e S B RS htRe Mot 1 oom
t enper at ure f 8 nP as}’?ﬁ@ﬂ%@?ﬁ/&h‘emm @@rféhtllcatétatamb a4 ¢1h.8N, N

g) which was characterized by LC/MS (LCRS (MH) m/z: 381.19).

Compound (048):

To a 0°C solution of (047) (11.8 g, 31.0 mmol) in dichloromethane (100 mL)
10 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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di met hyl formam de (3 x 10 nL) and dichloromethane (3 x 10 nL). To a 0C

sol ution of Fnoc-L-Ser(Owve)-OH (435 ng, 1.3 mmol) in N, N- di nethyl formam de
(10 nlL) wsoeoemdesdsHOBT (276 ng, 2.0 nmol ), HBTU (710 »G4/08600309350956464
PCT/ US2006/ 043503 ng, 2.0 mmol) and N, N-dii sopropyl ethylamne (0.9 nL, 5.1
mmol ). The resin was then added once the reaction m xture becane
honogenous. The resulting mxture was allowed to shake at 5C for 5 hours.
The resin was then filtered off and washed w th N, N-diniethylfom am de (3
x 20 mL) and dichloronethane (3 x 20 nL) and 5 allowed to air dry to yield
-(036). Conpound (037): Resin (036) was placed in a solution of 20%

pi peridine in i pet hyl for mam.de (.20 and the resulting m xture was
shaken at roo?n% nélrrtgeegg ruéréie(e 18y wiShﬁgﬁ‘g“.% t?%‘,%'d’i"g%"?‘i‘r Whgorgania fimatg vorst  and
washed with Nedwct@iraéchetdhytetloredundseiere GRd Kla2dl vikd}: ape valiuvahl BF 9RRIpane (3 x

20 mL). To a t ] .1 . in

NN- di et hyl f o?%dﬁﬁglé@ tv?%h%s(ﬁ%%rggete‘gz&gé’a % Q’Eé%o%“) »/7) 28 hb)andMEsy (710
ng, 2.0 mmol)veedavithquiNugherqomifiogydnet hyl anine (0.9 nl, 5.1 mol). Once the
resulting mxture becanme honobgenous, the resin was added and the resulting
reaction m xt GPEPe @fVowed to 15 shake at roomtenperature overnight. The
resin was then fil (()a%ggg(off washed with N N-dinethylformamde (3 x.10 nl)

and di chl or onet han Softign 9t (04} gnd £196) (e 21 BS @ImOlHHOBD (30 gl 18 (037).
Conpound ( 038pmolenlGEFJU (RS gauisteehod i etih{@Brin @O8MAT vdslfikdor oacet i c
acid in 20 di %)hlllt%rnoo Idileqé{lo ‘nfbg’l’ and the resulting mxture was all owed
to shake for S0 0% ATRISRIEPYIEEY AMiRedS fres A2 Mmelk ndgtraftytirafiren GEsBY Wi t h
di chl or omet haRlks fiktye 1@s stitdd at Foren wotg@tdthie FoMBbiet 8 ABKE MUAGE fre SHUGET
pressure {P PV, Sld h.was, characterized. by LC NS (LCRS (MH) ni z:
383.09) and used \%l? fe&gbut u&re% reseeq ur?susH"'ca&%*i ﬁ?sg%“%aﬁtﬁeeﬂrﬁdluteeafgw

ethyl acetate (400 mL). It was then washed with saturated aqueous sodium

bicarbonate (2 x 50 mL) and brine (50 mL) and 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 HPLC (aqueous ammonium acetate

15 and acetonitrile) to provide (045) (1.35 g) which was characterized by LC/MS
(LCRS (MH) m/z: 453.23).

Example 8

Scheme 8: Synthesis of Example 055

N7 N7T) N7 Y
= Ph = =~
(@] ]
oH HzN/g(oan HOBT, HBTU ﬂ\/u\ PAIC, Ha N
BoeNTY 6 OEATHR oG BN OB g~ BooNH  OH
05 ey PN
0 05

o
Ph
002 1 052
Lv:Q ~ ~
S e
o HOBT, HBTU R /Q;EO TFA gt /a":Eo
+ N TOBL.HBTU N S e S
A I DIEA THF, 0 BOCHN 1 \.)LN DCM, 0°C~ HzN @ N
(006) \Ph o \Ph ©
053 054

(009)

N7
CO;H ) =
#"'_ HosT, HBTU Q n 9
v AN e R o
oM DIEA, THF, 6°C Sy N 7N
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ion of (038) and (006) (156 ng, 0.51 mmol), HOBT (111 ng,

8982 2§;F?|;;50HBTU g311)ng, 0?82 mml ) in tetrahydrofuran (50 nL) was
added a wolwémtusaf NN-diisopropylethylamine (0.5 ni, ﬁci/usmm?35?3e -
tetrahydrofuran (5 ni). The mixture was stirred at roomtenperatu t 220
hours and becane 30 honpbgenous. It was then diluted with ethyl acetg e (
nm) and washed with -65 WO 2007/056464 PCT/ US2006/ 043503 saturate
aqueous sodi um bi carbonate (2 x 10 nL) and brine (10 ni). Thelprgagzg The
|l ayers were dried over sodiumsulfate and filtered through Celite- . The
solvents were renoved under reduced pressure and the residue was ggrl S
by HPLC (aquggyé aﬂpggtpn1acetate and acetonitrile) to provide (075& (

ng) which was 5 charactérized by LM (LCRS (MH) mz: 536.2 1); >75%

_ o a nthesis
bt "Bxanpl e 045, (a (a0p ' "?32’0%'89“‘“@" SRR, Egaw%@éﬁw?msﬁ*?gm&
FrocHN OH H13 NZX} GS‘exh»drtzchqume(Bér(( ®lgk3}.7 Orhnkoty) GHOB NS

HBTU, DMF Hmb%oﬁxhwﬁm (1RT&)s. %oﬁb ifi te Ir%fs drgfl_fjl 1@%%% ﬁ:l%dgave 8 N10
20((%)0?9) r 62 ﬂojutlca\;gj X\b%] ct‘ 1sy1)Hr51303/leth amme ( 1.6 mL) in tetrahydrofuran (10 mL). The
mixture was stirred at room temperature for another 3 hours and then diluted with
ethyl acetate (200 mL), washed with saturated aqueous sodium bicarbonate (2 x 50
mL) and brine (100 mL) and the organic layers were dried over sodium sulfate and
filtered through Celite-545. The solvent was removed under reduced pressure and
10 the residue was purified by flash chromatography (hexane and ethyl acetate) to

provide (051) (1.45 g) which was characterized by LC/MS (LCRS (MH) m/z:
504.24).

Compound (052):

To a 0°C solution of (051) in tetrahydrofuran (100 mL) was added10 % Pd/C
15 (100 mg) and the resulting mixture was allowed to stir under 1 atmosphere of
hydrogen for 4 hours. The mixture was then filtered through Celite-545 and the filter
cake was washed with tetrahydrofuran. The organic filtrate was then concentrated
under reduced pressure and placed under high vacuum to provide (052) by LC/MS
(LCRS (MH) m/z: 414.2) which was used without further purification.

20 Compound (053):

To a 0°C solution of (052) and (006) (0.85 g, 3.9 mmol), HOBT (0.70 g, 5.3

mmol) and 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

25  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

30 was characterized by LC/MS (LCRS (MH) nv/z: 567.21).

Compound (054):
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O (006), HOBT, OH HBTU No DIEA, THF, OC ONH OH O 045 10 Conpound
(041): To a 0OC solution of Fnoc-L-al anine (040) (1.0 g, 3.2 mmol) in

di chl or ongbhaemse{630 nL) were added N-nethyl-im dazol e @Ee9QspPhos/o0dBdozt Mol ),
MBNT (950 ng, 3.2 mol), and HWB resin (1.0 g, 0.64 mne]) which was then
added once m xture becane honogenous. The resulting reaction m xture was
all owed to shake for two 15 hours at roomtenperature. The resin was then
filtered off and washed with N, N- di methyl formam de (3 x 20 nL) and

" dichloronmethane (3 x 20 nL) to yield (041). Conpound (042): Resin (041)
was placed in a solution of 20% pi peridine in N, N dinethylformam de (20

m.) and the resultip h 66. WO 2007/ 056464
PCTI US2006/ 043503 tgr%?%)rgg%?’éwf@s% &ﬁg b%ﬂ%@%&]ﬁ%&ﬂf’mﬁh@%ﬂ%ff and

washed with N{r@mﬁﬁé@mﬂmrmdem@:mmw myhmmxmg:mﬁr&muaﬁ@d £t3 x 20

m.). To a O0C &@lshinb @nskatid0ss

di 2ret hyl f or mani de ? " tEvver eégd]%w %Ogném%s Cﬁn%enﬁﬁﬁﬂ‘z‘delr “deW? (970
5 ng 2.6 mol PESHE deleﬁefléleﬁerr@pgh aehiyh smprogide 1034) b corffirdedBPILC/MENE T esi n
was t hen atlded.CRSvVthav/z: eq@qtzsp&}hm]wagh&d%%@f%gpe&@ﬁﬁomgget Lgﬁm ting

m xture was allowed to shake at 5C for 5 hours

filtered of f Gedpawe@Hs): wi th N, N- di met hyl formam de (3 x 20 mL) and

di chl oronet hane (3 x 20 nL), and allowed to air dry to yield (042). 10
Conmpound (043): Rek aotcbmm(rmfzesma)s maByIFils@@Q&eJ?,Eba%o%?hé’Ldlﬁ’ o@é 20%
pi peridi ne inby bk @Iloqg,tng e ( he resulting mxture was
shaken at rog(m tégrrperatu FﬁT}ﬂmﬁ 128 gl?é‘éqdﬁh\%ls( 3¢ e t-Banmel imnd

washed with NeRe ya‘rqféltaﬁﬂ%mhhmmdde@axomeommnd,@pa%wfmlh@aﬁs(3 x 10

m.) . 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 pressure 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
OH OBn _HOBT, HBTU H PdIC, H,
B Xf + H N/(n/ X/N
ocNH . DIEA, THF, goc. . BoeNH o \é)kOB"Tooc’ BocNH o
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Ph
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HOBT, HBTU 4 _TFA H\i
+
= g ~ DIEA, THF, doC B°°“N\/Q\/ \/lL /¢R “bem,oc HzN ;
.

O oM ioer, __HOBT,HBTY
+ N\/F(
o "DIEA, THF, 0C / i \/U\

20 022 o-N
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i i i hyl f or mam de
To a OC solution of (009) (203 ng, 1.6 mol) in N, N-di net

%?0 nm) were added HOBT (346 ng, 2.6 nmol), HBTU (970 ngy, 2.6 mmol) ?n?e
N, N- di i sopoepylwtdsyl amne (1.1 nL, 6.4 mol). Once the_mesubtmmg4ﬁmx_ut o
becanme honmobgenous, the resin was added and the resulting reaction an u
was allowed to shake at roomtenperature overnight. The resin maz t hen
filtered off, washed with 20 N, N-di methyl formam de (3 x 20 nb) 823
di chl oronet hane (3 x 20 nL), and allowed to air dry to yield ( ).t_C
Conmpound (044): To (043) was added a sol ution of 50% of trlfluoro?fe |d o
acid in dichloronmethane (10 nli), and the resulting mxture was ah gme_th
shake for 30 @5.p 5). The resin was then filtered off and washe JW
di chl oromet hane (3 x 10 °nL). The volatiles were renoved under reduce

[ ' 1che ' by, LC/ LCRS (MH) ml z:
B00. 1) “and bsed e Lhodt Tt por e I HRRBE BR6F R B Dby 6y WD
2007/ 056464 P&%"t‘ﬁ%&ﬂm@é@?}er hirechingide PAR)i(bA gof 6ol FEOBTENOE, 7.4

internediatesnﬁﬁb&@ndmmﬂTUQﬂﬁk,Qk9§ng?h1mgd@%nﬁﬂfﬁgi%{%Eggé;%%ﬁgg,al.O mol )

| ution
1. 1) in tetrahydrofuran (. _ SO

of % HBgiUi é%ﬁk%?‘f°é&%3¥§’§@}%preeﬂst yipmine(322 mpl §, Hﬁmqlbmrtﬁyaiwdtfoﬁrram(l(oﬁ m) .
The mixture wak)sEliemigthratvas sirradt PR EREHhGe FA3 KbuhOUiSher! &ﬂal\{e\gavifﬁe 32

i i 200 .and washed wth saturate
glolcliuhrend b;Mc;? b%ﬁglﬁece%%e(g%fgﬂ‘ﬁm asg%g"ﬁll‘ Faferated @angops satiem bisaghenite (2 aer s wer e
dried over soulaRdbritfes(@0 o), dridlthesgshié My SVerS@lidd Svebéun] ?@géé%ldvent S

re.and the residue was puri y HPLC
(Rqueous. Ao ooy USAPATERBERSTHE ST rie erts op hvr aevcbuBysspsany) whi oh

10 was chHt actherssxug way prdfisdy fGRShiovRogriphy (A&An2a)d ethQ% e pi,easome CT-L

i nhi biti ﬁnB)atprgoidQHjSI?QWBQh V@&Q:Ma&egze§%r}]/%®l\/zs' (L%)i{ét H\?I% %/Z?BS%Sa.)vpl e 045
(approac .

Compound (058):
To a 0°C solution of (057) (1 .30g, 2.875 mfnol) in tetrahydrofuran (100 ml)
was added 10% Pd/C (100 mg). The resulting mixture was allowed to stir under 1
15 atmosphere of hydrogen for 4 hours. The mixture was filtered through Celite-545
and the filter cake was washed with tetrahydrofuran. The filtrate was then
concentrated under reduced pressure and placed under high vacuum to provide (058)
as confirmed by LC/MS (LCRS (MH) m/z: 365.2) which was used without further

purification.

20  Compound (059): -

To a 0°C solution of (058) and (006) (0.99 g, 4.6 mmol), HOBT (0.62 g, 4.6
mmol) and HBTU (1.70 g, 4.9 mmol) in tetrahydrofuran (100 mL) was added a
solution of N,N-diisopropylethylamine t2.4 mL) in tetrahydrofuran (10 mL). The
mixture was stirred at room temperature overnight and was then diluted with ethyl
25  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:
30 518.32).
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OBn HOST, HBTU H TFA BocNH OH + HzN-1Y BocNH N OBn DCM 0C O
E)]IVEAFN'?'HF, DC O = 001 046 047 Ove H O COZH OV H N N~OBn + / ~N HCBTa/C
HBTU H j QvoQudtnsElea4Dl EA, THF, DC NNv " OBn 048 009 O N IHCOUS2004843508k P c
H2 0 OO s NOHO THF, 0CH ~OH HOST, HB HBTU N N N O N O Dl EA, THF,
HO=HO ONO44 045 15 Conpound (047): To a OC solution of I
N- Boc- seri ne(net hyl ether) (001) (6.57 g, 33 nmmol), L- al anine, belnzy 4
ester hydrochl oride (046) (6.45 g, 30 nmol), HOST (5.05 g, 33 mml)ta(r;n o
HBTU (11.8 g, 33 mmol) in tetrahydrofuran (400 nL) was added a Somtf |20
N, N-di i sopropyl ethylam ne (9.0 g, 70 nml) in tetrahydrofuran (5 ) 68
over 10 m nut@gmp;;g%(%@);ure becane honpbgenous and was stirred at room

To a 0°C solution of (059) (250 mg, 0.48 mmol) in dichloromethane (10 mL)
was added trifluoroacetic acid (10 mL), and the resulting solution was stirred at the
same temperature for another hour. The organic layers were concentrated under

5  reduced pressure and placed under high vacuum to provide (060) as confirmed by
LC/MS (L.CRS (MH) m/z: 418.26) which was used without further purification.

Compound (061):

To a 0°C solution of (060) and (022) (122 mg, 0.58 mmol), HOBT (104 mg,

0.77 mmol) and HBTU (292 mg, 0.72 mmol) in tetrahydrofuran (100 mL) was

10 added a solution of N,N-diisopropylethylamine (0.35 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

15  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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WO 2007/ 056464 PCT/ US2006/ 043503 tenperature for another 5 hours. Most of
the solvent was then renoved under reduced pressure and the resulting

mat eri al wolé7deisst h et hyl acetate (500 nmL). It was weshag0usiolsssat ur at ed
aqueous sodi um bi carbonate (2 x 150 nmL) and brine (200 nlL) and the organic
| ayers were dried over sodiumsulfate and filtered through 5 Celite-545.
The solvents were renpbved under reduced pressure and the residue was
purified by flash chronmat ography (hexane and ethyl acetate) to provide
(047) (11.8 g) which was characterized by LG M5 (LCRS (VH) nfz: 381.19).
Conpound (048): To a OC solution of (047) (11.8 g, 31.0 nmol) in

di chl or onet hamgafh@O1gL) 10 was added trifluoroacetic acid (50 nL) over 10
m nutes, and the resulting mxture was stirred at the sane tenperature for
anot her 3 hOUSﬁhmﬁhﬂ)$@hﬂﬁﬁk%fﬁ&ﬁﬁ,hhﬁ@ renmoved under reduced pressure and
t he residue was placed under high vacuum overnight to provide the TFA salt
of (048), which was characterized by LCMS mdCRS (MH) mz: 284e15) and was

used without furtper purifi®ation. 15 Conpouptd (Q49): To a Ociigggiion of
|

(048), 5-net hylgi-sprazol ex arbﬁeewﬂe_a%cm QU (3.8k g, HOST
(4.7 g, 35 mml) and HBTU (22.5 Z¥85%mop i trdW?ﬂ?ofurano(4Q0 )

was added a sol utn of NN% i sopropyl et hyI amosne T20 nb) in 064

t et rahydrofuran (100 nL) over 10 mnutes, and the pH of the resulting 20

m xture was -8.. Th xtme\wsstuwﬁdatrorntmmmanﬂeﬂwramnhm 5
hours. Most of t gl vent was then renoved er reduced ppesswye

diluted with é&thy etat m'BTQ L docrb b Madl Ot i L t Lt

aqueous sodlun1b|céfbonate PR 100 i and bsine (100 nL) and ¢§m ganic
| ayers were dri ed“Bver sodlun1sulfate aved ?iltered t hrough Celdet e- 545. The
solvents were renoved under reduced pressure 25 and residue was purified by
flash chromat ography (hexane and ethyl acetate) to provide (049) (10.8 @)

whi ch was characterlégg by LC M5 (LCRS m z3_  390.16). Conpound (044):
To a 0C solut|o$/%f{( : 8 N)o tesrahydrofuran (100 ni)
DIEA, THF, 0°C m .
\Ph [o]
068
Compound (063):
5 To a 0°C solution of N-Boc-HoSer(OMe)-OH (062) (1.0 g, 4.3 mmol), L-

phenylalanine benzyl ester hydrochloride (002) (1.3 g, 4.3 mmol), HOBT (0.88 g,
6.5 mmol) and HBTU (2.3 g, 6.5 mmol) in tetrahydrofuran (100 mL) was added a
solution of N,N-diisopropylethylamine (2.0 mL) in tetrahydrofuran (5 mL). The
mixture was stirred at room temperature for another 3 hours and then diluted with

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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d 10 % Pd/ C (500 ng). The resulting mxture was allowed to stir
3gd2?sladg$nnsphere of gydrogen for 4 hours. The m xture was thensg!:::;ed
t hrough Gebizberose9 WO 2007/ 056464 PCT/ US2006/ 043503  546Tasnsdodshesshs
cake was washed with tetrahydrofuran. The organic filtrate was Cor 2 hre
concentrated under reduced pressure and placed under high vaCﬁ?nT 881 1
to yield (044), which was characterized by LC M (LCRS (NH)_ Tz. OC'
and was wused without further purification. 5 Conpound (045).13 Onﬁnl) and
solution of (044) and (006) (1.9 g, 8.5 nmmol), HOBT (Z.Sdga o) and
HBTU (5.4 g, 14 mml) in tetrahydrofuran (200 nL) was added a

i ) . ] ). in tetrahydrofuran (10 nl). The
Tt Ur e v oty AIRILE shdodhsfl v FMESttro i, s o BGE oSt of  { he.

i hid {039)
sol vent 10 waSCRYBRAFLHRAes epdueritpressentand plapedasisr RighVactuheorREH {
mat eri al di | ua€Eonfirinba bﬁtbyr{/[s%ﬁ@két(ﬁﬁ{)?g&: §%)r9%8hiéﬁav§a%ug§€gﬁ?%8%@r;2 d the
sat urat ed aqueous sodi um bicarbonate X 50 an A
organic Iayer?uﬂé?goﬁried over sodiumsulfate and filtered throug

[ duced pressure and residue
Celite-545; The salv .were renmoved under re e al
was purifi%d E%mﬁﬁfﬁﬁ?§50eous ammoni um acetate 15 and acetonitrile) to

. : S n z:
o (05 [ el B LS i 2R
gggi\ﬁ?’)m - ﬁzn%mpl)rmﬁsmrmggcmmmollﬂaatrmyafﬁuaiﬂi(1o%qnm%e@a'ed 9 O DIEA
THF, 0C 0 ° T!;ﬂﬁmtichQtQ@ﬂ-cﬂQngByIchfr)ﬁthe%.40 rr51E) inl\ltetlxyah\ydrofuran (10 mL). The

mixture was stirred at room temperature overnight and then diluted with ethyl

D=

10 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 removed under reduced pressure and
the residue was purified by HPLC (aqueous ammonium acetate and acetonitrile) to

provide (065) (1.11 g) which was characterized by LC/MS (LCRS (MH) m/z:
15 534.31).

Compound (066):

To a 0°C solution of (065) (230 mg, 0.43 mmol) in dichloromethane (20 mL)
was added trifluoroacetic acid ( iO 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
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
25 tetrahydrofuran (100 mL) was added a solution of N,N-diisopropylethylamine (0.30

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
30  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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xO HOST. HBTO HJOB 0 TFA Co + HsN J pl EqQ THF. 00 BocHN NY 'N DCM 0C HZN O
OPh OPh (006) 053 054 N \ COHOIi O HOST, HBTO N~ O N D EA, THF, OC
/1 N, NvOQo&)os&xsh H O PhH O 055 -70 WO 2007/ 056464 PEErlusS2606435348503
Compound (051): To a OC sol ution of N-Boc-L-2-pyridylalanine (050) (1.0 g,
3.76 mmol ), L- phenyl al ani ne benzyl ester hydrochloride (002) (1.3 g, 3.76
mml ), HOBT (0.68 g, 5.0 mmol) and HBTU (1.8 g, 5.0 mmol) in
tetrahydrofuran (100 nL) was added a 5 sol ution of

N, N-di i sopropyl ethylamne (1.6 nL) in tetrahydrofuran (10 nm.). The m xture
was stirred at roomtenperature for another 3 hours and then diluted with

et hyl acet at ecHa tur ! s sodi um bi carbonate (2
x 50 nL) and br%lg%g%ab m@ﬁ\qg%ﬁ(\gkéKhﬁ_@rnb%ﬁglﬁqﬁ@%ﬁs/umﬁéscﬂ?‘?%E “Tover sodi um
sul fate and ¥y QHEﬂﬁgﬁDcellte 545. The sol vent was renoved under
reduced press re g 10 the residue was purified by flash. chromatography
(hexane and e &t at e) to provide (051) (1.45 g) which was
characterize \ CRS . 504.24). Conpound (052): To a 0OC
sol ution of ?%‘5‘%}“6?%”?@*?"5%@84%% 075 (apaspachd added 10 % Pd/ C 15 (100
ng) and the resulting m xture was allowed to stir under 1 atnosphere of
hydrogen for 4 hours. The m xture was then filtered through Celite-545 and
the filter cake ewashed with tﬁ""&hydrofuran The,organic filtrate was

H
then concentratg on Fmeoo0l L A\ on P s FmocHN\)L ) %
al
H,0, Dioxane (o] DMF \ ( 8’73)MF

069 070 071 OMe

OMe OMe

o CO,H
H @ 2 H
1. 20% Piperidine
FmocHN/g(N\;/lLo + ﬂ =T, 7 \/lLo o
s P 2, DlEA HOBT l DCM o C

0
“ome o-N
072 009
OMe OMe
H
‘_(,\,)L /Qr \)Lon O HOBT, HBTU \(\(u\ /[“/N\/[k o
7 A + DIEA, THF, 0°C
o-N S
5 006 075
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

10 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

15 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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under reduced pressure and pl aced under high vacuumto provide (052) by
LOMS (LCRS (MH) nfz: 414.2) which was used without further purification.
20 Conpouwd 206053464 TOo a OC sol ution of (052) and (006) EOTAS2@6/033583 Mol ),
HOBT (0.70 g, 5.3 mol) and HBTU (1.70 g, 4.9 mml) in tetrahydrofuran
(100 m.) was added a solution of N, N-diisopropylethylamne (3 nL) in
tetrahydrofuran (10 nL) and the mxture was stirred at roomtenperature
overnight. It was then diluted with ethyl 25 acetate (200 nlL) and washed
wi th saturated aqueous sodi um bi carbonate (2 x 50 nlL) and brine (50 ni).
The organic |ayers were dried over sodiumsulfate and filtered through
Cel it e-545, agp the&aﬁ yents were renoved under reduced pressure and the
resi due was pufifre b)flash chr omat ogr aphy (hexane and ethyl acetate) and

HPLC (aqueo ammoni et r|I i de (053 1.51
whi ch(38uwa§schar a%%{%?mb%@%g&? é&g‘l’% ?’"Fi % ( Cém()ound 9
(054): -71 V\m@btowmmmmrw@ﬂo@ﬁm&ﬁ(w)axm(csyom(mahg;tu@mnmi) \1(&53) (200
ng, 0.352 mmh;)ssdl%dqh%mh% fnﬂ%’lﬁd(«}%e% n‘é‘x"i"% 9d<fd%91”' )Ié]#grdg% - acid

(10 nL), and the resulting ution was s ature
for anot het hbhrlzﬁheolbﬁillgvvﬁ@)hym\fﬁ(ﬁ?émrg rlaﬁtmdxolpnd:ercelt}&damgxﬁrxa&swe and

(e iz 67 5oy Skt B iRkt R Bt PRI RTE R 2 moin

(055): To a O®sBYIsipn;ipdichlor¢roghynefanly. mmytlltmgmxetmml mwixBire ambabtolddc aci d
(009) (127 ngh shikdoVXiRin:: ﬂﬂ%&n%@%e‘@fﬂ itcd b TR 2 RO IR Bk 90060 1- O

mml) in tetrahydrofuran (10 ron

NN- di i sopr opy¥&e: I’MF%%(?@'?PG‘“@ P@Mﬂ%xﬁﬂm@tmbwedmandmom)d (OVhe ni xture
was stlrrﬁp a&, room ;@erature for 5 hours. It was then diluted with

et hyl ace ate (? nd washed with saturat ed aqueous sodium

blcarbonate(2x 1 rin nic |ayers were dried
over sodium sul fatlg argﬁ@@ilﬁpg 81 %8“’% faée‘gg\? Of‘ﬁ’éné’épgé’nts wer e
renmoved underpiperitlinei I]b,t\le@smtkwlfannhmikle (ZOasLyiami thegespltin g i@ ddyad¥Rbiten
(aqueous at room 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.

15 To a 0°C solution of Fmoc-Ser(Me)-OH (070) (0.48 mmol, 163 mg) in N,N-
dimethyiformamide (10 mL) was added HOBT (104 mg, 0.77 mmol), HBTU (291
mg, 0.77 mmol) and diisopropylethylamine (0.34 mL, 1.92 mmol). Once the
resulting mixturé became homogenous, the resin (0.13 mmol, 200 mg) was added
and the resulting reaction mixture was allowed to shake overnight. The resin was

20  then filtered off and washed with DMF (10 mL), DCM (10 mL), MeOH (10 mL),
Hz0 (10 mL), DMF (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

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
30 N,N-diisopropylethylamine (0.34 mL, 1.92 mmol). Once the resulting mixture
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15 ammoni um acetate and acetonitrile) to provide (055) (40 ng) which was
characterized by LGM (LCRS (M) mlz: 576.27); >80% proteasome CT-L

i nhi bi ti omoavo7aB864v9/ kg PO. Exanple 9 Scheme 9: Synthesi ecofuskwsmpises 061 Ph
BocNH OH + H2N OGbn HOBT, Hg'rU N 101 Pd/C, H NJ O DI EA, THF, CaC BocNH OBn
THF, OoC BocNH IVI OH O 056 002 0 Ph Ph 057 058 + z O HO6T, H-BTU Y H
101 NjO TFA N~ OH N OC BocHN I'YI NI, ~N CCM OTC O EA, THF, H / Il C O
Ph O O PhN O 006 059 060. O co,HO D EA THF, WC/ 1 NNV N 022 ONHDO
PhH O 20 061 -72 WD 2007/056464 PCT/ US2006/ 043503 Conpound (057): To a

[ L-n-valine (056 1.0 g, 4.6 nnDI) L- phenyl al ani ne
0C solution of N-Boc- % ( ) ( g AN

i d
e 5 PR RO ol fo b o it -
sol uti on of N, Naclidnsoixtwp ylae thywainb nBake At aoomenﬂa&aﬂumrmghmm@wsﬁqhy&r of uran

511? . ma) N ;I-Eeth'gh Kkl o‘f@@vaﬁ}ed 131%1@1&-7 (58 T),tﬁﬁ?f(lﬁ uﬁ)el\/}ce%H ?10 r%—lzgnd then
ute (10 mL), DMF (10 mL), MeOH (10 mL), and DCM (10 mL), and allowed to air dry

5 toyield (073).
Compound (074):

To (073) was added a solution of 50% of trifluoroacetic acid in i
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

10 mL). The volatiles were removed under reduced pressure, and the desired
compound (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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ethyl acetate (200 nmL), washed with saturated aqueous sodi um bi carbonate (2
x 50 nl) and brine (100 nL), and the organic |ayers were dried over sodium
sul f at e am0 2007dseesned t hrough Cel ite-545. The sol vent wasTrspesedsonder
reduced pressure and 10 the residue was purified by flash chromatography
(hexane and ethyl acetate) to provide (057) which was characterized by

LG M5 (LCRS (MH) miz: 455.25). Conpound (058): To a OC solution of (057)
(1.30g, 2.875 mmol) in tetrahydrofuran (100 nL) was added 10% Pd/ C (100
ng). The resulting m xture was allowed to stir under 1 15 atnosphere of
hydrogen for 4 hours. The mi xture was filtered through Celite-545 and the
filter cake vag Hﬁﬁé ped with tetrahydrofuran. The filtrate was then
concentrated un reduced pressure and placed under high vacuumto provide
(058) as CO@‘chE:ﬂ?&h@yr&ﬂls&éﬁﬂ@a&ﬁ?léMﬁ dfbfoach®h. 2) Which vas used wi t hout
further purification.” 20 Conpoun (059 To a OC solution of (058) and
(006) (0.99 g, 4. e6mmol), HOBT (0. 62mg 4.6 nol ) o@nd HBTU (1.70 gve 4,9
mmol ) in tetrahy rq&yn&ﬂ&%ﬁ@@iﬂL) gdded\a sof upjontef Jﬁrlvﬂmm
N, N- di i sopr op§PFEt Ryl ami HEORTY ey I °t etdPRiFdrer aran Ca0flak. 1he § mixture
was stirred at r@gm tenperature OVQkﬁlght and maso%hen di luted mﬁtQ,etHW

25 acetate (200 nL) and washed with saturated aqueous sodlun1b|carbonate (2
x 50 nlL) and brine (50 nL) The orgagic Iayers were dried over, sodi um
sulfate and filtered t gh Cellte- The solvents ?eothégjrennved

under reduced—fféﬁs B §L§Qﬁﬂi+ L& ¢ ous
anmoni um acet at"&“&nd acet%nh%hgle) tm pr oV 8“@559) (1 g). Whi ch was

characterized by LC M5 (YE€RS (MH) ni ze0830 518.32). -73 MDo@OO7/056464
PCT/ US2006/ 043503 Conpound (060): To a OC solution of (059) (250 ny, 0.48

mrol ) in dichloromethane (10 ) was added trifluoroacetic acid (10, nL),
and the resulting solu ﬁr ya irred atcofshe same t enpepat g foor %ther
hour. The or gagfest-ay, oh%f#ﬁ ent LATS d qﬂﬁ%ﬁ%;;» “<¢E)L” N\é)LN
~, e o ~, e
081 OM 008 o7 oM

5 Compound (070):

To a 0°C solution of N-Boc serine(methyl ether)-OH (43.8 g, 200 mmol),
triethylamine (26.5 g, 260 mmol) and 4-(dimethylamino)pyridine in
dichloromethane (1.2 L) was added a solution of benzyl chloroformate (41 g, 240
mmol) in dichloromethane (250 mL) over 30 minutes and the resulting mixture was

10  stirred at the same temperature for 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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[ [ 060) as

ssure and placed under high vacuumto provide ((
goL???ﬁSg B;e LC M5 (LCpRS (MH) miz: 418.26) which was used w thout further
puri fi catwornoeo7/Sempound (061): To a OC sol ution of (060pcand2qed2ysof 122 ny,
0.58 mml ), HOBT (104 ng, 0.77 mol) and HBTU (29f2 ng, 0.72 mml) in

trahydrofuran (100 nL) was 10 added a solution o

}\Iﬁl- dii gopropyl et §1yl amne (0.35 ) in te]'E rahydrﬂ]uraz E](Z)u;ris_) I?n\?vaght?hen
I Xxture was stirred at roomtenperature for another )
glnif(u?ed with ethyl acetate (200 nL) and washed with saturated aqueous o
sodi um bi carbonate (2 x 10 nL) and brine (10 nL). The organic |ayers we

- " j d ou |ite-545. Thg spl vents
sl o et o U i BT o S
(aqueous anmmofthihlat¥asdised wi %é?mgm(immtﬁzlor g\{lz 23) O oo o o) e

i ch, was bf{‘?gﬁ;%%?e&%’zﬁﬂ@? ﬁngo!VB 74 VID 2007/ 056464 PCT/ US2006/ 043503
T At e e s o R iy
@eNH ' O TH 0B (3662, 062mp6H, AORIBE 7R 20008 nd 1k 7 Qs B 5o ml B TP C "¢ N
N "HjO DCM t%aﬂ%%fm;aﬁ I( ) Iﬂ) Yas ggged%hsoﬁniogo?g%\lgl?igoprcl)\é)ey?ethylamine (75 g,

600 mmol) in tetrahydrofuran (250 mL) over 10 minutes, and pH of the resulting

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 the resulting

10 material diluted with ethyl acetate (1.0 L). It was then washed with saturated

aqueous sodium bicarbonate (2 x 150 mL) and brine (200 mL) and 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

chromatography (hexane and ethyl acetate) to provide (078) (65 g) which was
15 characterized by LC/MS (LCRS (MH) m/z: 411.21).

Compound (079):

To a 0°C solution 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 (080):

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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HO+ /1l HOBT. HBTU O ~o-N CO2H DIEA, THF, 0O/ | H N 067 ON Ph O 068
8orrpound (063): 5 To a 0C solution of N Boc-HoSer (Owe)-0H (062) (1.0 g, I4.3
nmol ), L-wphesyisaleani ne benzyl ester hydrochl oride (002pcfirs3009/043508 mol ),
HOBT (0.88 g, 6.5 mmol) and HBTU (2.3 g, 6.5 nmol) in tetrahydrofuran (100
nm) was added a solution of NN-diisopropylethylamne (2.0 nL) in
tetrahydrofuran (5 nL). The mxture was stirred at roomtenperature for
another 3 hours and then diluted with 10 ethyl acetate (200 nL) and washed
with saturated aqueous sodi um bicarbonate (2 x 50 nL) and brine (100 ni).
The organic |ayers were dried over SOdI um sulfate and filtered through

resi due vas gt P oA Ry T R N R T PR T e ot

tieetate) to
i due was purified b [ ash ¢ aphy
|roregw de (063)feflﬂlu%‘?faﬁgl)uﬂﬁ}?ﬂ@bl ﬂﬂ@lscluhmamgtaehy ﬁwdax‘@anﬂeﬁiysac(et@% pMdldent z: 15

5 mol) in
471.24).  Conpeeyd.xHéhich w8 &alCresiobdth ;% h%nﬁ 12 875
t et rahg/drof uran (100é3rrL)c was gddeed 10 }1/}9(2/3?%( (%g% ﬁ'ﬁ% r’égul ting
m xture was aCdmpwesldi@sigtir under | atnosphere of hydrogen for 4 hours.
The m xture was filtered through Celite-545 -75 WD 2007/ 056464

PCT/ US2006/ 043503 Toan@P sutfonl f@ua05 ah0d Ha®. A3 ke lmicmo}&hétﬂé}béq?@m an. The
reduced pressure and aced under

nt 1 at
P o vacuum r e8P R g e or e e p A e 381 10)
whi ch was usedmaiterhgsuatufeufot drether potirl Theatzhiin layBrs GRRP ORGP ndeT O ﬁwglc)
f 049949
R T o

S (LCRS (MH) m/z: 374 22) which was used without further purification.
10 Compound (075):

To a 0°C solution of (081) and 5-methyl-isoxazole-3-carboxylic acid (009)
(65 mg, 0.5 mmol), HOBT (65 mg, 0.5 mmol) and HBTU (175 mg, 0.5 mmol) in
tetrahydrofuran (50 mL) was added a solution of N,N-diisopropylethylamine (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 OMe
COM  opT, HBTU /(n/ N\/U\ o
Z/ { %
HoN + DIEA, THF, 0°C I 1
OMe o~ OMe

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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solution of N, N-diisopropylethylamne (2.4 nmL) in tetrahydrofuran (10 nli).
The mxture was stirred at room tenperature overni ght and then diluted
wit h et hwokGaseisat e (200 nL) and washed with sat urat egdcaqisemé®43508li um

bi carbonate (2 x 50 nL) and brine (50 nL). The organic |layers were dried
over sodiumsulfate and filtered through Celite-545. The solvents were
renoved under reduced pressure and the residue was purified by HPLC
(aqueous amoni um acetate and acetonitrile) to provide (065) (1.11 Q)

whi ch was characterized by LG MS (LCRS (MH) nmlz: 15 534.31). Conpound
(066): To a OC solution of (065) (230 ng, 0.43 mml) in dichloronethane (20

m.) was adde {fl.uorogcetic aci 10 nL), and the resulting solution was
stirred at thfelffﬁgsly;rrlet aehPfgreor%érfiﬁFe I?ﬂg)r‘g’%ﬁﬁﬁdﬁéﬁ SPREOHFN-N-The reaction mi xture
was t hen conceéiopspytbtidtanineg €95 ndd i etahydRsfting2 M0 apl Aetdixkid §as i gh

vacuum t o pr Oy figmed. by LC LCRS m z: 434.26)

whi ch was useh’(;thil/j\,ie'%ta(th2(82?a Fe@ﬁ)teﬁag@e 6{;Jrra|nf’ ﬁh(?’é%lp%‘f{?l}/tséﬁfgg%ﬂé“%wgﬁ‘ ethyhacgtateC

sol ution of (G88ylarradsvasheshvitipsdtirsiod aquoes Sodhan biaxipohste @k 40 (@§%ha (81 nu,
0.52 mrol3y, HERT109%3 ) e O ) -HBTU (262 v.,0.69 _mMmol) in 25

t et r ahydr of ur&‘g ((100 r?L% was%g%&g%gllsgveg‘g Ut on” %cfd?‘mg‘glifﬁt%?)‘lff@ﬁﬁ%t hyl ani ne
(0.30 L) in PERusiiyliicortn dhe paventy wemdemdnedmindérueducad presuirg srrthat  r oom
tenperature f@siduahat Parifid HYOUPISe bRl d with ethyl acetate
(200 nL) and mas%e%%%i?% satur%%géhg%EEOQS ééﬁfﬁ%%%ﬁ%ﬁ?ﬁ‘ﬁ@?gxéé x 10 m)
and brine (10PR¥° (6t gghhich wag ghasagfgrized fy LEAMEVEBCRSAMH)mEu| f at e and
filtered thr othexetsooe pdasortd ETIOMMERM 290 pgnoved under reduced
pressure and the residue was purified by HPLC T(aqueous anmoni um acet ate
and acet oMl t rExampled4pr ovi de (068) (75.7 ng) which was -76 WO 2007/ 056464
PCT/ 11 S2006/ 043503 characterized by LG MS (LCRS (M) mz: 571.31); >70%
prot easome CTeqhenjedid; Synthesis af EXOnplg/08§ PO, Exanpl e 11 Scheme 11: Synthesis
of Exanple 075 (approach A)

OMe OMe
HoQ COMH  opr, ? H 9
o
HoN N\)]\N + == —HOBT, HBTY < N o
5 i H e} DIEA, THF, 0°C { N TN
Some  © N N-© SN o
081 OMe
084 085
Compound (085):

To a 0°C solution of (081) (160 mg, 0.43 mmol) and isoxazole-3-carboxylic

15 acid (084) (65 mg, 0.5 mmol), HOBT (65 mg, 0.5 mmol) and HBTU (175 mg, 0.5
mmol) in tetrahydrofuran (50 mL) was added a solution of N,N-
diisopropylethylamine (0.5 mL) in tetrahydrofuran (2 mL) and the mixture was
stirred 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 inhijbition at 20 mg/kg PO.
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! OH HW-- emsmy,. 0 1.20% Pi peridine HsN OH NaOH COCI FnHNJ1. ~ ~
IO~\-/EDI g(\)/e HOBT Fm:HN~O(r§/ 2. DIEA, HOST ON O, D xane 'O HBTU. DW HESTU,
DMF 069 WoQo&ise4ove (070) Ove Ove C 02H O A | FntHN NPCfr)S24061043589%
Piperitline NurO- TA Il~~ + N 2. DIEA, HOSTI ) HDCM 0C O ~Ove O- HBTU,
OW ONOOw 072 009 073 Ove OMB 1A HH O 0 O NNNOH + O HBT HBTUN~ H
HYN DIEA, THF, 0C/) H H NOND \Ov 0 OO OWw O 5 074 006 075
Conzpound (070): To a solution of L-serine (nethyl ether) hydrochloride
(069) (1.0 g, 6.4mmmol) in water/dioxane (1:1, 80ml) was added sodi um
hydroxide (768ng, 19.2mmol). After the mxture was stirred at room
tenperature for 30 mnutes, it was 10 cooled to O C, and a solution of

9-f I uor enyl met Yehef hgrsg,tlg{eggggpﬂag??‘ggo& 6.4mmol) in dioxane (16 m-) was
e

added dropwi sely. The réaction mxture was allowed to stir at room

d, the
tenperature for anothe hours. The solvents were then renpved, _
regPdue was diluted w wat er and the pEJ was adjusted to -1 with INIid,
and the aqueous |aye extracted with ethyl acetate (4 x 100 nL). The

i d placed under
organi ¢ | ayers 15°%Y eyconcentr d under reduced pressure an
hi gh vacuumto provi deags (070 @ '8¢9) as confirmed by LG/ M5 (LCRS (ME3)

mz: 342.13) which was %sed N hout f her purification.
M
e /(”/5 a o OMe o
\(/W)J\ﬂ O O HOBT, HBTU /gfﬁ\')l\ N
N o i, HN oiEa e, 06— N i N
o) o-N o) ~ome ©
074 087 0838
Compound (087):
5 To a solution of (086) (prepared using the same procedure as (005) except

that Cbz-phenylalanine was substituted for Cbz-Leucine) (0.100 g, .0295 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
then filtered through Celite-545 and the filter cake washed with dichloromethane (50
10 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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-77 WD 2007/ 056464 PCT/ US2006/ 043503 Conpound (071): The resin HVPB- BHA
(500 ng, 0.32 mml) was washed with dichloronethane. In a dry fl ask,
Frroc- Ser (Wb)20@0¢4564640) (546 ng, 1.6 nmol) was di ssol vedPcm/use@ialoessosret hane
and to the solution was added |-nethylimdazole (95 5L, 1.2 mmol) foll owed
by MBNT (474 mg, 1.6 mml). Once the resulting m xture had becone
honmogenous (10 mnutes) it was added to the HWB-BHA resin as a suspension
in dichloronmethane (5 nL). The resulting reaction mxture was allowed to
shake overnight. The resin was then filtered off and washed with DVF (3 X
20 nmL), MOH (3 x 20 niL), DCM (3 x 20 n.), and allowed to air dry to
yield (071). 10 Corrpound (072): Resin (071) (300 ng, 0.192 nmol) was
pl aced in a sol Lo % eridine in N Ndinethylformam de (20 ni)
and the resultlér%1 "r'he>1< Sryé‘ V\ég%ﬁ’éﬁ?@ﬁ 0% roomtenperature for 30 minutes.
The resin was filtered of# and washed with N, N-di nethylformam de (3 x 20
m.) and di chl or onet han 3 x 20 M) twice. 15 To a OC sol ution of
Frroc- Ser (Me) - OH (070) .48 mmo], 163 nmg) in N, N di nethyl formanm de (10 ni)
was added HOBT (194, 77 mmol ), HBTU (291 ng, 0.77 mnol) and
di i sopropyl et hyl amne §0. 34 y(Lpadnd2 nmmol ). Once the resulting mxture
became honpgenous, theess esi n 0% nmol, 200 ny) was added and the
resulting reaction mxtuge wasall owe shake overni ght The resin 20
then filtered of f_and she DIVF m.), DCM (10 nL MeOH (10 ,
H20 (10 ni), Z000 W) & Y (10 nl) DangsPGM, (10 nl), Eg:gﬂwﬁ% d e
air dry to yield¥072). Cohpraund (('.72?‘) 0 [EX/AF. o3
added a solution of 2Q@% piperidine in 25 NN- di et hyl f?)rmam de ‘2:®e m° and
the resulting m xture was shaken at room tenperature for 30 mhutes. The
resin was filtered off and washed with" N, N- di nethylformam de (3 x 20 nlL)
and di chl ororrequaneur(dKOQO)ZO m.) twice. To a OC solution of (009) (61 nuy,
0.48 mmol ) in NN-di net hyl f or mam de

5 To a solution of (089) (prepared using the same procedure as for (005)

cxcept that Cbz-4-fluorophenylalanine was substituted for Cbz-leucine) (0.100 g,

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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(2 nL) was added HOBT (104 ng, 0.77 mo]), HBTU (291 ng 0.77 mmvol) and 30
N, N-di i sopropyl ethylamne (0.34 nL, 1.92 mmpl). Once the resulting m xture
- 78 WO 200620604644 PCT/ US2006/ 043503 becanme honogenous pctrhg260esissof 300 ny,
0.192 nmmol ) was added and the resulting reaction mxture was allowed to
shake at roomtenperature overnight. The resin was then filtered off,
washed with DM (10 nm), DCM (10 ni), MeOH (10 ni), H20 (10 ni), DV (10
m.), MeOH (10 nmL), and DCM (10 nlL), and allowed to air dry 5 to yield
(073). Conpound (074): To (073) was added a solution of 50% of
trifluoroacetic acid in dichloronethane (10 nL), and the resulting m xture
was allowed to shake for 30 mnutes. The resin was then filtered off and
washed with dichloronethane (3 x 10 10 nL). The volatiles were renoved
under reducedgy &IIIIAQUV d the desired conpound (074) was characterized
by LCI M5 (LCRS (%Ei) 30 12) and used w thout further purification.

Co d (075): T 7 !
HCgllj_Ol(J?ll Erg ): OC@n&ﬁnSQWIEd igﬂrll_llggteég'l 0% %gﬁ/%lggg? mé%f%ehgk 4N n|mtnr) : I)e

(50 mL) was aadl:@Li‘BB‘S?redstBI“?}P% PRI P CNM-”@mn@éqjmhpm e®@hyheuripost-doBing, tik, 0. 6

ol ). The i adisle amssastificiRala 68 foflowind GsONS L GYLe. Bia hEn, dilued wi th
washed with saturate aQueous sodi um

t hyl t at
gl c)ellr bg(r:l:tg ((a do%ﬁar&;%r)d Ié"ﬁHV\%&’Phg’??@dN%ﬂg KD g washed gwiganyith H’E\S@ch wer e

dried over sdsledrhyduipbanie sanek Gob LEsERM Propal, el R F,t_ﬁéo ;g ol \ngtc S
y

(aaueous ammoniasorl il GEe BEPSRe n%ﬂc?qcﬁl@%tq@gféﬁ?é%é‘%fwm%%mmnmg) whi ch
was char act erd Risgodsptrifi@eNThelCIRE spddic avtizity 485oR43omeB%eh Qf&ﬁé gasome CT-L
i nhi bitiag atevgﬂatgg/bg Qefhini g9 a)V\Qe prer71r/1 Q§n@é§tﬂanqu§ lrJnSozd(i)fQ Q{Bragfigc? assaI.E;/( anple 12
with bovine gamma globulin as a standard; and b) the rate of cleavage of the
fluorogenic proteasome substrate LLVY-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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Schenme 12: Synthesis of Exanple 075 (approach B) Ov Ove Owve OMO
enco2Cl, DVAP TFA t001) H JO- OBn BocNH OH TEA OCM OC BocNH OBn OCM
OC H2N OBn HOB7 HB7U BacNH N ,-k 0 0 O DIEA, THF, oC O OWw 001 076
077 078 Whklabke PalC, HZ BacNH NY '"OH + 0 HOST. HBTU H O THF. DC \
H2N O DIEA, THF, DC BoaHN O ~. HO Ow Ow 079 1J~ 006 080 TFA 1 N j
r ~O CO2H HOBT, HBTUivH O DCM OC HsN H + N DI EA, THF, OC/ HII H
"VI 0 TOW®E g&ﬁ&ﬂ&ﬂﬂ G Vo

sol uti o%&%@@gﬁ?ne r?%’ttrﬁgti%ile eﬁ@;@@%&l) (%4{3 8 0, 28%&%036}%% A
triethyl dhtmef:(26.5 g, 260 mmwol) and 4- (di met hyl ani no) pyridine in

di chl oronet hane (1.2 L) was added a sol ution of benzyl chloroformate
(41 g, 240 mol) in dichloronethane (250 nL) over 30 m nutes and the
resulting mxture was 10 stirred at the sane tenperature for anothe(I)
3 hours. Saturated aquegus sodi bi carhonate (DO nmL) was then
added and the organic | gyer was shed
bi carbonate (200 nmL) and brine (]200 niL).

dried over ﬂhaznn%g and fiNtered
solvents were re

;
purified by flash 15 chromafjpgraphy (hexanelg acetate) to
provide (076) (54 g)l which by LC (LCRS (M -1)
m z: 310.16). ConpoRfd (077D To a @ sol utifph of (@F6) (54 g, 174.6
mml ) in dichloronmethane (200 i)

(2]
)
=y
Q
=
O
—
@D
=
N
0]

wherein

L is selected from C=0 and C=S

X is selected from O, S, NH, and N—C,.¢alkyl;

Z is absent, Cy.¢alkyl, or Cy.¢alkoxy;

R!, R%, and R? are each independently selected from hydrogen, C;.alkyl, C;alkenyl, C;.
salkynyl, Cy.¢hydroxyalkyl, C;.salkoxyalkyl, aryl, C,aralkyl, heteroaryl, heterocyclyl, C;.
sheterocycloalkyl, Cj.sheteroaralkyl, carbocyclyl, and C;.¢carbocyclolalkyl;

R* is selected from hydrogen, C,_¢aralkyl, and Cj.¢alkyl;

R®is heteroaryl; and

R® and R are independently selected from hydrogen, C;_¢alkyl, and C,_garalkyl.

2. A compound of claim 1 or a pharmaceutically acceptable salt thereof, wherein Z is

absent.

3. A compound of claim 1 or a pharmaceutically acceptable salt thereof, wherein R4, RS,

and R’ are independently selected from hydrogen and methyl.

4. A compound of claim 1 or a pharmaceutically acceptable salt thereof, wherein L is C=0.
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was added trifluoroacetic acid (200 nL) over 10 mi nutes, and the
resulting mxture 20 was stirred at the sanme tenperature for another
3 hours. The solvents were then renoved under reduced pressure and
the residue wmpqmmd(oédlaundarr alphgimaaticaily ac8PtadR 200REROH48%rein R!, R?,

A R S a2 Al TS
f 7
ol ), N E%%*"’éﬁqerﬁ. ni? FRLRATRA Gl b0y B O ety c9

g, 200 nrfoleathneyckBalldyl 71. 4 g, 200 mmol) in tetrahydrofuran (1.2 L)
was added a solution of N, N-diisopropylethylamne (75 g, 600 mmol)

in tetrahydrofuran (250 nL) over 10 m nutes, and pH of the resulting
m xture VAR cdiapoling okt rs%rwqﬁlaﬁﬁweﬁﬁ&l@tac&a%mé SIPGERbE ek Qh any of R,
another 5 hours, NMbst of the solvent was then renoved under reduced
pressur e Rinand ReareandapendrptlyCinalkaki al diluted with ethyl acetate
(1.0 L). It was then washed with saturated aqueous sodi um

bi carbonate (2 x 150 nmL) and brine (200 nL) and the organic |ayers

were dri el AossdipdadiofBlagtl6f @tagphantadeutié2redcdgune et Geteof, aviRASin al8f R,
solvents _were rempved under reduced pressure and resj due was

purified %y agqg Bs fre iedrpsdandlysalspipd fvaxamtyhrehybumgpylaiserrape) buil, sec-

provi de ( ) whi ch was 15 characterized by LG M5 (LCRS ( MH)
mz: 411. bg’i’? “{dggom fhd (079): To a OC sol ution of (079) (13.4 g,

32.7 mml) in tetrahydrofuran (300 nL) was added 10 % Pd/C (2.7 Q)
and the resultin 1 Xt ur I | oned t stir under nosphere o

hydr ogen % 6Y¢ Ompglaaﬁ I%HBSrﬁ% desutiea IYtaéP%ahlﬁﬁ% éﬂﬁreeglwheéelmay 9bR’,
and the fp2 pef REAKEnNBEn NGBS %ﬁ tetrahydrofuran. The organic

| ayers were concentrated un er duced pressure and pl aced under

hi gh vacuumto provide (079) as confirmed by LG M5 (LCRS (MH) n z:

321. 16) wi t.hout _furthe uri ti und 080
25 o CE/somite 2B fiahpoy watattrooeyoE et e e tEOpsg bR
41. 4 R2 and R are independently C,_¢hydroxyalkyl.

10. A compound of claim 9 or a pharmaceutically acceptable salt thereof, wherein any of

R', R?, and R are independently selected from hydroxymethyl and hydroxyethyl.

11. A compound of claim 5 or a pharmaceutically acceptable salt thereof, wherein any of

R!, R? and R are independently C,.salkoxyalkyl.

12. A compound of claim 11 or a pharmaceutically acceptable salt thereof, wherein any of

R, R?, and R® are independently selected from methoxymethyl and methoxyethyl.

13. A compound of claim 5 or a pharmaceutically acceptable salt thereof, wherein any of

RI, Rz, and R are independently C,.gheteroaralkyl.

14. A compound of claim 13 or a pharmaceutically acceptable salt thereof, wherein any of
R!, R? and R are independently selected from imidazolylmethyl, pyrazolylmethyl, and
thiazolylmethyl, and pyridylmethyl.
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mmol ) and HBTU (14.8 g, 41.4 mmol) in tetrahydrofuran (400 nL) was
added a solution of N, N-diisopropylethylamne (23 nL) in
tetrahydrofuran (40 nL) and the mxture was stirred at room
tenperature overni ght. Mst of the solvent was then renoved under

reduced pressure ang %he_resulting material diluted with ethyl
acetate 30" 35@@9?@51 Shelaifa s e a Phrtpacealicatly peerpiadlrcwlisheeef, wierein any of

bi car bongilepe RB i ). The organic |ayers were
o1 on ovas SRE Gt R Fabpdiden e Rl R | DG 077 Set4sa

PCT/ US2006/ 043503 through Celite-545_The solvents were renoved
under redyced pressure and. the residue s purifie flash .

chr omat og]:%ag‘fﬁ?e?ﬂ?&liﬁgdﬁm 1ot ﬁﬂh%%‘@W@&&ﬁF% ﬁ’gt tg%/r%é))”?’(?@.“?Ré’)Rz:
whi ch wasnghéraciieniteagtby L MS (LCRS (M) m z: 474.27). Conpound
(081): 5 To a 0OC solution of (080) (200 ng, 0.43 mmol) in

di chl oronet hane (10 nL) was added trifluoroacetic acid (10 nL), and
the resulty solutihbop was.stirred at th sa enperature . for

anot her - Hdut bobfreta BEARRR 1 3y s pbiuiuicdlx ah P AR bGP et least
pressur e caadf Rl' age R’ WdRktelifiin CREMMINd:LYAIY ad Qﬁsa(llgﬁc%lk?ﬁ confirmed
by LCOM (LCRS (MH) mz: 374.22) which was used without further

purification. 10 Conpound (07S): To a 0OC solution of (081) and

(o5 mg. . oS RERlota P ARARY bb 8 oAt RN pGeEp PR seft orl I el st
nm) was asdedRAasdRAis OnatkoxMINyIdi i sopropyl ethylamine (0.5 nlL) in

tetrahydrofuran (2 nL) and the m xture was stirred at room
tenperature for 15 another 5 hours. It was then diluted with ethyl

acetate (130Q JSH)PO?{S&I ro{?lﬁgﬁ 2 8 \g% IE ﬁlém?‘%gé’&&gaﬂg %ﬁ&ﬂﬁa%}éssaﬁQHéng?y Wherein at least

bi carbonate (2 e organic

dri ed ovemes6& and Blisfsateetedrichri iletterxgohettyt endymeGekidthyl545.  The
solvents were renoved under reduced pressure and the residue was
purified by HPLC (aqueous ammoni um acetate and acetonitrile) to

provi de (2@75)coﬁ%'§uﬁ&bf R Eieeds o‘ﬁ@%h%%é%@é‘ﬁ&@lk%&e%%lé’éﬁlt‘{ﬁé%& GhcRh RMS)
m z: 483.24). anpl e 13 Schene 13: Synthesis of Exanple 083
selected from Cj_ealkyl and C,.¢aralkyl.

21. A compound of claim 20 or a pharmaceutically acceptable salt thereof, wherein R® is
C1-6alky1.

22. A compound of claim 21 or a pharmaceutically acceptable salt thereof, wherein R? is

selected from methyl, ethyl, isopropyl, sec-butyl, and isobutyl.

23. A compound of claim 22 or a pharmaceutically acceptable salt thereof, wherein R is

isobutyl.

24. A compound of claim 20 or a pharmaceutically acceptable salt thereof, wherein R? is

Cj-¢aralkyl.

25. A compound of claim 24 or a pharmaceutically acceptable salt thereof, wherein R® is

phenylmethyl.
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O O Hz OCOHH®EBT, HBTUOM- O HZNNOO\ HO + ION DI FA,
THF, OCl 1 H=HOWw O-NO~Ow O 081 082 083 Conpound (083): 25
To a 0C solution of (081) (160 ng, 0.43 mmol) and

i soxazol e- 3-carboxylic acid (082) (60 mg, 0.5 mml), HOBT (65 ny,

0.5 mml) and HBTU -82 WD 2007/ 056464 PCT/ US2006/ 043503
mol ) in 4% éaz alﬁme %@rmp}la%&?e ¥ agcepbabla sabriherpolyyierein Ris

di i sopr owl%@mbmg&&% m.) in tetrahydrofuran (2 nlL) and the

m xture was stirre roomtenperature for another 5 hours. It was
then diluted with ethyl acetate (200 nL) and washed wi th saturated

b b t m.) and 5 br . .
or gani ¢ S Dot B PRT 26 & A oBtimbu iy Aer ot eIt Chargf, WhAeHBAiS
Celite- 5%51ecﬂéh¢ro$@isu§ﬁo$e VB8RPG, tﬁﬁ%géner BAMGOEd RIS Wmof he

residue was purified by HPLC (aqueous a ni um acetate an

acet oni t rimiéazoleo  provi de (083) (74 ng) which was characterized by
LCMS (LCRS (M) mz: 469.22); >80% proteasone CT-L inhibition at
20 ng/ kg PO. 10 Exanple 14 Schene 14: Synthesis of Exanple 085 Owe

[1OVB r 2\8 A cbn@%uhd of€18itn 21181 b/ phardiacBi cAlPacdphibfe ﬂt%rea_mhﬁreﬁ R3 %
081 OV ONOH O 0 H-,OV 0 084 085 Conpound (085): To a

sol ution 56#“'@@@1’}“ [s0BEokey furgn.4% thigpheneand i soxazol e- 3- car boxyl | c 15
acid (084) (65 nmg, 0.5 nmol), HOBT (65 ng, 0.5 nmol) and HBTU (175

mg, 0.5
29. A compound of claim 28 or a pharmaceutically acceptable salt thereof, wherein R’ is

furan or thiophene.

30. A compound of claim 29 or a pharmaceutically acceptable salt thereof, wherein R’ is

unsubstituted furan-3-yl or thien-2-yl.

31. A compound of claim 28 or a pharmaceutically acceptable salt thereof, wherein R’ is

isoxazol-3-yl or isoxazol-5-yl.

32. A compound of claim 31 or a pharmaceutically acceptable salt thereof, wherein R’ is

isoxazol-3-yl that has a substituent at the 5-position.

33. A compound of claim 31 or a pharmaceutically acceptable salt thereof, wherein R is

1soxazol-5-yl that has a substituent at the 3-position.

34. A compound of claim 32 or 33 or a pharmaceutically acceptable salt thereof, wherein
the substituent is selected from C.¢alkyl, Cj.salkoxy, Ci.salkoxyalkyl, C;¢hydroxyalkyl,
carboxylic acid, aminocarboxylate, C;.salkylaminocarboxylate, (C;.
salkyl),aminocarboxylate, C.salkylcarboxylate, Cy.¢heteroaralkyl, C;aralkyl, C;.
sheterocycloalkyl, and C;_¢carbocycloalkyl.

35. A compound of claim 34 or a pharmaceutically acceptable salt thereof, wherein the
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mml) in tetrahydrofuran (50 nL) was added a solution of N/ N
di i sopropyl ethylamne (0.5 nL) in tetrahydrofuran (2 nL) and the
m xture was stirred at roomtenperature for another 5 hours. The

reacti on sastitubretnis shléotddeflominidihylpéthyl, isapeipgt, and Bﬁﬂopﬁ)p}\lrrﬁﬂ@rl washed
with saturated aqueous sodi um bicarbonate (2 x 20 10 ni) and brine
(10 m). The organic layers were dried over sodiumsulfate and

filtered 4 %Oéiﬂﬁpo%h iokglhﬁﬂ 34 OIE gﬁ%&llﬁ;%&%p{a%@%ﬁqh&@% the%(fr‘r'ﬁ%d

pressure and e residue was aqueous anmoni u

acet at e andistaoettonsdedtddefromd, 6hetemadﬂ<}(l @B8HC, (ieterogyclodtitydh was
characterized by LG MS (LCRS (MH) mlz: 483.24); >50% proteasone CT-L
inhibition at 20 ng/ kg PO -83 WD 2007/ 056464 PCTI US2006/ 043503

(S)C h m g—) 5317. ﬁy éﬁnﬁiﬁﬁﬁﬁ o®t1afes @B'Blr a pﬂ%&eut%ﬁ%c@pﬁﬂﬂ&alt‘ﬂere@ﬁ @'hg:é% ne

H2N O EAStranumlsll,M\tna@%S @mdthﬂ O Ow C 0T4 087 088 Conpound
(087). 5 To a solution of (086) (prepared using the same procedure as
(005) except that Cbz-phenyl al anine was substituted for Cbz-Lcucine)

(0.100 g,38. Qzaﬁnmhbfbralm%lofrbtpﬂalmeﬁﬂl&au?fab&péa%@e SDth¥RST, LRGN #fe %
Pd/ C (20 n% The resultln]g mxture was allowed to stir under 1

at mospher@ibgftuenjds egtdint byligethdurs. The mixture was then filtered
through Celite-545 and the filter cake washed wi th dichl oronet hane
(50

39. A compound of claim 36 or a pharmaceutically acceptable salt thereof, wherein the

substituent is

wherein W is O, NR, or CH,, and R is H or C.salkyl.
40. A compound of claim 39 or a pharmaceutically acceptable salt thereof, wherein W is O.

41. A compound of claim 36 or a pharmaceutically acceptable salt thereof, wherein the

substituent is selected from Cj.¢alkoxy and C;.¢alkoxyalkyl.

42. A compound of claim 41 or a pharmaceutically acceptable salt thereof, wherein the

substituent is selected from methoxy, ethoxy, methoxymethy, and methoxyethyl.
43. A compound of claim 36 or a pharmaceutically acceptable salt thereof, wherein the

substituent is selected from carboxylic acid, aminocarboxylate, C;.salkylaminocarboxylate,

(Cisalkyl),aminocarboxylate, or Cj_salkylcarboxylate.
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10 mL). The filtrate was concentrated under reduced pressure and

pl aced under high vacuum overnight to provide (087) as confirned by
LG M5 (LCRS (MH) mz: 206.1) which was used in the subsequent

t ransf or néd. iAocorpduind wif clatin Bk aphitiinidcedidalin accepeitiosantcthdrO8B wherkdn ehe0C
solution of (087) and g074) q166 mg, 0.354 mmol), HOST (54 ng, 15

0. 354 motUPstiHentipretiyl subglate. 354 mol ) in tetrahydrofuran (20 ni)
was added N, N-diisopropylethylamne (0.2 nL, 1.18 nmol). The m xture
was stirred OC overnight and becanme honbgenous. It was then diluted
wi t h et hy45. dcetngtcen(l 26lectadl froand washed wi t h sat urat ed aqueous sodi um
bi carbonate (2 x 10 m-) and brine (10 nL). The organic | ayers were
dried over sodiumsulfate and filtered through 20 Celite-545 and
concentrated under reduced pressure and|the residue was purified by
HPLC (aqueous amnmoni um acefate and acetanitrile) to provide (088) (10
nmg) as characterized by mz: 517.69); X80%
proteasome CT-L inhj bitjon gt 0:-84 WD 2007/ 056464

PCTI US2006/ 043 S anple 092 F 0 0 CbhzNH
O Pdf C, H2 CFIOOHa 0/ INOW ~-OH+1 00 NO=0O
HO8T, HBTV O H N O EA THR@l%N074OONH~OVEO

N
o
}
e
;C
e
o

N
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o
o
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090 091 Compound (090): 5 To a solution of (089) (prepared using the
sanme procedure as for (005) except that Cbz-4-fluorophenyl al ani ne
was substituted for Cbz-leucine) (0.100 g, 0.28 mml) in
trifluoroacetic acid (10 nL) was added 10 % Pd/C (20 ng). The
resulting m xture as @bmed to stj nder | atnosphere of hydrogen
for 6 hours. The n1xt i rough Celite-545 and the
filter cake ne (50 m.). The filtrate was
concentr at nd placed under high vacuum
Crmad by LOMS (LCRS (MH) m z:

224.1) which was used in the s
further purification. Conpound 94): 15 To a OC solution of (090)
and (074) (110 ngy, 0.336 nmol), HOBT (51 ng, 0.336 mmol) and |1 BTU
(127 mg, 0.336 Mol ) in tetrahydrofnran (20 n.) was added

NN- di i sopr opy! et hyl ani ne~C ). The mixture was stirred
0C overni ght and becpane jhompgenqus. then diluted wth ethyl
acetate (20 nL aqueous sodi um bi carbonat e

(2 x 10 nmL) An G10 nL) The organic |l ayers were dried over
sodi um sul_féte, Filtered throug |te- 545, and concentrat ed under
reduced pressure. The residue en purified by HPLC (aqueous

anmoni um acetate and acetonitrile)Y to provide (091) (60 ng) which
was characterized by LCYNB LCRS (MH) |m z: 535,69); >80% pr ot easone

CT-L inhibition at zp POO -8 WB_ 2007/ 056464 PCTI US2006/ 043503
Bi ol ogi cal Acti vi ty und Oat ed in 10% PS80/ NaCi trate
(pH 3) vehicle a yce~orally (PO (3
anlnals/cohor ) - hour ost do the 5 animals were sacrificed
and the fo ng tlssues harve d bl ood, brain, adrenal gl and,
heart and v r. Wol e bl ood ( I) was washed twice with PBS and
| ysed by hybotonlc shock (300 | 50 Tris pH 8, 5 mM EDTA). Bl ood

| ysat es

OMe

o
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o
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were stored at -80C until assayed. Blood |ysates were clarified by
centrifugation in a mcrocentrifuge. The CT-L specific activity of
prot easone in each |ysate was 10 evaluated by determning: a) the
protein concentration by nodified Brafdford assay w th bovine ganm
globulin as a standard; _and b) the r of cleavage of the

fl uorogeni c protegsonef substrage LIKVY- . The percent proteasone
activity for the lanal g-tﬁg;LEg ahi malle“vas cal cul at ed by di vi ding
of the avera ctiyityN fomn eath anal og-dosed cohort by the
average speciNi g activity of ithe vehijcl e-dosed 15 cohort. Percent
proteasome i nfibition was cal Cyaked by subtracting percent

prot easone activity from 100. ujlal ents Those skilled in the art
will recognize, or be able to ascCertain using no nore than routine
experinmentation, nunerous equivalents to the conpounds and net hods 20
of use thereof described herein. Such equivalents are considered to
be within the sgope of*this jnvept and are covered by the

: @bu references and publications
: erence. ~86 W claim: 1. A conpound
havi ng a st ucﬂ rmuj a (¥) offl a pharmaceutically acceptable
salt thereobil) K I8 0 Ry, R5ZE N NN wherein L. is selected
fromC=0O and C=S X is selected from0O, S, Nil, and NCl..-,alkyl; Z
is absent, Cl.6alkyl, or Cl.5al koxy; , W and R3 are each

i ndependent |y sel ected frqm hydrogen, IC1 , al kyl, C1-6al kenyl, C1-

6al kynyl, C; 3-fhydroxyaigvl, Clo6al kyl, aryl, Cl-1;aralkyl,
heteroaryl, heterocykl yll, Q&;;I\ -

are hereby i

H,NOC

OMe
0] (8]
PN °
i N 1 N
N \ H E H
S 0 E 0
Nome
OMe
0 0
N
= N H N
H = H
\N,o 0 \ o]



6het er ocycl oal kA, C3_6het eroarai kyi, carhocy-clyl, and
Cl. 6car bocyei oi ai kyl; R4 is selected from hydrogen, C, 1-5aral kyi, and
CL-oalkyl; R5 is heteroarpi; and Rl and R7 are independently
sel ected from hydrogen, Ca_5al kyl, and C3-6arai kyl. 1. A conpound of
claiml or a pharmaceuticatly accep e salt thereof, wherein Z is
absent. 3. A conpoynd df claimil o @rmaceutically acceptable
salt thereof, er 'N ; g i ndependently sel ected from
hydr ogen an . 1, coapounRd of claim| or a pharmaceutically
accept abl e sal -tther eof , “wherejp L: $s C==0. - 87 5, A conpound of
claim1 or a pharmaceutically acceptable salt thereof, wherein R1,
R2, and R are independently selected from hydrogen, C -salkyl,
Cl. 6al kenyl, Cl1_(; al yal kyl , C _oal koxyal kyl, Cl-1;
aral kyl, Cl_uhet éroe elo%lkyi oaral kyl, and C
1- 6car bocycl , SA claim5 or a pharmaceutically
accept abl e €all théreofl, wherei’n any of R, 1t2, and R3 are
i ndependent I'y~C; 1_6al kyl . 7.4, conpound of claimO0 or a
pharmaceutically accept@ghte salt thereof, wherein any of RE, R2, and
R3 are independently sellected fiom hyl, ethyl, propyl, isopropyl,
butyl, sec- butyl o ang”i sobutwl, A gsonmpound of claim5 or a
phar maceutical |y gccegdtablie sdlt therepf? wherein any of R |t2, and
R3 are indep nt 1y argyl . 9. ound of claim5 or a.
pharmaceuti cal Ly accept &bl e ssalt thefeof, wherein any of It', R2,
and R3 are inﬂgpendently Cj-Bhyﬂ oxyal kyl, 10. A conmpound of claim9
or a pharmaceutically acceptable salt| thereof wherein any of R, 1t2,
i hydr oxynet hyl and
i mbBs@r a pharmaceutically
R, R2, and per' are

£ . conmpound of claim 1l or a

phar maceuti ca}ly acceptabl e salt thereof, wherein any of H?, R2, and

H.s are independently sel ect ed™From net hoxynmet hyl and net hoxyet hyl .
13. A conmpound of claim5 or a pharngceutically acceptable salt
t hereof , wherein any g% “

0]

P
/7 N : B
_-N 0 \ 0

OMe
(8] (8]
1
/ | N N
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R1, R2, and R3 are independently ( -Fheteroaraikyl. 14. A conpound of
claim 13 or a pharmaceutically acceptable salt thereof, wherein any
of R, R2, and R3 are independently selected fromim dazol yl net hyl,
pyrazol ylme hyl, and thiazolyhnethyl, and pyrldylnrethyl. -88 15, A
conpound of cla|n15 or acdphar maceut | |y acceptable salt thereof,
wherein any of R1? R, ndent |y eycl ohexyl nmet hyl .

and R3 Garc
16. A conpound of Ial 1.;@g{£ﬁph ?ically accept abl e salt
thereof, wher , IR ant"R3 |

ifferent. 17. A. conpound
of cla|n11 or harnace ticglly acceptable salt thereof, wherein at
| east one of ?ﬁ and R is | ected from C3_5hydroxyal kyi and
Cl 6al koxyal kyl . 18. A conpound of claim 17 or a pharmaceutically
acceptabl e salt thereof, wherein at least one of Rl and R2 is
Cl. 6al koxyal kyl, 19. A conpound of claim 18 or a pharnaceutically
acceptabl e salt thereof, wherein at lgast one of R3 and leis
sel ected fron1nethgxynte[hy| and ne xyet hyl . 20, A conpound of
claim5 or a phar ceutlcalgy cep galt thereof', wherein R3is
selected from , 1. A conpound of claim 20 or
a. pharnmac {callly ﬁcce table salt tlhereof, wherein R3 is
ClL.fit:lkyl. 22-NA conmpo®nd oﬁxcla|n1Ql or a pharmaceutically
acceptabl e salt thereof, whereiN“R3 is sel ected frommethyl, ethyl,
i sopropyl, sec-butyl, and i sobutvl, 21 A compound of claim22 or a
pharmaceutically acceptable salt thereof, wherein R' is isobutyl.
24, A conpound of claim20 or a pharngceutically acceptable salt
t her eof , wherein RS is Me 6ar al kyl . A conpound. of claim?24 or a

pharnaceutlcally aceptfabl t hereofowherein 1t3 is
phenyl net hyl , 9
accept abl e t {her &of

O""N (8]

1 or a pharmaceutically
or 6-nenbered heteroaryl.

5
o TN
| S
Z
J%M
jasv
o
Zn
~
2z
O
(@]

-96 -



27. A conpound of claim 26 or a phannaceutically acceptable salt

t hereof, wherein. W is selected fromisoxazole, isothiazole,
firraaa, thiophene, oxazole, thiazole, pyrazole, or imdazole. 28. A
conmpound of claim 27 or a pharmaceutifcal |y acceptable salt thereof,
wherein Wis selected fgomisoxazol furan, or thiophene. 29.1
conpound of clai np28 a phar i Iy acceptable salt thereof,
wherein R5 is fuglan drthifpph . °conpound of claim?29 or a
phar maceutic @ept e N h wherein R5 is

unsubstitu . furan- 3- or{ t ieu-25yl. 31. A conpound of claim 28
or a pharmacettical ly acc 3 e salt thereof, wherein R5 is

i soxazol -3-vi or isoxazol-|5-yi. 32. A conpound of claim3l or a
pharmaceutically acceptable salt thergof, wherein R5 is

i soxa7ol -3-yl that has a substituent gt the 5-position. 33. A
compound of cl ai m,31 qg‘phanpace al |y acceptabl e salt thereof,
wherein R5 is isf@xaz I-SWNALUEEt gosubstituent at the
3-position. Q J A TING 33 or a pharnaceutically
accept abl | t||t hefleof ,| wheT ei nf thé suhstitnect is selected from

Ct _6al kyl, CY%.-638l koxy; G, -5a | k§1, Ct-bhydroxyal kyl. carboxylic
aci ds am nocar boxyl ate, d -6al yIa i nocar boxyl ate, (Cr.

oaIkyI)2arn|nocarboxylate a - i carboxyl ate, G . heteroaral kyl,

g i;aralkyl, C heterocycloalﬁ vl, and (. 6earbocy6oal kyl. 35. A
conpound of cla|n134 or a pharnaceutlcally acceptabl e salt thereof,
wherein the - 90 suhstituent is selected fromnethyl, ethyl,

i sopropyl, and c rclopr A conpound of claim34 or a
pharnaceutlcally cceftabl e saft there wherein the substituent is
selected from G eterocycloalkyl 37. A
conpound of ajfm 3§ or phar mefeutifcal Ty acceptable salt thereof,
wherein the Su stituentpis L, 2, 4-tr azol - -ylmethyl. 38. A conpound
of claim36 of a pharmaceuti cafey acceptabl e salt thereof, wherein
the substituent is azetidin-I-ylnmethyl. 39. A conmpound of cl aim 36
or a. pharmaceutically acceptable salt thereof, wherein the
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suhsti.tuent is wherein Wis 0, NR or C-17, and Ris H or

C -6al kyl. 40. A compound of claim39 or a pharmaceutically
acceptable salt thereof, wherein Wis 0. 41. A conpound of claim 36
or a pharmaceutically acceptable salt |thereof, wherein the.
substituent is selected fr g . 6ai k and Cl . 6al koxyai kyi. 42. A
conpound of claim41 pr phgr eufi caloy acceptable salt thereof,
wherein the subsyi T met hoxy, et hoxy,

met hoxynet hy, r etbey t hyi . 5%. conmpound of claim36 or a

phar maceut i galN] y &Ccept abl e sal reof, wherein the substituent is
sel ected fKom gar boxylie acid, 1 pacar boxyl at e,

C, - 6al kyl anpnocar boxyl ate, (Cl-6al kyl ) 2arm nocar hoxyl ate, or Cl

, al kyi car boxyl ate. -91 44, A conpound |[of claim43 or a
pharmaceutically acceptabl & _salt thereaf, wherein the substituent is
met hyl carboxyl ate. 4%. cogggjt? egd from\ ,: tdt; ;~CG ,N
Y\~ Il VY jt % et ~~. Nwvy.-t'". ~zr wNC
92 1 r,.NNO -6)i) ) (Pr T T>Fi\st f ,~ q gg rte,.. ©
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~,,.lI~i5t>A, .kVtt~ -104 YNM P E3 or a pharmaceutically
acceptabl e salt thereof. 46. A pharmaceutical conposition conprising
a conpound of claiml or a pharnaceutically acceptable salt thereof,
and a pharnmaceutically acceptable dijAduent or carrier. 47, A

phar maceuti cal conposi tIi on of cl ai which is orally bioavail abl e.
48. A nethod for the trieatnment of ik&ldnmation, conprising

adm ni stering a other@dpeuticably e i ve anount of a pharnaceuti cal
conposi tion of cllaimj47. H49.J A c »of claim45 which is <z ,

or a pharnma e ity ceptabtesa ereof. 105
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or a pharmaceutically acceptable salt thereof.

46. A pharmaceutical composition comprising a compound of claim 1 or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable diluent or
carrier.

47. A pharmaceutical composition of claim 46, which is orally bioavailable.

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

therapeutically effective amount of a pharmaceutical composition of claim 47.

49. A compound of claim 45 which is
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or a pharmaceutically acceptable salt thereof.
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