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COVPOUNDS FOR ENZYME I NHI BI TION Technical Field This
invention relates to conpounds and net hods for enzyne
inhibition. In particular, the invention relates to
t herapeuti c net hods based on enzyne inhibition. 5
Background of the Invention In eukaryotes, protein
degradation is predom nately nedi ated through the

ubi qui tin patdysPOUNBY FORERZAME INNIBITEON Or

destruction are ligated to the 76 amno acid

ol ypeptide ubiquitin. Once targeted, ubiquitinated
]g.&hﬂ&ﬂ@ﬂﬂwen serve as substrates for the 26S
proteasone, a nulticatal ytic protease, which cleaves

pr ot diissiniventipnirelates de coppeiridd @sd miethadg forranayme inlabitign. In

its three. mjor teolytic tiviti [ 104
pafulsty BF ifvehEtn SRt lorhif ahidsTssH Py Yilfion.
rﬁt easore- i ated degradation also plays a key role
f h as maj or histoconpatibility
complex ~ (MHC) class | presentatjon, apoptQsi cell
di vi dn GRkaryetes Rrotrn degradgtien i§predpgunatoly ra?dd%tsi%w&h the
i SR Y o D BB BB o SRl WA BIRE76 amino
atidyolypeptide tihiguitinl Hr=e tarpated, abiquitihatal proteirsghén gareswsh
regul atj on, jor histoconpatibility conple lass | . .
SHPRiHISk 5RO PRIEPBS: L MUHRIIF RPisacks S, CgEexproteins into
sRGHk b¥Ride® roRRPtht LARGHNGE tRRbeHhaj B HolBihRMIBYAEY, While having
signals. In yeast and other eukaryotes,” 7 different a
aggehemal fumctior m intraceflutae pratéin gemavet, Frotedpdrhemediatedidegradation
ubunits conpr.ise the inner rings.. The a subyni.ts
B8k TR h o BeacePe ot fBeiocRSoRa B iy domplex
(MPAEB0lads g Prdsehtativn, GROPoSX Sl dReisioR] AndASF-XBRdtyivhtical.
barri er or the inner proteolytic chanber fornmed by

the R 208 oM e i5 L7986 kDEY findiidhl ¥h dn‘ithﬁcatalytic protease
proteasonme 1s believed to exist as a 26S particle

cothphe @8PrisedvE2E orbahits onganived nto Exweingsrthat plapsipeportant roles
.Sh that inhibition,of the form.of th .

i§ Pl Brobtif e HoB b RE Bl oy B R R B ol neesepistiony
aB6MofiE Ui gSPP cesSIn@ANA0EB BétivaTbiM Qmt @faibdiRtior 0f pro-inflammatory

prosequences of (3 subunits during particle formation
stsaplss dn aipdshand ether swkryotse bAiffreent tewbwmitsompfieppterangs and 7
d?f%er%lli]t ﬁ@tuﬂft%/ Eérﬁpr%lé% 1?1?1'311 LS THIG Sl ée?ve as ‘bind:ing1 sites for

responsiblfe Tor “catalytrc tivity 1 n proteasone thus
tROBPELEA H0) aiid NIB {FXI8) hedul o] @aftiedes casrved] shuephysiabbarrier

t hese subunits belong to the famly of N-termnpal | . b
for the aish praseql Xisghampar irmsd &y thevet B symwitfiigse E'E}*ﬁ, {1 @vo, the

' f 16xiktSas af She $Fprofalomd ) in AV

pg!%t%%?mfgghﬂgﬁg%ﬁﬁl%%s r?ozl%(gt Ies). t %ﬁ s f arr?i I yoni1 n?l ura es,
ckperimerasthave, shpenitivit lithibitiGn a€ yHestS foREAY the preteasinid ¢an by
raC ly%%%p E\c@) ’in]’giailtjitog r(r)lf QgS gﬁ)?e%sgﬂlneg %I]era%ggsef oefr a%%}ew_(tgﬁl'g il
prosequences of B subunits during particle formation expose amino-terminal threonine
residues, which serve as the catalytic nucleophiles. The subunits responsible for
catalytic activity in proteasome thus possess an amino terminal nucleophilic residue,
and these subunits belong to the family of N-terminal nucleophile (Ntn) hydrolases
(where the nucleophilic N-terminal residue is, for example, Cys, Ser, Thr, and other
nucleophilic moieties). This family includes, for example, penicillin G acylase (PGA),

penicillin V acylase (PVA), glutamine PRPP amidotransferase (GAT), and bacterial
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-1 gl ycosyl asparagi nase. In addition to the
ubi qui tously expressed (3 subunits, higher
vertebrates al so possess three y-interferon-inducible
0 subunits (LMP7, LMP2 and MECLI), which replace
their normal counterparts, X, Y and Z respectively,
thus altering the catalytic activities of th o 1
ShYCoFdasnsaginagy B‘U@"’fh?‘l’ﬂetq}g% u%lﬂﬂﬂ?lf#ié?@ﬁ?ssiﬂeéf‘ﬁa’éﬂ% higher

: - 1 ' in#t 11,0097 "BMP2 and
LB AR g RS P BT HRhACD Sl (TAP 7 EMIP2 an
MEgiht whjchi replhckiher abinaaltoputit€iipatty, XyWiaodh Zokseetiee] pithey
| ar.ge hydr ophobi.c.. residues; trypsin-|.i activj. :
sty theygalalyhiccAcn §iiss OLHEFoBaoME f%%?‘tﬁ?@ﬁe usgf ditttrent peptide
RGOt Y HOLUDFRY broRGY IR s BV bl difihéd fok the eifbte 205

Ich cleaves after acidic residues. Two additional _
fretessontearchytmetriypsio-lke activity €5T-hhwehieh eleavss afienlorgei ydgpphobic

to.the 10.pr.oteasonme,. Br AAP.activit whi ch.cl eaves

rEPOE BT ERHRU OGP Ty RO e affy PRSNG|
pebiigyl gt v §Rpadd Wdréil?ﬂth BBty @IGRHY, MhichGdhves it acidic
maj or proteasome ‘profeolytic activities appear to be
residesi Hirtcealldifjoral feswehanacterized potivitieshave glso begr ascribed to the

I nhi bitor L Ot .Ut af i ' ,. L g
hnt S AP Wt r s ot PR i frnlldigs: anc
ISNgae a.aﬁw‘/iity/, ivﬂ%iﬁﬁcl&?re\s aﬁFﬁﬂﬁal lﬂ@@ltl rlaEamVr\;qbfacfr?hﬁ The a%agbr proteasome
several exanples of small pol ecul e i ch have been
RyRiEalvie artvhes aPPefsria e seBibuied v ATIGrentnplii sitep e

. n . 2 ] | _ .
R T AR0ALE ) e PhBE ke, BRI ftucing P
sobusdityealter tiesaswivitieatio vindoselegeear and nol ecul ar

| evel . Therefore, the synthesis of small nolecule

i nhi biHeg¢ 418)seVdrhlexainplos @dsedl] sndlecubdsediiéh kivieyheen used to inhibit
i nproved stability and solubility, a;ig[ {éncr eased . . .
ReteaseRye actiyitychavegh dhess conPwds Benaslhy Brkatheshegficiy stability,

A e R i U
dnd mdélasdadeadl. Thérefort,dbe kymohesisad spapitmaelecule inhibitor(s) with
a', (3 -epoxides and peptide a' , (3 -aziridi.nes. The
15%&&9 sHb restliat, Braobsiberte g senbilfy wfiperised pytency are
reeddd foBYIBHtho b¥plaRton BF BlrbE bY tHeQritedsdhi¥ 4t Me cellular and
nucl eophil e (Ntn) hydrol ases, and can specifically
molecWatlepelrti cul ar activities of enzymes having

multiple catalytic activity. Once thought nerely to

SlimA obfhedanaitisred and m sfol ded proteins, the

prot easome i s now recogni zed as constituting

pr ot eHefihl éntivRchlafee ty clatset of mglicalceBndwieas pepiidk 8°,pf-epoxides
di verse intracellular proteins through their

e pepiden ¢ dh-azvidings J@ﬁlpﬁﬁf@bw&ﬁﬁks 3t yndersigod tpbindeefticiently,
RG]yl SRk dl) B Rt fRRobhie (Hotnf RARGALES, AkFdan

can sp
specifically inhibit particular activities of enzymes having multiple catalytic activity.

Once thought merely to dispose of denatured and misfolded proteins, the
proteasome is now recognized as constituting proteolytic machinery that regulates the
levels of diverse intracellular proteins through their degradation in a signal-dependent
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
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perturb the activities of the proteasone and other Ntn
hydr ol ases and thereby be used as -2 probes to study
the role of these enzynes in biological processes.
Compounds that target the Ntn hydrol ases are herein
descri bed, synthesized, and investigated. Peptide

epoxi des and peptide aziridines that can potently,
rselesde piypdy fhe kP thyse FaPEe iy brolpgisa! tpr("i?é? Cigrapounds that
S BESEIDPEN b ol i Aol o

gpepideslendepapride asiridings ﬁmptamtmteralm, séletitively, dmbirravbssibly inhibit
herein are not expected to.s g t|a y inhibit
IS Y isasoma actipitigh argdisclosgd pn sin,

chynotrypsi n, cathepsin B, papain, and cal pain at ,
conc drtltkersewersl Q}beftRS‘PBQe Raseddntnbigiarthe B%Eﬁtepﬁpg?ﬁw%nd peptide

t
ORI 0T, B Yo O PR SIPERE i
p‘foeﬁdeg sich asafsg;eﬁme shwdtmhﬁ cathést 31 papaifl) endmalpehn at
epti de epoxl des an e azlr I he are
C@;ag@maaan%p W tonfl Yl A4 %esﬁwswm%ﬁqnaﬂ ‘r‘n’b“‘t"om%}’ ¢ B, phseryed, but

FE@VJ%&tédﬂo b gbmgytlh W fid noMH&RMMle, if HRSEhiEREMALRAS

be" expecte ave anti-inflammatory activity.
cthmtestmﬂsthe substaten dheomnmelqeptidé qwendmlaed peptidepzioisines are also

whi ch_. hav til

RS B B R opghd s st 85 Rishel i At S,
MHRELSS Bise dnpdundd K odRIRCIxpeétB@td Hie Ahii ARfl Ah@Yo8E sctivity.
i nhi bi tors conprising a heteroatom containing

Thuse@emmosdds ¢angpe Unhpranoladiilay probes, thhuhﬂﬁf: Bletversatility to
t f N t
Sl 'éﬂ%ﬁf’yﬁﬁagﬁ’ﬁsw@ (ol A THRRA S processes.

the S prote when sgi ibitor is r ent at
conc é[l‘?tqnﬁtaFQFﬁEi %9“&96‘615?“@ lﬂhﬁ}orsﬁé’m ‘%’é}
RnPliSAS AFBe-mkaibleldUH Thee RhasRrd éﬂiﬂ'lﬂl‘l&ﬁ&&talyﬁhlabm‘nty of N-
chy rmtr FSI n 20 like activity of the 20S grot easone

tvmmnaltm@ dophilbhydselassenzymse for exaneadbnPhpioasomprdhe 265
out 5 not inhibit tr

%Ptew)%{efl&ﬁlflﬁ&e@“?f i POl ool pRlS ARLLY .
afBNE BRII0Bt HroREs R, Qthaﬁlﬁﬂhycﬁol%e fﬁhﬁ)lhyﬂhhib&&(hymotrypsm-

[ I’ﬁ’]l bitor may be, for exanpl e, pepti de a'

Idestashuity pf the 208 proteaspmgiwhenitae @h&mor me%q%atﬁéﬁﬁffna@ﬂons

%?%n Cﬁ elg B’ﬁ\hzﬁ’%e e% gﬁfclﬁﬂ-gﬁ tB@th' lﬂél argﬁ}ht% Hﬁi’éﬁﬁ activity of the

Iwm@amm@&hﬁaﬁdeyén.t a&ﬂon%mmtlomyhcblkwlabout 5 uM. The hydrolase

6al kox aryl 6ar.al k 6al kyl am.de,
1@% ibEgr 1{19}’ gexa@gplg@d:}eggie;,pl, -Eo; a’ke'@feg]égw% (ﬁime ketone,

l 1if T
R e

1ﬁ}bpdleh9d sdfyhainsTiueh as hyﬂ:‘rpg)@n C@ﬁalkﬂe(}a(;hy@&)xyekkykﬁl salkoxyalkyl,

ket o] az ket on be,.a ¢
e s O seliroBble, KRS RE Curtpthivigailh Giarget
ester, C]-ﬁalkYIthiOI, or Cy.galkylthioether, for example isobutyl, 1-naphthyl,

phenylmethyl, and 2-phenylethyl. The &’-carbon of the a’,§’-epoxy ketone or o’,[3’-
aziridine ketone may be a chiral carbon atom, such as an (R) or p configured carbon, as

these are defined herein.

In another aspect, the invention provides pharmaceutical compositions,

including a pharmaceutically acceptable carrier and a pharmaceutically effective
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30 these are defined herein. In another aspect, the

i nvention provides pharmaceutical conpositions,

i ncludi ng a pharmaceutically acceptable carrier and a
pharmaceutically effective -3 ampbunt of the hydrol ase
i nhi bitor, which aneliorates the effects of

neur odegenerati ve _di sease (such as zheinmer' s .
am%lah@@%? hydrolase inhatarnyhigh %ﬁ@@}e‘sa@lﬁ %fg‘?C,tS RiegrAdgeencrative
cféﬁ%ta@e‘:@ﬁ&u:% AiBGARES it rm?s@és-ﬁ'ldﬁin%'cﬁ §os, cancer, chronic

enervation, nerve injury, fasting, —an
infeotina-diehsds eftvero nolis¢le dissise, denargatodn eerye ifjutyn fasting, lnod
.aspect, tege i nvention pravides anti-inflamuatory
EBHpEIF e r?Q!ldlltlﬁn%ﬁgﬂl?grO%?Ject , the invention
provi des nethods for the follow ng: iphibiting or. .
r edudh fgothenaspagtelbe imentipn groyifss apt-infgmmatoryeprappsitions.
| evel of viral gene expression in a subject; alterin

t he Jarhethyr aspecinthi dgeientopprsvides seshaesly fercthe illaiag: inh(i]biting

PG elp A ST Ch Ry ) BLHOL TS QB drgpionina

shBjebt hieHing the Avi@Y 98 MMt SN cSpepeides @b ésted hyttheproteasome in an
proteolytic activity of a particular Ntn hyd o[gie;
qrgangmitpteamitag Miether g P@lbd%redi:wl(a’wﬁqle@tnhyw@{ﬂg& process or

: i an.i :
A P L B RSB bl v,
Hydrddaseelréatingrddhsimeds tiyeasedh e sobjeSRdpeiag diarate of muscle protein
degr.adatjon i cel

g todriedh SN e B Rl A F DI heragieh 13 a cel

i i . i L . ] i }
rEARAGBLAOB H Proféih learARnERA R, iz hOBMAAN ofps?
relatedrogacrsm a subjhetiinigbiting antigent prasentdtioNrn KRell;suppreeding the
.muscl e, organ of. subj,ect.; affecting cyclin-dependent, .
e st drshbiegs Pgbitipe B F s epParo o PERTH Selusine the
dofitefit SMNFRHY in aAlcliefiubdg RES HAwBJ¥RY; affe@RpAStin-dependent

regul ation of oncoproteins in a cell; treating cancer
eykarwptic tell eyobasbireating prelifeetiva disess-in isubieet; affening prefeasome-

I LS P ROR I, BUEARL A BPARRTE R Mol

ttABBE p FRIIRES apdiediyvisa subfhtt; Rind kaeeige protdan@ctdsodbaiN-
ef fective anpunt of a conposition conpri si({o%g }tjge
teRprinel s keopiily Iydrelases dp 8 cplbs Bachefithess methods 1aYyect , a

.l | r . . [
PRltisefnd bF a2 A IRy M Al o2 SBRE AT l iising the
adpdasenhhibitemdidese@berbinl, tcomsubgectiat celll & tslesar ongan,em an
and fromthe clains. Detail ed Description of the
PEFEHE on The invention invol ves conpounds useful as

enzyme inhibitors. These ] ) )
Other features and advantages of the invention will be apparent from the

following detailed description, and from the claims.

Detailed Description of the Invention

The invention involves compounds useful as enzyme inhibitors. These
compounds are generally useful to inhibit enzymes having a nucleophilic group at the
N-terminus. For example, activities of enzymes or enzyme subunits having N-terminal
amino acids with nucleophiles in their side chains, such as threonine, serine, or cysteine

can be successfully inhibited by the enzyme inhibitors described herein. Activities of
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conmpounds are generally useful to inhibit enzynes
havi ng a nucl eophilic group at the Nterm nus. For
exanpl e, activities of enzynes or enzyne subunits
having N-term nal 30 am no acids with nucl eophiles in
their side chains, such as threonine, serine or

cysteine can be successful [y . nh|$ Iﬁ% the en N
OAVINES QIFIEYRE SEhunis hayag apn-amipg agjd ppgleopiplic gf&ﬂ%%%‘{}ﬁ%& -
t&mifif) ¥ Fas> ﬁ)?:é?éﬁ\ﬁlehﬁ"&éaﬂng Qﬁ')ugﬁbf‘@ar@&i}ﬂrd%tc LaPRkS bé C

groups at t erm ni for exanpl e,
speassfolly ndhilgtedupysthe enz;mehohwnatcmcntwdmemmo be
successfully inhibited by the enzyne inhibitors

descrwhie nbeoring by Why pertieolar theundofapesatipnpia is Be(tiﬂhid that such

t heory of operatlon It is believed that_ such
Nteraviaal marlepihiles op it Esmarovalent #dgpsts &33&% ﬁ?f’%%ﬁ@{:‘éonal

%‘?ﬁ]%lt gfs e IbE)tH(Fjg s he 119“?010&21@'@9% ?ﬁ‘ﬁﬁé /Pre2 subunit

ereln or exanp
df368 Iﬁtﬁﬁa@uﬁumetN -teyiid) hrporoheaseiieyedtth erre#elrfablm fogh a
threonine i,s belieyed to irreversibly forma .
Eﬁ’é‘?q TP A9 HRPTEFATROR YTbA PPRA P dsor peizidine such
EE s'e dBsiRR bgﬁwo ISR lafl it REmAHER woRkd ffnhé‘ﬁ'ﬁ A Upkhing Gleavage

ow. Such adduct formation would invol ve
afithgepppels aovgzoldemvage 10 of the epoxide or aziridine.
I n enbodi nents includi ng such groups bonded to a'
carbqh&mﬂthﬂnaﬂiewhﬂnﬁgmmhgﬂymsbomhﬂtaa-aﬂb@mnﬂ@that

SEon LS 8 ALl Bl RS SROKLLE o AthL] e o i

@km QQW(E rmém&nfdmgbas%a inl A0S AT Bc| sBlcdt s filneg s

gests the following preferred
isfoemevahdistlosdd lmﬁln,sivlat:h emstp he fajpwingprefeared sisrenchemical

RO R e L& af el g iy IREE ] gy AE{tr8Skenters
IR the ikl ARAMD-8den RirPne vHere BEQ dﬂﬁﬁﬂieréih i{ Move Be plane of

relationship (that is, it is not required that every
the paged QQER S) mq:iaﬁmhmd@r%w ids aetreamredithatigygry stereocenter in the

ref er r
PRESLF LR A SRyl iRed T 5hE BrRipiiicnts, e
sité}eodﬁeﬂﬁﬂm df3hé &’ catfoncib QR thidvés, HeaX @tonil is (B 0r bbxeve the plane of
nmol ecul e. Regarding the stereochem stry, the
tire Ayl ffcﬁb‘ol d-Prelog rules for determning absolute
stereochem stry are followed. These rules are

desc rRezg@eﬂmg the stsrersbemistivnthe Gajarngoldiselps rilgs fordgtegRining

P Shocr BR0SS, AIR BRI 34k PR RORL S BT Rarl, in

@@ﬁbﬂheﬁﬁﬁm Fortad Wmtesaf doedead Bivtl@epiblithers CRostda WA
rep eatln%%backbone structure with side chain
f

@R0DnaregnT Hri e | HatkisBrrectnn 1 hereBi ospargied by eference.
Ibé%ﬁhpso&ﬁ h%% b r%ﬁtiﬁg ﬁé&%mdanﬂé 20 @B Giatils 1%:Htehglmg from the

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

although in some cases, the side chain is a hydrogen atom. In other embodiments, not
every backbone unit has an associated side chain. Peptides useful in peptide epoxides
or peptide aziridines have two or more backbone units. In some embodiments useful
for inhibiting chymotrypsin-like (CT-L) activity of the proteasome, between two and
eight backbone units are present, and in some preferred embodiments for CT-L

inhibition, between two and six backbone units are present.
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al t hough in some cases, the side chain is a hydrogen
atom 1In other enbodinents, not every backbone unit
has an associ ated side chain. Peptides useful in
pepti de epoxides or peptide aziridines have two or
nore backbone units. In some enbodi nents useful 30 for

pr ot CHISHE, TR o e W LRt BER SUHECLF natiigl gliphati
cﬁ” Ecﬁﬁmc anfdnd abid s Ma%egu%g%gﬁ%ﬁﬁg%ﬁ%g'%é th&hyKhtdaine),

tion, between two an one Units are
1m;ﬁqe3rll(valm'é) Fb@bsﬂyﬂ(ascdbmms 1eodtlﬂylc(lemglnh) phenmethyl

RS SodmenEhe CREb S DAL B B PR Sy e e chin

Jagla}éﬁ'b@%}her 'EFatn'&Méd Sl RARA ahﬁlﬁﬁ@ Bpﬁh’ﬁnaﬁ\i akdup8 buch as ethyl, -
sec- butyl (isoleucine), isobut (1 euci ne)

rwomiy-ratyhybutyl pameimary kdubstitnie)l eamtl\teh suchi asd -pheayiethyl, 2-

Emeieh BT AERER AR InePh B EEERR, 5

rﬁbﬁ@lﬂ?l)bﬂiyg qullﬁﬁpﬁﬂh?{f)etﬂ 1, et(2aphthyl)pthoR¥hd sifiiftitythpounds. The
, and aryl Substituted derivatives such as

axylmremsl c@nwlﬁnlﬁarlspbﬁélﬁvpd;w%bmch% apwtignchad Cnyalkyl groups, or
&ﬁ%ﬁ?ﬁyl B(ﬁ/ %g%b )Zélcftirllert]nadétﬁF i’l]l)g?’) e%*%%ﬁ%oupjs, $substituted aryl

godps; fahhik behdet hiyd thedikd, Sletdrdayl gronfpoeanddso bEnsed as sitle chain
groups can be further substituted with brapc

d
auhﬁrta%ﬁeHeteroassa|wpsgm@w&smtresenxow@@s%1 el pRgining ary

| K t u
%r s% ?‘?cut ed ary fl]l%rdc,)lhp hﬂg{ﬁlg:l%ﬁl&alsm%{nrt}}ggﬁl ﬁlﬁ%’ ?’ﬁgnyl
ikdHeazo fiengl, oAroydengt, cpyﬂelyd:,amlédzsb/l yraréd, psgmdsfi derrazirgiln
'Sig tltue ts. F 8?5% groups include nitrogen-,
1849/ Yle RNy @UIRQlYT @R HEE i ng aryl groups such as
t hi enyl, benzot hi enyl, napht hot hi enyl , thl ant hy en
f ur y!1In sppegmpod lm"?f%t?é}?ief ERARERA TESIEHESHHB g tr %{PFF%FW the

g%é?({ﬁ'&es.opé ;;’(fcﬁ:l rngy kxa E,al?aiumﬂllyé n%%nhﬁgj&ihbﬂo racids

quin ['Mtke. 1n sone di ments
sooh as hjairowamrgmdlrrge(éﬂld LT@rs Sxea)mrkselﬁmtama:inmngent@Sﬂ ba be

Ebdhest 5 ey he o aaids. G epinale, i tinfine,
J‘bfﬁﬁlﬁé YeyS 8HAhR, hdiMucinb¥nd o#REs. Rbn-naturally occurring side chain

fur-¢ontaining (Met, Cys) can be introduced, as
ambktituags with-cbargedbi polammpietenicinoaso boinckidednsheh as, for example,

car tine, 20 Clt ulline t|ne
B R eor s ay b Spr RO s RSy
&ﬂﬁﬁeﬂ thi§ lU@ﬂ:tolerlJ Q8tES pHbdpho CAIRiE ©F aRindd@baps, BPsehiseBsttadnts
al so be i ncluded, such as, for exanple, G _6al kyl

swhatitated gyithame oga;mgrp hglogemp atoggst fin spyae gre @ﬁﬁdecnpw:g;@ts there is
eﬁrl] 0t %n ha?‘gl rﬁrg‘!loé(gfgent 5 4 ik ABain WP HR pe p %ﬁﬁ? gs¥| ester,

hos am no groups, or s tuents
subst tuted with one e hal.ogen._ at — N
pref sgﬂle(‘g# 81 TS gl?e l?aﬁgf)@e Lémts%re arfiide TRits t-?ﬂff'—%‘?ﬁ{-C(-—O) 1,
in which R is the side chain. Such a designation does not exclude the naturally
occurring amino acid proline, or other non-naturally occurring cyclic secondary amino

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

In other embodiments, the backbone units are N-alkylated amide units (for
example, N-methyl and the like), olefinic analogs (in which one or more amide bonds

are replaced by olefinic bonds), tetrazole analogs (in which a tetrazole ring imposes a
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the peptide noiety. In sonme enbodi nents, the backbone
units are amde units [-NHCHR-C(=0O) -], in which Ris

the side chain. Such a designation does not exclude

the naturally occurring amino acid proline, or other
non-naturally occurring cyclic secondary am no _aci ds, i
oiheati girationtoa thebasihene dotspmbrnations pf sych backbone Hakages. In still

In her .embodi.. S, It I P
Gl A SN 5P SASRNE WL psion. o
dxhmple, k@jnoiwbeafyrioiacidanakags fifrther whibodintnes, side whains are locally

i de_bond | aged by ol efjnic b , .
ey Joncs 08, TP a6, by ol AL DONS): oo
sifscfl SRl b ilp IS of e sRRCHRRNE) for Blark ATy DAl S
woloprlipybmibdificttien, amivhicheod il apram gooupiis presditfictetehyhe o and B

o7 g B ey 1% HD) Rt e HRNens SO NG Frto et eroups, p-
AnfASthbidls cADEH (ide8d FuftRdr ctrtRiRh&nts B iAEIuBE sifé cRRRN6Ibackbone

modi fication, in which a double bond is 5 present
dyelization, dibgfide hordl foBmatienmdactdm foreratipnieaze himkage, end piber
ex l.e by. AE or. cl opr. | di fi ien, i.n
TR B VPO By eBr SR Ry s et neamtibuely, o
CbnsBLREE" B HHbY SiddSot&hainnMdlBcsid Bibldgyahl Wiotechnology: A
enbodi ment’s_enpl oyi ng_ami no_acid groups, D- am no
GamprshersiveBResl RERrCIRT { o Robr o MRSRTS VAR PIAIGRA1995), po.
i chail n-1 0- ' Lon, disulfide bond
g%ﬁﬁfp@kﬁl%ggggﬁﬁggﬁﬁ%t%%ﬁ%hgggb%?nkage, and ot her 10
nodi fications .di scussed in "Peptides .and .M m
esi dIoIPRd i Giciarriarrtes (RS Hn il Teifyre.gf formuta
(Bairl pharthfceuliBAIBCaet@tatide 9dio@¥redRd Bi ot echnol ogy: A
nprehensi ve Desk Reference", ed. Robert A Meyers,

VCH Publ i shers (1995), . 658-@@43 ﬁmich i s hereby
I ncor por at ed ref grence. (He ct of & i nvention
n
Iy

b agpe
relates to conég B ormula 15
(1) or a pharnaceutic ccept ablig sallt thereof, O
R2 H O R4 RSAN) NRN HO® R3RF O (1) Owherein each A
i s independently selected from C=0 C=S, and 5Q2,
preferably C=O 20 each B i gl)i ndependently sel ected
fromC=0O, C=S, and SQ2, preferably C=0
wherein
each A is independently selected from C=0, C=S8, and SO, preferably C=0;
each B is independently selected from C=0, C=S, and SO», preferably C=0;
D is absent or is C,_galkyl;
G is selected from O, NH, and N-Cy_salkyl;

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

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

M is absent or is C;_galkyl;
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Dis absent or is Cl_8alkyl; Gis selected fromO0, NH,
and N-Cl 6alkyl; Kis absent or is selected fromfrom
C=0 C=S, and S, preferably Kis absent or is C=0
25 L is absent or is selected fromC=0 C=S, and SQO2,
preferably L is absent or CO Mis absent or is

PRI IS C N

nost NpehekaRiBl) & idhseht: X is selected fromoO, S
NH, and’ I\I-(%l%ﬂ ra))}élpreferably 0; each Vis

%%%R%gﬁky_ ,b’ngf?Q%}er [a\i){Jyﬁa@Sh S&%% 1y & 00 SW INIS-| and
RERF T ey rieh e RBRALGS stiedifd e iTora Bt o

from efef‘dﬁlywqglhbségdd@(b S, SO, S, CHORLO, and

each Z is i ndependent ly selected fromO, S,

Wik a&%ﬁit (N‘ 19.111;1@@:1‘13%11 O}é R &h&l BB 03 hﬂl@oar%dg 6%.’6?1@[ pl%ﬁqably 0;

R4 are each independently select’ed fr’

e MR RSl oo SghIPBIAN 5 o0k, Eheahil

R3 i CHRIGRROCI . 3al kyl -; R5 is N(R6)LQR7; R6 i's

sel ected from hydrogen, OH and C _6al kyl, preferably
efith Bad iylbpendbntRselébtedl froth 1018 Nehaha N:t:I ﬁﬂk)ﬂ Oprafek4by O,
hydrogen, a protecting group, aryI eteroaryl,

FENR?, af®, ki Rhaﬂe%aapﬁlu%hmﬂmtédtﬁ&ﬁ@ Whikd, h?ﬁlga%ag alkyl,
carbonyl, nitro, hydroxy, Ik I 3’
sel edtedkpxoidl arghCcyaralkgl, a aﬁéle GDIY/KOCHJgalBin- kbylns}d:m aCleast one

5ar aI I, %Gtﬁmﬁ%ema\{kﬂ_;%ZA a _8al kyl -

1{5. 8}1%‘% P(=0) O O _8al kyl - ZAZ- C1. 8al kyl -,
23 =0 O Ct_8alkyl-Z- 20 G 8al kyl -, RBZA-Cl

%al k -Cl_qal kyI het erocycl yl MZAZ- al kyl -
g ey et & LA &
Rl 3N+-C _8al kyI - het erocyclyl M, carbocycly

Rﬂzls %@Ether gain of amingragide Ioolzegen, & proReting o, m@eﬂr heteroaryl,
A o1 TP s SpudHlnfnsifihe B aloleh. Roroddieo, byaroxy,
6al kyhl AC; anel;aralliy sdbdal fytn-Of-alkaRId hikefHl, C\salkynyl, C..

saralkyl, C; sheteroaralkyl, R®ZA-C | salkyl-, R"'Z-C, salkyl-,
(R*O)R’0)P(=0)0-C, alkyl-ZAZ-C, salkyl-, (R*O)(R°0)P(=0)0-Csalkyl-Z-
Cisalkyl-, R*ZA-Cy galkyl-ZAZ-C|_salkyl-, heterocyclyIMZAZ-C, salkyl-,
(R*ONR’O)P(=0)0O-C) galkyl-, (R*);N-C; salkyl-, (R'®);N*-C; galkyl-,
heterocyclylM-, carbocyclylM-, R”SOgCl.galkyl-, and R"'SO,NH; or

R® and R’ together are Cy.salkyl-Y-C).¢alkyl, Cy.salkyl-ZA-C.galkyl, A-Cyealkyl-ZA-

Cisalkyl, A-Cy.salkyl-A, or Cygalkyl-A, preferably C,alkyl-Y-C.salkyl, C,.
2alkyl-ZA-C\qalkyl, A-C)alkyl-ZA-C) zalkyl, A-C);alkyl-A, or C;4alkyl-A,
thereby forming a ring, preferably R°® is hydrogen and R’ is C,_galkyl;

R® and R® are independently selected from hydrogen, metal cation, Cy.¢alkyl, C;.
salkenyl, Cealkynyl, aryl, heteroaryl, Cy¢aralkyl, and C,.gheteroaralkyl,
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25 2al kyl - ZA- CL2al kyl , A-Cl. 2al kyl - ZA- Cl . 2al kyl ,

A-Cl. 3al kyl -A, or Cl.4alkyl-A thereby formng a
ring, preferably R6 is hydrogen and R7 is CL6al kyl; R8
and R9 are independently selected from hydrogen, netal
cation, Cl.6alkyl, C1_ 6alkenyl, CI1.6alkynyl, aryl,
heteroaryl, CL6aral kyl, and Cl. 6het er oaral k

l,, -

b of aelstaply Fom hyimasaaRciaheatan, B oAIkyhrH Raand B kggether are

or _R8C agﬂ( th%%}efo%[n £ne:Cl - 6al kyl, thereby form ng
SAeEen s rdepen

a ring: dently selected from

hyd A d - 6al. kyl f bl 6al kyl.. .
LyRROET 2 B S RSB L o e
Cl. 6@ kyl, Cl, 6al k I, .Cl 5 6alk vl ,

ek By de yedependeafly pelegied @P@é})&ﬂr‘?geé{aég“r 9?-2{@?%@’{‘6@1’ G-
6het I ; ' t d

(RisO e B, BB e P aRal s

( R17)cBbteroardliyASO2GBG-, and R15GBC1. 8al kyl - where the

Cl.8alkyl noiety is optionally substituted with OH,

Kt .is?siallécydld\:ﬂcgl? byioged, (R Sg)lus‘fo;m@gw RKGBo, Mroglehsl(l-, (R')oN-,
refer A Qrine), ar teroaryl, carhocyc o

ﬁet er(ggf)ﬂ% yi RHﬁ%G%}F-‘, @Qﬁgf (ﬁﬁ 1430y ék%ﬁ@e gt-sq)ﬁgﬁqdlety is

one Qﬁﬁ%h&?%s@&te@%tﬁ érl‘?tﬂ.?&lk#lb@ PoptbHEIneRIbstifRlcd xlﬁﬂii

R16 are I ndependently sel ected Trom hydrogen, neta

cat i dralogeh; frafckahly fl@brine)Sarlk betgtoarytlcagbddyyhyl hetesegyiclyl, and Ci.
het ., G l.kyl , d Cl.6h | kyl .
ot e R IE TGy Al A s LR IG s Rt 4 e
R15 d.R16 t th 1 -6al kyl, th b
R ang Ry e indrgendent sdeve R om 5 oRTapEHaLFH: Corleted:
from GQM%BQQ @rﬂ%all%iy?, arftih @b, C, Ghrabdh k@Y, chétdroaralkyl,
nyl,” ¢arbocy |

6al ky yl-, “heterocyclyl, "aryl, hq eroaky ,
Cl . 6grrafekaply framchy@rogensinetabeatimnadrdyCr safitybor RedanchBi together

when R6,js .H, i =0,. and. Qi s, absent, R7 is not
hydrﬁ%ﬂ:{l'ﬁféﬁlﬁéﬁe@V%@mgﬁﬁl uB% i tuted or
unsubstituted aryl or teroaryl, Gh V,, K. an
AR sendepeadendyisreetd o E&Pesﬁmgﬁ@;ﬁ% 63-63§Swﬂ Ch.
or S [ F D BLteRIPHIEE] L RE AT AMPS, .
knomﬁalﬁﬁ?ﬁgarg?té}égg ﬂ%é%? ?&ﬁﬁg%f %Ets? esa,%’ i L{’:I udfél l

t - butsxteramsalbgnyl (Boc), benzoyl (Bz),

fluoren-9-yl net hoxycar bonyl (Fnoc), triphenyl nethyl
firbvided that ahen RE isch) Disoe+0 oandaisubeyit, RTisao} hpdrdgeh €,1-salkyl, or
like. The use of 25 various N-protectjng groups,

e. g. , Subpauisd oz ynybystiatednsyhar hgtemasylofnd he ¢

but yl oxycar bonyl group (Boc), various coupli n]%
D ag¥nksandsWeare selected such that there are no O-0, N-O, S-N, or 5-0 bonds.

Suitable N-terminal protecting groups known in the art of peptide syntheses,
include #-butoxy carbonyl (Boc), benzoyl (Bz), fluoren-9-ylmethoxycarbonyl (Fmoc),
triphenylmethyl (trityl) and trichloroethoxycarbonyl (Troc) and the like. The use of
various N-protecting groups, €.g., the benzyloxy carbonyl group or the t-
butyloxycarbonyl group (Boc), various coupling reagents, e.g.,
dicyclohexylcarbodiimide (DCC), 1,3-diisopropylcarbodiimide {DIC), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (EDC), N-hydroxyazabenzotriazole
(HATU), carbonyldiimidazole, or 1-hydroxybenzotriazole monohydrate (HOBT), and

various cleavage conditions: for example, trifluoracetic acid (TFA), HCI in dioxane,
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di cycl ohexyl car bodi i m de (DCC),

1, 3-dii sopropyl carbodiimde (DI C, 1-(3-

di met hyl am nopr opyl ) - 3- et hyl car bodi i m de (EDC),
N- hydr oxyazabenzotri azole (HATU),

car bonyl di i m dazol e, or 1-hydroxybenzotriazole
nmonohydr at e []SHCBT)' and 30 variqus cl eav

e
hydrgenatismeon RbE isergapicesol vants (sue asdaet ol g gthyiracgjate), boron

kil 288 and ¢ r (| sQlation and
oG o U DAS LTG5 gKSaion o
putifiebfion &f iieioadietahe)welRkbvay anthg ert off poptidéesyntiasls, and are
reaction in solution wth isolation and urification
egpallneRplivelie ie s pagnaration| of IRotHRISCheQMROMRAE- of pepti de
synthesis, and are equal appligcable to the

pr epdnaeftain egtbodimeniy %q e%%}f%ow’o%ﬁ% cach ipdepepgent]yrpelected

nbodi ts, . '
SHRECLARL P o s AT o panseasasenoc,
@kybalkpsnat fepdt.onaby R afid R6 &y RI* BWK O@nalkR14 Dyi@dirred

3al kyl - wherei n, at | east on f

qabrdRests, DAY R and R iy Sr-F ang, ﬁ%ﬁ‘g@rﬁﬁfﬁ Fis]ﬁ)%’ﬁ@ccsf*alﬁﬂ" and
FIAIR O SEp R L, M B st e of
Gl ik Ryhenylathyher presylnptiefl end ¢ @htros RVEIWKOEHR- of R

& RO R RO B AR S ReP o) G and both R

?2 di m&m&%%gt% :;:Q@gﬁg lﬁig%ﬁ%ﬁgg%gg@qge%ﬁstéd %gtﬁlavﬁ%olgen, Ci.
gggigyﬁ% lﬁgltrl%llyl, @Iwaﬁg}eﬁf ggﬁbg F%{l?ﬂ@t&%'cy%?dlgﬁ’lﬁ{e%&/ &y b1_|6 aralkyl,

eroar and et eroaral kyl .
dfd Cinyheterdagdlkylenbodi nents, each R17 is independently
sel ected from hydrogen, Cl 6al kyl, d _6al kenyl ,

C _6ainkyRiin enttidiaents,leith RNak ardepstalenily seleotéd from hydrogen, C.
heteroaryl, Cl-6aral kyl, and C 6heteroaral kyl . f% kvl
@bl e o meipay L, icabnay dyla Rererosy il aqhdicisosryl, Cr-saralkyl,

|l ec hydrogen, a further chain of am no
SR Gehet oAty

*a [, a protecting group, aryl, heteroaryl,

Cl. 6a) kyl,,. C1 , 20 Gal.kenyh, I l. 5

and ap Shiarebedtiedf L TR Qe e aR YW i s Arh B igrosen, o
fuﬁthgrlc-:}ﬁﬁ% ckﬁ/dnrl]iaﬂ dfiBZ, c%solas;ej aepﬁo&gﬂ;gﬁlg gn‘nlipumyl,,hem:rdayyl, Cialkyl, Cy.
BB e TE M DA IRUE Y i bodiments,
b t 7 4 0 1 2-pyridyl,
g e

Ipvhgyl, add-piwedyll . 25 I n certain enbodi nents, L is C=0
and R7 is selected fromd _6al kyl, Cl1 6al kenyl ,

CL. 6alkythst embaxdithent§I: BB Ryik abdeat, and &’ ¥ selected from C.alkyl
Cl. 6het eroaral kyl, R8ZA-O _8al kyl -,
and aryl. In certain such embodiments; R’ is sclected from methyl and phenyl.

In certain embodiments, L is C=0 and R is selected from C;.salkyl, Ci.
salkenyl, Calkynyl, aryl, Cyearalkyl, heteroaryl, C,.¢heteroaralkyl, RSZA-Cl_galkyl-,
R''Z-Cysalkyl-, (R*O)R’0)P(=0)0-C) salkyl-, (R*O)R’O)P(=0)0-C,.salkyl-ZAZ-C;.
salkyl-, (R*0)(R°0)P(=0)0-C, salkyl-Z-C salkyl-, R*ZA-C; salkyl-ZAZ-C).galkyl-,
heterocyclyIMZAZ-C)_salkyl-, (R'*)2N-C1 salkyl-, (R'*)sN'-C_salkyl-, heterocyclylM-,
carbocyclylM-, R'S0,C, salkyl-, and R''SO,NH-. In certain embodiments, L is C=0,
Q is absent, and R'isH.

-10 -
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R 1z-d _8al kyl-, (R8O (R90O) P(=0O O Cl1_8al kyl -

(R$O) (ROO P(=0) O- C _8al kyl - ZAzZ-C1_ 8al kyl -

(R8O) (R90) P(=0) O C1. 8al kyl - Zz- C1. 8al kyl -

R8ZA- Cl. 8al kyl - ZAZ- C1. 8al kyl -,

het erocycl yl MZAZ- O _8al kyl -, (R10) 2N- C1. 8al kyl -

(R10) 3N+-d _8al kyl -, het er oc cIyI 30 car boct\;clyl

R sojafeﬁﬂpmhodlw R 1sEpetkyl; RrﬂS&uﬁ?lKVanlsa sent, and L is
0 7 Oor 2-

FrO D PR sueh oo, RY' o fP RbropS 2. 3 o dbethsiOor 2

(@lfiahiodonyQethgl. absent and L is C=0O 1In certain such

enbodi ments, R7 is et hyI i sopropyl,

2,2, 2[ntdthd°r|eﬁfbbﬂﬁﬁéih‘!’d Li® C—Z} Q ivebont, st iRy ) drhlyll. Thrertain

ot her enbodi ne s _absent, and R7 is
sgrh e@baqhmqnlts ﬂl@@}epw;drfrm2§épg%§1@thﬁb@h%%mg ylsaﬂwls

BT P b
(4 f l]% g %n”en&%ﬁ i§ ?) g%he@Fen?‘g?ds n§1§y1 ci[ﬁ-’ aryl In

éé@tﬁinaéuBh sHbbdiaiRadIR MR HuSstititéd ios uﬁswsﬁmtedtpadnﬁr

unsubsti t ut ed phenyl In certain enbodinents, L is
C=0, ﬂdeﬁaﬂ%%ﬁnrﬂént@ L a0 isabsédd? or O, and R7 is -
(CH2)"carbocyclyl. I'n certain such errbodl ments, R7 is

(©}b)ombogydlylorn certdin hlmwmbodlmerdsﬂi db pyclemyoptylipssyeohexyl.
and A are CCO, Qis absent, Zis 0, and R7 is
sel eclhexértﬁmcumﬂaaﬂerﬁ LBaa'ldky kre, CﬂFUl,lQ-lﬁleSﬁtl Kyik O, and R is

TRt FOOE A oo B ok LR B Gulkoy ZAZ-C salkyl
(ga@é )R(9 L0358 C afﬂyl,%zkht:. ga¥k§@ (REGRR}YJP(=0FNE  _salkyl-Z-C).

t'erocycl yI'Mz =, In'certain suc .
w@ldybd ﬂmbhxttsrocfc‘l’yli\»isZAB-Chealkaciflct@ﬂawzmh@m@dlm%ts R'is

wher e is.su i tut or ,u

A ARSI B s R R S
SRR %ﬁ\gﬂ §)@1Q13}<Whe¥en¢k’6@1dkﬂz’l3 togefiiee bRy @falkyl-Y-C).calkyl,
d 3aIkP(Y- , thereby formng a ring. In
I@Gfét@alhcps%kbér\‘-éh 3@Kﬁbﬁ1€r@ﬁtf§rm19gua§mg_o Qis absent,

and R7 is selected from (R8O (RO P(=0 O C, _, alLkyl -

( RI ) 2Certgial degferred Eln]JG(NH(e@HZL is C=0aRxds 2sent, and R’ is selected

1 TGP S driaBlo Gk oA TET Ghabd

h&er&yc@ﬁlmw In deftafiubR EMbOdiARAtsS RE B -©TRARINERE"S, orRT i S
het erocycl yl M ere heterocyclyl is selected from,

sty R Do Whﬁi‘q:)%}eﬁfdf:ncﬁlkylphp@qf@zn otber sush epppdisnants, Ro 1s

eI FRRE RNy B i ke P B P o1,

ﬁﬁerﬁghkydnd@y@he@bkyl M C16araa| kyl, and
Cl6het er oar aal kyl .

In certain embodiments, L is C=0, R®is Cialkyl, Q is selected from O and NH
and R is selected from C).salkyl, cycloalkyl-M, C;_saraalkyl, and C;.¢heteroaraalkyl.
In other embodiments, L is C=0, R%isC 1salkyl, Q is selected from O and NH, and R’
is Cy¢alkyl, where Cgalkyl is selected from methyl, ethyl, and isopropyl. In further
embodiments, L is C=0, R®is C.salkyl, Q is selected from O and NH and R’is C;.
aralkyl, where aralkyl is phenylmethyl. In other embodiments, L is C=0, Ris C,.
salkyl, Q is selected from O and NH, and R’ is Cycheteroaralkyl, where heteroaralkyl is

(4-pyridyl)methyl.

-11 -



10

15

20

25

30

In other enbodinents, Lis CO R6is Cl.6alkyl, Qis
selected fromO and NH, and R7 is Cl 6alkyl, where
Cl.6al kyl is selected fromnethyl, ethyl, and

i sopropyl. In further enbodinents, Lis CO R6 is
Cl-6alkyl, Qis selected fromO and NH and R7 is CI1.

6aral kyl, where aral kyl is phenyl nethyl . .l n_othe
enbodneriais emboimentiL ivgbset enisSrBAMAR° andR dogether are €.

LR RN, T € SR SRR A g, 1n

@fhingirefemsd eﬁhbﬁﬁﬁteﬁts Lis €= %m Yurd iﬂ)sﬁiﬁﬂnddhédarﬂﬁi atogdether
R7 t oq};t her_ a

AT R ——
rﬁg_?get%er aﬁ-@@valllfyl-ﬁﬁ 1 LAk Hﬁ %ﬁ&héreﬂeffeﬁ*éﬂ @hi%ﬂﬁrfent I is C=0,

are absent’ 57 t o7get er
Qnsealﬁbnts‘dllkydled’edd'roﬁdﬁﬂyahd N ﬁfl @ﬂib}tlhmd r afddR rtegether are C;.

lERRET Rl e o pr el bydiient. Fjs BAEE el osent and R

Pus’abgasrapbed a)l'l%ﬂlY d:. &élnlﬁylc:fﬁ)anotﬁeﬂ ﬁeﬂaﬁ‘é& Rinbodimeht, L and A

sel ect éd from and and R7

am@e?ﬂwend &P ondR. otk gy BEAKG alih it e
f d
o d%rlﬁblgg{l g‘r n:agb@n d3%| in%I_Ig\}oé? théra%g?/ﬁ nglﬂ’] anot her

pref red enmbqdi.nment, L,a R6and 7

t ogetfeETEfEmbpasne R “za&q%%} Oy Wande Fape Suc
RhsIdhéRs §.0/ qaba@ﬂlweaeé abseni@Nd ofhed gﬁchcer@oﬂmeﬂ@ aasd Rfare
t oget her are 'C2. 3al kyl-A. In certain enbodi nents, Rl4

dbsert iR 50T (R160) MESHIND. [nyetetherush smbpdinsstio B is€hsalkyl, K is

e absent. In other such enbodi ments,
e%hddldﬁlg?cggvgrﬁgﬁent D |s Cl.Balkyl, and Wis 0. In

yet ther suc nbodl Cl Kis

A S e ) If@?{-ﬁ% effipodingys, Fi¥C-0, 6

15@5@35(3;35‘11(?1 Q’fﬁr(j %ﬁdm@*@ents Bis C_O G |S O D
Vis 0, and Kis C=O. In certain

embo %lﬁ en@gauh&,g ?ge Q{‘e}/é}bag}ctyp IR Aﬂéf@ﬁ@& ﬁﬁdﬂ ettfliments, D

enbo I'n "certai n suc
ie ﬁb@zdkyte i sertam sm}mm%mmeﬁsgcy i@ dKheCefl algd:hgtbrobgﬂyl is

ox di oxo In qth uch S

{8 sinar Suhiodhiénte Yot gty K g pbieatorts T, and
Mé?é@c(ﬁ]@p\l R”} xﬂ;&e i, JIR togaidnare RIS, JLWBJ, or B-J-T-J,
J- W\B-J, J-T- , is_.absent or is ;;Iecte from
TMS aﬂm 01‘ B seBCled @ OCH@'&'/S, SQ—I@@F@HOQ-,@H@QR , G7@, CF2,

A SR
g:‘r‘g]:) ab| %/@\ér%%ﬁgg%eg ggal WR 5 V(Psqu%;gag@ pgferably V is absent.

1§ & @B such embodiments, D is Cysalkyl and K is absent or C=0. In certain
embodiments where V is absent and R' is (R'7);N-, D is absent K is absent or is C=0,

preferably K is C=0.

In certain embodiments, R'* is R"7S0O,GBG-. In preferred such embodiments, B
is C=0, D, V, and K are absent, and G is NH or NC,_salkyl.

In certain embodiments, R' is RISGBCI_galkyl-. In preferred embodiments, B
is C=0, G is O, and the C;_galkyl moiety is optionally substituted with OH, C;salkyl
(optionally substituted with halogen, preferably flucrine), C;.salkylW, aryl, heteroaryl,

-12-



25 enbodi nents where V is absent and R14 is (R17) 2N,

Dis absent Kis absent or is CzO preferably Kis

C=0 In certain enbodinments, Rl4 is RL7SO2GBG. In
preferred such enbodinents, B is CO D, V, and K are
absent, and Gis NH or NCL.6al kyl . In certain

enbodi ments R14 is R15GBCL, 8al kyl - . % erred
carhosi¢lifk heterocgelyband £ exrakyls E@malnéﬁah " fRbo megtss fhe £1-salkyl

¢ , C1-8al kyl
I?%%f' %%%%&%@%@ {&6{1 éggg\nh Eﬁﬁ%ﬁg%\’gnﬁ refer ablay Y
fl | - .
car bdeyetyn eppapa e mPound SEBORTR st Pllowing o
ssdredbnemidedi ments, the G _8alkyl nmoiety is an
unsubstituted, nono-, or disubstituted Clalkyl. In

certain enbodi nents~ a q_-grrpound fq_-(zmjl | has the
followi ng stereochgn styy: H5 N,gR4 K, %= N~ N~ 5
R HOR3 HORg i nhi bitor

has a structure of fo la]ll or apy phalinaceutically

s acceptable salt tRéreof, YO RBRENNN ® HOR3 HO
(R 10 wher ei n each A is independently selected from
C=0 f rmula Il ora
ndepSade g et ua® Al o MRS
Iﬂraeﬁmeabbglly&c@ptalﬁe salt tesefit or is Cl 8alkyl; Gis
selected from0O, NH, and N-Cl _6al kyl; 15 K is absent
or is selected fromfrom G=0, C=S, and S02, preferably
Kis absent or is C—O L As absent or ks sel ected

fromC=0 C=S, and referablo/ L i hsent or C=Q
Mis absent or |s C 8a|

X

;UI.II
O

(II)
10 wherein
each A is independently selected from C=0, C=8, and SO, preferably C=0;
each B is independently selected from C=0, C=8, and SO, preferably C=0;
D is absent or is Cy_galkyl;
G is selected from O, NH, and N-C;_ealkyl;
15 K is absent or is selected from from C=0, C=S, and SO, preferably K is absent or is
C=0;
L is absent or is selected from C=0, C=S, and SO, preferably L is absent or C=0;
M is absent or is Cy.galkyl;

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

X is selected from O, S, NH, and N-C,_galkyl, preferably O;
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Qis absent or is selected fromO, NH, and

N-C _6alkyl, preferably Qis absent, 0, or 20 NH,
nost preferably Qis absent or 0; X is selected from
0, S, NH and NC _6al kyl, preferably 0; -13 each V
is independently absent or is sel ected from O, S NH

and N-Cl 6alkyl, preferably i s absent or O;
eaehs ¥ris ingiepenslenthy ahsentriris ﬁg}e@@-‘i Femda, 3. and NSCI{&ﬂky]and

fN; ocrln 8&1‘3@3’7{3@ g‘[“la% os gd Ssggse?:tHoglol Saﬁgl gm -
PR o) HERTHGTIA S AR LA s o

R qsf'ﬂ%' Faa B (LR el s cron

I@bé%lhm and R14DVKOC! . 3al kyl -, V\herel n at | east
one of and R3 is RL4DVKOCL. 3al kyl-; 10 Rs is

&%*f*%’%%@%een?%g | ordEhera 4o Riug N G oty o
R0 A e NSRS B R LOLING, O BB, O

Wi th Hﬂtbﬁ@ﬂlm rmgwalkymahﬂ qx,”mvﬁoms;gancyla,rwherem at least one of
Cl. 5a| Kyl ig s selected from CL6al kyl,

Cl. 6& I@élﬁ)ﬂ s ek Rnyatkylslr 15 6aral kyl

Cl 6het er oar al kyl, RBZA-Cl_gal kyl -, R11Z- d _8al kyl -
RHSTXRBBOQRS( =O) O- C1. 8al kyl - ZAZ- Cl 8al kyl -,

(R8O) (ROO) P(=0) O- C1_gal kyl -Z- C1 8al kyl -

FRZ fel GeBRbinyH yd7dkién GDHS ahk ¢l salkyl, preferably C1 salkyl;

het er ocycl yl MZAZ- C1. 8al kyl -

KR8 @hiiO:h4ix OF @nido sk M&drogéﬂ@)&bbt(ﬂg Bahk kv, or heteroaryl
(R10) 3N+- C1_8al kyl - het er oc cI %lr car bocy&
R11 S@Tef shiighgs optiesidly mubstist hajpeRecaghapy RO, hydroxy,

Lo OB MR o) g, st €1

é\j— Cléggilgaldm Q%,ﬁhemrﬁteﬁhjrlkgfzm—clgal&&b,r&ldzycl saikyl-

o BRI A s (RO SPpIg 1 pstiot
ther et?yaf r.m%@l rARYL.ZRE. @pﬁu@@ ﬁé@rd&g@lgmmm | hlkyl-,

sel ect rom hydrogen, netg cation

25 ARUGHRIOIRCEGADHGhnpikyl-aty Do NHusghoks G’ )3N 8, sl
%d?g’&g":‘iké/ st seies Nl o S o
a%ﬁtRhetcr)gea éar 396 C??JIIL()){-Y-C] séﬁl’(ﬁb}l}l Ba?lqu] ilg (ﬁ 6ali(9lg A-Cgalkyl-ZA-
C1.¢alkyl, A-Cigalkyl-A, or Csalkyl-A, preferably C.,alkyl-Y-C).alkyl, Ci.
salkyl-ZA-Cyalkyl, A-Ci.alkyl-ZA-C.qalkyl, A-Cialkyl-A, or Ciqalkyl-A,
thereby forming a ring;

R® and R’ are independently selected from hydrogen, metal cation, Cyealkyl, C-
salkenyl, C|galkynyl, arvl, heteroaryl, C; ¢aralkyl, and C,.heteroaralkyl,
preferably from hydrogen, metal cation, and C.¢alkyl, or R® and R® together are
Ci-salkyl, thereby forming a ring;

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

and
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each R10 is independently sel ected from hydrogen and
Cl -6al kyl, preferably Cl.6alkyl; and -14 each Rll is
i ndependently sel ected from hydrogen, OR10, Cl1 5al kyl,
A _6al kenyl, C _ 6al kynyl, carbocyclyl, heterocyclyl,
aryl, heteroaryl, d _6aral kyl, and Cl1

6het er oar al kyl ; R14 is sel ected frorqoh dr og
e@msg)le lezw(eﬁm) welecte Eam-hydregeny @Byefvlyﬁalkyl(%sﬁj@myl Cr.

& sy B EE Telirpe B, R Bl Sl IR G £

Cl _8ahkytodvient i onal 'y substituted with haI ogen,
preferably fluorine), aryl, heteroaryl, carbocyclyl,

HretEleReyl f¥dm h%k@g Rgp(ref sy (=Opwef bl yhotdrodyoBat, (R”)gN-
one ocecurrence of i's qther than hi;drogen R15 and

R16 4| )ﬁﬁdd&eﬁ@eﬁBﬁy @dIPgCGBQI sallgh Where et )-sallst moiety is
t C k
by g?ogngp IRy %tg]:eglw} OF, P2LAEAW (o ?&gg@y@ﬂ]mﬁw&h

pr ef Q{awgeﬁ ﬁremﬂny d009®), arfE halercandl] mboogzohyl mbteaajyicm,,and Ci.
or R15 and R16 together are Cl. 6al ky

f or misarplleylmrafgrablwetiert ong accuERGFA| nfsl‘i} éh@%‘ﬂ’éjﬂ"gen
from h¥drogen OR10, C1-6al kyl, Cl6al kenyl
B3 lakg Ry are cmdepersipotly beledted fpmdydragen, mes Catﬁét Ereliy Ci-

CL6ar al,k hete [

whon @, CRokRys atvh BAgREHR T S, A0 fgtrouiRtyl,
hydr QeRrably frbm Mogearmeﬁubﬁiom afided, @rkylns BOSanid Rifadgether
aryl or heteroaryl; and D, V, K and Ware sel ected
such mh@naalhﬁr@embyfﬁmggeﬂn&o SN, or S-0 bonds.

20 In certain enbodi nents, Rl and R3 Are eac ch

dankl Bpeis dedepkydenty seieedd fmmﬂn@logenﬁ@Rky Cisalkyl, Cy.catkenyl, Ci.

o Rty S eeh he ey Y Ayt Hrterdi) ¢ kR Bl

R3 i shRbAJMEE - 3al kyl -. In preferred enmbodi ments,
one of Rl and R3 is C1. 6aral kyl and the other is

1.5 ¢he, AsBHERT Bthoe & T, -alkyl, or
ﬂogg],ﬁl éél{%vvﬁ%% ¥ -phenﬁ?ﬁu Sor phenyl m& aﬁtz? 7

t he otvbstituR8 qrgnmmumﬁl-ordxetemaﬂvm CH3)CH. In
certain enbodi ments, each R11 is independently
sel eched, Vr ﬁnm{d/‘dﬁa}geeiﬁctéﬂ such@batklpre a@IncBatRen, S-N, or S-O
Cl. 6al kynyl, carbocyclyl, heterocyclyl, aryl,

&roaryl, C,.6aralkyl, and CL 6heteroaral kyI .

In certain embodiments, R' and R? are each independently selected from C;.
salkyl, Cy shydroxyalkyl, Ci.salkoxyalkyl, aryl, C;aralkyl, and R"*DVKOC, salkyl-
wherein at least one of R! and R® is R14DVKOC|.3alkyl-. In preferred embodiments,
one of R! and R® is Ciearalkyl and the other is R”DVKOCi_galkyl-. In the most
preferred embodiment, one of R' and R? is 2-phenylethyl or phenylmethyl and the other
is R"*"DVKOCHs;- or R“DVKO(CH;)CH-.

In certain embodiments, each R!! is independently selected from hydrogen, Ci.
salkyl, Cysalkenyl, Ci.salkynyl, carbocyclyl, heterocyclyl, aryl, heteroaryl, C.saralkyl,
and Cy_gheteroaralkyl.
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-15 I n certain enbodi nents, each RL7 is independently
sel ected from hydrogen, d - 6al kyl, Cl_6al kenyl,

Cl _6al kynyl, carbocyclyl, heterocyclyl, aryl,

het eroaryl, Cl.6aral kyl, and O _6heteroaral kyl. In
certain enbodi nents, L and Q are absent and R7 is

sel ected from hydrogen a 5 further chain
aci ddn c@lalﬁa@omdmaenpﬂ @%@c&w r}@lné entgf gﬂlectqcﬁei%gp gln%hygcn Ci-
%y]@ﬁ!éf%l*g%rgﬁ:]q | carb% ﬁ%ﬁhyo nﬁ %\??rgl%{egd/eﬁyl @Pgiaralkyl

a@&cﬁgh&yﬂoa@nqdm i's sel ect ed from butyl, allyl,
propargyl, phenyl methyl, 2-pyridyl, 3- pyr|dyl and

4- pyrip %ﬁam |eﬁ1b%Hﬂﬁént§3 '][bé?ﬁ' Yerd dbserlt ahd Rg@selé@tddsfrom hydrogen, a
absent, and is selected from Cl . 6al kyl

an
fartbd:r chhim crfannm acidt €h-seeybadpratesting SIRPP; 2yl bﬁtéaa@a Eratkyl Cr-

Ay T eV E D sty B Tl PR ey 5 CrBodiments,

SLed, kyeyl andERWS selécte S RO By, all}dl lﬁbpa'gyll pheny]methy] 2-pyr1dy1
Cl. 6het er oaral k I , R8ZA-Cl1l 8al kyl - RI 1 Z-d _8al kyl -

1 RRGiRIY)Pryd . 8al kyl -
(R8O ( ROO) P( 0)00 _8al kyl - ZAZ-Cl_ 8al

( RSO)I@lml@rI@(nb@@@ts Bais 19§12, Qicnbsgal, Ryd Rlﬂs selected from C;alkyl
RRZA-.C  8al k

odgerit A%%b%iﬁ%tw by e e e

L0 o b A ES s
g@ggl n%ynarl} a@l @—garalkgé h&eﬁﬁﬁﬁﬂ@; smgeoasmml REZASC) salkyl-,

mlzgjlab&@h‘t (RS@XR D)P(§O)@=©1 salleylo éRtQ)(R QBEROIO-C. salﬁyl-ZAZ Ci-

SIRPE QP R M SRR 20 oAz

ﬁéﬂer@&ﬁ@flmzitlmﬂl&ﬁ, (RL%8-G=akyR qu‘ )ammgalkmdletwoqyslym-
Cl. 6aral k In certain sugh enbodjnents,

@@bm@wf,abns@chnemyl curiR Sy Iy ergbpdihents, L is C=0,
hl? %fhe(g thyl, (4-chl orophenyl) net hyI , and
{525? 8¢ enyI ‘met hyI In other enbodinents, L is
|s abs .C 6 V7 IS ;
25 ce et?'PdélﬁélR% | Atd: 68}351 |ks 15;36;;063@; u(? esﬁibgént fd L is
Qﬂé)UkIﬁEérttaHh ScHEYdiments, I@h&temyn issppeyslil iR atriflloriosthyl, or 2-
C=0, Qis absent or 0, and R7 is (CH2)" carbocycl yl.

(metbylsulfamyDsthoh enbodi ments, R7 is cycl opropyl or

cyclohexyl. In certain enbodl ments, L and A are C=0
Qis hbsthatembodimens, aisdCFO, Qds absenteendR’ Bloppralkyl. In certain

AL %1 8a|rg[ ll?gé geg/f?c%edqromaj- kﬁenyletl@%%e%methyl (4-

methoxyphenyl)methyl, (4-chlorophenyl)methyl, and (4-fluorophenyl)methyl.

In other embodiments, L is C=0, Q is absent, R® is Cy.¢alkyl, and R'isaryl. In

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

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

(CH,),carbocyclyl. In certain such embodiments, R’ is cyclopropyl or cyclohexyl.

In certain embodiments, L and A are C=0, Q is absent, Z is O, and R’ is
selected from R¥ZA-Cygalkyl-, R''Z-C\salkyl-, R*ZA-Cy salkyl-ZAZ-C, salkyl-,
(RPONR’0)P(=0)0-C salkyl-ZAZ-C, galkyl-, (R'OYR’O)P(=0)0-C salkyl-Z-Cy.
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30 (R8O (R9O) P(=0) O Cl 8al kyl - ZzAz- Cl 8al kyl -,

(R8O (RO P(=0O O C1_8al kyl-zZ-C1_ -16 gal kyl-, and
het er ocycl yl MZAZ-Cl _sal kyl -. In certain such

enbodi nents, R7 is heterocyclyl MZAZ-C _8al kyl - where
het erocyclyl is substituted or unsubstituted

oxodi oxol enyl or N(R12)(R13) wherein R12 ng, R13 _,.
syl sk heserocycly BEAGCavally 61 septain Sugh SRBPLReps. R is

}@g?%rcﬁx%é g:r' éagl-:l\él haEerh%'r{fgéﬁzc[ﬁ Es'@uggtltﬁteﬁ'c?gmgﬁnggfﬁted

AodicRleh§! sral@eher!”), iweroid R%)dd @c@e@e@aﬁﬁl&alwwcl salkyl
R1) 2NCL. 8a| kyl , (R‘ ) 3N+( CH2) n and heterocyclyl -

preferdly Gi-relladofr Contlki; therrby forying @ rngy _ ga| ky | N( RlO) 2

or -C 8al kyl N+(R1D) 3, where R10 is Cl.6al k

cert dinmedalhqrefsuedremh@bmen’é‘nbss Cﬁ@ Qds absept ﬁﬁiﬁc F%ﬁe}\ﬂ“ed

%f?eiﬁ AR\ G BT R AR GRTRAPNE CPwand

f O ngs Nlﬁlltcensgﬁggl eﬁﬁocﬂ1|§1eﬁﬂs géisk-xd] g%?legemesed
rom a IS Se ecte rom

@ww@%& weredlﬁe%@aaﬁllﬂglr In %ﬁf@“biél@h%’tﬂé FibpdRy R i
In oth I

el B Rt TR Syebvt befeckaa iin ibrihlind iptridid | o

&ﬁe@ahkydndlgn@ﬁﬂmt ed from met hyl , ethyl, and
i sopropyl. I'n further 15 enbodi nents, L is CO R6 is

Cl. 6;’3\%@%%%&&%3%@@ d+@mRGs .&hdallﬁlb-]ll @nsr sd¥ctedsir@mh O and NH
6ar aJ , ere ara nyl met
e dis %elnctgd fiom 6:1-.@ll, q;{glo,aﬁ( ﬂ Crggqaﬁl};iyl a@i gggleteroaraalkyl

AP S S e, S enhe o, o

R QEIkIE Mhgre €, daﬂ(yatssserebtedrfrdm n‘féﬂ@l eamd m isopdopyt. In further
to ether are Cl1 20 oal

Q}‘am@yqs 7§ @;0@ }g,ﬁl < y{ 13@g]|eﬁtﬁl lﬁ)'ém ?ﬁlgfl &E and R7is Cy.

B
AR Lpospiian mesa s e

aitley] @) i8sdldoydd fror@D) aad Wi, and R &r{btﬁhétpm@faék)ér where heteroaralkyl is

enbodi Land Q are absent, and R6 and R7 together
M%@Xli Y-d _3al kyl. In another preferred

nbod cC=0 b
N anth serein GEPRGENS K ase ¢ R T Syl e paethge!
3&%{%(:\(&%13 @15 n)trl 24 ncgrg%(;’le br 1. %ﬁl@)ﬂf& dh QEPPrARIY a rlhg In

together are
Gértadaprefdrred-dmbadirhents, L isiC=ndP hed anrgﬁ‘@qente gnd R” and R’ together

nbod C= 7
e Ik e i ey Pretim e ppupes Canh RPfeaBont, and R
%g@gﬂ tc{g%ﬂl%r are ANGIKAH-FLE _HHEIL. aﬁﬁanBﬁleapftfa;’ed @geidiaentak.és C=0,
I n ceftain enbodi nents,

s Sy e 5 G elereron NEL e i gk and R and R” together are Ci.
;alkyl-Y-C)salkyl. In another preferred embodiment, L is C=0, Y is absent, and R®

and R’ together are Csalkyl-Y-Cjsalkyl. In another preferred embodiment, L and A
are C=0, and R® and R’ together are Cj. alkyl-ZA-Cy.,alkyl. In another preferred
embodiment, L. and A are C=0 and R® and R’ together are Cy.jalkyl-A.

Tn certain embodiments, R is (R ?OXR'°0)P(=0)W-. In certain such

embodiments, D, V, K, and W are absent. In other such embodiments, V and K are
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such enbodi ments, V and K are -17 absent, Dis

Cl 8al kyl, and Wis 0. In yet other such enbodi nents,

Dis Cl 8alkyl, Kis C=0O and V and Ware 0. In

certain enbodi ments, R14 is R15GB-. In preferred

enbodi nents, Bis CGO G is 0, Dis Cl1_salkyl, ﬁ
acsenarmlsrcu wikgb@nd 3V 5O dn et vthes sugfuembed glentmla iy 9 salkyl, K is

(%‘;5 +Varelcp preferred such enbodinents, D is
n certarn such enbodi rrents Vis 0, Kis

C-O d h t -
emoaﬁﬁgmﬁe%boﬁ <l Brcis R G A ufipiteg emfolinfits, B €-0. 0
D8l Bri9ey g, Vs Bl@i((l?@gﬂb where R18 and R19

toget her are’ J-T- J-WB-J, or B-J-T-J, T is absent

M@%ﬁ%@%o@é&%@ Rlﬂgﬁgteréﬁgc@p 1P Ifgﬂﬁgﬁ iemgfdlln;ents D

100, gdk |y [n cdrtuirc archaimbodirhads, eist@, K Bl@‘@s&r(dFQEY?fQWd)d ns

. bl [ f
Cé‘R&ﬁg‘%lﬁBS‘drlﬁﬁ ity Aot PR i ARl 88 £20, and
( ngfr;/l %qq@@@‘w LR RENINA A RIRthYr b JabsenWM CorRi4-T-J,
i s

i s” absent ;( i s absent or ri

"lbrselbeemabt is ssreprsdee@ O15R'h Sc 8% 80n CHOBJ!, r@éi@@ R%&%CFL
R&@H_Z g)J reflse re §uch enbodi nents, B is C=0

b 5) af P(S%brsg BLEHMd Gis NH or NG _6alkyl. In
certain enbodiments Kyl .

pr ef jpp@taalgmnﬁ ssﬁlés (ﬁ @7?@ )éngl%cf?rﬁglyVm absent.
Iﬁ’%r&@rlr&y éucHth%Mm‘le?ltso P} s @M %hl'k%ﬂ ﬁiéltlﬁ id iﬁébﬁdx\@ﬁ@ Iatertain

(optionally su 4st| P,te wi t h hal ogen,
qmb@ﬂanam whede(ldis abegnt acl REASKRI WN-abyis abseat B ipalisgnt oriC=0,

het lyl, and CL.6aralkyl. | {
@%%W%Byn%d%{:_ meser;)rr:]gcc)l/ gaIaEyI rmia[e?y san an
stituted t
Aot HRceEapEEbolmaRt K o Her dndsipged Sighsmpsgiments, B

0N D, & Shd WCIrH aBseff, and O RN of NIJ, LalRYL. for mula (I V)
or a pharmaceutical |y acceptable salt thereof, R R7 0O

( Ul )Iﬁ%ﬁtgﬁ Mbdfdfenty; R'Rs B°GBE, IRIR ﬂﬁef@rr@d edBodiments, B

is C=0, G is O, and the C,_salkyl moiety is optionally substituted with OH, C.salkyl
(optionally substituted with halogen, preferably fluorine), C,salkylW, aryl, heteroaryl,
carboeyclyl, heterocyclyl, and Cyearalkyl. In certain such embodiments, the C, salkyl

moiety is an unsubstituted, mono-, or disubstituted Cjalkyl.

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

formula (I1T) or formula (IV) or a pharmaceutically acceptable salt thereof,

3

1 7 ) R
R II? @) R X y 0 X
A o

O R R O RZ R® O
(1) (IV)

wherein
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wherein -18 each Ar is independently an aromatic or

het eroaromati c group optionally substituted with 1 to

4 substituents; L is absent or is selected from C=0

C=S, and SO2, preferably SO2 or C=O, X is selected
fromO, S, NH, and N-Cl.6alkyl, preferably 0; 5 Y is
absent or is selected from C=0 and SQ2; Z is absent

each As 1s@hd@:eh&e;dtly AR arom@tlc erhiptqrgargmatie Wplod?élé%%%‘ﬁﬁqﬁ}}tcd

sel ect, m.Cl4al Ct _6hydr oxyal kyl ,
& eribLd a1?§‘§hs RGP and~CL baral kyl . any of whi ch

Is optionall Wt r de,
Loihehient Gniiselry el G P O; b Saanls 05 a0 G016
i ncl udi ng Cl. 6alkyl ester 5 a ster, and aryl
Pésﬂtsel«?ptedtfm%p SoNH%/ AN hesal kBéxHi‘El{er%@ég?t R4 is
N(R5)L-Z-R6; R5 is selected from hydrogen CH,
Cis. dbaerdiok o seectedzfrom C-GBand§P= Y-, preferably
hydrogen; 15 R6 is selected from hydrogen, OR7,
Ak.abadk enisl Cr68lkyl- , carbocyclyl, and heterocyclyl;

and R7 and R8 are independently selected from
Ky df agdr’ aﬁaezﬁﬂhhddpendﬂmly@hle&ad aﬂohycl.sallgn,ecﬂmamoyyalkyl

hydr (%22) o Cert al 3 gggﬁﬂ;’ ok'y chflseleﬁtgnea Hsubstltuted
Ce” g { i gﬁ?&%esqgrbt&%ml aa.frﬁnﬁf %Jﬂ%s&gﬁ: z{c’id){Br Y%A AEesb1), @b{er

. 6ar preferably hydrogen.
c e r t ginelheiinodi miioll ssteR61.4 alkgleetsm:,t and afrylcﬂﬁeh)y thiolg elhthloethel‘
Cl . 6al kenyl, Ar-Y-, carbocyclyl, and heterocyclyl. 25
I'n ceMPsiitieifhodi ments, Xis 0 and Rl, R2, and R3 are
e4ach i ndependent |y sel ected from Cl. 6al kyl,

SO

ks ﬁ%ikyl and Cl.6aral kyl. In preferred such
enbodi nent s, and are |nde endentl C1. 6alky ?
Ris iselected &anahl)ldy%enl thé?neara ls'»a]é%f -Y-, preferab
enboﬂ}ﬁgnts R1 and R3 are both |sobutyl and R2 is
phen -19

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

and

R” and R® are independently selected from hydrogen, Cisalkyl, and C, saralkyl,
preferably hydrogen.

In certain embodiments, L is selected from C=0, C=8, and SO, preferably SO,
or C=0.

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

In certain embodiments, RS is selected from hydrogen, Ci.salkenyl, Ar-Y-,
carbocyclyl, and heterocyclyl.

In certain embodiments, X is O and R, R% and R? are each independently
selected from C,_alkyl, Cy.ghydroxyalkyl, and C,¢aratkyl. In preferred such
embodiments, R' and R are independently C; ¢alkyl and R*is C,.saralkyl. In more
preferred such embodiments, R! and R? are both isobutyl and R? is phenylmethyl.
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In certain enbodi nents, R5 is hydrogen, L is C=0 or
S2, R6 is Ar-Y-, and each Ar is independently

sel ected from phenyl, indolyl, benzofuranyl, naphthyl,
qui nolinyl, quinolonyl, thienyl, pyridyl, pyrazyl,
and the like. In certain such enbodi nents, Ar may be

substituted with Ar- where Qis selectedf om a
di r edun cirtain embgdimeaﬁstE:ls hyglragenklsfis CTR 6 SChaR b isgh > and each

A5 PR et LR el el eiHporufplRbafing, quinolingl

qﬁﬁfolcﬂiy[‘ tl@r@ﬁﬁdpﬁﬁl}ﬂﬁpyr%l iad kiyelileg €8, ceﬁmh&uﬂbﬁﬁhﬂidlmhnﬂs,sm
C=0 sel ected fraom Ar-

w@s&bww w1tthr:@r,t Debee B ispelertsd fopeh d’é?ﬁS &av%ﬁrsand Ci-
gﬁ%le e %&%1}{ lo‘ra}%eg sr.‘rc’c% e‘?ﬁl;ogﬂjmgr?tg Wh%&’ e alaklyrfihf ﬁﬁhﬁ? BY Eubstltuted
plaéferfabryf\erﬂh A Cdlg. epﬁmgrl ment s, Ar i s seI ected from

phenyl, indolyl, benzofuranyl napht hyl, qui nolinyl,

qui ngh @B¥din efnBb&iyents, R‘S”isl ogeﬂyzaia’dsentands Cho dris@, andR is
I'n certain embodi ments is hydraogen, L is, CzO or

sslgoted ﬁronsAaa’swhetqﬁ%fchd i c@ianrsarerﬁ%'rﬁsﬂr suchg@padiments,
116506 a'{& @Jclec?‘ed%ro%ﬁ'?%h{aﬂ&?gh%ﬁ% H‘{Be&ﬁi iP&idinyl. In

St ent 1s prere an ar er bar

caftait ptherpredeéddeh @bibpdiangmie myhs gﬂmﬂq@d fnqnhrpdmmgrlj xyrdo]ys

substituted with Qne_t f our Si Etltuent In c ig ik
Sy BN, GHHROLERY D PNl ORI BIFEn PV P ERE Sk

hydrogen and Cl_6al kyl.. In certain preferred such

embodn wentein emrpdiaatsl’ it ydresapbAtiene of SQeldtflsgnt, and R®is

éﬁ%‘?%d%’ﬁ%’g %ﬁﬂergﬁ %&’ Lubrse Jﬁﬁﬂ%&&f fl&g é%@:ﬁ%stltuent 18

&éiaaiyfmﬁﬁ‘bh&i Hegsbaryl goap,nerepdefofabiyod ]ﬁldngl grolip ppldonally

formula ( has the follow ng stereochemstry R R7
Sebtﬁee@)‘mé? onep foux SﬂzﬁtlﬂrenﬁerN) 0 R2 R8O R R3O
(rrr) (V) In preferred enbodi ments, the inhibitor S

a st rlneeiaie egbodisann. B’ end RO pre indepepdently-selevicsl figm BY ogen
aﬁg%na%ylm LS Ju}{ }2%%@9& akh %m%%hfme%?&e REQha R* 20 1%&eﬂ%¥rdgltly

selected from hydro gen and methyl. In more preferred such embodiments, R’ and R®

are both hydrogen.

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

following stereochemistry
R'" R’ O R? X
R4
J\WN\)L \)LN,HH{
0O R2 RS ) R2 R8 O \

(1) (Iv)

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

formula (VI) or a pharmaceutically acceptable salt thereof,
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NNRAN O- RBORSO (V) (VI) wherein each Ar is
i ndependently an aromatic or heteroaromatic group
optionally substituted 5 with 1-4 substituents; L is
absent or is selected from C=0O, C=S, and 502,
preferably SO2 or C=O X is selected fromO0O, S, NH,
and N-C _6al kyl, preferably 0; Y is absent or is
sel ectrgd bem Q:O R SQR: Z is absent or Os R3

Cl1. 6a| yl; R3laXe each mdepEg en y
sel g
d 6a| ko yaI kyl ary

, ~C1_6hydr oxyal

and Cl 6aral kyl, ahy o
is opti dAal | tlt(ated with one or nore, o
am ne, car boxyaC| d (or a salt thereof)

(i ncluding C1\ yl ester and aryl ester
t hi oet her subst ents; R4 is N(R5) L-Z-R6
sel ected from hydrogen, OH, Cl_6aral kyl - ng
C _6al kyl -8, preferably hydrogen; R6 is selé Ped

from hydrogen, OR7, C _6al kenyl, Ar-Y-, carbocyclyl,
wdrdeihet erocyclyl; and R7 and R8 are i ndependently

sel ected from hydrogen Cl _6al kyl, and Cl_6ar al kyl

¢ath Ar &f iadglehyetiydmagematid or m@mwma@qmmr@ﬁpgaﬂwq‘b&ltuted
selected from C=0 C=S, and SO2, preferably SO2 or

c=0 Wit L& ?H”%odl ments R5 is selected from

hydr ogen, OH Cl_5ar a| k and 6 pre ably
Ihgﬁdib@@éﬁr is splpete Teagh Cxh ﬁémp%efafﬁ@/y %O?S%fléc ad
from hydrogen, Cl. 6al ken Ar Y- ?ar bocyclyl, and
)ﬁmsgiagteylcfrqmo SaNEb BRd N eﬁﬂb‘@@ﬂ?fﬁ Ris 0 and Rl

and R3 are each independently sel ect ed from

Yis dhabityolr js €lecthdyfdrmn X34 kyd $Ozind Cl1. 6aral kyl . In
preferred such enbodinents, R 5 and R3 are

7 pddpandentd yaldyl:6al kyl . I n nore preferred such
enbodi nrents, R and R3

R' and R® are each independently selected from Cj.salkyl, Cshydroxyalkyl,
C.¢alkoxyalkyl, aryl, and Cjsaralkyl, any of which is optionally substituted
with one or more of amide, amine, carboxylic acid (or a salt thereof), ester
(including C.s alkyl ester and aryl ester), thiol, or thioether substituents;

R* is N(R)L-Z-RE;

R’ is selected from hydrogen, OH, C_saralkyl-Y-, and Cy.salkyl-Y-, preferably
hydrogen,

RS is selected from hydrogen, OR’, C;.¢alkenyl, Ar-Y-, carbocyclyl, and heterocyclyl;
and

R’ and R® are independently selected from hydrogen, Cysalkyl, and C.aralkyl,
preferably hydrogen.

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

or C=0.

In certain embodiments, R’ is selected from hydrogen, OH, C;.¢aralkyl, and C,.
salkyl, preferably hydrogen.
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are isobutyl. In certain enbodinments, R5 is hydrogen
Lis COor S02, and R6 is Ar-Y-, each Ar is

i ndependently sel ected from phenyl, indolyl,

benzof uranyl, naphthyl, quinolinyl, quinolonyl,
thienyl, pyridyl, pyrazyl, and the like. In certain
such enbodlnents Ar 10 may be substituted w

Ar - Q
wher én Qerltasn cabediments; Ro# wlcgieddtam Bydrggen, 61 8l ig%ylgxr
e.% g‘il}il dl%%r%érd;%lm her such enbodi nents where Z is

substituted, e.g., preferably

enbodf fiaie epBiisto o o PRI e LRASE Rl setcte
ﬁ%%cl a1 R6, Ah?{droi‘?hlﬁ‘ﬁ ﬁﬁld € oA Minpaetefred ﬁ[dhceyrd:ioyllments R!

certain preferred such enbodi ments, 15 heterocyqul

ané R eteiptlenenilensiy Ghmbabnin morenreferag Fuchambndanesis R g R
agwge%tﬁlenyl In certain other preferred such

nts Ar is selected fron1pheny| i ndol ylI ,
benz uran n uinolin n
t hi eﬁ?l"e %FF’&? a%ﬁgz%qh dies %ésF %r? %éedr Ryjsr-Y-, each
!ﬁ‘lpﬁﬂieﬁﬁﬂfeﬁﬂ edt@d HM ??ﬂﬁj?l; indolys, lﬁnﬁbfﬁfan%%apﬁhqumnolmyl

absent, %é where Cl_6al kenyl is a
CBluiméQn)d uh@uylvpmdylgmwlmért hikee I@@Bﬁ@mtsu@hﬁmb%dlmnts Ar

rﬁt}yel? %te H%l X‘B g) 1 }”E%tn { fgg ?aékteg llera dfr@&%ond -Q-, and C;.

AR/, %@eﬁﬁn%%ﬁéﬂﬁrﬁﬁodﬂn&ﬂﬂs oherd D i (OUJallQ/ﬂJ,meay be ntlsstituted,
In certain enbodi nents, R7 and R8 e independently

ey prefeeably wetin Ay mosyRis feratly weth lﬁ‘ép)a(]y In certain
preferred such enbodinents, R7 and R8 are 6.
i nde|de el [epnbodishants, gg ig hﬁhwgﬁyleo@@bﬁeatn& iRy SQ@apand R” is

Fifa i S n g dafayt, TEER e pRf R gmpRaftiche,

@%&%ﬂi if Jefirted-f2otn Ghrohronyl, cﬁromeﬁhyl} md¥phdfinoQafdl piperidifyl. In
C
certain other preferred such embodiments Ar is selected from phenyl, indolyl,

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

In certain embodiments, R’ is hydrogen, L is C=0 or 8O, Z is absent, and R®is
C,salkenyl, where Cy.salkenyl is a substituted Vinyl group where the substituent is
preferably an aryl or heteroaryl group, more preferably the substituent is a phenyl group

optionally substituted with one to four substituents.

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

are both hydrogen.

In certain embodiments, -L-Z-R® is selected from
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vo~i Y 0O 0000 N\ SOo000O-4,, s_vSO ON
OOONOO/ " N; VNSO OOOOF OO0OOC O/
and Meo CI One aspect of the invention relates to a
medi cal device including conposition disclosed herein
that include an inhibitor having a structure of any
one of formulae Ito VI. In one enbodi nent, the
conmpositt¥on is incorpgoratedswi thin a medi cal device.
sr'tad n enbodi gﬁm , It he nmedi.ca u-yice i sp.a_ge
i ng:a pol ynre yat ri% or a/ c rra?trix/a
. Said pgFyner can be erthet naturally N
oCcurring or synthetic. In another enbodi nent, said
gel serves as a drug depot, an adhesive, a suture, a
barrier or a sealant. -23 Another asgpeot of the

Psgvention rel at oasmedi cal ri sien

SL ate havi surfacé. ont o chl ari i nhi bi o
; structure of an} ope of ~f&fmulaé It V[ i€ 1T °
di'Sposed. |In one enbodi nent, the inhibitor ﬁj

| matri x
ructure o amy-ene ;of fornehae Ito Vi

or dissolved therein. In one podi nent ,

nmedi cal device is a coronary, vascul ar, peripheral, or

Os_ 0
@/WYE« ; N %o @/\J\ v
0 | /\ ' 1 Y g ;

L‘Q O NO 59_ \C{\S\\}L
oY o Oy, U

One aspect of the invention relates to a medical device including composition
disclosed herein that include an inhibitor having a structure of any one of formulae 1 to
V1 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

suture, a barrier or a sealant.
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biliary stent. Mre particularly, the stent of the
present invention is an expandable stent. Wen coated
with a matrix containing an inhibitor having a
structure any one of 10 fornmulae Ito VI, the matrix is
flexible to accommopdat e conpressed and expanded

states of such an expandabl e stent. ({%n %not her
enbodinegher agrect o the ygatien (siates taa magdival devigg comprisiag

gbsgr%{ I#a(?/ﬂlg‘g'%l&ﬂc% §nt'0\r}ﬂ'ﬁ{:ﬁ APl lﬂ{or hiR %Qtsﬁ'pcl:tﬁre' d’f{aﬁ bh€of
erein the porti as a sur ace
meﬂ:li‘e 1 19 \aldia dispdsetloMn enpanbedinicot, timiylhlbltesls dizeidly disposed on a
wherein at | easé‘F pgrd;si of the surf ace. | oated with
mgdligah devigs: i apglengnBodimente f GPYMES §9 QHR}S‘* e gpadiiie
c&ﬁ’@%&l@% #oiﬂ?]éﬂmatﬂﬁ ofc&RRtd MFEOVRE hiSirAthiRr ABihj ¥ structure of
I'ng~a I bI having a structure of any one of
ahponubifermbniae Vio ¥V dépepet sediswoiveditbgeinved therein. An
exanple of a suitable stent is disclosed in U S. Pat.
No. 4n é38e@mbodimehit, ee tedical mievicp dy @¢@dndrg) wscullmy peripheral, or
reference inits entyl ret%@é ? anot her. enhodi.nment , E%l
biksdy stgnt. ddoTecartiularhye therstent af thepresens igyentionds ay, pipapdgble
s?eg | Rleft Q@ﬁ%d g&iﬁ*& Adrig cgﬂtﬁﬁﬁ’ljrf‘&n inAWidPhaviR®a structure any one of
ralun1na evi ce, surgical sealant or a vascul ar
femmnmaf T to Whtle rpatnmmﬂmbleyq acctmmm@ctht@qumessed end expanded

SFativush e ewendibs et 1L el enoRBHeOL R PP i the stent

h%E ‘éttel%s@la poft NGB is iAset@bWrahpRhftble inftht BbdRE0A patfent
bal | oon punp, a suture, a ventril cul ar assi st punp

velrenejn dheutdrtion basra sueface whichds wm@l fopcxposenglta nbodw Hiﬁue aﬁd

tra/ ri.vascul.ar 25 SURRQr o |
8 P Rl sRg e e SRR ERRZhlen RuARfibhol hfing Sufbiure of
an9ahedf Mriilacd o M drki do@ﬁn%:admlbl@sn@g 5 triattiy hvéngdin mhibitor
one of fornulae Ito VI eit

er directly by a trix
hawing i stiupgreef anyiempiof frmwlag [ig V is fh:SB%rﬁ%{%r §soky ﬁaalbf‘ﬁ@n An
BTF)%ror}qﬁl sﬁﬁ?ﬂlé th}{tl is dl gloggc{ fnqj R ﬁﬂbﬂg' 5@’% §65 ,t\ﬂﬁch is
alumna evice is coated W t’h an
mahrpdmted Mefeavbylgefereﬁctermcﬂs wneretf. any one of fornul ae
Ito VI or a coating conprising 30 biologically

t ol enatAsthBRdmbodinBet, e nidtidabiéate bt p@saltsﬁvambmi@ surgical
of any one of fornulae Ito VI dispersed in t

il oppemt suchais @ vasla dmptRl g natﬁalpmtr@i fgfice é\l%&@gse&}?a“ gha
V%Xc%?{er assﬁmort 21610 u]%a{f'i‘?.ﬁaﬂ? ‘;i#é IﬂngEQ%GQ%QtOT&& }fﬁps%h{ fedtfon is a

a pa error surface e exterior
cathiefor,cm, implanidbi divasbulac srck s pore aloetralsateus caﬁnetelmaam artgtial
devi ce may be usef ul to r restenosi s

Aot wstylar arRe Hedireaar ey RYEP- 4548 He “Galkber it
lﬂ.g,\“ gf%g e'I'[th? Wbristadd QitRsive, H HRAIGSwAPIar SREN/ B driRasculbi

|1 zed adm nistration of an inhibitor
shppnrng béOOCBﬁ]I&Ipd)M Bltofadaptyd tweleployfnenhinl addood vesegl, coated with
an 1nh1b1t Sha%f’n?gsa sa%pu%tu%g 0 zlu}yl Sheof Ifonr?rlmliae I to VI either directly or by a

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

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

Ito VI dispersed in the polymer, said device having an interior surface and an exterior
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restenosis, inflammtion, rheumatoid arthritis, tissue
injury due to inflammtion, hyperproliferative

di seases, severe or arthritic psoriasis,

nmuscl e-wasti ng di seases, chronic infectious diseases,
abnormal i mune response, conditions involving 10

vul nerabl e plaques, injuries related to ischem.c )
sedaai hivoms theanadting applicd kf etdedsbn pam ot theripteripeyugtace, the exterior

npl es pof di seases and conditions that are subject
SE§%§’?$%§$hent i ncl udi ng the drug coated nedica

devi ¢gger®din ERBoMHRAHB) thel rAMEEA] idevict ARl bd@seful to prevent restenosis
at heroscl erosi s, acute coronary syndrane, Al zhei mer’s

affpsammEenlastantls medisyladeyicauamt aso by wigkd forthe fppent of various
enervati.ony.,:V : 1 ok S :

AR R 35 A0 Ao ptr i
swhéthreasfiad9 ohs of Anchubefiad Vd. Bach diseaseSael coadiiops include

Gol dberg, United  States Patent No..K 5, 340, 736., The .
ressmpsisanflpmmajion, theymatend astuthistissie iagrygiue to nflammation,

' ] s, $HIRLRSwasting lil4ehse

hgp %@ﬁ%&ﬂﬁiﬁﬁéﬁﬁﬂ 3%1%62%0 r a%%ﬁggl?%%éi n al kyells_ lgg oups .
chivaic infotinisdibeasen, sbiamal tembonssponst fronditienninvolving

i ncl ydi hal oal kyl .grqups such as..20 trifluar.opefhyl
afrablonSayss; Py suRg I ReRee BRHEQT i BEEIN nd
pRAGEREBR. WR&NElet BEdistHs@hd dontiftiods FH HetabjeBlas laltteafinerd

bond if internal. The ternms "C2_yal kenyl " and " C2.

igcidipgghe'dme beated medighlsdeviags efitheiprenantiibyentioptieciude

nsat yrated aliphatic oups | ogous | t n
Gl e by PR R AR P YR sl By Fusete
didtise tatdbh e Bbdirfatith, V8oslhr oM&idRUStokeOHIV ifpdtidnboerde injury,
respectively. 25 The term "al koxy" refers to ap ﬁ;k .
renad il usagsspejated vaihyasidosis ancbhepatic filugs. oSee, e.g., Gol erg, United

that iV oxy groups include nethoxy, ethoxy,
Sg‘?‘g{ﬁi‘%%rsf- OS}t%ky and the Ilike. An "ether" is two

hydr ocar bong..coyal.ent.ly. 1 i nked. by an

Acco?&eﬁm, C""taﬁgll si?g%r%{ fc{ %PE) ﬁ?mfa AN gl%éﬁ?ﬁsaa{u r?tg%der S
HyBaicadok \groriB, 1@tinaIng skraidht-ERES alklybsndlirandhicd>chainBileyl groups
term"C 6al koxyal kyl" refers to a CL 6al kyl group
thafisentatn e wiooieagions 3o thel daasey inghusing halepdk @ ipouns SHEhE

- n r | II. . 1
Ay Sob8y1 5882 ARS8 ALl pogies gt e v
6w in Tle@miiel pBsitien atesndafinhtérasti Mhe tams “Ca.jalkenyl” and “Co.
art-rgc%gnized and refer to bath uns%gjihtuted and | ,
valipay]l” referele syhstieied gnunkpygici s ApRaled 2 ighati cETpsgnpiogous in

1%@1& afi@PodBle ASERESS EHEARYs dREHRRANBORL, HuPfabbRRain RPleast

one double or triple bond respectively.

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

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

The term “Cy_galkoxyalkyl” refers to a Cy.¢alkyl group substituted with an
alkoxy group, thereby forming an ether.

-725 -



10

15

20

25

-Nor -NR o Rlo Rlot wherein RO, R10 and R 0' each

i ndependently represent a hydrogen, an al kyl, an

al kenyl, -(CH2)nR or RO and R10 taken together with
the N atomto which they are attached conplete a

het er ocycl e having from4 to 8 atons in the ring
structure; resents an 10 aryl, a cycloal kyl, a
cycl Ghé keemyiC). saaﬁved enpused hpteiprefgrstolalentlkyl grogn du‘Pﬁtlu“§3d

0 or, an _integer from1l to 8 1In preferred

“@ﬁﬁ‘d¥¥kﬁﬁ¥? only one of R9 or RI10 can be a carbonyl
e.g d e nitrogen to

an iﬁpﬁgmnFnNEV@ﬁaﬂ%h eﬁ%ﬁ?@ﬂw %ﬁ?ﬁ%ﬁ{§ Eﬁ and
uﬁlﬂ%ﬁﬁ%&q aﬁ@tsh&'@iﬁhéd’ arffibds h@@h@t@ thedelspeade Eﬁdlé’tyrtﬁdft e Bat
a rogen, an al kyl, an alkenyl, or -(CH)mR8. In
rqmmmamdbgﬂhqﬁmﬁsnﬁsnnﬂm@ am no 15 group is basic,
nmeani ng the protonated formhas a pKa > 7.00. The
terms "anmi de" and "am dgf are artrR% ecogni zed as an

am no-substituted car onyI nleFc wdes a noi ety that
can be represented by h general rmula: ONR O R9
wherein R9, RLO are as Bé}lned aWﬂ@e Preferred

enbodi nents of the amde will not 20 include imdes
Wl’@fe@lhRPTENO laed RH% éa;hhaiepamnu? reprégenyh hydd ge:ns en alkyt,einralkenyl,
|nclud§ - menber ed substltut

- (b BE | quR eaadsﬂ @"Ikéﬂ Fqgﬁ@leawahébq N a@% Y }C‘h g aep attached
c&%ﬁ{%te eﬁé&r%h/él@ﬁ?\frlﬁé]ﬂofnsél foX 9(81918 i ﬁbtu?é Y® reftes@its an

cyclic’ring systemns %aV|n two or nore
at;& o dyeldailygs cyictvaliengh) a haerayclyboea paytyeid; ardernaa)mm n>r an
rein at, | east._@ne _2b of

dj
s AT 0 FL G MOSEELD, 0| a0 2 o,

ORIk |$<g%ﬁ)élr GhRdd. Knye® modd leforred
qifﬁafé{“? he%tg(}g%? heterggyoi%@g%Aryl oupsmi nc Sdge

eimbndiareats, RAaphRh dhaheptlcphﬂnﬁn heaghéndep tly repagsephie,

g T BN EUUE T RO g, e

AT PBbAsc, %&Jééﬁt ttHé ﬁl%t&{atddrfsﬁbahs &gKgg 70009 i n which
each aton1of tﬁe ring i s carbon. The terns

"car kg » 28 F AR a¥d art-BdcS EnilOF AsiieanRiabsaystited
ring systens aving two or nore cyclic rings in which

ctrhonylrandvn@udeaabmoistysha conbrorpressnicidydbi seneral dormpleigs
wherein at | east one of the rings is carbocyclic,

e.g., the other cyclic rlnﬂi can be

,R10
N

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

include imides which may be unstable.

The term “aryl” as used herein includes 5-, 6-, and 7-membered substituted or
unsubstituted single-ring aromatic groups in which each atom of the ring is carbon.
The term “aryl” also includes polycyclic ring systems having two or more cyclic rings
in which two or more carbons are common to two adjoining rings wherein at least one

of the rings is aromatic, e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls,
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cycl oal kyl's, cycl oal kenyl' s, cycl oal kynyls, aryls,
heteroaryls, and/or heterocyclyls. The term "carbonyl"
is art-recogni zed and i ncludes such noieties as can be
10 represented by the general fornula: 0 0O AX Rl1l or
"X R11 wherein X is a bond or represents an oxygen or
a sulfur, and R' represents a hydrogen, an alk

Cﬁdlth@éhyiyls aCHREreTcRBYlerand/os heieraeelyis: chib} &foé}ﬁ%@ﬁfuéfﬁ bgrizenc,
I h: | kyl I k |
nﬁﬁ‘tha(l?ﬁflz %%gtﬁ??ﬁ??gﬁ’@em}ﬁ ag%%r %g}rlgﬁgs ad e1¥ in egn agov 2 i

nyar GGBFErs EPosyRE A cpheenid dh whLdeRieriyo a goy

aboPn AL SOEHRREA o@ﬂﬁjsu%tltht%d inB)d Wﬂﬂfbach hﬁ)rﬁ Gf‘ o Ir1ag is carbon
represents a "carboxylic acid" used herein,

Thetﬂ*msé‘éarbawclré aady’ cy p@ycbyﬂ 9lsgpnq}m}9| po},ycp'p]é(f Bng systeyng having
ecul e [ carrjes.out I
SaoRTprs ot e o e 18y el b flect ERREAT bb Aloining
rﬁ%@ ¥MBRin §USdsPOnEHZWEESEs Efo@ﬂﬂlyd‘li?;sa ga esrihgrroyslic rings can be
nat ured enzynes, farnesyl at eg enzyne ‘iti? Elttl natle
cyeloylipls, cyfcmaﬂspnal@y%@!@éks@brksy gﬂé%,ag oF Bgtgrpeyelyls.
enzynes, GPl-linked enzynes, lipid-Ilinked enzynes
pr enyllhatteh ‘énaz];mgﬁ is aatrgcr@nlzy:d an¢ ingtyden @u@rmmetles as can be

artificial mut ant enzynes, enzynes wWith
TSR zhyrf{"%ge% ﬂ% modi fi cations, enzymes havi ng

| eader sequences, and enzynes conpl ed 25 with
non- proteinaceous erial, such as jproteogl ycans,
pr ot eol i posones. meR" caﬂrbe\ﬁgjé\ W any neans,
i ncl udi ng natural expP%SS|on pr oot ed*expr essi on,
cloning, various solution-based and solid;based

Vdemm deissyhont o eepresenis 280wy E& Oty and R fepresgnts g bydrogen,
1195' | lEHféané” h?Cﬁ eI}SsO%t gﬁ'&ﬁ@o%&ﬁ}akﬁ alcccgﬂb% oA, al'K¥dpresents a

HydRstleh ! 44 8-y Akanyh ok qCoRNyR® ,gwlwpm ﬁhﬂdﬂ are s defined above.
heteroaryl™ inclu gS Sypstit tg ?ub§&|tutequsan
Woma oy Rt cds Potgdeaertds Rl fsPiese
r ef £raRLY 501 isa S/ggﬁe HE ReUishl i geW 88 forfrduldrepresents a

Flet Urds +1d orie to four het'er oat ons. The term
“c&%bﬁﬂma&x’{ also i ncludes polycyclic ring systens
having two or nore cyclic rings in which two or nore
car bogsusedMRr&OMERA M dawbeady pariatig or whgBy prodeinageous

| east one of the rings is heteroaromatic, e.

oo leewle axhach earrigs a@gﬁnb?él epeiigdniaAa WWB?‘H&? k%lh‘i}'l Qzymes
Ca¥1%|e nah ké( eﬁQy?nes aﬁ;¥1oﬁ 'enzymes, proenzymes, apoenzymes, denatured enzymes,
farnesylated enzymes, ubiquitinated enzymes, fatty acylated enzymes, gerangeranylated
enzymes, GPI-linked enzymes, lipid-linked enzymes, prenylated enzymes, naturally-
occurring or artificially-generated mutant enzymes, enzymes with side chain or
backbone modifications, enzymes having leader sequences, and enzymes complexed
with non-proteinaceous material, such as proteoglycans, proteoliposomes. Enzymes
can be made by any means, including natural expression, promoted expression, cloning,
various solution-based and solid-based peptide syntheses, and similar methods known

to those of skill in the art.
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het eroaryl s, and/or heterocyclyls. Heteroaryl groups
i nclude, for exanple, pyrrole, 10 furan, thiophene,

i m dazol e, oxazole, thiazole, triazole, pyrazole,
pyri di ne, pyrazine, pyridazine and pyrimdine, and
the like. The term "heteroatont as used herein neans
an atom of any el enent other t han carbon or hydrogen.

Pr ef @he tumH€h ehdetoarabkyd’, @s phad hegein, re&w@e‘fhcl alkyl group

h hor and ulfur. 15 The ternms "heterocyclyl™
ﬁ@Pgaﬁ%fg#%EQS%F%wgﬁ%ﬂﬁ? refer to substituted o¥ Y
unsupstituted non .

St r UGBS “HBFBapY GRERAst §isiie o VR Bk e g 5o 7

R Fed hdds &l H{o%épfef&mgis 6 nieHefdd rifS! WhORS .
The term- terns "heterocyclyl" or hetero%%cllc gr oup”

stalchures mcluddenp ¢ ﬁmybbheroatqnnﬁg Bestenshetergor alﬁwcb}des

B SebrBSEsh BT ok R T By AL R grons

af¥f coblifor 109® ddfoififk Mes Whkietn atdedbt ond dsmethshhgs 1sdl)etdrd)aromat1c
rings can be cycl oal kyl s, cycl oal keny

ey thoethryayglie rings gandhe ) aveloaliyis 91/@0315%’/1% eycloalkynyls, aryls,
hg%xt'oer quC%X) 21??}&)'%&89%(:%%%15411%[ gr%ﬁﬁs Jn?iﬁ%l# dfgr e{a‘?ﬁple pyrrole,
fuedi, hiobhéi, irhideiadée) eﬁazdlacthlaﬁm, t&ﬁiblé Jerdzoke pyﬂ'cﬁlae trerarine,
"Cl _6hydroxyal kyl" refers to a Cl_6al kyl group
pyidEine apdgyrigidmeandhe Heeyr oxy group. As used her ei n
the term"inhibitor" is neant to describe a conpound
t hat Thetesekdetaroaten() eeysedmern mﬁa@%/alb#m@rp fany glement giher than

D
CGBERBLFurb Bl sblehRa BBl it bl e, S8KH bHBlphorus, and
selde- LLVY- AMC, Box- LLR— AMC and Z-LLE-AMC, inhibition
of various catalytic activities of the 20S 30

pr ot g&g iRk -<“héRrdcPlly P droheteityalid grolx hre‘féiweﬁbshhnﬁi or
unconpetitive, or nonconpetitive inhibition.

wmbsb@tﬂdrnmomaw3~r teSrmppbered Fing siruciares; 1BPIg, praﬁ%ﬁbly 3-107-
%r el rrltg%%\g' osteerﬁnm (l)txfu%ﬁlrésn%lldgg 311&9)% ﬁﬂ%@i‘oatlaﬁ}s hHE term

rate enzyne. An
téi‘ﬂﬂI“ﬁMerdQ?ﬁyD’rorﬁ'hétEro&yﬂ&Sgrﬁﬂp bﬁlsmfnatudh Ipelyagd:llQM§syts‘e:ms
of the enzyme, gor it can cause a confornmational

haYias 0 61 TTHBILC SRSt Hovaish Jive Of ST SERONH S HRmPRLD two
?ﬁfrﬁh@ﬁﬁé’%\k/ﬂ&elﬁl' A5d505% dd?‘%ﬁ &g%t s BERARYEIEL, @1 dRe other cyclic

st andar Ituents, but conmonly
rings barzieccyohpiliyio oy ctelkersy]s, oytiealkpmds, fargldl hetdrodealgeand/or

nmon cgra@/ r%—kﬁ%ro _‘gg)lfi;é{) d |1€ég§%§hrgf%ﬁg%plearﬁ9pe§lh%% &ggrlagme

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

The term “Cy_ghydroxyalkyl” refers to a Cy.galkyl group substituted with a
hydroxy group.

As used herein, the term “inhibitor” is meant to describe a compound that
blocks or reduces an activity of an enzyme (for example, inhibition of proteolytic
cleavage of standard fluorogenic peptide substrates such as suc-LLVY-AMC, Box-
LLR-AMC and Z-LLE-AMC, inhibition of various catalytic activities of the 205
proteasome). An inhibitor can act with competitive, uncompetitive, or noncompetitive

inhibition. An inhibitor can bind reversibly or irreversibly, and therefore the term
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The terms "polycyclyl"™ or "polycyclic" refer to two or
nore rings (e.g., cycloalkyls, cycloal kenyls,
cycl oal kynyls, aryls, heteroaryls, and/or

heterocyclyls) in 10 which two or nore carbons are
conmon to two adjoining rings, e.g., the rings are

"fused rings". Each of the rings of the polycycle can
ingbudes bempeunds thas are misidesubsiatesiof amengyme Ay infiibitor can modify

"preventi.ng” i [t I M : '
B T L
cérffofinatiopal dhang@elddeias on shecdnzamecancer, a syndrone

conpl ex such as heart failure or any other medical

condiglsiv@8d héreinMielterdNYpEHOVEAcubed MR ohby Adridardpdilide linkage

i ncl udes adm nistration of a conposition which reduces

withetdndenfuendptiblentsoput coammeandy vhlizegmsptidamimetigimpthsimagitied
R T e

belb@venti on of cancer includes, for exanple, reducing
the nunber of detectable cancerous growhs in a

populgt 'té?ﬁs@Pol BAiLV1e Bk SpsIS&RIET Rdlerdto e PRHcRE LSS (e.g.,
treatnent re aglve to an untreated control popul ation

cpdoalkis.oryclelkepylageychralkypplsasralscbeteroayds, aed/gpheerocyclyls) in

hs | d Jl.at L.
B o F o

“ARed Ahge! IBALE of the ringh @NiHeipodtlyclewar bt sutstianahdn wsulstituted.
an infection includes, for exanple, reducing the
numb gt i RGRBERS” BlarttB8odrfe@CiddORMhdrusad il Rt to a
popul ation versus an untreated control popul ation,
camttiar, sde asyd legaltrheurtsnsee. of paighpdisgasesich aecanagred ysiiome

i n treated popul ation ver AN T ral
ol st Foi HesrdulRE oo i PR e F R tafaRpn the
aft e£HIGh OB d éRINTTBB R A0S Ddompsitdintveiclatdduedsythelrbquenogof, or
pai n _sensations experienced by subjects in g_treated
deleputhgone of.csyaupoaR Ol Mnedisalagndition in p sphipt reletivaito FryRiect
thEJ}fHO e? Elgpxreggve ﬁi&%gﬁ&%ﬁﬁ%ﬁ. FROP ?Mﬁtl(yl{]?f qanl‘:’é?‘qﬁfludes, for
physi ol ogi cal ~conditions, are’converted into
ekdinplapedudisgtieynuadicr vEdagratils cardemnmgorwtheinhopbfubation3d
maki ng a prodrug i.S to includ% sel ect ed noéituﬁﬁ)thaﬁt.
PalEtRFAFIN g ARTOPRagtc teegtmen Selativrfe @ unpgated coniipd ppiulation,

i . 1el An&rH&Y o8 WhRdh AR &d pbpflation
e D8 S Teitated g
vhiees armwmitraated cbnol wopwldtionoppy by statistically laad/gpelinicaly

freat nent i rt-recogni zed and. i | udes .
SR o P g e R R sl 1 campl, pegucing the
nSHBEESE diSRBASIfithORFectibh i b trefte® papliThtiirst @618 AnRitrodted Gontrol

clinical manifestation of the unwanted condition
pepulation, dhdenddapng thetanset af swaitases eftthe wientiopfa frsated

ani-nal ) then th rea t] [ i . it
pfPFTe G G IR b Jafb Y Ao ot i figuads o
ek@nplic! fe@iding YHeahgastutlé of, bor hkernatively delaying, pain sensations

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

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

making a prodrug is to include selected moieties that are hydrolyzed under
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adm ni stered after nmanifestation of the unwanted
condition, the treatnent is therapeutic, (i.e., it is
intended to dimnish, aneliorate, or stabilize the

exi sting 10 unwanted condition or side effects
thereof). The term "proteasone"” as used herein is
meant to include i muno- and constjtutive

phywelegicalrmesditiphita rsreal the desired molsguler dn gthgr prgbagimentsethe
havi ha subst it.uent . AC]. ﬂﬁMﬁ X n one or
PFP&F%% %a?? B‘éerlféedé) atnhez%rggﬂﬁ‘g%dﬁlggylﬁfc W FP‘ e Sfr?]der st ood

that .15 "substituti.on" or "substituted wth" |
e, THRFSEY rotyAetS Ot fffareiin dbRdy Mtrboeh6d HitPfcludes
A@BEREENAA fo WelHos 6T de ok afbry 8f BB eebjedt colpositibsd. I uised

atom and the substituent, and that the substitution
admgustered mnoatosqlaxmaén@mfgﬁ@qjm,oféhfgur}wmdcqpngg@g (g@t> disease or

ont aneous| nder go . 0 ' el
oPf2 P aRTE St ot W GueR e ReuBoE K oA (e, i
phRERE the HobeaghRistdévelopatd thel iealinted cantii@yphsred if @ is
i nclude all perm ssible 20 substituents of organic
adwinigencd after manitestation of SsampantedcopditignJar gegnent is

[ ts.. incl ikt G kGbilPE acdiedingnd

ﬂ%%%%%héﬁggfﬁé%#@%§§%ﬁ1@ﬁgﬁ%hhete?gﬁ%g+ké?ﬂﬁgronatigg
vavdnted vewdinomor ddseffsts therenf)s of or gani ¢ conpounds.
The perm ssible substituents can be one or nore and
t he SMeReraf “which@nesMas used lapgin dpmeatteo archaieiitmuno- and
conpounds. For purposes of this invention, the
CRRHERIHEITIAEASHIRES. as ni trogen may have 25 hydrogen
substituents and/or any perm ssible substituents of
or garihe teronfrobststed Gesfers towgieties bavingybsitiugasirerlgcinga

vagl ences of the heteroa . tid
Y RioRRRE ofop! B iar &3 HRbsgRe, WA f@io0d tha
“GaisHamsh” 65 tuBstatted waar htuiydes tenimpickrydas thangch sabstitution
fornyl, or an acyl), a _thiocarbonyl (such as .
i3 i aseendance with peraniedt wlence gf the spmtgpt@a ﬁg)gréy.l’ld ti)ﬁ substituent, and

Qe A t

RO byPuR RSO g PERRAR, £, RIBRL AR Bty
untenge tragsfosaation saclnbd byreaaangenieg cyalimitibh efidriptionapte. As

Ikyl thio, a sulfate, ~a sulfonat L f amoyl .
e Ve, bty i nieainir ok pingiios ARkt

i 0 i GspibRA, Biedperthssibid dubbRuent
R s R e A

indudst dcyslic asbdyictiatteshabad tibuihyrandicdrdathocyelis anddterocyclic,
t hensel ves be substituted, .if appropriate.A -

ARG ROPEEPPI G PSHPERTR oL HSART OBPORIGS, TS RSP

SiBstREGts A Uehfe DY Rl0B€ ind 1B LRAE oPlliflcf @ EdtRBbroptiafeasrgarti@
an anmount of the conpound(s) in a preparation which, 5

onhipaundiniRor pumoses ofship inventodn, shekeierpalgmy sueihes HEgeshgRay have
h(yhlpo g%n rsrl?brgﬁ?dehtsparrﬁfo(? 5{?}9 bé(nrﬁssible substituents of organic compounds

described herein which satisfy the valences of the heteroatoms. Substituents can

include, for example, a halogen, a hydroxyl, a carbonyl (such as a carboxyl, an
alkoxycarbonyl, a formyl, or an acyl), a thiocarbonyl (such as a thioester, a thioacetate,
or a thioformate), an alkoxyl, a phosphoryl, a phosphate, a phosphonate, a phosphinate,
an amino, an amido, an amidine, an imine, a cyano, a nitro, an azido, a sulfhydryl, an
alkylthio, a sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a sulfonyl, a heterocyclyl,

an aralkyl, or an aromatic or heteroaromatic moiety. It will be understood by those
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human) all eviates a synptom aneliorates a condition,

or slows the onset of disease <conditions according to

clinically acceptable standards for the disorder or

condition to be treated or the cosnetic purpose,

e.g., at a reasonable benefit/risk ratio applicable to
medical treatnment. 10 The term"thioether"” refers

skitodin e Refithag e poictiss anbstitiied by bydmadrbery chipin gary hemselves
b%&h@%& 'i?a%:ﬂ?&brfatber eto. In preferred enbodi ments, the
Iroethér" - rs

represented by - S-al kyl.

Represent ati ve thigether groups . include hyl t hi .

ot by P P apepialyeRE rduRt2E o Rl Wh 2epkelf the subject
metHoRAIfitREmé, refefL@taRMount BEIhE 46 pb@EEE)Sh BPreparation which,

reducing, or arresting the synptons, clinical si

whad adimirasterpd ﬁgpmpﬁ@ﬂ%vd@ps&%émem(@rﬂ pammpk, ﬁ%gly a
PSR YRR LA BB AGhh, SO Wl of e

colidiidrasrcordBigab rliAlcelly sekpiablestindadids feraheidsotderyr condition to

inhibit the action of the 20S proteasong. . i )

batranted shire|cpsMetif PWROSK: Bi&p agwaﬁwiv@%%mw%? fppligable to
di scl osed herein are highly selective

aﬁgggggggﬁ%mggg'proteasone, with 20 respect to other

pr ot enz.y. ..+ 1N I S [ Ost d

Cel edft i aliOEhsr Bits o3 F ehdlE ALlosRTRBNRE fusihp Wsultur

rrﬂiliqély aasched shigdtoasn pﬁféifﬁd&ﬂjnﬂﬁdilﬁgitf} aheﬂ‘éthiogﬂﬁﬁ i8 represented by -

chynotrypsin, trypsin, tripeptidy epsi dase_ | 1. e .

Scabkd ¢ Riepreseniativsr wﬁ@eéarfyﬁ%mc{qﬁlﬁinaﬁtﬁﬂﬁ%& g}y?tbﬁsanfir {he ke

proteasonme are such that at concentrations bel ow about

50 MAstused hespiny the termhi theatiog’sosTesatrnenty ictudgnreyersingereducing,

L.vii.c tL VLYo j .
oEFAHh s AL e 2 R PSRRI 3 gt o
nfhféraa saprcsd o sabilieakRepsctiTondiciahpai ns, papain,

chymotrypsin, trypsin, tripeptidyl pepsidase Il. In
SBlcEi @FyY BE20€phAdisomat S, the enzynme inhibitors show
Inhibi'tion of the catalytic activity of the 20S

t . n . H t u 1 ey s
pro gﬂgw : I%ﬁﬁﬂtﬁ?{ﬁlﬁé&éeﬁmﬁ?é&‘ﬂs@f*ﬁpﬂl pa%tooe%_s\é@héy?nhlblt

not I bition of catalytic activity of
thetdetion pf tie@AS gsotatsontve saldittmelytundike othst 205 presome irdiibitors,

referre 0.e di nent s, ,the enz i nhibitors show .
o R e s ST DR ey SUET o RS pRSSa, wih
rd3p &t SRS MEEprdtecaS®aER et AThANS, thelnsihehiiiouhddMhoid & tivities
not showi ng inhibition of the -31 catalytic activity

fosithe2 Pl propragerae ower ibermieiseses sinbicastcaiiepoins calpaing mapain,

AP TR BYR BPBr ) RERESE T s SRR ity Ofkyme
idisiedre for 203 P& asonfe, ard SRA-BHQS corReh@stiony bepwl dbout 50 uM, the

Chynot rypsi n-Li ke Acti vi t}\l/ . . ,
enzyme inhibitors show inhibition of the catalytic activity of the 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 concentrations. In even more preferred
embodiments, the enzyme inhibitors show inhibition of the catalytic activity of the 208

proteasome at concentrations below about 1 pM, while not showing inhibition of the
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5 Particul ar enbodi nents of the enzyne inhibiting
conpounds descri bed herein are further useful because
they can efficiently and selectively inhibit the
chynmotrypsin- like activity of the 20S proteasone, as
conpared to the trypsin-like, and PGPH activities.

The chymotrypsin-like activity of 20S proteasone is
cashlatia eetisvity dthsy prq,w@as/@tgbesgfcob%q&rﬁa@és ifizypg kinetic assays are

SIS T ki | S PR AG dhglda.

BydeRn) @9e6), GAIBY96- ﬂeserm ned by cleavage of a
standard substrate. Exanples of such substrates are

skizeiWty far CRAGmBfrYpsifPlike RAPHR €, a

reéucylvalrnyTtyrosine derivative can be used. Enzyne

ki ne lifhiblig cBRBbhsRideSétibed h

seri gFﬁ a%gg%ﬁﬁgg gg’gidf%&l rrg1 ' gc ?el n ete al ed herein
afi fothemseful B&G)ise BBy ca8cRo08B anc.ﬂ_selftﬂsl@slyoﬂhlEﬁ mehymotrypsin-

nhi bi.t ors b|oIo i cal conseque s of ,prote
ik At The S Harresane o sppaed K e e e s i PORH
aBFEHEN el cﬁ?m@[ryﬁs%—ﬁﬁ@ hé’ci’Ungr' dT208 GrAeofiens cheﬁ‘@&tbrlzed by
nmor phol ogi cal anges, apoptosi s have been

cleayrpetod gephjsten in ﬂmamqutat@mcmetbfl@ lagge hydrgphabigresidues. In

i_nhi bi.t te [
PR RE T R R3S s T Y EPS G TR ah R i BRacEmiBety
clehVle@@Y stahfigrdfs@bitratd) At x RNHOSY sa b s Ratef hitei kaokw in the art. For
identified in a screen for antitunor conpounds

eyanplacr sycxlndinyhptosins deevattyesan b pedu izyme kinetic assays are

BT ANG RP fhie iR PRl o G RO P AAER ERTBORISL,
Biathem| GO9DE AR, E899a3908t ed Wi th inhibition of NF-xB

activation and stabilization of p53 | evels. Thus,

mwmmn&si nvention nay al so be used to 25
I nhibit NF-KB activation, and stabilize p53 levels in
cel | gy %ﬁd?éﬁcal%bﬂééﬁu&ﬁe@ ProteBsdiYinhiEeH &b @unRfous. At the

i nfl ammati on, IS an attractive target for
celhtlar-level) tbﬁam@attdmmfaqgéﬂllbmlitlﬂatﬂddrrv@msl QﬂM myrphglogical

ounds _of t.h ventian fuI
ot e ap ooty B Reeb ool Bom ettt <oflf whitarious
pkdiédsameBdtibifers] PFtetdbig anHi’Ibihoﬂ @hs dlbdtbécadugestddriDa possible
psoriasis, bronchitis, %ﬁ and cystic fibrosis.
[EPRED

apiirumos theraneloe sierteginpdir s nftadyidentified in a
[ [ I
ST bty
cl‘rﬁﬂd)tablﬁﬁeut&&aﬂgﬂd | Aeotdiygly] theqer amhq:onﬂdw\tre abefal for treating cancer.
processed by the proteasone such as - XB. e L.
Pt asea@dn@bﬁ@flthia& Fl]é‘a 4 45500 e w&@-*eh'\lgxtliomo.ﬁﬂb-m agfjiyption and
sRBfzafid Séﬁs%tl A8 Tlﬂfso&ﬁﬁiltﬁﬁes 6f the %&hﬁbﬂﬁlaﬁlsg be used to
enzymes) i'nvo vedln ce regulation (e.g., cell
inhylsik AF-f@ aetivation, and stabilize p53 levels in cell culture. Since NF-kB is a key

regulator of inflammation, it is an attractive target for anti-inflammatory therapeutic
intervention. Thus, compounds of the invention may be useful for the treatment of
conditions associated with chronic inflammation, including, but not limited to COPD,

psoriasis, bronchitis, emphysema, and cystic fibrosis.

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

the proteolytic function of the proteasome such as muscle wasting, or mediated
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transcription, and netabolic pathways), intercellular

communi cation, and the imune 5 response (e.g.,

antigen presentation). Specific exanples discussed

bel ow i ncl ude 13- anyloid protein and regul atory

proteins such as cyclins, TG R, and transcription

factor NF-KB. Another enbodi nent of the inventign is
indirectlysgia pfottine u&:mhcm pehsesed by dhncprotengames fich gp N B, The

PUAATE BSOS LA P sy bt f EFRS Efnal procesging of
pfo‘ﬁ&ﬁ@(@ £, G2mes lhmtréuemrbenmﬂﬁegsmbﬁ e.gNeel! afcld, gansma
(e.g., percussive brain damage, spinal cord injur
tramsgriptionand mt@@ha@éthww)h@t%?%%@nw%wn '5? ppigune
rciséécl)rgare ?g’ Iésj il n%n?ﬁresggﬁa# ign), e%ﬁgleg gﬁ%ﬁ’s@@& Bé18§! include B-

rorre an t's varl

aﬁg}&@ T0RR ﬁn@i‘e%ﬁﬂlltor?%%t%%ﬁbh as@G Ui, Tﬂﬂi[ﬂfﬁiﬁﬁttﬁhycnptmn

|nat|ng pol yneur opat hy, and Fi sher Syndr one) ,
ﬁHkWﬁRrBB denenti a conplex 15 axonony, diabetic
neur opat hy, Parkinson's di sease, Huntington's disease,
mul t iApbther embediaghtof thadtveniiad is tbaumfﬂh&:@ommn’@éii diselaged
viral meningitis, enc ghalltls vascu

o or PRt BRI LB Py Vi o Bu S ooy dhyifing, bur
éﬂ%‘ﬁn&?&e A2, Ek‘ﬁé?m@%am%g@{ﬁ the AESBaS §stept! el trédha (e.g.,

enentiad (suth as Hunti Agton or progressive
psmpssamlnhma:‘ramaga,l spiral ccﬁrdmaglln}c end ireumatig damisp te W\‘%

S B R SR o R 7 bR it

Baﬁfels%cﬁaﬁaé)and a9daSang ra&mesfl&mal IJQ’XIrdIfaf}@Q h¢Lmdﬂﬁ1ﬂ(ammd1lory
as syphilis or chroni'c menin itis)

deingelzmting polynawrapathy. anddiigher Xl@@ra@@) ITUIVAAPJIB% B%P*E%a ‘ES’F“PICX
{
SPGB S 0 TR R i
sélérodi¥l hedterial Ciﬁuraiﬁfd, Amgal, aadrviaal Iﬂﬂ‘yﬁgtlsj epcqﬂlellm vascular

precursor (APP). At |east three 25 s of. APP.a
dRFRGOR, (O InfAEt demRiiay OWH FOAY 3%%&3)’ aFE}bﬁ Jementia {uth as

R4 s 0de %fub(f‘#l-g%@ JORRAAALEScH ::ﬁ?—[drﬁﬁ @éﬁﬁ«le supranuclear

processing a a portion o sequence,
paldg), ddual poreivantroplyy t)hﬁlr(gneﬂe(satth a;srprmiary :ap]mam),l meﬁa‘gohc-toxlc

bel i eved that abnorma r.ot el ssin
dsmgpiEasd 3 %&h{%%ﬁm&w dtSﬁbOfQ%%@éﬁ& ?af% di{rseli“has caused

?rri&fect%&rl%dﬂ%s Biflor diEniARRNRT ssing enzyme in
ats contai ns about ten different 30 subunits (22

o e B AR (PR

PRI ALAP) 1ﬂ%€ﬁ1ﬂé3ﬁllaqﬂe§ ahdl 8erEBrab Udrgéls.t BQ&P hunpoptid 8 Bagment of 39
macr op Kojima, S. et al., Fed. Eur. Blochen1 Soc
16 49 gm)n@mémgq fromhan ApRoidpreteasBieRRse AR At bavidtbice

1%&'?]1%1%? are kn ?6&? r’}.d)l Anrel %eanﬁflg 1806 zﬂten?ﬂ{v%' sPiiking of

mRNA generates the isoforms; normal processing affects a portion of the B-AP
sequence, thereby preventing the generation of B-AP. It is believed that abnormal
protein processing by the proteasome contributes to the abundance of 3-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 sequence of X-Gin-
Asn-Pro-Met-X-Thr-Gly-Thr-Ser, which is identical to the B-subunit of human
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enzynme al so cl eaves at the Met-1--Asp' bond, and the
Asp' --Al a2 bonds to release the extracellular domain
of R-AP. 5 One enbodi nent, therefore, is a nmethod of
treating Al zheiner's disease, including adm nistering
to a subject an effective anmobunt of a conpound (e.g.

phar maceuti cal conpositi o% di scl osed herein. Such
miaceptingKbjimacS il ek, Feti Gor.fjoches. Spat d982) J&t X p060). The APP-

rocessin reduci na theis at e16f _(.3- ORI

R s tnp Sl T e Gromfii A BIeBTHE of calcium ign. the
R AFHCI IR0 bR 6 the V@l --alsphborf af thbelspbeAln’ Bomsdsas eeledse the

O'her enbodi nents of the invention relate to cachexia
extredelulscdanainof PryP. di seases. The prot easone degrades

many proteins in maturing reticul ocytes and grow ng

f i br Ok agibsdiment,akérkforelépa mettobdaff tieatug Alzheimersdigepse,
the rate of proteolysis neagl doubl es. Inhibitin
inchiling eRsRBEte d NS AL YA FEOU: L epPPP U e

p;E%ﬁgéﬁiﬁsi &mﬂ?fsﬁfo‘ﬁ? BiskBss! /RNt BEcHirbAReRIadadésaadudng the

ys or liver. Inhibitors of the invention are 15
a1 of BIAH proctssiaf tedgcing tai ratearf$-Ab plagqus formmrtion, redheing the rate
I nfecti ous di seases,, feven,,nPscIe iﬁuse, axroghy)
of i Rigensrasion; and redesing therglinicpl sigasqfi Mgheipens fisedspy |r e
associated with acidosis, diabetes, and hepatic )
f ai | Grler eBedimerds of o invisation relatsto @gheyis apgymuscle-wasting
5, 340, 736.  Enbodi.nments of the inventi t
d@ﬁ%ﬁpié%p‘i‘r’éﬁiaﬁ‘gag deg]) P‘.ﬁesr"é@y&rﬁtﬁ 1y ng Tee goljfgﬁé%%%eand
cRIvAh e EBrabeatadatcbNddprivad 6Linkulin etitaimght hee bBpoteotysis nearly
intracellular protein 20 degradation; .reducing,

g.the
dpables. diphiétisreatha praserseme sEBICEY RROEIORYSisn ther |rr:<,iu%£b°th muscle
inhibitin h f_ R5]- : .
o8 R o A LR, RS o g pon o
uis%f%ﬂ\/fot tr@atiry @nditi@n?rm:&ml B chnilcea,dﬁmchjiehﬁ’éctmm Hiseases, fg:ver,I muscle
effective anpunt of ~a conpQun e.d., ar maceut. .
CEoRpBEP PR P daeT iR G Fribel RS AS0ca el wit

a&’&SS?,%i%%te??%xﬁéﬁ?Eagﬂﬁeyfsyépagi, el dterS CAS. Fat&R D, 5,340,736.

resul’ting perproliferitive growth of
Fitodahéras bStha hvention eodomteadompash mathads for: sedugingttherate of

TG (3 sigpaling path . Fibragsis. inuolves £x i,ve
i B R T R R
d‘é*gl%?&[bn\,/ Fddub@bltie ARYofldepfidatio ofeT0sstehtinel @ll; and inhibiting the

d erent tissues. Normally, the |evel of _ )
growthad @b Bwrblared shngesd. | Frgh o these mefiodg ancludes contagting ¢ell (in
transcription of target upo z iJFulatd
A & sy el BISRERRGirefe ilofie o7 BhipBlnd
(209 Bharntdevmital comsRi ) aiseldsetEigradat i on of the TGF-(3
signhal i ng conponents has been observed in cancers and

ot herp e i PhelekEREivt h¥Ep&aBEht foBRationdfkBar tiné Ristlting4rom
enbodi nents of the | nven? ion relate to a nmethod for
the kegteiprglifeyipige prootth o fikroblasts and is associated with activation of the

TGF-p signaling pathway. Fibrosis involves extensive deposition of extracellular

matrix and can occur within virtually any tissue or across several different tissues.
Normally, the level of intracellular signaling protein (Smad) that activate transcription
of target genes upon TGF-B stimulation is regulated by proteasome activity (Xu et al.,
2000). However, accelerated degradation of the TGF-p signaling components has been

observed in cancers and other hyperproliferative conditions. Thus, certain
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condi tions such as diabetic retinopathy, macul ar
degener ati on, diabetic nephropathy,

gl onerul oscl erosis, |1gA nephropathy, cirrhosis,
biliary atresia, congestive heart failure,

scl eroderma, radiation-induced fibrosis, and |ung
fibrosis (idiopathic pulnmonary 5 fibraosis, colkﬁgen
emhedinients dfiteeiawentionaelats) teganethod fardreatinghypegprgliterative

di seases .and,extrinsi ' - :
IR g B 9 e s iagoh B ARl gn. [Pk FRAASHIAN,
gRMer@d sl éosis Al Aarephebipat! ciehosibbiliary ettsigrongestineheart failure,
topi cal or system c adm ni str?ti on of .H.e | nhi kfi tors
selerogpran, rashigtivg-indysed dibspsss gpd lyng ff W‘ﬁé} @B?‘b{:ﬁ@l gnary
ften . . SEHE. e b
s BRE ) A fbihe, St Wb A3 a¥hs R Ric
[ukig, dhedhoeth)TeETHeSreatthentiofi et victims &l efteehatnperzd byt fiwesis, ghus, an
t he prevention or reduction of scarring. .Another ..
aqihtioes] APPELRRY BEthsyIYaREOR e Ll of SgikaT A fation of the
h?‘fibﬁ(ﬂ? td6dat bRER! SVaLndaTdduYe follbfidRedurf@iid oftdfassociated with
ranscriptional activator proteins can be divided into,
disfiguring sqass, whigh iy be prpvontpd by indiibitin pf Bbrgisy {Thus, in certain

BES55ea B AN RELEET ERRu e Gl Bt

Seaq.gH%re proteolytic processing, and includes p65
(Rel'A, Rel (c-Rel), and Rel B). Both honpb- and

het er iAhrO&s{Q VR Bbtda8dmE AW BIe Rlihlser of the Rel
NF- KB, ?ﬁﬁ%g())(tgln‘gylre, s%es bgqp% - p65 mhlet erodi mer. After, .
pedteinthaily] The el fandlyud transeriptenilastivitor KBteirfdcag bgslivided into

the two rqt ei ns _are .deqgraded,.and proce

tpepuie: T8¢ ST e oies Pharrye RboRisPin ARE Rulydes pS0 (NFBL,
105 &3 96RH £5NI-RM f0veTsajt TRk 3&dbnl @rdupaioes abtereguire proteolytic
Ubi quitinated pl05 is also processed by U{ll fied
ppvassas ond nclRies oAb ER¢1A, Rel bt Rel), caf RefE g homo- and

78. 743- 785 {i - : . | Eb1E -
R B e Rai Rl NIk BRPEEkhaIC 1 2 p30-pos
HRRfodifed - AftePospiorylatibm s iiguisiahtiat ¢fieBemp pé8Sitontvaf

a particular gene. NF-icB regul ates 9%&28 [ nvq\hl%/_{%g in h
profeins A drgradsd and proseyrat-geSPeFREGibig aToduke actys TR-KE i
EUE0ESes £8h tﬁé?ﬁgﬂlﬁ?m %Eﬂfé%ug%&f.ieﬂﬁqhﬁﬂmfegrplbb@s also processed

expr essi on o AMUNOQ i ght chain x gene,
dyjirifled Protesopies (Paembeallaret gbn@ell (1904LT 813 3-8 pajiotive NF-«B

oy FABO G st rynpls v e anSortiSga! gefivagors and, e
i i Sk ' , d | FN- (3

R KD SN Gyl RENivE bl Sk SabG i sl | PN (S

ST SR PpAic U IELOR e TR BRIl Ruponss, an

thitot evEMsa Fot EdniiRe,INF-&Byis odquirké fmttheexpression of the
previously-nmentioned proteins, each nethod inﬁ%@%%&;xn@or

igprneiiobulin fight chaip s gejcethe Lhr? resPRIRLY RN £7BE

hﬁ%og?ogﬁjﬁ]a%bﬂi@ ChARRY JARL Gh a nBHBRl EXERORIRE btfs BRcddR), #6re
example, IL-2, IL-6, granulocyte colony-stimulating factor, and IFN-B (Palombella et
al., Cell (1994) 78:773-785). Some embodiments of the invention include methods of
affecting the level of expression of IL-2, MHC-I, IL-6, TNFa, IFN-B or any of the other
previously-mentioned proteins, each method including administering to a subject an

effective amount of 2 compound disclosed herein. Complexes including p50 are rapid
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-35 nediators of acute inflammatory and i mmune

responses (Thanos, D. and Maniatis, T., Cell (1995)
80:529-532). NF-KB al so participates in the expression

of the cell adhesion genes that encode E-selectin,
P-selectin, ICAM and VCAM1 (Collins, T., Lab.

I nvest. (1993) 68:499 5 508). One enbodi nent_of the .
miediptrs pHrcuteingapmatersl ang imMRE BSPPRRgS EBranos,dhegd daniatis, T,

) [ esi on nedi ated by E-sel ectin,
C%ﬁﬁg%gesgfgﬁﬁbb'l F/l or VCAM1), including contacting a

cell wit or agdmnistering ta a bj egt e '
ano uhﬁﬁ‘f# a§° L ?bﬁre’%reﬁﬁlgp Rittguct%ﬁ & QP%?OH kehSEtat Encode
ECRINRAS] B-5Q8dtind ISAMY 986 VIER1eE N(CAIERY) A ababgest, (1993) 68:499-
reperfusion injury results in hypoxia, a.conditfign in
q%QSIPHée-gw

5080 Inerdnehadlithent of thesinyenttioniie payetlsrd fox ydthiting erlhy

t.i sques of & . ' j t4 i fAC
oL 3SR Plsghdlfa BRI > 0 IGMME 8 SRy AChERRRE
c@thétitatd @ with raliBidieangtoed subidet), ankFélive ihotrasfbeen
denonstrated that the severity of injury resulting in
CW}‘B@J@&(%&@WW&P@%@WQW% @"]86?14 hﬁré‘f‘r ation of a
proteasone inhibitor (Gao et al., 2000; Bao et  al., ,
2001 Ischewiasandaeperfizpodnursrreselés irtwpoxiar a gendition in which there is
adi rent s _of the.inuentl t f
P RRER Tt B oA hE R PR of iy, Andk dohdlTRn s
ifcaEREd 8égrgatiod BF Ni-Bhptherthy resultinpubjtiecactivatioreefNBikBs(iaiong et
treatnent an effective anount of a cg%)ound di scl osed

ahﬁ}9gi4),_ It Eg%h?ﬂn@gn@pstgq}%ﬂ)@bmisgy%ﬁg ) qrﬁjrgﬁliltgg in hypoxia can
bk S H&?Wit?% ﬁfnﬂn{)&?—tﬂi&} 5t @%teag&ne ﬁﬁl}iﬁiﬁ)t CQLOBA1Y 2000; Bao et
Sy nerabl e pl aques

ndrome (vu ), arterial occlusive
all] HwasPyd eail (2@6S). Therédvealertaipembpideneadts af therimventiomelate to a
n\é%fcul ar qccl usions), atherosclerosis. .corona%]%. 20

ok ofdreating g SRFTCPRUHON GF ERELRSION IR COPIPEHLE

aERidtefil foUf SRR LA LE bich trddMAGR Rl icBecti ViYREdint 8P¥ompound
stenosi s, and rtestenosis. NF-KB al so bi nds

dspsed haeinl Examptdsef Bholt contiovos of injwinstiefudoyhutare not limited

conpared to the Ne f c239 he H.V r I .
rghigen e hapmr Rerus Banyh A orb Tee Rk fcardioe
cbdBral, §@HPRerW UrfoRial &1H vaabdafdRiBiohs K athesRcletdth (ogronkity

is believed that the protein 25 kinase signals .the

splntosishemrgnay geryotiseese, infarptigger hesgt tRilweqRagicratitis, gpyocardial
N hér%gghgf,Fs%%osi%%b&%és‘ién%’sigr ot easonme pat hway. After

gradat’i on IS released into the nucleus, thus

enhangi n he .t ranscrinf.ion of.H V, (Cohen ,

Sci eﬁ\ge-l,cg @isggglju{sig%@%zg;y to%\%f-l.l\é-.r%g%}cﬁ%ogno‘é?r. .t\lﬁléen compared
td TEENI 0P haRD 89, ahd HIV @€bull 61 frblicht WENEr 19§14 ¢idfessi byg widl avhino

infection in ‘a subject, and a nethod for decreasi n% ,
atide irt e atgion whighaionyelsereigivrldrase bnding chishaligyet et the protein

i ncl udj 1 NS I t ' £ ' th
kinase %@u@g th%dﬁg8%hé%ﬁéﬁ‘§}?%% B ég'%géﬂgé 8 48 afitof Hhrotigh the
ubiquitin-proteasome pathway. After degradation, NF-«B is released into the nucleus,
thus enhancing the transcription of HIV (Cohen, 1., Science, (1995) 267:960). Two
embodiments of the invention are a method for inhibiting or reducing HIV infection in
a subject, and a method for decreasing the level of viral gene expression, each method
including administering to the subject an effective amount of a compound disclosed

herein.
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herein. -36 Overproduction of |ipopolysaccharide
(LPS) -i nduced cytokines such as TNFa is considered to
be central to the processes associated with septic
shock. Furthernore, it 1is generally accepted that the
first step in the activation of cells by LPS is the

binding of LPS to specific nmenbrane . .receptors. The a- .

ona CBosablnstion obpebs 20ehepAe SOORENS A CalRbE: SHilyas TNFa is
BRI RO Lot SHOBE e mor.
id Faeralnkedphay tapeatit fiest sap dethe actititntafealinbnt P s the binding of

ST € Bl e
| ' Lbi . ik, -indu
cslg;gpe 'h%@%%%?%%ﬂ%?i@@%&?g'pﬁyt@ﬂ‘é,' BBz d¥Big BRt HRAPS-induced

he'Tn prevent “and/ or treat
skl trhseliiok. maObd ait ingoetahitherapgutivitexgll/igi the Heriment &s

rreveiel WhHSDt QQUeTnSar e it PR U aats 17g- Therefore,

ih PIVRE et B SdiRTEhtsS Corifdlindb 8f tRyARInaeR wiaydRlused fddlie iahibition of
virallTy 1 nfected or have undergone oncogenic

TNEns preveat aodior @t sepissipekent is a method for
i nhibiting antigen presentation in a cell, including
expodifgeelliir paitdol ysis genecatgscumed] phptides foeprenentation to A-

conpound of the_ 15 ipveptian be used to
IR p datlc MGl ReneQ A el Bk S, I Saumune system
sgf Aok %ﬁ@%&gkgﬁtﬁ&t% Gk Ayt infREedUT HaOS tindik gR@ SR ogenic

nd aut o- | I seases, including, but not limted .
ttapsformpticn. Oheembedingntis phmdthodfor iubiting patizemprescplagon in a

sclerosis, and i.nfl ammatory bowel di S
flieraingexaping I SRE ergito s NAlRRER, hudibodiid of the
A HRE A RA IR redt SmARBL Hl0dd kondifuippsues ai altertyi@sthma,

I mune system of a subj ect é’_e. g., 20 inhibiti HF o cludi
arparigphargetionderafiorersustiost ¢ipese), aRf YLUPARIES APSEASLc NS,

and ast , inel udi . Y ] ; eHRIsestd

R P FRT o Ml o SRR RERLTE s RSl
AnahhRtory BoibEdis@rhadidistulésativerelitiodnd Grohals disdapg). Thus, a
the repertoire of antjgenic peptides produced Q¥ %F%d(e
fortbercambndiment g msthad fr snpressingdh PR YECH R AP (€8
For .. I foot: agith i 2 f0iséE3s i tasds RN Encludin
i EEERb i ek TSRS CR b i gisgEBs G e Encluding
AMiihgeting to aptsubiest ai ¢ffective pmodniedd compohed geseribedarein.

and presented in MHC nol ecul es on the surfaces of o
cel | sahbraer fetbenitdpmentus e chetinsl for elseringable mipetieire of antigenic
w t hout _any enzyme inhibition, or wth, .for exanple,
pastides produgediiyshe Pisteaseme Ry fidet IDIB%Wm‘ ml‘éca?aé%tf‘i HY oFor
%X%= ! OF GEPOIP accr‘ﬁzﬁtg%'f Bo8 E%t@%ﬁ%@s ikt QRIsibléd Gidifferent set
0 dégradati on and processing of ]

of antigenic peptides will be produced by the proteasome and presented in MHC

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

Certain proteasome inhibitors block both degradation and processing of
ubiquitinated NF-kB in vitro and in vivo. Proteasome iphibitors also block IxkB-o

degradation and NF-«kB activation (Palombella, et al. Cell (1994) 78:773-785; and
Traenckner, et al., EMBO J. (1994) 13:5433-5441). One embodiment of the invention
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30 ubiquitinated NF-KB in vitro and in vivo.

Prot easone i nhibitors also block I KB-a degradation
and NF-KB activation (Palonbella, et al. Cell (1994)
78: 773-785; and Traenckner, et al., EMBQJ. (1994)

13: 5433-5441). One enbodi nent of the invention -37 is
a nmethod for inhibiting IiB- a degradation, including

iscomethot ifoginhibétingkB- widegradatiare insbising enntaating dee ¢edlreittha

A further di nent, is,a t f [
cRBP e o7 MR e PG BrclBing e
cAulSURIneSE of NFGIB/RN 2\E11C ARtk El6 L drpgh, bh subjet) ihcludingebetacting the
organ, or subject with a conpound described herein. 5
celi, mewscleu Regap.oari subieetawitl pcpmpewnd deserhed heri- 1 equire

proteol ytic processing include the general o

t r an€xhérpukanyofiattmscrifion Actonethpleequiremplotsel Xtic rigceysng include

e eeo Pt ot T3t tnes SRR VeV b HEad SRUR) Hofein
(RRY B BRT P Virh&tHdusbRy I NetegiR ity BloRHiNGoRimbad thelmembrane-
O her enbodi nents of the invention are nethods for

bafuficesieiohpeslatiry slagpé-binding pregielikar yotic cel | cycl es,
i ncl udi ng exposing a cell (in vitro or in vivo) to a
conpd@ithet enthicslithergedf the imvientioyreimethodsrter pifestiai gyclin-dependent

i nvol ved._in cle control The. prot.easo

ell ¢ .
oAy s etk Siles ineRimg ExPO 55l GF VPt RS O e rRound
Acidz¥@ hébs. IdVliHé SrePréteink enveddiif Sell cdle Eotttol.NThe pratkeasome
cyclin B. Dedgradation of cyclins enables a cell to )
peiticipatasan g degradetien ofeysljas. (Bxagupleneficysiing inglyde gniosi cyclins,

PS8 bl B BB oL YRS 128 vl
sta@k 8. e driioRiap @&l entdrenpthei @Qd. ydilviSion).alt dcbdlivgedaly n)adh'n:s sre
| ocalrzed to am no_aci ds 42- RAAL %}(}?EN- 50 &gest r u:it i.,on
apwwiated Wit pa4 pup-elpy pevEd kinage OESF@I NEEonPEPIRP YD a
tzrgétﬁﬁgxé‘f (fﬁsai?)lzﬁlzl%g t@aﬂiﬂfo%%i(fs'ﬂ-ﬂﬂgﬁﬁ\l I8EN-4(h@festPuction box).
cyclim-Specitic |1

gase Is activated during mtosis
THetesie eaidener thatxyclifCi donvérie@iad a foidd valdeble to lanthichiitin hgase or
of the proteasome inhibits.c ation

lin d ,
(R @ P EPeSEIG Pn i AStiRRipd dUARE mtess Frigrianp et ‘é@;@%ﬁ’ (1994)

oy ey ilﬂﬁﬁﬁbﬂto%%egﬁa&ﬁsroﬁqe(iﬁmmk efdlinedegaldatioafe therefore
Nat1” "Acad. Sci. USA (1990) 87:7071-7075). One

inlnibibeleatiproliferatione foir eyanpleoin dyslimrelated pangersd Kumakast £l Proc.

| i feratd ' ' i ect Qe .
b SR 3870 St S giop
hdiBod R iRelin2 R pRifeefive@scab®iay S\m{ecﬂ(ecgﬂ‘muerdpsoriasis, or
di scl osed herein. The invention al so_enconpasses_a

rasersts). fiovluding adininstesyes torfhe sybiect an offeqtivielampvat piheqrppound
ubject, i-Acl.udi ' ' ' . -

e

iAgsambhedinhesdidt, idddding adainseningde arulijsctartberapiutioalty

for affecti n? t he prot easqne- dependent
effective amount of a compound described herein.

Additional embodiments are methods for affecting the proteasome-dependent
regulation of oncoproteins and methods of treating or inhibiting cancer growth, each
method including exposing a cell (in vivo, e.g., in a subject, or in vitro) to a compound
disclosed herein. HPV-16 and HPV-18-derived E6 proteins stimulate ATP-and
ubiquitin-dependent conjugation and degradation of p53 in crude reticulocyte lysates.

The recessive oncogene p53 has been shown to accumulate at the nonpermissive
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regul ati on of oncoproteins and nethods of treating or

i nhi biting cancer growth, each nethod incl uding
exposing a cell (in vivo, e.g., in a subject, or in
vitro) to a conmpound 30 discl osed herein. HPV-16 and
HPV- 18- derived E6 proteins stimnmulate ATP-and
ubi qui ti n-dependent conjugation and degradati on of p53

tempecaturdan retll ¢ pithtaenhiptditbermolaiile Fle ddawatedlepele afphiemay

lep gga ?Igﬁlb(g%}eeﬁwp}‘% ﬁ&@gfo%f:ngllﬁgge%s? eg}alagd Egﬂp d.(b%l.ﬁﬁh ¥fstem
idchRle 18 - RosEhnd E@y abaé embydihRnois aﬂﬁ&hﬁ@ﬁar thegil p3B-related

apopt osi s. Exarrpl es of proto-oncoproteins degraded by
apdpeosish inplidingadsyigistering th @l subisctoniiective P@@unt&rﬁ @ cempghnd

odinent is a method for treating p53-rel ated
dlﬁﬁ(?fﬁdrigefgn i ncl udi ng adm ni st ering to a subject an

ef fect 5 discl osed

anot %ﬁéﬁem ath% Sgﬁg 9%, 88’ °88§5p%ru Hﬁ%ﬂ gh%sté ent of
aprlrasﬁle @nﬁ:étﬁfﬁt BRIAtasGhfectorRhadid byGprotol et p@aﬂuteﬁ UTHe @dteasome

i nfections caused by protozoan parasites,

obﬁmeemms isonsifersd tobe ayplved prigagibyisy Q?Hrdéﬁerﬁﬁﬂ%@n and

R LB e L oL ST 0L o8
FRah@fior® lentad{deBa spkicd havélﬁeeﬁ Showd & Fose tlstation papaczty when
ent amoeba speci es_have been shown to | o;‘s enci/ a% osn N
pec No

expgsad fo groteatame whibdtord Gonzen cbalsdhehi Mad-dtesot Y
lﬁﬁﬂq)a &E%eﬁtzﬁfx s emlﬁffﬁxlﬁe%tg/,gtﬁ d El%se qouﬁgs arg%@é:fui\ﬁ’}r the

n cer aln suc I ment s, he di scl osed
tregmeatiotisirasite infefiohs hduntane cause@b ay a@mtomangareaﬁe sélected

infections in hu proto oan arasi.te
frog) Blasserupsgin (3 ”ﬁﬁ%ﬁﬁf %'33“?? REYRP rgehae, it Poovale
hCdaB&Y i HariB), Kson?a spRRdihdife Ta&@zf’ wh%l’?daﬁsesj(ﬁlagas

I ch cause nala I a) Trypanosona sps. (lncludlng T.
diseasei gndihibobcet w&ns:éls:amqa?slban tleerong sickneng), Feislyngmasps.

A SRR B T s L Pmocysi

chritli Pt pHozdan KGN RAuseGnSuthoniBie LAIIDS)éﬁH logher ﬁﬁihluﬁmup()&ssed
protozoan known to cause pneunonia in Al DS and ot her

pﬂmﬁ)oﬁmp}@g@@gnd@ﬁnt@m@ histplytiga, gg‘nﬁsgncg@ﬁdm{adens and Giardia

TGS Bl BB, oE ATRERRHBIAIEAR: uBRA 1586 Homent
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arcocystis neurona, and Neurospora crassa
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In cértain embodiments, the disclosed compounds inhibit proteasome activity
irreversibly in a parasite. Such irreversible inhibition has been shown to induce
shutdown in enzyme activity without recovery in red blood cells and white blood cells.
In certain such embodiments, the long half-life of blood cells may provide prolonged
protection with regard to therapy against recurring exposures to parasites. In certain

embodiments, the long half-life of blood cells may provide prolonged protection with

regard to chemoprophylaxis against future infection.
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In certain enbodi nents, the disclosed conpounds

i nhibit proteasone activity irreversibly in a
parasite. Such irreversible inhibition has been shown
to induce shutdown in enzynme activity w thout
recovery in red blood cells and white blood cells. In
certain such enbodinents, the long half-life
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the XgMB1 subunit or o-chain and inhibiting the proteolytic activitics NRociated with
it. For example, the activity of (and specific inhibitors of) other subunits of the

proteasome can be determined.

Most cellular proteins are subject to proteolytic processing during maturation or
activation. Enzyme inhibitors disclosed herein can be used to determine whether a
cellular, developmental, or physiological process or output is regulated by the

proteolytic activity of a particular Ntn hydrolase. One such method includes obtaining
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enzynmes, transcription factors) processed by Ntn
hydr ol ases, including the proteasone. 25 The

di scl osed conpounds are al so useful as research
reagents for specifically binding the X MBlL subunit or
a-chain and inhibiting the proteolytic activities
associated with it. For exanple, the aCthIEZ and
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The precise time of administration and/or amount of the composition that will
yield the most effective results in terms of efficacy of treatment in a given patient will
depend upon the activity, pharmacokinetics, and bioavailability of a particular
compound, physiological condition of the patient (including age, sex, disease type and
stage, general physical condition, responsiveness to a given dosage, and type of

medication), route of administration, etc. However, the above guidelines can be used
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a daily dosage of fromO0.01 to 2000 ng of the conpound
is recomended for an adult human patient, and this
may be adnministered in a single dose or in divided
doses. The anount of active ingredient which can be
conbined with a carrier material to produce a 25
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patient.

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

separately reacting a purified inhibitor(s) in its free base form with a suitable organic or
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20 olive oil, corn oil, and soybean oil; (10) glycols,
such as propylene glycol; (11) polyols, such as
glycerin, sorbitol, mannitol, and pol yethyl ene glycol;
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ascorbyl palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
lecithin, propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents,
such as citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid,

phosphoric acid, and the like.
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Representati ve organi c am nes useful for the formation
of base addition salts include ethylam ne,

di et hyl am ne, ethyl enedi am ne, et hanol am ne,
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A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared using binder (for example,
gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative,
disintegrant (for example, sodium starch glycolate or cross-linked sodium

carboxymethyl cellulose), surface-active or dispersing agent. Molded tablets may be
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sodi um car bonate; (5) solution retardi ng agents, such
as paraffin; (6) absorption accelerators, such as
guat er nary anmmoni um conpounds; (7) wetting agents,
such as, for exanple, acetyl alcohol and glycero
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I
e A L R T
1n§i‘éhi@nf‘ﬂhere%pﬁé1% b M;amliléW h9@RxOpropPlineethyd Qekblﬂem i varying
I'ngredi ents ressed tablets nay be prepared

propertiens fofpsevids awpie@lred gk prafils OHVHP%W,SF Bﬁ%%ﬁﬁ{?ggmes

aneRPsre”. (Hish 5B oe 1 EAIeq By MF BamBl ERUGR Li¥ugietd

b&[@ﬁ&eiaﬁdﬂk@ﬂlt&@ ot blyﬁnw@bfmmgmﬂnying%bmta Iuoéle)form of sterile solid
surface-active or dispersing._agent. Ml ds{ﬂ ? ‘f may e

canepositions Rk 999 DRSIPIVED isterile JaA TP OmEHh Feteile yce

mBiS 1at[313'%gﬁg¥vﬁg efh kg %ﬁb&sﬂf&rﬁhaf@é@&ﬁ%ﬂl%&ﬂiam

an I nert uent. Tablets, and other solid
ophoqine agerrtsmnd sy he afa dmagmtsqn thapthqy eddcaspilie astive igredient(s)

ranul e optional l or ed re
oo 9P LR P PR S B GHTEE gl
dé?%1 VA mARRE | DS df iR¥BinkRofipBsitions which can be used include
armaceutical -fornmul ating art. They may_ al so be

pcﬂgmmut atbsuinw aené watxeprlilw asive [inmred pnteen else e &R Mg as e
erwgﬁllgai?;gf P]ﬁ) fr.lgtgle%r hlong SI[ 1?10{% &qh@ QboJeo({esm%xsl ients.

ose in varylng proport

to provi t he desi.r ed | ease ot her
a0 g RBRa & Ore B S oS %‘%ﬂ“ﬂ?ﬁﬂ%jﬂ‘”
a&%ﬁtﬁbl'e'eﬁﬁﬂ’m&ﬁé mfl&f)erﬁ%@fé'ﬁls &olulibhs, sBépefsiohd) 6Aragl add kﬁxn's In
bacteri a- retalnlqg [ter, or by incorporating

adstitgori foithé agivagegredicntnthetiguiddasegs fosms mayeonigin igert diluents
co i.tions,whi an e d|s oIv
nB cf Wetpe g{t,esruFﬁ 85 ﬁ exapipl ?er’é)a %ﬂr&ﬁ} g%lgs %ﬁ.‘%ﬁmng
a0 hR] ehflsifitReseh ﬁ@%?ﬁaléd}@us‘lsmypﬁ Ia&@hdpbﬂngh@drbgnate ethyl
contain aci fying agents and nay be of _.a ¢
aqerpie, benay aleeh g@llﬂh@ﬂ&@@twgopﬂ@%@w%ﬂt b é)b“t!ggffﬁéyml otls (in
c f
pﬁ'[isl%lr ) ﬁt%&n%%édy g&uﬁdﬁut nghS%e?meIHé Q& aﬁ(p?csame 01ls) glycerol,

act I oh In a del ayed

t%ﬁﬁmebE@o@%ﬂ@me@wm@ maylatnd@atermbﬂ sotbitaapand
be used i ncl ude
mixtures thereof.

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

perfuming, and preservative agents.

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

agents as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and
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pol ymeri ¢ substances and waxes. The active ingredient

can also be in mcro- encapsulated form if

appropriate, with one or nore of the above-descri bed

exci pients. Liquid dosage forns for ora

adm ni stration include pharnmaceutically acceptable

emul si ons, m croenul si ons, solutions, suspensions,
soglyitansstersa micrekiygiatine celulose abuminemanetehy drerdde bentpaite, agar-

ingredient . the |iquid . dosage forns may contain inert
m%ﬁ%mgﬁﬁ?c%gﬁﬁgﬁﬂyxus%ﬁm%ﬁ%?he art, such as, for
exanpl e, water. or ather solvents, solubilizin
gerRatulgitans forest ol ee BaL b gh 1Ay b Righehicd as a
suppNHoBPYFhid] MBHBE prephftilbyGAKEY Betr nfdrB Yhibitk &) alifhone or
enzyl” al cohol, benzyl bénzoate, propylene glycol,
mareGutiehly henieritgting otcipients st ¢amiersamprisingafor exunplococed butter,

dnut I , t .
B RSPy sSSP B G P B P8 8o
teRPbMAi-B e NGuid! Y BedsStenpehtirathd, tBetfbr€ Sl melOl the rectum or
sorbitan, and m xtures thereof. Besides inert

vaginal ety and welegsedhe edhy§a8enti ons can al so i ncl ude
adj uvants such as wetting agents, emnulsifying and
sus perdinteions sitich, are sistsbinfonyaginal adoyiniptgationalssrinelyde
res?rvat i ve agents.

petiaigioage inslgde
et oot PitaBaci Tt Sai i oo Pt Syey Ry mBRPAT h6Hnink uch

y con

caPtiksrP 8§ S kowA IR HicSarf®, befapropisaep! e, et hoxyl at ed
i sostearyl al cohols, polyoxyethylene sorbitol and -45

sor b, &Re GHhAMSr (hEEHiOA Y BhAlderNA 28RNk ARA ofah WRIBHEH(s)
met ahydroxi de, bentonite, agar- agar and tragacanth,
inglnde mhwders.eprayherieientsspastes, atchmnsofions, gestsalutions, patches,

viagi nal 1 ni,.stration may he presente " .
oni8is of F e ch ARG By st B BT ieBfs ngirions pith 2
pH¥BhgccufibAlli dcREtshle vhitier, ARG wath &y PRéseratiivésabhffers, or propellants
nonirritating excipients or carriers conprising, for
whigh fiflyde regitd: butter, pol yet hyl ene glycol, a
suppository wax or a salicylate, which is solid at
r oonTha einfpesmés, pages, brgamis apdi gelsanapeatyain dnpddision e indiitor(s),

t her ef or will melt in the rectumor _vag nal It
T R R R A G T S G i SEEE
cefldids@BbievatiQEs, paBleten@ Y dolss tiliddrie@ bentdhites, Rl diklsrid, Qale, and

pessaries, tanpons, creans, gels, pastes, foans, or
zigppxige.fos mpwtuags thersokont ai ni ng such carriers as are

known in the art to be appropriate. Dosage fornms for

t he Popdanindspraysans dentaial insaliditiningd aa tinlipitesfs) sgxcipients such

ibnhibitor(s). include po IS, .Sprays, .pintnments .
o5 i 0%, i, ol G Hydhdeod BB B R gyamice
povitiér,| diiikARéSof AR sakdtinees. COprRA@Rtad R nEI8y EirXAf cUfieary
sterile conditions with a ) )
propellants, such as chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons,

such as butane and propane.

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

agent to shear, which can result in degradation of the compound.
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15 pharmaceutically acceptable carrier, and with any
preservatives, buffers, or propellants which my be
required. The ointnents, pastes, creans, and gels may
contain, in addition to inhibitor(s), excipients,
such as animal and vegetable fats, oils, waxes,
paraffins, starch, tragacanth, cellul ose derivatiyes,
pol yerdipardpanggypeaisqerospl is sande by foamtlating asaquepysy %9¥ 10n or
: t 2l ) . . ‘
soBfiRion e BB opaRet kiU cllcRond? phifit kAN AicBRbLe crricrs
aridntdbidliizeay, (Bhe cabiedh phdsthisilisets Raryasith tetrepdrenteatsmf the particular
silicic acid,. aluninun1hydrox£&e, caLfiun1 [,licates,,.
coptRps iomy Btz callyGREIBAE MOHORE LRt f T pBge luronics, sUibitan

o _ y
R A S T i
polpdthylehegiyos yinabditous prbtéipsllibe sarmorthumig Soleig@hidagmino acids

but ane and opane. The inhibitor an b
sugﬁtaé g{qev‘gffl;erg&%tqa UGS, OF) SYsAT ggzpﬁé%ﬂ _ eﬁaﬁplg gegerally are
pRF&EOIRLSRaEnRNoRABRAT | N an aqueous aerosol,

I'T posomal preparation, or solid particles containing

the f%ﬁg&r%?t;ﬁgfs&@cheéhmg g@&%&?d(/%ltg e 0 .ﬂr%\%ﬁﬁl“g%ﬁﬁalled delivery

prope uspension could be use oni €
ofeithibzter(s) tatle: ldef Suck dodage durss dah by nmidaibyidzssolving or

expasing the 30 agent to.,.shear, which can resuli in
digRegH B8 AT ARG t‘Pﬁ_’u%OE‘EfﬁBB‘HW&: 3\1’-52@"@? grifiPeya glro bl used 1o
inRRESOMS FRE P AR inhiBithRIcRYs Ry s, aflidYateT saeHR@K 8an be

solution or suspension of the agent together with
cantiolledby eitler pphading oeateicoatrollingowaphrans o dispersing the inhhbjtor(s)
. St akfi i zer s. The1 carriers and stabilizers vary with
I O YBEIPPER S of the particular conposition, but

typically include nonionig, surfactant Tweens,

Pi ur%liﬁrﬁ’é?‘?"élﬁ?lkﬁof%ﬁ’s@%%?éﬁhés, InyEops ?b(‘%:f@mm) ,
a&Hﬁﬁ[s%ﬁ@ryEdlﬁﬁlﬂe)bn@ GF BREFERIhI©Rs($h L8 RAbMatibe RidSne or more

pol yethyl ene” gl ycol, innocuous proteins |ike serum,
plarinacduticalty aiceptaldi dierikmiquecucirdonagueohs spdutingcdigeersions,

oSOy 8 A EREL
infécBibRORITHRIs fé@ﬁﬁF&&oﬁ@j&@t B tadse dviachany ageaidfantioxidants,

provi ding controlled deliver 10 of an 1 nhjibit or(s]
buffers, hactspastats Sebiresawhish serddsr the fermnlationpgetenigywith the blood of

di. VAR r. di rS] n [N the proper
g s L N

increase the.flux of the inhibitor(s) acro th '
The FeEpley SbiP e pareensarE B RE PSR BRuPRH ibloyed
inth® phaAdedich BdotnoRtioh® bf 1he nFeRtbi aitenderw Mérs pksdlngplyols
thelnhlbltor(s? in a polymer matrix or gel. .
(such as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable

mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters, such as
ethyl oleate. Proper fluidity can be maintained, for example, by the use of coating
materials, such as lecithin, by the maintenance of the required particle size in the case

of dispersions, and by the use of surfactants.

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

microorganisms may be ensured by the inclusion of various antibacterial and antifungal
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15 Pharnmaceutical conpositions of this invention
suitable for parenteral admnistration conprise one
or nore inhibitors(s) in conbination with one or nore
pharmaceutically acceptable sterile aqueous or
nonaqueous sol uti ons, dispersions, suspensions or
emul si ons, or sterlle powders whi ch may be
agegisofos ekamplecparaen, shlerdbutanol, phensl acmbec agisl, and Hrediksy It may
aldl ?@ gésﬁj 21%3% knl@%ie%?lgft tagjugt%% a&‘@g ag%x s@%a?% t@é@u%ﬁhé%nde,

arrdetﬂel Bke iie tHeoMpositions lnsadﬂnmnppwmdgea Bbsopptacbiahe infdreable
i nt ended reC|p|ent or suspending or thickening agents.

P@Z@ﬁ?ﬂ“@ga &P ey s heought; é%cué by rﬁlae netaiqned GSGTESaWM"@rd@laY
#p%n'g&éh 28 B8nodtdhritd Gnd gagmc euti cal

ositions o e 1 nvention I ude water, ethanol,

poI yal s (such. as cer,Ql Y; I
ool ylgjtsﬁ)y e cha%es n org\gr t ﬁ%lO{l%gP le?feé St (}{gg,sﬁ}%tdegllrabl%g) slow the
alﬁ.b idhes tHeh:Ii’ﬁg ﬁbm sbgethadiue oPidtBmus el iafec@bn. VEorGixhmple,
i nj ectabl e organic esters, such as ethyl o] eate.

dqlm@s @bserrpmrapf WP@&W%YMWIHPW@&mg formdsg aseﬁ@mhsw Bhe
d,ys%fw?éop%éé&?n%ﬁgtﬂ i"ﬁa% Il%t@s l ecithin, by the

mal nt 8nanc U|re icle size in the case

of S and u of surfactan

conpTRHRH RGN o b ﬁor%}wacﬁ%%wgq%ﬁe iqgheeet
1nﬂfbﬁ§f(§)\/1ﬂtbldlc%'gradﬁ€lfetplo[}§ner§ SuchgR pbBylackide/pdlyiglcdlidagpepdling

and di spersing agents. Preventiogn of the action of

oryihe reist YHHPe FsPokEgen and Hisnague Bﬁther@mqﬁl&ar@@lywr@mployed the

C d

rol A1 B e R0 Ed R B8 R O her 41 BEERLR: ol e
inalnde polg(dritoestels) amdyoly@hbpirhies) €[8¢1;foabij &tdbde formluladiens are also
t t dj t I h , dj
PUERITEH PUEHEETRIRE (R niE ROTPHIBS Han ERBL gABEh fif compatibl
Wﬁggb&§9&ueprolonged absorption of the injectable

pharaceutical formnmay be brought about by the

i ncl S

al urt P AR nRe i v ol RAleBloL A, RAEEAIGror
reanier They zpre,oéﬁmgrsbhgvaf be ﬁdnmfsuﬂatﬂe ﬂg eath admsintberatiomidute.

to slow the absarptio ,of the drug, f on1subcutaneou

Fogexpmpleathgy atn afminspesed indablets or caneRledorn. bijmyesiiay mhalation,
f t; Y t r 4l
o PP R o e ntally
bsasmpposltomehl Otaé adtinistritiectiapieéertdpot forns are nade by
form ng m croencapsule matrices of inhibitor(s) in
bi odﬁga’lﬂd@dels Eppohtynib admiiititian” and “administered parenterally” as used

yl tid | I lid di th t f
ea?la glqggs 1'5185%@a%%ﬁ&%&?w@rf@bﬁrtggg?ﬂt?rﬁhﬂgtpp@% éﬂ?m'ex%trgvon
usﬁm)yl Ggrﬁlgectlg)ﬁ 1%1 d&f withd& 1[d Lnitsﬁﬂ)ﬁem‘ﬁ%%rﬁ%s GRAAHGIES

|odegrad e polyners
mtraarterlal mtrathecal mtracapsular intraorbital, 1nt1'acardlac intradermal,

intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular,
subarachnoid, intraspinal and intrasternal injection, and infusion.

k211

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
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i ncl ude poly(orthoesters) and pol y(anhydri des). Depot
i njectable fornmul ations are also 15 prepared by
entrapping the drug in |iposones or m croenul sions
whi ch are conpatible wth body tissue. The
preparations of agents may be given orally,
arenterally topically, or rectally. They are, of

VSSIYSteq), Sish °b9t it Satess the patient & Sysigm A Fus, is Subject fo
a%‘%mlﬁtaﬁ@ﬁ 2Pk @essef Pdr A ?ubchﬂﬁ)fmg lfdministration.

nlstere In tabl'ets’or capsufe form by injection,

L 8l S AR e
theRplydlylany sbiyatieiapesot aﬂiﬂlﬁﬁtratﬁb’r@hnohﬁﬂﬂlglbﬁﬂy addsgilly, ias by, for

preferred The phrases parenteral adm njstration" and
XTGP Betgllys uvegegindlly; parenigrally, inyaristemnaiyarngd topically, as

ﬁg@@&e@fmeﬂmﬂ&' GG éﬁfamg{gﬂr uck a8 lifbaA0d t oP! cal

m ni Stration |on cl udes,

gL s IR T i

bé Bedd®b Bhi&ﬂile hyd&hﬂéd(f@‘hﬂ laf@/or thetphadeid@lical compositions of the
i ntraperitoneal, transtracheal, subcutaneoqus,

DPISERSE LRvERtP™R fare foﬁpﬂ]égiidtlp@mhgflna@g{g@qyprsqug}table dosage forms by
cSHEREAERRIs kAL ZRRLRL 03B hhe gRL ornal i njection

usi on. ases em ¢ admi ni stration,

nahRht &shge RV BFlrctive @eaﬁdieaﬂ B Bharmapsptioal,

Cdiﬁ}ﬁiilthﬁrﬁ of thisi@entidiemaybe EHBdBoE t@bbtaih Mf anfounk 8RN active
drug, or other material other than directly into the

mgeﬁrqna whichgg effeqtivs e adyievedhs desiter thesapeutic resppsesor paarticular
[C'l{ Hzﬁ?g(?mﬁéﬁﬁtaﬁm&%g otfgéi'rlc‘n ét?atl%ﬂ b%ﬁ#f&ut%gmg%% 2ol hei)%ent

F0OCesSsSes,
strat

admﬂ %%rs’ar%nwﬁﬂéﬁssdogﬁ geilﬁéfn e#r PR egpticly geaspueble

mituRnyillSiiy ddpefding @heew‘ralaaabﬁl FichudigOthe dbﬂ@e ¢€iHetompound
ally, nasally, as b for exanple a spra

tOrl@@rdarlmyterqdnthealhagnmiwﬂc phareqierastio pfthe compound(s) employed,
aﬂdnché ?&ité&i%dﬁﬁhls&atuﬁpdl (ﬁ%H%ﬁ%P ltllr%congiaq t@ﬁs B?Wseirn%ntmn may be

oi ntnents or
prouided ngamirquﬁousi:{&grardﬂxl @amitihg tilblmt 1001 @%@Wv of a compound

mnistration sel ected, thelnhlblto s), which_nmay
ROt g oCa FGFad %Pareri?ﬁa pisiratigpy Typical dose

raﬁﬁ@fa?@ﬁ%ﬂltdb%ﬁlogpwaﬁiui K@ @ﬁ?&f %)ng B'n‘P'M
are fornmul ated i nto pharnmace |caI ta osage

difideddospy. Each digied dpsomay cmtainctble; sdmmwmfferehhamepmmds of the

. skill the art.. Actu osa veI .of the ag

A R R i Fre! oS

intlRtimgitRY SVHrhIP Red MRS l&gyaﬁé{ﬂ 2l He @l AiodindirButd Bf AdRKtration
of the active ingredient which is effective to

offansadeated ¢naphawilsdd t her apeutic response for a

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

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

dosing of the individual components of the treatment.

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

with one or more other proteasome inhibitor(s).
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patient, conposition, and node of adm nistration,

W t hout being toxic to the patient. 15 The

concentration of a disclosed conmpound in a
pharmaceutically acceptable mxture will vary

dependi ng on several factors, including the dosage of

t he conmpound to be admi nistered, the pharnmacokinetic.
char & eetain embedigrentsha comRpBI R (BY INeRHIS)is gomIoY adppnistered

V&;i&lué{ ﬁ-legietﬁquﬂeﬂhat E@lttéb?%chénfbtﬂ&%gﬁrughs ma) En BRI Ashtal BFbAucts

0 I's invention nay be provided I n an agueous

sSeH astviing atlelbids (ilen ginbbistihe, Girloriz 686, wha vimbraibioelrpaslitakel0

di scl osed. herein, anmong, ot her substances, . for .

cpuliradPBhyloterins riesttPe] %.tenmpﬁdeg@ﬁ@%cs ARSI

(%ﬁﬁmngrt?ﬁ&%) @aug%ru%‘i:biﬁ hRuUb BBk arbidPOd¥nthRc ghtineBer
ay, in 1-

I'ven di vi ded doses. Each 'di vi ded dose
mitxanioerebleoniyeins aptizamycigi (ffidwanycigomd suiteywn, enggmes (L-

SIS S Lt 5 b LR e i
nBERIWIhObapRcit@ld s?éﬁhefsi%@ theith®vd Supatiloie), eintipattist agés;of
(0]

adm ni stration 2 the sel ected conpound(s).
apniproliEarativsyratimiwtic nfkyldtingagents sughrasviliegen anustifoi nt

t her.apy wher ej e.nr . or el S
PSP RRhARES & BlgB o RimidE s sPhOE, iR Wb BREH,
efyNridites b RiciB i eldRind¢hachictwdielaynineandahiotdpa), alkyl

si mul t aneous, sequential, or separate dosing of the |,
shkfenapesdbasul o pdrrsaiapfearmesting SBERL Hand gpalpgs, seeRtgzasin),

: ' 0 p - U C it
RS SRk Spig ATPRCH ool i PURALOR, ArEAMIMALbh as
folidadid hedléss) (metifrekniey, iytiaiidine mhddgn@ndsurarile fopoidie, and

b i o P fieie
ﬁfﬁﬁéﬂdﬁﬁ an ?Icﬂfcﬁq)dé&&%i}é% sine)s Mothafile Mﬁ%r@fﬂﬁ@éﬁzdfb,

vinblastine, Vincristine, and vinorelbine),
epamkstirey ehd letropold); pod plahiptimmaosdiniopicomplexes e,

teni pasjde), .antibjoiics (dactinanmycin ct.i ' .
cBP ORI AEPE N SR SR et HaPUBAr 00 BOHEbELs G.c.
e@ﬁ&%&? aYChékiRne agﬂﬂi_&t@ Xt dsAB@iniAhg AeMEiRSeleflihg BoyRing
(mthranycin) and mtonycin, enzynes (L- asparagi nase
(WHIRED agpsissitBeserdlip, lﬁypgﬂg@p iend gintorghiph FAgrnedegipgicrapeutic agents

deprives _cell s whi.ch . . :
RERPHLGE piERl bR Bl Skl PRREREY rhOene,
gRfcitptiat, i faeeldiney & @ytanaiok @k deriedtivy vatiam@f dgefotegomgch
as nitrogen nustards 10 (nechl oret ham ne,

cycl qphesahafibdindints, 3 emposnd SEthe idleAtion is conjointly administered
chloranbucil), ethylenimnes and net hyl nel am nes

wittex starsidhy Bwitsibinitereidsraast inFlude garf aregtokfimited (.24nat es
a&%tﬁ%ﬁ%fg ,anebplrognlﬁ,t % @%%%%ﬂ%&?ﬁ, SFg%étB’He? taH%ﬁm%Wclcﬁﬂ&has one,
betamethasone, budesonide, chloroprednisone, clobetasol, clocortolone, cloprednol,
corticosterone, cortisone, cortivazol, deflazacort, desonide, desoximetasone,
dexamethasone, diflorasone, diflucortolone, difuprednate, enoxolone, fluazacort,
flucloronide, flumethasone, flunisolide, fluocinolone acetornide, fluocinonide, fluocortin
butyl, fluocortolone, fluorometholone, fluperolone acetate, fluprednidene acetate,
fluprednisolone, flurandrenolide, fluticasone propionate, formocortal, halcinonide,

halobetasol propionate, halometasone, hydrocortisone, loteprednol etabonate,
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trazenes - dacarbazinine (DTIC);
antiproliferative/antimtotic antinetabolites such as
folic acid anal ogs (nmethotrexate), pyrimdine anal ogs
(fluorouracil, floxuridine, and 15 cytarabine), purine
anal ogs and rel ated inhibitors (nercaptopurine,

t hi oguani ne, pentostatjn and chlorodeox aden03|3m%&e

e eMEdSEIe BEBredRISgRs; lprednigglope JtofRetasang
POEHIERUR R LU SRR BSOSt
pmdnumimm sodummpﬂgjsplheet Ipmdm@ne,tmcdmmispl@dnmdeesmmg@mne

and rmone. a |sts suc | Zi hor.none
(R eFerld] oMK Hgite ooy fostsies Pt LR e
thi &HARGlohE Re:BREtohide PAr Blts Bd/oQAdRat ¢EAQABEHET apeut i ¢
agents may include nechloretham ne, canptothecin,
i f osfy @'&:ﬁﬁn eﬁﬂ%cﬁ‘lﬁn 051‘3 9&‘1{ SR inveR f‘s%@hﬁﬁ)ﬂfy administered
navel bi ne, or any ana erivative variant of the
with egimmonotherapemtit agcmte Shmmlmmanothempcmmmgdnteﬁnayﬁaclude, but

SRS A AR G BTy UTAHRPERAE: St oBp o e Red B,
onoéPnalCAkBENiRs BAGNGIHRPRakedl ot LOMBEASO B BIE@EHABE

anci noni de, becl onet hasone, bet anet hasone,
t«hﬂ;{tﬂtemm'bdelenmmuumbpmdtnzmaie ibrtiiogtalid ixetan, gemtuzumab

cl ocort o] one one., corti sone,
PR hs B RSl DR, psf B A LR R Sc e
exanet hasone, dlflorasone di fl ucort ol one,
i€ e, enoxol one, fluazacort, fl ucloronide,

fl umet hasone, flunisalide, fI uoci nol one acet oni de,
Schemeilh Synthesis of Exwate in 30 butyl, fluocortol one,
fl uor@net hol one, fluperol one acetate, fluprednidene

E ﬁa& fluprednis hone qurandrenolldeEN

utli cason onaf e cort | ci po d
haPobetasogﬁpiﬁgﬁona%e ar?%ewasgﬁé”gﬁ droEor Fson%ﬁ
Iotep ednol etabonate, -50 mmzi predone, nedrys Ne;Fh
neﬁ Mgone, nethylpre&ﬂlsolone nomet asone Phroate
par angf hasone, predni carbate, prednisol one,
predni sol one 25-di et hyl am noacetate, predni sol one
sodi um phosphat e, prednisone, prednival, pregn vl
ri mexol one, tixocortol, triantinolone, t%i j
acetoni de, triantinol one benetonide, 5 triancknol one
hexacet oni de, and salts and/or derivatives theyeof. In

certain enbodi nents, a conpound of the invention is
conjointly admnistered wth an i nmunot peukjc

agent. Suitabl e i munot her apeuti c agent s«

but are not limted to, cyclosporine, thali oqlde o
and monocl onal antibodi es. The nonoclonal ant i B8di es
can be either naked or conjugated such as r|tDX|nab

5&0 tosgﬁy al ent uzumab, epratuzumab, ibritunmomb
PhsBE entuzunab

To a solution of phenylalanine methyl ester hydrochloride (2.31 mmol, 0.5 g) in
25 mL of DMF was added pyrazinecarboxylic acid (2.31 mmol, 0.28 g), DIEA (9.24
mmol, 1.19 g, 1.61 mL), and HOBT (3.70 mmol, 0.50 g} and the solution cooled to 0
°C. To the cooled solution was added PyBOP (3.70 mmol, 1.93 g) in several portions
and the mixture removed from the icebath and allowed to warm to room temperature

while stirring under an atmosphere of argon for 6 hours. The mixture was diluted with
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ozogami ci n, bevaci zumab, cetuximab, erlotinib and
trastuzumab. Exenplification Schenme 1. Synthesis of
Exanple 1 0 (NOH N H xO CN, OO N PYBOP HOST CN N

ok UGH MOH NI~~N - OH + DIEA, DV H20O O O Ph 0 Ph
HZNIJII(]VE(A) (B) Ph 1BOP,HOBT O DIEA, McCN H2N O
() NLONN OHO Ph 1 15 nthesis of  (A) To a
beige (3¢ wh) end sﬁéquawﬁ% EHRAsEy mEk e iganio B PETde
Cgélpﬁ‘;eldggg%l 5119%0 gﬁ%% GJnn tg%%?%gi&qned over MgSOs.
THe Mgsonwm renﬂovw by filttatfih aud)the aﬂaihlbl(ﬁiiw(vad fi6dermedyced

0. 50 and the sol ution To, the cool e
PESSYE] Ao e ApHee! m@ﬂ(@ o l?@ ?hmlila@gfﬂgiiy t‘hg“’e%) tb.64
5 everal portions 20 and the mxture renmoved fromthe
cebath and allowed to warmto roomtenperature while
tirrin nder an at nosphere of argon for 6 hours. The
S P S e e e e i (50 ni) and

extracted wt t S9X )y T, r i I o
vor ¢ Tebran LIS B DD A G R0 °C was
a0dedlBiOHE ) 1 0.3 ehntbl] @24 DYEdi sW@Mn 5 nlh &1, 00 I PerWaurs at 0 °C, the
removed by filtration and the volatiles renoved under
reastion &ds quenched with 20 mL sat. NH4Cl and the pH of the reaction mixture
10 adjusted to 2 with 1IN HCI. The volatiles were removed under reduced pressure and the

solids collected by filtration to give (B) (0.200 g).
Synthesis of Compound 1

To a stirred solution of (C) {see: Bioorg. Med, Chem. Letter 1999, 9, 2283-88]
(0.08 mmol) in MeCN (2 mL) was added (B) (0.08 mmol, 0.021 g), DIEA (0.320
15 mmol, 0.055 mL), and HOBT (0.128 mmol, 0.017g). The mixture was cooled to ¢ °C
in an ice bath and BOP (0.128 mmol, 0.057 g) was added in several portions. The

mixture was stirred at 5 °C under an atmosphere of argon overnight. The reaction was
then diluted with H,O (15 mL) and extracted with EtOAc (3x5 mL). The organic
layers were combined, washed with water (2x5 mL), sat. NaHCO; (2x5 mL), and brine
20  (2x5 mL), and dried over anhydrous MgSQ4. The MgSO, was removed by filtration
and the volatiles removed under reduced pressure. The crude material was purified by

flash chromatography to afford 1 (0.017 g).
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pressure. The crude material was purified by flash
chromat ography to give (A) (0.64 5 g). Synthesis of
(B) To a slurry of (A (1.03 nmmol, 0.298g) in 15 niL of
MeOH cooled to O C was added Li OH (10.31 nmol, 0.247
g) dissolved in 5 nL H2O. After 4 hours at 0 C, the
reaction was quenched wth 20 nL sat. NH4ClI and the pH
Sghempd: Purbesionf Esanle 2 10 adjusted to 2 with IN HC.
The vol atil es were renoved under reduced pressure and
t he olids collected by fiytration to give (B) (0.2

g) . nt hesi s of Conpound astirred solution of H\/j:
ol Aseen %%%Nﬂd%cch Fﬂgﬂ(er 191K 2283~ 881 N

(0.8 mol ) CN (2 nl) Was radq¥g ('E)d'?‘%. 08 mmof, I % O™
0.021 %), DIEA (0.320 15 mBl, “&P55 ni), and HOBT ~o

(0.128 mml, 0.017g). The nfPxture was cooled to 0 C (E)  TBDPS
ngngu ce bath and BOP (0.128 nmmol, 0.057 g) was added

in §evéMal portions. The nixture was stirred at 5 C
underg@n at nosphere of argon overni ght. The reacti onTFA, DCM
was then diluted with H20 (15 nL) and extracted Wy fop HoBT
Et OAc (3x5 nl). The organic |ayers were conbi ned, ,DIEA DMF
washed with water (2x5 nL), sat. NaHCO8 (2x5 nL)H\gm%ﬁ
brine 20 (2x5 nL), and dried over anhydrous N@Séﬁf T

MySO4 was renoved by filtration and the volatiles

renoved under reduced pressure. The crude nmateri al S y
purified by flash chromatography to afford 1 (0.017

g). -52 Scheme 2: nt hesis of Exanple 2 0 0 BOP
HOST Boc. OH - B BYG H N DIEA, DMF N iom o

Q

DV N OVe  H\Q IHQ O O +7éDpn(dE) +BDP N

" OMe S@Fm.hLT E)QB’@P HES SN "buzh' T \;)J\O""e
N

N0 S
OTBDPS ;
Ph () Ph (F)  TBDPS

H 1
N
QO

l Ac;0, pyridine

0 X 0
“oTBDPS M OH
Ph  (H) Ph (I)

ho0 Lo N N L0 L0
\"’N\;)LN N Aome e pyiane \H/N\)J\H N\E/ILOMe

LiOH, HyO, MeOH

o o DIEA, HOBT o o
H H o  BOP,DMF H H
\WrN\kaN N\fj\N — ‘TFN*fJLu N‘;JLOH
o Lt o LM o o = 0 3
OH o OH
Ph Ph  (d)
_2- HzN
o {€)

-53 -




10

15

20

25

30

0Dl EA,

H2Nv N

\ OTBDPS
Ki

OMe TFA, CH2CI2 BocN~\N N OVe ' = = Ho
0O Ph (G Ph (F) TBDPS 1 Ac20, pyridine O
Il NH NH - ' Ove pyddi ne- HF THE pyddi ne” YN- ~AH
OMH 0 O\OTBDPS 000 \OH Ph (H) Ph (1) LiOH,
H20 MeOH O O DIEA, HOBT OO 0 BOP, A DMF _Y N "kN N
SyWSWOﬁ\@&Nme OHOHOOHOOHOHPh 2 H2N O
Ph (_R 0 (©) -53 Synthesis of (Oi To a sol ution of
NBOC Toeagsilweory fGNBO Cm@(‘@@@ 2 S5randseriae mpthyl ester

(E%@%‘f?%l&é%z%ﬁ%%méﬁ AR R FDE R, G5 Efma

DIEA2@ 6010)mmébl) QOIBB@; QB ﬁlMaSI'hé@mb(&ﬁe tvas Bodled 10 @PC in an ice-water
ice-water 5 bath and (64.0 mol, 28.30 g

bt HOP 6GAGRINOI81-80 Bhy SowsIod 17 SRyerHl ROFBSS bvaFriye minutes.
THEAGIER 2R ERILUR o YRt ARG 5Bl ABFGHR e

stirre
reaction was diluted w1th brine (1000 mL) and extracted with EtOAc (6x200 mL). The

DMV Hx Boc N-v -OH Ph 0O H xOHOHOTFA
Nv
H

OOO

organic layers were combined and washed with water (10x100 mL) and brine (3x200
mL), and dried over MgSO,. The MgSO4 was removed by filtration and the volatiles

removed under reduced pressure to give (D) {13.65 g).
Synthesis of (E)

To a solution of imidizole (99.3 mmol, 6.76 g) in DMF (330 mL) was added
TBDPSCI (49.64 mmol, 13.65 g) and the mixture stirred for 15 minutes under an argon
atmosphere. Compound (D) (33.10 mmol, 11.0 g) was added and the mixture stirred
overnight, The mixture was diluted with brine (750 mL) and extracted with EtOAc
(6x200 mL). The organic layers were combined, washed with H,O (3x300 mL) and
brine (2x200 mL), and dried over MgSO,;. The MgSO, was removed by filtration and
the volatiles removed under reduced pressure. The crude material was purified by flash

chromatography affording (E) (13.78 g).
Synthesis of (F)

To a 50mL, 0 °C cooled solution of 80% TFA/DCM was added (E) (12.26
mmol, 7.0 g). The solution was stirred and allowed to warm to room temperature over
2 hr. The volatiles were removed under reduced pressure. To the oil was added
BocNHhPhe (12.26 mmol, 3.42 g), 125 mL of DMF, HOBT (19.62 mmol, 2.65 g) and
DIEA (49.04 mmol, 6.34 g, 8.5 mL). The mixture was cooled to 0 °C in an ice bath
and BOP (19.62 mmol, 8.67 g) was added in several portions over five minutes. The
reaction was placed under argon and allowed to warm to room temperature overnight.
The reaction was diluted with 100 mL of DCM and poured into 600 mL H,O. The
organic layers were separated and washed with H,O (1x100 mL), sat. NaHCO» (1x100
mL), and brine (1x100 mL) and dried over MgSOQ,. The MgSO, was removed by

filtration and the volatiles removed under reduced pressure to give (F) (8.14 g).
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reaction was diluted with brine (1000 nmL) and
extracted with Et OAc (6x200 nL). The organic |ayers
wer e conbi ned and washed with water (10x100 ni) and
brine (3x200 nlL), and dried over MgSO4. The MgSH4 was
renoved by filtration and the volatiles 10 renoved

un&gr. r é;l(l;Jced pressure to give (D) (13.65 g).

e Jof (E) To a solution of imdizole (99.3

mol, 6.76 g) in DVF (330 nl) was added TBDPSCI _

(49. 60 wadvtionaf (6% (16 mumel. 1 Re) ia CM &1 Gy pbly "¢ oip andee bath,

PisSHET AERPL (ki P HAPBERELAY iR TR D Rbas allowed 0
slcbwigwedrmi tghbom Treparatate ind stia o vetnight. €Thewdlatilbs iver refib0ed
S S 25 BS54 T i
d éé&é@?ﬁ%kgvm&fo& qutrﬁ{beﬁelmé?‘l- The MgJSH4 was

reno tron and e vol atiles renoved under

e essure. The crude material was purified by
S;qugigﬁ?g{:ﬁ?)onat ography affording (E) (13.78 g). 20

Synt hesis.of (F). To a,50 C cool ed sol uti.on, of %.
T ot sl epefiigd oy 616 B PRy AEL k FEin an
18Obath,| o4k SIRSlyshdisd fsttie Afhwalrde\Wwedlnl). Whk RestRingG8Mtion was
tenperature over 2 hr. The volatiles were renoved

allawed te weue sarogneissperturg gnd piir eiemights The yetptiles were removed
BacNHhPh .26 . I . :
ARG NBUHE shd et O b b s PR el T Futing
56118 wak Missdlved 1 hdt PtOHWAS ntlocind dldwly Bodiet in &nice ¢Z00baLh The
and BOP (19.62 mol, 8. 67§_ﬁ) was added | Ei.seve)r al

sghifls vewscoleded by Giliration and allowerbto qipgiy; YiskingddPdéed 13
ﬂ"“ﬁgﬁf argon and allowed to warmto roomtenperature
overnight. The reaction was diluted with 100 nlL of

W%Qgégfured into 600 nL H2O. The organic |ayers
RS ated and washed with H20 (1x100 nli), sat.

Na 1x100 3 L) .. d .brj 00 d [

over Rl ol bk s Bab iy Rtk b AR p o mL)
5. RERY | : . The iyl

o PyHBinS|STHALY, QB VI RIRY (S fOLS G0 20D, Lo Shilfing

splution wag aftawed tolstiy fop) 2.5 hrspben quapched bytheslay additigmof e

.o v. added ' % 4T .

S CorlraT PR RRL RO PR PR R

Ihwnpesmthitéed; vaashedstith HROEBRI@MIL) add Briol 1@tm LY, ansvdried over

removed 5 under vacuum and_the resjdue diluted wth

Nbehia n bheslyigon avas emayed byriHiratiens and the golatiles removed under
reduced pressure to give (I) (0.22 mmol, 0.095 g).

Synthesis of (J)

To a heterogenous solution of (I) (0.12 mmol, 0.050 g) in MeOH (1.5 mL) and
H,0 (0.5 mL) at 0 °C was added a solution of LiOH (1.0 mmol, 0.024 g) in H,O (0.25
mL) dropwise. The resulting solution was allowed to slowly warm to room
temperature and stir overnight. The reaction mixture was diluted with sat. NH4Cl (10
mL) and poured into ice (10 mL) and the pH of the solution adjusted to 2 with 1IN HCL
The resulting solution was extracted with EtOAc (3x15 mL) and the organic layers
combined, washed with H;O (1x10 mL) and brine (1x10 mL), and dried over MgSO,.
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10

oi | was placed under high vacuumfor 2 hrs to yield
(G. Synthesis of (H) To a solution of Internedi ate
(G (1.6 nmol) in pyridine (10 nL) at 0 C, in an ice
bath, was slowy added acetic anhydride (10 nlL). The
resul ting solution was 10 aIIovved to warmto room
enper ature and é%l r..over n| The vol atil es we

AR WagBIo VG S Y, diltratioa Ay éhfi— valpilgeremayeR Rndetastimed h
O ARPEE oY, TREsBiulY oS pleSgd b AR5 162 b
toriield (Thé).02804,i0d35 mwerod). col | ect ed by f| [tration and
allowed to air dry, yielding (H (0.735 g, 1.3 muol).
Silh&nohEsmpodti X1) To a solution of pyridinium
hydrof [ uoride (109 mmol, 2.2 g) in THE (10 ni) and
pyr i dionestirked Goltkibn oRS) ﬁb@\&&o@dﬁ@a Cbm (1%&519990!9; 2283-88]

The resultlngé solution was allowed to stir

(ﬁ)}”ﬂgz(()}ég ol ﬁeHMﬁJ@m wappddedd Ts04% mael, t0.Bne)oPIEAL0.02

%Wnéﬁ&n@c{ HS or adr%lﬂﬁ%b% ogftsﬁ“@%%%ﬂu d'{{ L ‘%éﬁeago 0°Cin

awiddbati2&hd B@PQOJ@U)mxﬂﬁU Ol36 29 wad Qddﬁd)ln sﬁfﬁﬂalqj’oh'tﬂdmomb mixture
MySO4. . The SO4 was renoved by filtration and t
wag [sHEred étSS rfémanaﬁa@-ip etecH geston qyerughiy dhe éeagrl%weﬁ )hluted

AR R o o IOERR 9 fpbl Bg w vi

WlbEHbaf. mmmg aal (’d»nnél End-ﬂ@:d @veB anhy)draus MgﬂDwa’ﬁhaN@dhavas

sol ut.ion of 0. 024

TP el irgtin 5 sy Ft"PW& S hupTeghingEbredostases st gqhmf%ﬁ
Rl GAs beRkd bEARSY &ﬁ&hﬁo%ﬂxﬂh? hblﬁg oN & %%'EtOA-Ehﬁxanes as the
reaction mxture was dilutéd wth Sat. NH4CL(10 nl)

elentt, poafited 2i (Fttomik e (sd B0SICY-lasd Otidd, I6ksh ©Fl1-bhsedSoT-lit + 6590 nM.
adjusted to 2 with INHCI. The resulting solution was
extracted with EtOAc (3x 15 nmL) and the organic |ayers

30 combi ned, washed with H20 (I xI O nL) and brine (1x10
m.), and dried over MgSO4. -55 The MJSHA was renoved

by filtration and the volatiles renoved under reduced
pressure to give a sem-solid. The semi -solid was

pl aced under high vacuumfor 2 hrs to yield (J)

(0.023 g, 0.05 mml ). Synthesis of Conpound 2 5 To a
stirred solution of (C) [see: Bioorg. Med. Chem

Letter 1999, 9, 2283-88]
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(15 mg, 0.19 mmol) in DWF (2 nL) was added (J) (0.05
mol, 0.02 g), DIEA (0.02 mol, 0.033 nL), and HOBT
(0.02 mmol, 0.010g). The m xture was cooled to O Cin
an ice bath and BOP (0.07 mmol, 0.035 g) was added in
several portions. The mxture was stirred at 5 C
under _an at npsphere qQf _argon overni ght. The reaction
Sgheme 3 ﬁY@Besi?)OW’Eqmig??ne (15 m) and extracted with
Et OAc. The organic | ayer was washed with water, sat..
NaHCC3, and brine and dried over anhydrous I\/gSO4 Th

MpSO4 wgs rempved by filtpation and the volatiles
emﬁ'/ed ‘pr_edgl'fe W esfuriesy ThenerledOH rraﬁ,ﬁJCLaI H

Rmes pur i 190 byMA ash chromsﬁ’rap g2 Moodl
Et OAC/*hgﬁ(anes as the el u‘ea;,, to ag%p @mg (3 6 rTg) C ~ph
| G50 20S CT-L < 50 nM ICSQ%X Cel | -based CT-L < 500 nMy,

a

-56 Schene 3: Synthesis of rrple3Frmc N" -O"
pi peridine H2NI'/ \0 Fnoc-Leu-OH ° Fnoc, N~ N O HL

DI EA, HOBT H'Ph Ph BOP, DVF 0 Ph (K) (|_) | piperidine, DMF
~~ 00O O N N v O benzoyl chlonide N
THE O Ph (N (va TFA, 21 O

N N-N O HO P DI
WICN_( (Ppnzgy! CWﬁFheﬂw %
To Fno e- \Nhnggre& n (4. 0 NMODIEASTHF g) was added\a

m xture of 20%
(N} (M)

pi peri di ne, DVF

TFA, CHZCIZI
0
o éH o HzN o
TRy SNSaRte
O Spp DIEA, HOBT o
BOP, MeCN

Synthesis of (K)

To Fmoc-Phe-Wang resin (4.0 mmol, 5.0 g) was added a mixture of 20%
piperidine/DMFT (50 mL). The heterogenous mixture was allowed to shake for 20
minutes and was filtered and the resin washed with DMF (100 mL), MeOH (100 mL),
and DCM (100 mL) and allowed to air dry. The resin was subjected to the above

reaction condition a second time, to yield (K).
Synthesis of (L)

To a mixture of (K) (4.0 mmol) and DMF (40 mL) was added, in order, Fmoc-
Leu-OH (7.9 mmol, 2.82 g), DIEA (13.3 mmol, 2.23 mL), and HOBT (8.10 mmol, 1.24
g). To the above mixture was slowly added BOP (7.98 mmol, 3.53 g) and diluted in
DMF (40 mL). The reaction mixture was allowed to shake overnight. The reaction
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pi peridine/DMF (50 mL). The heterogenous m xture was
all oned to shake for 20 mnutes and was filtered and
the resin washed with DM (100 L), MeCH (100 ni),

and DCM (100 nL) and allowed to air dry. The resin was
subjected to the above reaction condition a second

oo s ek DML o ate i L ths
RS o 2, *

1 xture s slowy added BOP (7.98 nmmol, 3.53 g) and
‘S‘g’]i”%ﬁstl @f(\ﬁ% DMF (40 nmL). The reaction m xture was

[ d hak ight. . Th ti.on. 57 1
s 100 P PR P e i iR a2 iR RN L. The
hMefdgehdmOnitire wadaltbivé®® JHake fi30 rinLRMEThE Qolatién Gy filtered
to yteld (L). Synthesis of (M To &}%:m&go mmll\/zmvvas
apd thedresin vwaghed- with DMB ¢4 ¢ pb),iMe@H/( engiDCM{H 0 my.) and
{ 1 X1 I "
F e BESF o e o e ¥ I shhe 3G Fisaogiiindition a

s@mi eEnNotylel DY) ( 100 nl), MeOH (100 ni), and DCM (100
m.) and allowed to air dry. The resin was then

WRLEEE to the above reaction condition a second
é?ime to"}e(s{)eld (M. Synthesis of (N) 10 To (M (0.10

mol .+ Oy ,
), A S R PSR T RSP 8. o
e andeberlzbindiloridet (03¢ nums], &l(4ank)l Therestitikgmixtnre3gas allowed

m nytes._ The reag¢tion was filtered the resinp .
RGO FOSHAS. (11 TEaeip WA U S PSRt PO GME (20
wiateM lchiowvesl DEMI0 LY and Sllovwddeab Airf(dd, to

15’ Synt ﬁ%%?lgwe(@%j@'?’o ](())N) (0. 10|(nm)H was added 50%%

yidMMEM (2 nlL) and the mixture was allowed to shake
for 20 minutes (the resin turned purple). The m xture
Swagedis bf@)ed and the resin washed with DCM (10 nl).
The vol atiles were renoved under reduced pressure and

t he rRs@)(0ONO ndhbl)was adidd30sd THAYDCRCKZE ML) and Yheamictture was
evaporated a total of 20 three tines tg g/i el d (‘)92
alpwed &xsshake forCOrpiuleg (the resin turned purple). The mixture wds filtered and

the resin washed with DCM (10 mL). The volatiles were removed under reduced
pressure and the resulting oil was diluted with DCM (10 mL) and evaporated a total of
three times to yield (O).

Synthesis of Compound 3

To a stirred solution of (C) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]
(19 mg, 0.11 mmol) in MeCN (2 mL) was added (O) (0.1 mmol), DIEA (2.9 mmol, 0.5
mL), HOBT (0.2 mmol, 0.032 g), and BOP (0.23 mmol, 0.103 g). The mixture was
stirred at room temperature overnight. The reaction was then diluted with brine (15
mL) and extracted with EtOAc. The organic layer was washed with water, sat.
NaHCOQ;, and brine and dried over anhydrous MgS8Q,. The MgSO4 was removed by
filtration and the volatiles removed under reduced pressure. The crude material was
purified by flash chromatography using 20 to 40% EtOAc/hexanes as the eluent, to
afford 3 (13.8 mg). ICs,20S CT-L < 50 nM, ICsy Cell-based CT-L < 50 nM.
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To a stirred solution of (C) [see: Bioorg. Med. Chem
Letter 1999, 9, 2283-88] (19 ng, 0.11 mmol) in MeCN
(2 m.) was added (0) (0.1 mmol), DIEA (2.9 muol, 0.5
m.), HOBT (0.2 mmol, 0.032 g), and BOP (0.23 mmol,
0.103 g). The m xture was 25 stirred at room
tenperature overnight. The reaction was then dil uted
Schemed; Srhesisof Baampled extracted with Et OAc. The
organi c | ayer was washed with water, sat. NaHCO3, and
bri ned and

d dried over . an ous, MBA,. The SH4 O
narovedCHy  BTTPYG ﬂ‘ffn @l\é\vpﬂ% ) es'e H\)L
reduce&’ pr essyjR. THe crude Wt eri & was puri fi ed by :

f | astprchr omat ogr aphy usi ng 29 to\,élrp% Et OAc/ hexanes as© ~ph

the eluent, to 30 afford 3 (13.8 ng). ICsp 20S CT-L <

50 nMK)ICSO Cel | -based CT-L <30 nM -58 Schene 4. (@)
Synt hesi s of Exanple 4 benzoyl chloride 0--r HH HZN N
TFA, CHzClZ ~ODIEA, THE O0--r v -x "OH Ph O Ph 0 Ph
(KN (P) (Q O DIEA, HOBT HZN BOP, MCN O (C N

o---r NO OPh O 4 Synthesis of (P) 5 To
Intermediate (K) (0.10 mmol, 0.130 g) was elq 2
m), DEA (0.40 mol, 0.08 nL), and benzog C(N‘ d
(0.34 mol, 0.04 m.). The resulting m xture

all oned to shake for 30 mnutes. The reaction vvas ©)
filtered and the resin washed with DVF (20 ni), ter
(20m.), MeOH (20 nmL), and DCM (20 nL) and allowed to

air dry, toyield (P). 10 Synthesis of (Q
0]
Q\WH\)LN 0
I H
8] ~pnh 0

Synthesis of (P)

1

To Intermediate (K) (0.10 mmol, 0.130 g) was added THF (2 mL), DIEA (0.40
mmol, 0.08 mL), and benzoyl chloride (0.34 mmol, 0.04 mL). The resulting mixture
was allowed to shake for 30 minutes. The reaction was filtered and the resin washed
with DMF (20 mL), water (20mL), MeOH (20 mL), and DCM (20 mL) and allowed to
air dry, to yield (P).

Synthesis of (Q)

To (P) was added 50% TFA/DCM (2 mL) and allowed to shake for 20 minutes
(the resin turned purple). The reaction was filtered and the resin washed with DCM (10
mL). The volatiles were removed under reduced pressure and the resulting oil was

diluted with DCM (10 mL) and evaporated a total of three times to yield (Q).
Synthesis of Compound 4

To a stirred solution of (C) {see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]
(19 mg, 0.11 mmol) in MeCN (2 mL) was added (Q) (0.1 mmol), DIEA (2.9 mmol, 0.5
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To (P) was added 50% TFA/DCM (2 nlL) and allowed to
shake for 20 mnutes (the resin turned purple). The
reaction was filtered and the resin washed with DCM
(10 mL). The volatiles were renoved under reduced
pressure and the resulting oiI was diluted with DCM
(10rrL and evaporated a total of three tines to yield

lo) HOBT &2 mmeel; 8032 2o &Q?d(ﬂ.azhaﬁgﬂ»sq 193 2d %miﬁ%ﬁ was

t@%ﬁs%%g]a%?fb@#%%f%mfw A The KRR yepeiueBunt rag 05

nK) add(hxﬂrad&tﬂ@ With HIDBA. (The®rgamidt layér. Wwas wiBedrw)ith \H(ﬁ]'sat

l{ﬁﬂggb énqvggne g‘Hﬁ eéltqvlae? d Bg L]g;g\t]gg@mtq %1%5%@ wa remove by

fﬁﬂrjﬁfdﬂ SMalthe %lﬁtll%??é?ﬁdx%ﬂ uﬂ@& Aiddel st N THE CARle (dterial was

extracted wt QAc. The organic |ayer was
pucifibd by \ﬂas}hchmammogr@hy .usmgl@BIMQ"/uaEt@mehﬂX@nm thie €laent, to
a?ﬁ/ec{ Zﬁ%dr us MgSH. The MgSHA was renoved by 5
°rq 4 444 nd the volatiles renoved under reduced
ressure. The crude rIaterl al was purified by flash
%‘ﬁét&j‘i‘tgﬁ%i/o{@FW 98 to 40% Et OAc/ hexanes as t he
eI uent, to afford 4 (12.7 ng). Schene 5: Synthesis of
Exangle 5 2H ﬁjﬂ_"lgr@g&e s Oﬁ*lﬂd‘ onyl chloride S -9 H2N~o
R

N\)@ e Y OF& &,H n
141 O BEAOHPh (K) ER)I(SY - DI EA~HOBT, BOP, Slve
O MNO (O p SNN O Opn “Ph

(K) (R) (S)

DIEA, HOBT, BOP, MeCN

(0]
HoN
O (c)
7 S O
P “'H\)LN (0]

Synthesis of (R)

To (K) (0.10 mmol, 0.130 g) was added THF (2 mL), DIEA (0.40 mmol, 0.08
mL) and 2-thiophenesulfonyl chloride (0.34 mmol, 0.064 g). The resulting mixture was
allowed to shake for 30 minutes. The reaction was then filtered and the resin washed
with DMF (20 mL), water (20 mL), MeOH (20 mL), and DCM (20 mL) and allowed to
air dry, to yield (R).

Synthesis of (S)

To (R) (0.10 mmol) was added 50% TFA/DCM (2 mL) and allowed to shake

for 20 minutes (the resin turned purple). The reaction was then filtered and the resin
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/ 10 Synthesis of (R} To (K) (0.10 mmol, 0.130 g) was
added THE (2 nL), DIEA (0.40 mmol, 0.08 nl) and

2-t hi ophenesul fonyl chloride (0.34 muol, 0.064 g). The
resulting mxture was allowed to shake for 30

m nutes. The reaction was then filtered and the resin
washed 15 with DMF (20 nL), water (20 nL), MOH (20
washed with DS (1@ I JThs valakiles sveaeirangpved jupdertgduged ppesgyrg and

i S ( Q
SR A il iy DM Gl ol 2 SORpbee oA gl o
vidlhéSx esi n turned purple). The reaction was then
filtered and the resin -60 washed with DCM (10 ni).
STRGeMObptbmpsunies € renoved under reduced pressure and
the resulting oil was diluted wwth DCM (10 nL) and

evaporaf e sofiftdh o@gcjsﬁéé%ib&gﬁmeaocm&.eﬂ,éﬂtef $99, 9 2283-88]
Synt hesi s of Conpoun 5 To a stirred solution of (C

(pdeaenmdl, 6 § g,)ib B €rmL) avas afddelo$Y (0.9 mmol3 PEFY (2.9 mmol,

ol B A B e B Y g
WhasQBFred bt rodfteBpEratfle d3erfight. . THb kOdich) waitted Hikutsd Wit HRine

was stirred at room tenperature overnight. The
(} 2adiand exfsactediwith E1Q At e Ghopranisdayes was peishd) wigh gater, sat.

C | [ ay

NGOG RS ptthd Byt el ARy AR ES O RLPhe MRS ONIF Blinoved by
Ay adshdpSeHles Tdto el SEderwaduded peasatte b The tiude hatértad was
and the vaolatiles renoved under reduced pressure. The
PBP%S% bydlagh shpmgtography using 8§ 10T HOM Arangstas dhagHsat to

' 40% Et OAc/ hexanes as the eluent, to
a?%h%?&@%l%%%.l ng). -61 Schene 6: Synthesis of Exanple
6 Fnoc-. O NOH :cLft.. LOQ HN O HzN-O " pi peridi ne
DMF NO DI EA, HOBT, BOP, DMF O O
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Ph Ph Ph (K) (T) 2-thiophene sulfonyl chloride Dl EA,
THEO O S, s S NHO TFA, CHzClz \ p NH ON A 0 NAO
(w) 0 Ph MD ~Ph DI EA, HOBT BOP,MeCN H2N 0 (C) O
11 S SN\ OO0"NO OPh O 6 Synthesis of (T) 5

To (K) (0.8 nmml, 1.0 g) was added DMF (20 ni),
Frmc-isonltﬁecotlc aci d (2 8 mol, 0.320 g,), D EA
Scherge fnpyntheivfFExpmple 6 BT (0.9 mmol, 0.140 g), and
BOP (1.0 mmol, 0.450 @) andthereactlon m xture vvas

al | oned f'8°°sr e overmwam;}'\r;e eaction mxture, o
it @ and esin shgd 6/37 (150 ni), H
’{2'1 wetberidioe, BME  dr N\HLO@

to~y,4held P*F)“ HO?DB?Kr Resis ofO(U}p,;I'o (T) (0.8 mol, © p,
1.0 was added a m xture of(m20% pi peri di ne/ DMF (30

nm.) and the heterogenous m xture was all owed to shake

for 20 minutes. The mixture was filtered a

resin washed with DVF (150 i), MeOH (150 m%)q“'“ppe”%"‘“'BEﬁ{)f“'°”"e
(150 nlL) and allowed to air dry. The resin was

subjected to the above reaction condition a

o
g N TFA, CH,Cl, U i\'\' H 9
o] :\ o)
W) e W)

o DIEA, HOBT
BCP, MeCN

HsN
Q
<
Q
S._-S.
N o
\ /| © H o]
o O\WN\gtN
o 1 o
6
Synthesis of (T)

To (K) (0.8 mmol, 1.0 g) was added DMF (20 mL), Fmoc-isonipecotic acid (2.8
mmol, 0.320 g,), DIEA (4.8 mmol, 0.445 mL,), HOBT (0.9 mmol, 0.140 g), and BOP
(1.0 mmol, 0.450 g) and the reaction mixture was allowed to shake overnight. The
reaction mixture was filtered and the resin washed with DMF (150 mL), MeOH (150
mL), and DCM (150 mL), and allowed to air dry, to yield (T).

Synthesis of (U)

To (T) (0.8 mmol, 1.0 g) was added a mixture of 20% piperidine/DMF (30 mL)
and the heterogenous mixture was allowed to shake for 20 minutes. The mixture was
filtered and the resin washed with DMF (150 mL), MeOH (150 mL), and DCM (150
mL) and allowed to air dry. The resin was subjected to the above reaction condition a

second time to yield (U).
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15 second tinme to yield (U. -62 Synthesis of (V) To
(U (0.20 mmol, 0.130 g) was added THE (2 nlL), DI EA
(0.40 mmol, 0.08 nl), and 2-thi ophenesul f onyl
chloride (0.34 muvl, 0.064 g) and the resulting

m xture was allowed to shake for 30 m nutes. The
reaction was filtered and the resin washed 5 with DV
Spabesiigf (Vhat er  (20nL), I\/EO-| (20 nL), and DCM (20 mnl)

and allowed to air dry ield Synt hesi s of
(R) To DV]0.0maninfsh) Ehass aﬁ*@éﬁfgig)gzmi:h/m@ﬁ @ttt 0.08
e Surop et CratpBh O o ind el minture

wak Iaﬂ&ﬁz&ﬂtoas'ﬂﬂké e 30esinhtevatheebavh dhw b Ohdrdd amd the rddive washed
vol atil es were renoved under reduceddgressure an%ahowedto

withJAMEF (39 mdi ) wiakes (Amnluy, MpQH (20 DEM and PGV (28 mrf) an
aeégfﬁégfe%j@ total of three tines to vyi eI_d (W.
’ 'S '

Conmpound 6 To a stirred solution of (C
S%sge; %H@grg. Med. Chem Letter 1999, 9, 2283-88] 15
nige 11 nmml) in MeCN (2 nL) was added (W (0.1

0 Sad Va1 gimal mavhades 008 TEMOEH! (L had] G migiyde Fes
aﬁ&%&f &)dshﬁf(e fo? %Hﬁ Eﬂﬁ@ (tﬁE Hzrsﬁl t‘ﬁ%‘r?eﬁ'ﬂugﬁl%) TS eh @G Rhen

and ~ extracted with
ﬁﬂitsiadcand 'ﬂirﬂaresmg.mhcd with é}CMe(éo wiloh dhewolatilegaw e rel@fa‘«ted under

redpemiiany enbpeaen e v e o BHELNER B8P ol Bt epdftuced o
tatgmﬁ@emg:@&og,ﬁmj | pressure. The crude material was
purified by flash romat ogr aphy using 20 to 40%

the eluent, to afford 6 (7.4 ny).
Sg%gé%éﬂgﬁe 7:n23%thesis of Exanple 7 HOFnoc.NOHO
@ﬂﬁ stirred sodtbh NF (&) fsee: BiGrEMMEEPERdh O detdr 169958, 2283-88]

{19 mg, 0.11 mmol) in MeCN (2 mL) was added (W) (0.1 mmol), DIEA (2.9 mmol, 0.5
mL), HOBT (0.2 mmol, 0.032 g), and BOP (0.23 mmol, 0.103 g) and the mixture was

stirred at room temperature overnight. The reaction was diluted with brine (15 mL) and
extracted with EtOAc. The organic layer was washed with water, sat. NaHCO;, and
brine and dried over anhydrous MgS0O4. The MgSO4 was removed by filtration and the
volatiles removed under reduced pressure. The crude material was purified by flash

chromatography using 20 to 40% EtOAc/hexanes as the eluent, to afford 6 (7.4 mg).
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M BOP, DMF I (X) | DMFidine OOOO " JJ~~ NII
t hi ophene sulfonyl chloride ~» JJ~~ NFL 3 Y 'NO
|EA, THEY NO~ N HO Ph HNJ HOPh 11 O (2 (Y)
TFA, CH2C121 O O HOXx RNO " xONOO (t Ol Hv
OH(C O0r HN"k H\'" S OPh SANOPh O u u O DIEA,
007 BOP l\/bCNSyntheS|s of (X) 5 To (M (0.8
S?hﬁ!“,'”lgﬁ)'ﬂ ysinvakExameple 7TDVF (20 nl), Fnoc-i soni pecoti ¢
acid (2.8 mmol, 0.320 g), DIEA (4.8 muol, 0.445 nli),
HOBT (0.9 mmol, 0.140 g), and BOP (1.0 mmmol, 0.450 g)
and tfie yedgction m xt@re.ywas all owed to shak
oVgJ ¢ reaction kixtare was fil N\héj\
resin shed with DVF (150 mb), MeOH (190 Jrl)H @ndi
DCM (150 nif}', and al | owg@At@sal I dry,':'“i’ yield (X).
Synt hediis of (Y) To (X)BeRDPEF mol, 1.0 g) was adfled
20% pi peri di ne/ DMF (30 nL) and t he resulting o
het er ogenous ni xture was all owed to shake for 3(%',?,,?!“""6
m nutes. The solution was filtered and the redin
washed with DMF (150 nmL), MeOH (150 ni), and DCM (150
m.) and allowed to air dry. The resin was subjectéd to
the aboveore c |0@ cond|t| on a 15 second tinmmt

O
Qe thi & sulfonyl chloride N -

(
2-
D

@ ™
TFA, CHZC|2|
(8]

HoN L0

@* \*f"* faee
© Q DN
n_N (0] ~ph o}
DIEA, HOBT
BOP, MeCN rd

Synthesis of (X)

To (M) (0.8 mmol, 1.0 g,) was added DMF (20 mL), Fmoc-isonipecotic acid
(2.8 mmol, 0.320 g), DIEA (4.8 mmol, 0.445 mL), HOBT (0.9 mmol, 0.140 g), and
BOP (1.0 mmol, 0.450 g) and the reaction mixture was allowed to shake overnight.
The reaction mixture was filtered and the resin washed with DMF (150 mL), MeOH
(150 mL), and DCM (150 mL), and allowed to air dry, to yield (X).

Synthesis of (Y)

To (X} (0.8 mmol, 1.0 g) was added 20% piperidine/DMF (30 mL) and the
resulting heterogenous mixture was allowed to shake for 20 minutes. The solution was
filtered and the resin washed with DMF (150 mL), MeOH (150 mL), and DCM (150
mL) and allowed to air dry. The resin was subjected to the above reaction condition a

second time to yield (Y).
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To (Y) (0.10 mml, 0.130 g) was added THE (2 nlL), D EA
(0.40 mmol, 0.08 nlL), and 2-thi ophenesul f onyl

chloride (0.34 mvl, 0.064 g) and the resulting

m xture was allowed to shake for 30 minutes. The
reaction was filtered and the resin washed 5 with DV
(20 nmL), water (20nmL), MeOH (20 niL), and DCM (20 ni)

SHW@E%H.ff #d to air dry, to yield (2). Synthesis of

AA Z 0.10 mo was added 50% TFA/
el (T Dok 8 1301 B addcd TR oo DGR (AR, .08
he i.n tur T
ng dandlg?lwﬂgheipg n&a&ﬂb@ae V\SO %%B@l\/?((btl 69:%_\@@13 ﬁ{]é tebffif8 mixture
witlaflbive@ fo yiRke fdr@mﬂmdtdsn dae reraetim: wds ﬁltasé and theerrdsin ashed
resulting oil was diluted w
i dnBbitCDank). e ComL). el (€0 LS 419 HEY GBle and sttowed to
d}%% ?2 Compound 7 To a stirred solution of (C
aﬁge > %#oo g} Med. Chem Letter 1999, 9, 2283-88] 15
q%ll ) 0.019 g) in MeCN (2 m.) was added (AA)
Brgst DIEA (2.9 mmol, 0.5 nl), HOBT (0.2 mol,

PP L) aﬁaﬁq@%?@%‘éﬁ 28 e

alu%%a kP EhaWe Fordid Hir@eks\iHe Reddh turfed hbplR).) Therdctint wacfileded and
Et OAc. The organic | ayer was washed with water
thate,smmm@g withHE@Mo Dl )a A Be dplatiles siees resmonod pades reduced

M Y R R

thek @imalto ua).fied by flash chromatography using
20 to 40% Et OAc/ hexanes as the eluent, to afford 7

%?E%ags‘gg%mpb&§p7zos CT-L < 500 nM |C50 Cell -based
00 nM -65 Schene 8: Synthesis of Exanple 8 0O

gr?) Dt % cf%@stgi) '%f\"(lc see I§)i001p Ivgydgéltl)?m%% 9DQ/ES3 88]
(M mlonchoms , YRCM K INNE2 1®L) was added (AA) (0.1 mmol) DIEA (2 9 mmol,
0.5 mL), HOBT (0.2 mmol, 0.032 g), and BOP (0.23 mmol, 0.103 g) and the mixture
was stirred at room temperature overnight. The reaction was diluted with brine (15 mL)
and extracted with EtOAc. The organic layer was washed with water, sat. NaHCOs,
and brine and dried over anhydrous MgSO,. The MgSO, was removed by filtration
and the volatiles removed under reduced pressure. The crude material was purified by

flash chromatography using 20 to 40% EtOAc/hexanes as the eluent, to afford 7 (18.2
mg). ICs50 208 CT-L < 500 nM, ICs; Cell-based CT-L < 500 nM.

- 65 -



5

10

15

HOPPHOHH OPh g O(CC HZN O (C Synthesis of

(BB) 5 To (M (0.12 mol, 0.100 g) was added DVF (2

m.), 3-(p-tolyl)propionic acid (0.09 mml, 0.015 g),

DI EA (0.17 nmmol, 0.029 ni), HOBT (0.11 nmol, 0.016 g),

and BOP (0.11 mmol, 0.051 g) and the reaction m xture

was al | gwed to shake overnight. The reaction m xture
Scheme; SyntdesinalExaple 8si n washed with DVF (15 m),

MeOH (15 nL), and DCM (15 nL), and allowed to air

dry, 3o yield (BB). 10 Synthesis of (CC) To (BB) (0.}2

nmol WES added 50% TFA/ I_[71_), and the m xtair e @
was Lal Nowdd @B shake f 20 nmi'nutes (the QAL N
plaNol d) . ThePTeacti on and reS|nH
washed wi Tan DCM (10 nDEA. AORT. BOR.&MF| es wer€ renmoved ©  “ph
under meduced pressure and the resulting oil wasgs)
diluted with DCM (10 nlL) and evaporated a total of 15
three tinmes to yield (CC. Synthesis of Conpoun% 8 To

a stirred solution of (C) [see: Bioorg. Med. Che¢hrA CHCL
Letter 1999, 9, 2283-88] (0.11 mml, 0.019 g) §n MeCN
(2 m) was added (CC) (0.1 mmol), DIEA (2.9 nmol, 0.5

m.), HOBT (0.2 mol, 03032g), and BOP (0.23 mmol,
O 103 g) @andf't hg nDxt yre ;66 vasasBrred at room o \)k
R 0

Wi A~ THE r eactOPoMosths d Y
arid extrlacted with tOAc rganl cH
ed Wei h water, sat. 4 ne and

dried over aghydrous MySO4. The oNas rermved by(cc)
filtration and the volatiles r nder reduced
pressure. The crude material was 5¢purified by flash
chromat ogr aphy using 20 to 40% Et / hexanes as the
eluent, to afford 8 (3.9 ng). 1C50 20S CT-L < 50 nM

| C50 Cell-based CT-L < 50 nM Schene 9: Synthesis of

le 9 xo 00 JO
él;ﬁ%gﬁsof(BB

To (M) (0.12 mmol, 0.100 g) was added DMF (2 mL), 3-(p-tolyl)propionic acid
(0.09 mmol, 0.015 g), DIEA (0.17 mmol, 0.029 mL), HOBT (0.11 mmol, 0.016 g), and
BOP (0.11 mmol, 0.051 g) and the reaction mixture was allowed to shake overnight.
The reaction mixture was filtered and the resin washed with DMF (15 mL), MeOH (15
mL), and DCM (15 mL), and allowed to air dry, to yield (BB).

Synthesis of (CC)

To (BB) {(0.12 mmol) was added 50% TFA/DCM (2 mL), and the mixture was
allowed to shake for 20 minutes (the resin turned purple). The reaction was filtered and
the resin washed with DCM (10 mL). The volatiles were removed under reduced
pressure and the resulting oil was diluted with DCM (10 mL}) and evaporated a total of
three times to yield (CC).

Synthesis of Compound 8

To a stirred solution of (C) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]
(0.11 mmot, 0.019 g) in MeCN (2 mL) was added (CC) (0.1 mmol), DIEA (2.9 mmol,
0.5 mL), HOBT (0.2 mmol, 0.032g), and BOP (0.23 mmol, 0.103 g) and the mixture
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Melm MSNT, CH2CI2 DMF F F F (DD) (EE) Fnoc- Leu- OH

DI EA, HOBT BOP, DMF O O N~ N Fnoc-hPhe-OH N

pi peridine Froc. N Fnoc' N OHZN ON O H 0 DIEA,

HOST O DMVF HO I/ FBOP, DMVF Ph I/ F I/ F (HY) (GO

(FF?_]@EiperidineDl\/F O OO DI EA, HOST CH
WaR/EL

) \ O HZN ~ BOP
K IRomcemperaiyie wyvepnighi- Mg yegetiongvay dibupedcyity bripg, (15

ATy B (AR LR R 18

NaHC@), 6¥inéakid Stiedover EnldirgusdMBPROS. KRhe MgSH{Mas removed by

filtration and the volatiles removed under reduced pressure. The crude material was

purified by flash chromatography using 20 to 40% EtOAc/hexanes as the eluent, to

afford 8 (3.9 mg). ICso 20S CT-L < 50 nM, ICs Cell-based CT-L < 50 nM.

Scheme 9: Synthesis of Example 9

piperidine
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Ph
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F F
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OH
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O (c) -67 Synthesis of (DD) To a solution of

Froc-Phe (4-F)-OH (2.4 mmol, 1.0 g) in DCM (20 nL) was
added Melm (6.7 nmol, 0.370 nmL). Wen the solution was
honbgenous, MSNT (2.9 nmmol, 0.870 g) was added. Once

t he MSNT di ssol ved, the reaction m xture was 5 added

to Wang .resin (0.8 mmol, 1.0 g) and the resulting
Suphets e s al | owed to shake for 45 minutes. The

resin was filtered and washed with DMF (50 nL), MeOH

(50 Tieta solutinn abEmqesthefhyE)-GHd 2 damoh IHye) EsPRMEY mL) was

a@%&dﬁ@%ﬁn 3§7 %ﬁ?nﬁrg%évo bty gﬁhé\z}a ti@%l teiar?éggo S gerdls MFENT (2.9
b PIE0j800 RE/MANRAIAD) Thde B MSNE distélvedshi fatipn mixture was

het er ogenous. sol uti on was all owed to shake for 20
adqqt to ¥ angreesindD Sramel. ek 2) and thereslting golupan wag pliowed to shake

e .t : : (
e e dbsat e Mo RN R DA T (O E0
nabowel DEAL {50omLY. ok teswhing ressewanalldvwateo tair dry.gb gidlELPD).
Synthesis of (FF) 15 To (EE) (0.40 mmol) was added DMF
Syfestt-pf (FEpOC- Leu- OH (0.40 mmol, 0.143 g), DIEA (1.6
mrol, 0.12 ni), HOBT (0.64 mvol, 0.062 ng), and BOP

(0. 640 MW (0.48-1411481, 9)5 HehstadlBed 26% RN IRSMMIE(10@8L) and the
al l oned to shake overnight. The reaction mxture was
resultingrheterogriophenlvtéan waswlveed toishakeHvr2Q minuigs) | Thomopture was

40 ). and. 4 d.al Q.Ar
el e R i T AP e BUPRAS, B o By (B
afld 206y ed@Saiedige 0 hd B84 ivaesiibgidrel tovfre {bdvetgactiod coiition a
resul ti ng heterogenous solution was allowed to shake
speond Simeoriflé §EE)The sol ution was filtered and the
resin washed with DMV (10 nL), MeOH (10 nli), and DCM
Syntbesit §f (F&nd al l owed to air dry. The resin was
subj ected to the above reaction condition a 25 second

t i me Tod EE) €0.40 (158)]) waSydited d&¥VE (20 mIhiHymioLeGOH (@40 81mol,
I dded 2 - hPhe- 0. 40
g g 1A Rl @ 10, BB Sy migh apaoP (.64
rn&68.17M8)) ait e BER6# nfifture was allowed to shake overnight. The reaction
mixture was filtered and the resin washed with DMF (40 mL), MeOH (40 mL}), and
DCM (40 mL), and allowed to air dry, to yield (FF).

Synthesis of (GG)

To (FF) (0.08 mmol, 0.10g) was added 20% piperidine/DMF (2 mL) and the
resulting heterogenous solution was allowed to shake for 20 minutes. The solution was
filtered and the resin washed with DMF (10 mL), MeOH (10 mL), and DCM (10 mL)
and allowed to air dry. The resin was subjected to the above reaction condition a

second time to yield (GG).
Synthesis of (HH)

To (GG) (0.08 mmol) was added DMF (20 mL), Fmoc-hPhe-OH (0.40 mmol,
0.143 g), DIEA (1.6 mmol, 0.12 mL}), HOBT (0.64 mmol, 0.062 mg), and BOP (0.64

mmol, 0.178 g) and the reaction mixture was allowed to shake overnight. The reaction
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mol, 0.178 g) and the reaction mxture was allowed to
shake overnight. The reaction -68 m xture was

filtered and the resin washed with DMV (40 nL), MeOH
(40 m.), and DCM (40 nL), and allowed to air dry, to
yield (HH). Synthesis of (1) To (HH) (0.08 mvl) was
added 20% pi perl dine/DMF (2 nL) and the_resultin 5
nhétu@? waefiiered and theiresin weshed i G hmbkMeGH (ég mL}, and

&S%L) RO A S b F U8 ™ and oow (10 )

g d to air dry. The resin was subjected to
i”ﬁt esé‘ﬁ) reacti on condition a second tine, to yield

om0 g 7o ekl a0y Eaha g resuting

hgtegol% Q%s sothErﬁ g all%w@ﬁ% shale @&%d(%%nutéﬁg @ert]lii@n WIED |ﬁltered

ané gettiesin wnshethwﬂh BT 410 m\I\é,d\/IEGHS(ﬂQREL)om(} BCYh(10 mhe and
ea%m iyt e tieceRt s B bl o sOREISA g ggpona

,Qy\ﬁ Jalr dry, to yield (JJ) 15 Synt hesi s of
(KK) To (JJ) (0.08 mmol) was added 50% TFA/DCM (2 L)

na.lhe ture was allowed to shake for 20 m nutes
5?%61 ﬁ] turned purple) Thereaction was filtered

and. 080 A5 U0 A O ) T Fimtehetl 1

n@rhbl, ﬂﬁHfS@DIZ%IEﬁ!d(OM’I ﬁnﬁﬂ;l\lh OZSOmml)Pé@Bﬂ“ (é\lapmnalr,] éd1a g) and BOP
total o t times tq yie t hesi s .
(@dkprnnk 095+8) AR I I ﬂé@%ﬁ P§E@é<e Pemiely, The
oHon GIEAR D84 Heed B8PSR 3L, DML DL B 135 L),
anBICM (05 Bl dnd 4HOBEA(t0 aiz dayyd yiedd O3Rg), and BOP (0. 23
nmol, 0.103 g) and the mxture 25 was stirred at room

Syespgr af (K overni ght. The reaction was diluted with
brine (15 nlL) and extracted wth Et CAc. The organic

I ayerTcwa;C'? (vashggolivid 2daéds0% THA/DONRHERR.) afd theahixnge was
and dried over anhydrous MySO4. The S4 was . renoved
abjgwed tq shake iqurzoamwutqséth@éﬁsa@mr@@i PUPISY e B FsaEion ¥ ed and

Ruced

B RS Syed SRy ST, ol B brd ituce
peésyerdtand tige resu}tmg oil was diluted with DCM (10 mL) and evaporated a total of
three times to yield (KK).

Synthesis of Compound 9

To a stirred solution of (C) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]
(0.11 mmol, 0.019 g) in MeCN (2 mL) was added (KK) (0.1 mmol), DIEA (2.9 mmol,
0.5 mL), HOBT (0.2 mmol, 0.032g), and BOP (0.23 mmol, 0.103 g) and the mixture
was stirred at room temperature overnight. The reaction was diluted with brine (15
mL) and extracted with EtOAc. The organic layer was washed with water, sat.
NaHCOs;, and brine and dried over anhydrous MgSQ,. The MgS0O, was removed by
filtration and the volatiles removed under reduced pressure. The crude material was
purified by flash chromatography using 20 to 40% EtOAc/hexanes as the eluent, to
afford 9 (7.7 mg). 1Csp 208 CT-L < 50 nM, ICsq Cell-based CT-L < 50 nM.
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30 afford 9 (7.7 ng). 1C50 20S CT-L < 50 nM 1C50

Cell-based CT-L < 50 nM -69 Schene 10: Synthesis of

Exanple 10 p O/~ O HzN DIEA, HOST HH OH -A0 BOPR,

DMV N~YNO TFA I N ,yN~- Ph (NIfOH Q3 0 Ph CH2a2 0,) O

Ph of O(K) (|_|_) (MM O DI EA, HOBT H2N BOP, DMF 0

( O ~NyNNO 0J 0 Z- Ph 10 Synthesis of (LL) 5
vbemﬁ)lﬂ(wsrﬁﬁﬂ‘ﬂxampi%w g) was added DVF (2 niL),

4- nor phol i noacet| c aC| d (0.12 mml, 0.018 g), DI BA o
(0.1 0.016 g), and H\.)J\OH

1 mmg 1 g) ran N on]ﬂxgurmé\rr -
aII~o dto shal e\rr@,)qermgbr\,) eT\g cti on OGSkt ur @ pas O =
flltered and{t flelresi n washed with (15 i), MeOH

(15 L), and DCM (15 nL), andual lowed to air dry, to (Mw)

yield (LL). 10 Synthesis of (MM To (LL) (O.12 )

was added was 50% TFA/DCM (2 i) and the m xture S

all owed to shake for 20 mnutes (the resin turne O | DiEA HOBT
purple). The reaction was filtered and the regi BOP, DMF
washed with DCM (10 nL). The volatiles were renoves

under reduced pressure and the resulting oil was g

diluted with DCM (10 nlL) and evaporated a 15 total of

three tinmes to yield (MM. Synthesis of Conpound 10

VY H\j\t‘,

ph

Ph

Synthesis of (LL)

To (K) (0.12 mmol, 0.100 g) was added DMF (2 mL), 4-morpholinoacetic acid
(0.12 mmol, 0.018 g), DIEA (0.17 mmeol, 0.029 mL), HOBT (0.11 mmol, 0.016 g), and
BOP (0.11 mmol, 0.051 g) and the reaction mixture was allowed to shake overnight.
The reaction mixture was filtered and the resin washed with DMF (15 mL}), MeOH (15
mL), and DCM (15 mL), and allowed to air dry, to yield (LL).

Synthesis of (MM)

To (LL) (0.12 mmol) was added was 50% TFA/DCM (2 mL) and the mixture
was allowed to shake for 20 minutes (the resin turned purple). The reaction was
filtered and the resin washed with DCM (10 mL). The volatiles were removed under
reduced pressure and the resulting oil was diluted with DCM (10 mL) and evaporated a

total of three times to yield (MM).
Synthesis of Compound 10

To a stirred solution of (C) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]
(0.11 mmol, 0.019 g) in MeCN (2 mL) was added (MM) (0.1 mmol), DIEA (2.9 mmol,
0.5 mL), HOBT (0.2 mmol, 0.032 g), and BOP (0.23 mmol, 0.103 g) and the mixture

was stirred at room temperature overnight. The reaction was diluted with brine (15

-70 -



10

15

To a stirred solution of (C) [see: Bioorg. Med. Chem
Letter 1999, 9, 2283-88] (0.11 mml, 0.019 g) in MeCN
(2 m) was added (MM (0.1 mmol), DIEA (2.9 nmol, 0.5
m.), HOBT (0.2 mmol, 0.032 g), and BOP (0.23 mmol,
0.103 g) and the m xture 20 was stirred at room

t enper at ure_ overni %&t The reaction was dil uiled W th
nHlp); aid eecn_rgcted wethrELP ndheerganig kayenasvesheshwithfyater, sat.

M §6O m{ AR mERd b
Iﬁa Fine andg% over rdg(;l}ésm T Iggl%ggm wané,1 Y
filesivrethdle vcﬁlathlm; ﬁdmmd alndeﬁrladnozd Ip&tsslhres The oode anafieripd was

phTHeh o ﬂ%ﬁ%fr%é?@w g 2900 O b B iR S t

@ﬁiﬁdg to 5 afford 10 (14 ng). Schene 11:
nt hesi's %)f Exanple 11 O O~ 1 OH N Jj Ph DIEA

gyl SpER G R I 5Y  6Non™ 6 b 0 ren 070

Ph 11 (C) (00) Synthesis of (Ny) 10 To (K) (0.12

mml, 0.100 g) was added DVF i
bi phenyl 4- carpoyys pl , 0.1Q25 Dl EA
(0.17 m‘rﬂﬁ%N\Q/%;. L) | T(0°11 nmol, 0. 016 angy
BOP (0.11 nmg], 0.051 g) aiic the reaction mxt N o
all oned to sha®e overni ghtpgAheoseacti on m xture :
filtered and treﬁ) resi n washgoP, M DVF (15 nl), “Ph
{NN)
TFA, CHZC!Z
DIEA, HOBT
O BOP, DMF
O
H 8]
.jwa \,u\ﬁ} ﬁ;& ‘.w
: H
o Np, o] H,N
11 (C) (00)

Synthesis of (NN)

To (K) (0.12 mmol, 0.100 g) was added DMF (2 mL), biphenyl-4-carboxylic
acid (0.12 mmol, 0.025 g), DIEA (0.17 mmol, 0.029 mL), HOBT (0.11 mmol, 0.016 g),
and BOP (0.11 mmol, 0.051 g) and the reaction mixture was allowed to shake
overnight. The reaction mixture was filtered and the resin washed with DMF (15 mL),

MeOH (15 mL), and DCM (15 mL), and allowed to air dry, to yield (NN).

Synthesis of (O0)
To (NN) (0.12 mmol) was added 50% TFA/DCM (2 mL) and allowed to shake

for 20 minutes (the resin turned purple). The reaction was filtered and the resin washed

with DCM (10 mL). The volatiles were removed under reduced pressure and the
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MeOH (15 nlL), and DCM (15 nlL), and allowed to air dry,
to yield (NN). 15 Synthesis of (00) To (NN) (0.12
nmol ) was added 50% TFA/DCM (2 niL) and allowed to
shake for 20 minutes (the resin turned purple). The
reactlon was filtered and the resin washed w th DCM

Th | es were remgved under reduced .
@wﬂllewg%@httﬁlewﬁ DGMJLY mha)gﬁggﬂwamé%te b tfaled Ugee gimes to
YQQ/r ? nm.) and evaporated a total of three tines to
yi e 00). Synthesis of Conpound 11 To a stirred

L R AN e
?Sdgdf%ﬁ%e OR ey E Gt M ke Tt tdon. Fles-ss)

5 (0. |11!3n{H1 9'0039 y\ﬁﬂvléCNf(IZQﬂL)a@ag -&ﬁl@ﬂ(@@]?@@ iihﬁﬁ@l), DIEA (2.9 mmol,
over ni The reacti on was dil uted th brine (15

O TORR (P doeat.AS3 ki A SOT b 35 e & 10 g s mixtue
AR g BB R Rl el AT Bl i B 15

nill) dnd @k iraitedivith HFI© A¢O Tak lolr@Sud lapErvweds wiaztied withduttéisat.
Eressure The crude nmaterial was urified by flash

baae aphdrigdsqviey antydreys M es B Oy MeR P s a%tnw?él by

10 CRpH R % v 014 oty b g T B e PR wos

phitfiedBay ReshGimorBato tdpiyusifig PO te4 P KIBACRRKafe@@p theBguddt] to

anm% 11H(27|.\4|1 rcx)lg).( ©

Scheme 12: Synthesis of Examples 12, 13, and 14

Ph

BocNHL[fOBn o o
o { H PA/C, Hy H
—_— —_————
BocNH N \.:)J\OBn BocNH N \;.)J\OH
0 ~p © e,
(PP) (QQ)
BocNH OH
O
O
H,N

o
(©)

- o H\)?\ o
TFA, DCM N
HaN N\-/”\N ——— BocNH "N
o -1 g o " o
“Ph Ph
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H~OHO TFA, DCM N zN N H BocNH NH OPh O OPh O

13 12 SZCl SO~ NL O SI HOHNJ(C O Ph 14 -72
Synt hesis of (PP) To a solution of NBoc |eucine (85.67
mrol, 19.81 g, 1.0 eq) and phenyl al ani ne benzyl ester
(85.67 mmol, 25.0 g, 1.0 eqg.) in 900 nL of MeCN was

added DI EA (342.68 nmmol, 44.29 g, 60 nL, 4.0 eq.) and
Synibesid %t(fPé cooled to 0 Cin an ice bath. 5 To the

m xture was added HOBT (137.08 nmol, 18.52g, 1.6 eq)

foll a“meidsobyloﬂyﬁ@:Boc(lgmne)QSrﬁ?ghmol] ]1933 gl Olecﬁ ae@))henylalanme

vfte” Pudites 31 et 35 D& 8 bR Rt nbRERA wEedtief ghRn

(mcbsslhhfol e Ve rﬁolrﬁbu 0 T4§ and Hedthixhi2e cwé@tdmmwﬂq 1ce bath.
under reduced pressure and the renalnlng mat er i

Tpéh@mlxtw was aded HORF (18( G8gnmal 1Ra2EHO @il fﬁ)llg‘é[tsd by PYBOP

B e T O S e
The raoh Wasiplaced Bdiee adl atpicdphidit of Iu(go@ lai@ st 0\(6&?1 gl& q{)he
%nt hesi s of Eép) Conmpound (PP) (4.27nmm), 2.0

plales WFERITSIOVRE BRerresyced rrefsuraen ﬁns)relaﬁ'alrﬁdn@ez@%’as taken
?%Pﬁ@d mieF E?@gx danﬁ hél $Hh s, P‘IC@%% H%@ g;mo Alorin® dr21ed over

enperature under 1aHmspereo gen for
Myiidss , Thad gsmewamdveﬂ bg fiulatidnrand ghe @dhullbsareamd/ed under

concentrated to 8’11’\5?3';9% Synt hesi s of Conpound 12

reduced pressure to give

Synthesis of (QQ)
Compound (PP) (4.27mmol, 2.0 g) was dissolved in MeOH/EtOAc (1:1, 40

mL) and Pd-C (5%, 800mg) was added. The mixture was stirred at room temperature
under 1 atmosphere of hydrogen for 2 hours, and then was filtered through Celite and
concentrated to give (QQ).

Synthesis of Compound 12

To a stirred solution of (C) {see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88&]
(6.0 mmol, 1.8 g, 1.4 eq) in DMF (50ml) was added (QQ) (4.27 mmol, 2.0 g, 1 eq.}),
DIEA (0.02 mol, 3.5 mL, 4eq.) and then HOBT (32 mmol, 4.3 g, 1.6 eq.). The mixture
was cooled to 0 °C in an ice bath and PyBOP (32 mmol, 16.6 g, 1.6 eq.) was added in
several portions. The mixture was stirred at 5 °C under an atmosphere of nitrogen
overnight. The reaction was diluted with sat. NaCl and extracted with EtOAc. The
organic layer was washed with water and brine and dried over anhydrous MgSOy,
filtered, and concentrated to an oil that was purified by flash chromatography to afford
12 (0.50 g).

Synthesis of Compound 13

Compound 12 (0.046 mmol, 24.5 mg) was mixed with TFA/DCM (80%) and
was stirred at room temperature for one hour at which time the mixture was

concentrated and placed under high vacuum for 2 hours giving 13.
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To a stirred solution of (C) [see: Bioorg. Med. Chem
Letter 1999, 9, 2283-88] (6.0 mmol, 1.8 g, 1.4 eq) in
DMF (50m ) was added (QQ (4.27 mmol, 2.0 g, 1 eq.),
20 DIEA (0.02 nol, 3.5 nL, 4eq.) and then HOBT (32
mmol, 4.3 g, 1.6 eq.). The mxture was cooled to 0 C
in an ice bath and PyBOP (32 mmol, 16.6 g, 1.6 eq.)
SteiBesiciefdeprnounddder al portions. The nixture was
stirred at 5 C under an at nosphere of nitrogen

over fogHPCMrindutiandd 0 imdpy ofd$ veris| addedi3whipphengsul foyloshlaride

act Lt h, Et QAC. nic,l h :
G AR D M greimg 135 PLEABEY R o0 Rasdhe mixture
wab siifréd 866 tafipereRRCRIPL M dl then ashoehtratbdied dryB&ss. The residue
purified bépflaSh chromat ography to afford .12 (0.50

wgy taksy bp e E1 QAo fwashethwith avaley apd bpoeand dpied ovithamhydiops

. ! 0 ih
s R S e
147 khgy, d0spES30TdorncenmM dCedCehdagel et <uf@iaM. hi gh
vacuum for 2 hours giving 13. -73 Synthesis of

SEREME 1B yithelRR o HRGMpROISUti on (10 nL) of 13 was added
3-t hi ophenesul fonyl chloride (0.055 nmol 0.012 g, 1.2

eqg. )y and TEA (0.184 mmol, Qe®26 nL, 4.0 eq.).\The

m xpure ,wag stirred at@ﬁomtenpera e foor rca

t he (ﬂoE?Len rag@d to dryfiess. The re el 5lvals tlak °
WY i h EfOAC, washed with water and brinell ahd [driiedd

wi t h°anhyidr ols MySO4, filtered, and concentrated iRy an

oi | whighywas purified by prep-HPLC to afford 134

(ling). 1C50 20S CT-L < 50 nM 1C50 Cell-based CT-L <

SRREM o RChEsRnETYs Synthesis of Exanple 15 NCO H2N
AWN'NN OPhHO HHOPh O (13) 15 10 Synthesis

f | Adt ¥
o CITEHCS ARy 0 A0 b o Bt G
(014 mind, @q15 nn d. SEAIDIES(0fs ;o] 0850, Begyagd the

and the mxture was stirred at ,ro t enper.at ur e
TR AL TR TS o ety FLBR CrUdB SRR Hesthep,

cHioengsRd ANEVhER he M NEF ol AkENup B EIOAL. Ofe orEhic layer was
organi c |ayér was
washed with water and brine, and dried with anhydrous MgSOy, filtered, and

concentrated to an oil that was purified by prep-HPLC to afford 15 (2.8 mg).

Scheme 14: Synthesis of Example 16

NCS o
o) -~ s o)
0 A N
HoN N\;/U\N N~ TN \;)J\N
“Ph Ph

(13) 18

Synthesis of Compound 16

To a DCM solution (2 mL) of 13 (0.07 mmol) was added 4-methoxyphenyl
isothiocyanate (0.1 mmol, 0.015 mL, 1.5 eq.) and DIEA (0.21mmol, 0.040 mL, 3 eq.)
and the mixture was stirred at room temperature overnight. The crude mixture was

concentrated to dryness and the residue was taken up in EtOAc. The organic layer was
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15 washed with water and brine, and dried with
anhydrous MgSO4i filtered, and concentrated to an oil
that was purified by prep-HPLC to afford 15 (2.8 ng).
Schenme 14: Synthesis of Exanple 16 NCS N OO ~Oi \ 1
NHINNNNN OPh OHHOPh O (13) 16 20

Sépet(igg@piﬁ% Fl}%o&g%u gggiglltgqaﬁgym N bﬁ fo ltergc? ”}:r concentrated

| BPSRMBEH OB 16 L g U5 o7t

<$SinM I s@Cell-basadt@Ebes &0 uve over ni ght. The crude
m xture was concentrated to dryness and the residue

SvlRéiné Bk Syntifesisf Extfple Ithe organic | ayer was - 74
washed with water and brine, dried with anhydrous

My , filtered, and congemidoated to an oil tihat was
puri Ti ed, by, ash chrglr:@/graphy t.e rdp 1 ).
| Cho RO CIL L% 50 AW WC50 Cell - basedlephl < § °
"dthdme 115} Synthesi s—of—Exampte 17 NCO 180 NHyE N NN [
N So®wH HHOPHhH 5 (13) 17 Synthesis o ~Ph
Conpoun@sl7 To a DCM solution (2 nL) of 13 (Qz092
mml) was added 4-nmet hoxyphenyl isocyanate (0.14

0. 018 m., 1.5 eq.) and DIEA (0.276 mmol, 0.050

d the m xture was stirred at room

S‘?AThES% overzl ght. The crude m xture was

concent fﬁég@so&am%r YEEPoAN0lg3S hESH IS AU J-RIADYPheny!

In Et e orga a er: was

isotyanate (0NK4eaimvl, nmlamﬁudlr@aq:) MuBSDIEA f(0.2V€ o], @ASI0 mL, 3 eq.)
concentrated to an oil that was purlfleé,g’sby | ash
adhihe FRIKBIE? ¥3h firel alreep demperptiireso yagyight mixture was

concentrated to dryness and the residue was taken up in EtOAc. The organic layer was
washed with water and brine, dried with anhydrous MgSOs, filtered, and concentrated
to an oil that was purified by flash chromatography to afford 17 (2.5 mg). ICsq 208
CT-L <50 nM, 1Cs Cell-based CT-L < 50 nM,

Scheme 16: Synthesis of Example 18

o
OH ) O H O 0
-~ N
HBTU, HOBT k/N\)LN \:)LN
DIEA, THF H : H
0 \F’h 0

(13) 18

Synthesis of Compound 18

To a THF solution (15 mL) of 13 (1.4 mmol) at 0 °C was added 4-
morpholinoacetic acid (1.79 mmol, 0.260 g), HOBT (1.92 mmol, 0.260 g), HBTU (1.72
mmol, 0.656 g), and DIEA (11.45 mmol, 2.0 mL) and the mixture was stirred and
allowed to warm to room temperature overnight. The reaction was diluted with sat.
NaHCO; (15 mL) and the layers were separated. The aqueous layer was extracted with
EtOAc (3x5 mL) the organic layers combined, washed with H>O (1x15 mL) and brine
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CT-L <50 nM 1C50 Cell-based CT-L < 50 nM 15 Schene
16: Synthesis of Exanple 18 NJL O ~Nv OH ON O NO H2N
N HBTU HOBT NN HDEA THEHHO OPh OOPh (13)
18 Synthesis of Conmpound 18 To a THE solution (15 ni)
of 13 (1.4 mmol) at 0 C was added 4 20

(RETmEd 538 dgY ovoreSOs. Tae Magh v aevdy by ianes @ the
v%ﬂalﬂé!;@eﬂﬁ%d urdiePrddlidedAREsshiie me)ﬁ'ﬁﬂeemﬁ\@ﬁal%ésr ]ﬁﬁﬂieﬁmﬂ' flash

lowed to warmto room tenperature overni ght
cimwmplvm adfordi1 & (0.42% &). I&s0 20NEHAECS S50 13, nIQ)so @ﬂl}b@&ﬁ:é CT-L
Jﬁﬁ[{/ls were separated. The aqueous |ayer was extracted
Et OAc (3x5 nlL) the organic |ayers conbi ned,
washed with H20O (1x15 nL) and brine -75 (1x15 m_) and
5 dried over MgSO4. The MgSOH4 was renoved by filtration
and the vol ati | es renoved under reduced pressure. The
Scheme 1ia?erhes ofdxapwle 19 ed by flash chromat ogr aphy
to afford 18 (0.423 g). I1C50 20S CT-L < 50 nM 1C50

Cel | -based CT-L 50 nM 5 Schene 17: Synthesis of
Exanple 13 0 HO (BnO)ZP(O)CI HOHOO \ / x/NH NH
Dl EAl N&E/W SOH 0BORP@C (BnO) QP\ 2 Eeﬁ o
\HﬁZ/,N Pa( : E N Nv deAQpiaOH \
o O ~OH fo) E? O
(BnO}?_P\\O
2 (RR)

Hp, PA(OH),/C
EtOAC

o
H\)LN H\)LN NaOH H\)LN H\)\N
Y i H i H T H § § H

Synthesis of (RR)

10 To a solution of 2 (1 mmol) and DIEA (1.5 mmol) in dry CH,Cl; (100 mL) at 0
°C is added a solution of dibenzylphosphoryl chloride (1 mmol) in dichloromethane (10
mL) dropwise. The reaction mixture is stirred at room temperature until complete,
washed with cold 1N HCt and then brine, dried over MgSOQy, filtered, and evaporated to
yield (RR).

15 Synthesis of (SS)

A solution of (RR) (1 mmol) and wet 20% Pd(OH),/C (100 mg; Pearlman’s
catalyst) in EtOAc (10 mL) is subjected to hydrogenation at atmospheric pressure and

ambient temperature until complete. The reaction mixture is filtered through Celite,
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HHIlI If HOHN- 0OO0OOO0OO0O OV 0O ONa (HO2\\O
& a0 19 e 0 (r) (SS) Synthesis of (RR) 10 To a
solution of 2 (1 mmol) and DIEA (1.5 mmol) in dry
CH2C12 (100 nL) at 0 C is added a solution of
dibenzylphosphoryl chloride (1 mml) in

SR S éwa Ui SHRICOR) 9k U BRI Bosgipiedean be
uMfiied 1é’\fotrié1tﬁn91c} e &"Qe 0@@& tk 1H%€§ssla%” ed over

MyS04, filtere aporate (RR). 15
S%’a%ﬁ%‘&%s"?%‘f?%o‘\wé°' ‘éteg‘r’l”nzfn & batal yor) ﬁ:‘ét Orc
or os CaPweSpATE o) Rl EHER e ey ERSE Wi o

5 staﬁmam&nsdmwﬁ @@NfNé(DH é@@ﬂhﬁh@ll)lﬁhH(}ﬂZ e). Thgﬁalﬁt%h is
evaporated to afford esired conmpound (SS).

a]ﬁ%w@rlioa‘ﬁtlfﬁiﬁZW%@dY@ﬂnllwm@fﬁord ¥¥d as is for elther
the next step or for testing in any assay. Synthesis
SchienBo b Hiymthes® o€bmpople®®( SS) (1 mmol ) is diluted with
MeOH (5 nL) and treated with a 5 standardi zed

sol uti on of 1, 90 N NaOH (2. 00 mmol ) in H2O (2 nL). Th

sol utg opr™ T)Lo%ed to stgr r 3 hOquﬁg}’Sﬁhd o o
L taaeH gr 5 Symtaesi BL)L o8
e 80 O@sﬂ (GBrbT D PV ="oRry TPHEO

ry~ My ONN N N 0 O O%m dazole N N OBn OTBOPS
DLEA H ~ _ o T - ' OH OTBOPS W

H Ho® H ¢
BOP, HOBT, DIEA, DMF
YN\)\ )ﬁL YN\)LH N%OH
H 2 H.
o © T80OPS O o O =" ~oTeDPS
o
000 HoN (Ww)

10 Synthesis of (UU)

To a solution of (TT) (1 mmol) [obtained via standard methods of solution
phase peptide synthesis], threonine benzyl ester (1 mmol) and DIEA (2.5 mmol) in dry
CH:Cl; (100 mL) is added HBTU (2.5 mmol). The reaction mixture is stirred at room
temperature until complete, washed with 1N HCI and water, dried over MgSQOs,

15 filtered, and evaporated to yield (UU).
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HBT (TT) (W) (W) H MeOHJIBPdC N( 'NOj O
\(!'(/HH OBOP, HOBT, DIF~, DVF \;(~I,/NNHOHV HH
O TBDPS "~ HHBDPS O (XX) HZN p (WN TBAF (C) THE O
HOO Il NeHry HOp,. pry O6 S 10 Synthesis of
(UU) To a solution of (TT) (1 mmol) [obtained via
stgndar net hods of solution phase peptide

£ / threonine benzyl ester (1 mmol) and DI EA
(2 5 mol) in dr CH2C12 (100 rTLi I s added HBTU (2.5
ol o cqsmomcb@fﬁfbﬂ mmpliingry SHa€ m@mm@ it alded TBDBSCI (1

n{rﬁ%%@fgﬂ é)lllé](/ m;@gcg&ﬁ{e rga(}%ﬁt er t1415t amg\?%og?rgfemcperature

uhtil goinedlete, (w&éhed with 1SyHOh8sd warf, &Mﬁ)ovérﬂmsrm ofiteedted, Wbl
CH2C12 (100 nL) is added TBDPSCl (1

in
eYﬁ?BF?)tEda?ﬁ’ oI e (1.2 mmol ). The reaction m xture
is sti rred at roomtenperature until conplete, washed
Syitbesisiof (W) and water, dried over MgSO4, filtered, and
5 evaporated to yield (W). Synthesis of (WN A
sol utAi iuteh (FYVV) (L omad) ndaibets PO%C PAOGngNiaMeH (16 mL) is

sul\g?eocfleé t%)qugiﬁ? ge}lgtion at atmospheric pressure and ambient temperature until
complete. The reaction mixture is filtered through Celite, and evaporated to afford
(WW).

Synthesis of (XX)

To a solution of (WW) (1 mmol) and E (1 mmol) [see: Bioorg. Med. Chem.
Letter 1999, 9, 2283-88] in DMF (10 mL) is added HOBT (1.60 mmol) and DIEA (4
mmol). The mixture is cooled to 0 °C and BOP (1.60 mmol) is added over several
minutes. The resulting solution is warmed to room temperature and stirred over night.
The reaction mixture is diluted with brine and extracted with EtOAc. The combined
organic is extracted with H>O and brine, dried over MgSQ4, and evaporated to yield
(XX).

Synthesis of Compound 20

To a solution of (XX) (1 mmol) in THF (100 mL) at rt is added slowly TBAF (1
mmol) and the resulting mixture is stirred until complete. Evaporation and

chromatography of the resultant residue affords 20.
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subj ected to hydrogenation at atnospheric pressure and
anbi ent tenperature until conplete. The reaction
mxture is filtered through Celite, and evaporated to
afford 10 (WN. Synthesis of (XX) To a solution of
(WN (1 nmmol) and E (1 mmol ) [see: Bioorg. Med. Chem
Letter 1999,9, 2283-88] in DVF (10 L) is added HOBT
SE‘l‘?‘B’E)l?nﬁW’} esicP @P‘ﬂpl‘%zl nmol ). The mixture is cool ed
to O C and BOP (1.60 nmol) is added over several 15

m nutes. JThe res ing solution is vvarrredtor om

teqpﬂat/é;ﬁ ced ovewxfiPght . Then r 8ac |<p.n Q
Fo

hth brhpeoand ext
AThetdopdi ngd organic is extrached: chOF'iZ 5ndo

brinel dried dver MySO4, and evaporated tolyield” 0

( XX) nt hesi s of Conpound 20 20 To a so |0an0)£

( XX) ngol ) in THE (100 ni) at rt is add dslu;o

TBAF (1 Tmol) and the resulting mxture is stlrred

until conplete. Evaporation and chromatography iIE' th
{

resul tant residue affords 20. -78 Schene 19: Syn @,ﬁj‘%‘ﬁ’zw
of Exanmple 21 \' OO0 (BhO2P(OCI HOHOO x
DI EADCM yN H H OOHO0O0OO0O O(BnO2 NO 20

H2, Pd( /Q)E OOO0OHOHOO NN
'ﬁ]u*wu HIGH 0 0 Qu@ 00 /\",(KHQ)Q
)
(HO)ZF'\
%o ONa Yo
il (DDD)
Synthesis of (CCC)

The target compound is prepared by essentially following the procedure for the
conversion of 2 to (RR) except 20 is used in place of 2.

Synthesis of (DDD)

The target compound is prepared by essentially following the procedure for the
conversion of (RR) to (SS) except (CCC) is used in place of (RR).

Synthesis of Compound 21

The target compound is prepared by essentially following the procedure for the

conversion of (SS) to 19 except (DDD) is used in place of (SS).
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~~0 ONa O 21 O @(DDD) Synthesis of (CCC) 5 The
target conpound is prepared by essentially follow ng
the procedure for the conversion of 2 to (RR) except
20 is used in place of 2. Synthesis of (DDD) The
target conpound is prepared by essentially follow ng
the procedure faqr the conversion of (RR) to (SS)
Sehera 20 Sonthesisof Esampled2y) ace of (RR). 10 Synthesis of
Compound 21 The target conpound is prepared b
essential|ly fol l'ywi ng t he progedure for the

conveg Si ofg (S5) 19 pPDD) i fHsefl iyn
of H(,g% -HQ)?S 0: m/ﬁof)\@)}ﬂ% 5 :
O% : H @F’FE(B)Z 2 ( steiRe Pd(HH) R E &t CAG "N~

FEE
NN NaoH \™ /jHN-H0 g H'®OHp 110 0glooo 11 e
- P(OHz OP\ (FFF) 22 ONa O QO nt hesi s @#oen),
(EE See: J. Med. Chem 1999, 42(16), 4- JEED0. |
To a solution of dibenzyl 5 chloronethyl phospha}e (1

H

nmmol ) [U.S. 6,204, 257] in anhydrous acetonitrile umd@oHycC
argon i s added conpound 2 (1 mml) and EtOA
1,2,2,6, 6-pent anet hyl pi peridine (1.2 mmol)

N AL N\)L NaOH " N "N
\"r : N H N —— z H = H
H H o H H s o ~~ (o]
o] ~0 O O
l\ c|? SN k Q
O_FI,_ Na ©-P{OH),
22 ONa {FFF)
o @

Synthesis of (EEE)

[See: J. Med. Chem. 1999, 42¢16), 3094-3100.] To a solution of dibenzyl
chloromethyl phosphate (1 mmol) [U.S. 6,204,257] in anhydrous acetonitrile under
argon is added compound 2 (1 mmol) and 1,2,2,6,6-pentamethylpiperidine (1.2 mmol)
followed by stirring at 70 °C until complete. The solvent is then removed in vacuo to

afford (EEE).
Synthesis of (FFF)

The target compound is prepared by essentially following the procedure for the

conversion of (RR) to (SS) except (EEE) is used in place of (RR).
Synthesis of Compound 22

The target compound is prepared by essentially following the procedure for the

conversion of (8S) to 19 except (FFF) is used in place of (SS).
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followed by stirring at 70 C until conplete. The
solvent is then renoved in vacuo to afford (EEE).
Synt hesis of (FFF) 10 The target compound is prepared
by essentially follow ng the procedure for the
conver si on of (RR) to (SS) except (EEE) is used in

pl ace_of ( nt he i s. of Conmpound 22 The target
Sehepe b %ssentially foll owing the
procedure for the converS| on of (SS) to 19 except

used ip place of . - 80 «Scheme 21:

E@KJéa"pJne 23H 010 O™ G ehg °E‘" R- dB
%ORT ﬁ?n benzena ’ J o] : dd‘_]%a
“Propt o‘i‘?MSponge '%~ enzene 0 O 0" Y2go

0Y0 ln;u) (G3G) 0i (HHH) P go~h Li OHJ (O]
| ~ HOST 0 ,yNJLN 1°%&N (O B¥~DVE Nj N 1I .
OHH/ Il 0OHOHO1 OO0 OO / HEN (JJJ)" 10,00 ©*
L (I11) LO.O (C P (OBn)z (OBn)2 Hz, Pd(GP‘l)IZ/C

0 0 DIEA, DF D
H H 0
g N Ay N)EJL N ——— N\)\ OH
L H

H of..
o oH.
* O\FO © )l‘,@ ) O\FO
£ g £
) am
0.0 () OPO

v % ¢H & 0 H F Hof o
N A N NaOH N A N
T N OH%” —NaOR Ny i Tu? N T

o,
:’FO \OFOO
Y a  Sol-88
(OH), 8Ng)

Synthesis of (GGG)

(see Pharmaceutical Research 1993, 70(9), 1350-55.) To a solution of (UU) (1
mmol) and Proton Sponge (1 mmol) in dry CH,Cl; (10 mL) at 0 °C, is added a solution
of chloromethyl chloroformate (1 mmol) in dichloromethane (10 mL) dropwise. The
reaction mixture is stirred at room temperature overnight, washed with 1IN HCI and

water, dried over MgSQ,, filtered, and evaporated to yield (GGG).
Synthesis of (HHH)

A solution of (GGG) (1 mmol) and silver dibenzylphosphate (1.5 mmol) in dry
benzene (10 mL) is refluxed overnight. The reaction mixture is cooled, filtered,
washed with a saturated NayCOs solution, dried over MgSO, and evaporated to yield
(HHH).

Synthesis of (III)

To a solution of (HHH) (1 mmol) in 3:1 MeOH/H,0O (20 mL) at 0 °C is added a

solution of LiOH (5 mmol) in H,O (2.5 mL) dropwise. The reaction is covered with
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EICAC ~H1 HOO~HH O O NNNNNaOHNj4 NNIV O
HOHHOHOHAH\ OYO 0 O-0 0 OOO (KKK) It / P,O3
"O-P-ONa (OH)2 OONa Synthesis of (G35 (see

Phar maceuti cal Research 1993, LQ(9), 1350-55.) To a
solution of (UUJ) (1 5 nmol) and Proton Sponge (1

mol ) in dry CH2C12 (10 nL) at 0. C, is added a .
argonpnp gtoredbit ] ovesmighiyyibegracsionibawaehed af Orfoby) the gddition of

: ( . cti o
SRR 039040 ol OPUITG s BEACE RN s s o
2uasliedyith &did BN HICL, aad the reailitig sadids ack @llected/h$@dcuum filtration
filtered, and evaporated to yield (G35 . Synthesis of

te ¥l (IHH A solution of (GO (1 mmol) and sil ver

di benzyl phosphate (1.5 nmmol) in dry benzene (10 ni)
Syerhess pinddlt overni ght. The reaction mixture is cool ed,
filtered, washed with a saturated Na2CO3 sol ution,

dr i e@hevargctMpBOound s rropapedt by edentizllyifelleving ii-frocedure for the

Synt hesi |1 15 T | ut,i. f 1 I
cpivesman pECEP (% et gD 5 e o Bladee %o e fom b
Lig‘J—|_(5 mmwl) in HO (2.5 nL) dropw se. The reaction
Syt %%éfr(é/dﬂﬁjith -81 argon and stored at 5 C

overni ght. The reaction is quenched at 0 C bﬁ/ﬁthe
addi thhearget cosoundiscepaarhy essentiplly fakewviarthe pgcsdurs for the

| d . ' ' 2 at 0 C
NGB AR B SHregd P R dssa BRI SREY. 2

ol,l ect b mfiltration to yield (lI11). 5
S%Vﬁf%@f@‘”@%“%%y Thle tar glet corrpoﬁlnd is(pr ezJar ed by
essentially following the ocedure for the
ony et omaphd fpreBesd by caprtaly o 0e thpfopsure for the
cBh A 8oRbr (S8 19 except (KKK) is used in place of (SS).

Scheme 22: Synthesis of Example 24

o 0 9 q g W9 Cs;C0; H H
\H/HJ\N/&;H\)LOM N YN\)LH N\;)I\Oﬂn L N\,_)Losn
z H H = z ————— H B

o (SN

DIEA ! DCM o} o \D 0 E o ~
OH o:s C““ o’
(YY) {LLL) <l CJ

H,
MeOH
PdiC

a o 0 )
H H G BOP, HOBT, DIEA, DMF H H
\H/N\:)LN/¢N\;)LN§E \"/N\:)LN/¢N\:)J\OH
o . " o :\OH o o "o :\o
o 0 o
A 3 Ao

N 0
24 O © (NNN) O

Synthesis of (LLL)

The target compound (LLL) is obtained by essentially foltowing the procedure
for the conversion of 2 to (RR) substituting compound (YY)} [obtained via standard
methods of solution phase peptide synthesis] for compound 2 and chloroacetyl chloride

for dibenzylphosphoryl chloride.
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Synt hesis of (KKK) The target conpound is prepared by
essentially following the procedure for the 10
conversion of (RR) to (SS) except (JJJ) is used in
pl ace of (RR). Synthesis of Conpound 23 The target
compound is prepared by essentially follow ng the

edu the conversion of (SS) to 19 except
E &‘?é} in pI ace of (SS). Scheme 22: Synthesis
of Exarrple 24 N O DMFO3 \/H O 4NO HN-@EO~ catd

Nder# soBrion-ofiI,L) Osmmolpm BMh EAnpawtet wdsr engon ds glded

g ) o ) e gl 1

rda&forOmHon@léﬂ: COFhe hitffute ik tl&nl}doufédﬁhtbﬂ)rﬁlé agl \n(a@)ed(\b&lt]h\I)StOAc
sis of (LLL)_The ta get co ound
5 Jresier MaSEH §tPiE BN EPTHEd B Geratrieed prgpure to
eﬂg&ﬁ)@ﬁgi N?f 2 to (RR substltutlng compound (YY)
yf tal Ia standard nethods of solution phase
Sgﬁﬁ&f{g@ﬁ%hesi s] for compound 2 and chl oroacetyl

for dibenzyl phosphoryl chloride.
The target compound is prepared by essentially following the procedure for the

conversion of (VV) to (WW) except (MMM) is used in place of (VV).
10 Synthesis of Compound 24

The target compound is prepared by essentially following the procedure for the
conversion of (WW) to (XX) except (NNN) is used in place of (WW).

Scheme 23: Synthesis of Example 25

DIEA / DCM o

H, o] 0
MeOH H H
N\)L /é: \)LOB tBuOJL\’Br \[rN\)k N\)LOB PdIC YN\__)LH/K;NYH\OH
D 0 = 6] _\O
“oH
Ej g O Bl ©

¥v) {000) (PPP)
O | BOP, HOAT,
H:N DIEA, DMF
(C)
H @ H 2 o) TFA (neat)
YN\')LN N\_)LN — N\)L \)L
s w § i H
o 0
o

HO t-BuO
25 (QQQ)

15
Synthesis of (O00)

The target compound is prepared by essentially following the procedure for the
conversion of 2 to (RR) except (YY) is used in place of 2 and tert-butyl bromoacetate is
used in place of dibenzyl phosphoryl chloride.
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-82 Synthesis of (MMM To a solution of (LLL) (1 nmol)

in DVF (10 nL) at rt under argon is added CS2CO3 (1
nmol ) followed by piperidine (1 mml). Stirring is
continued until the reaction is conplete. The m xture

Is then poured into brine and washed with EtOAc. 5 The
EtOQAc is dried over MgSO4, filtered, and evaporated
Surrttiesis 9/dfE€dd pressure to yield conpound (MW .

Synthesis of (NNN) The target conpound is prepared by
essefThe &irgst cooipoond isgrepreedbpessenitallyffollowing the procedure for the

c%‘r’vZ%sE&i%me%%ma&ﬂ@& B bolite SSORE" ar

e target

conpau repared by essentially follow ng the

S{?i%%*éﬂ‘ﬂfd@g the conversion of (WN to (XX) except

(NNN) is used in pI ace of (WN. Schenge 23: nt hesj
aparactzempoungd 1§ prepar gntiglip) feHove l?f?cetiw fgr the

Rt S0 R B PG, DS -0 0

0 C | NHNHO TFA (neat) ~NH N W~j N NHO O
S%e%ggé?ﬂ(’lfﬁ?“"gégt-suo 25 (QX) 15 Synthesis of (000)

Treatment of (QQQ) (1 mmol) with neat TFA (10 mL) at 0 °C followed by
evaporation of the TFA under reduced pressure see: Bioorg. Med. Chem. Letter 1999,
9, 2283-88] affords 25.

Scheme 24: Synthesis of Example 26

N\)L »d;%om _@LYN\)L /¢)ﬁ‘\05n MeN_NH N\)J\ é;%om

C CO.
Br\/\/Bl' OM\Br DﬁF 3 0 OWN]
(UU) {RRR) (S58) I\NJIE
", l
MeCH
Pd/C
Ho§ Ho§
OP, HOBT, DIEA, DMF
B YN\:)LN N OH
N\)I\ (l o . H OH .
W0
(a) O 1\/)IZ\ENJ
*(")’\N
o )
26 N
- Me ©
Synthesis of (RRR)

To a solution of (UU) (1 mmol) in anhydrous DMF (10 mL) at rt is carefully
added NaH (1 mmol). After stirring for 0.5 hr, the mixture is treated with 1,3-
dibromopropane (1.2 mmol) and the reaction is stirred until complete. The solution is
then carefully quenched via the addition of saturated NH4Cl (1 mL) followed by
pouring the mixture into cold brine (10 mL). The resulting mixture is washed with
CH,Cl,, dried over MgSQ,, filtered, and the solvent is evaporated under reduced
pressure to afford (RRR).
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The target conpound is prepared by essentially
follow ng the procedure for the conversion of 2 to
(RR) except (YY) is used in place of 2 and tert-butyl
bronmpacetate is wused in place of dibenzyl phosphoryl
chloride. -83 Synthesis of (PPP) The target conpound

i s prepared by essentially follow ng the procedure for

Syntbesiceffvedsi on of (V\/) to (VW except (000) is used
in place of xg) Synt hesi s of 5 The targ
conpderecsolugion: (bgm.@k é’rﬁﬁhéiﬂlloys DMF 6l mlp) t"n‘é under argon

BT CCoud it hﬁ SRR iy Bhalpefiid i b ps S
n?ﬁntlh@@hﬂ[@ll’the ﬁéacﬁ&ﬁ@)coﬁﬂalm’[‘he wdixtthrerie dten Porref lﬁlorﬁn)le and

at 0 C followed b evaporatl on of thg TFA under
wagkrdowtih B4 The BERAC B Gty greq.canel & appgygd under

ez it SR T

~NOHAH OCOHBr\/~Br 0O0Cs,CO, O'Br DMF "1 0
S{’-’-'?‘Z?"W(UU) (RRR) 6 (SSS) M H MeOH PdICJ~ HO

PIEE R ACESET ot
c@q‘;eréxgn bE (f’\ffr (W) efedpl (998 f)’i%se@@n %Jﬁicé @(V\‘B)/ nt hesis

of (RRR) 0 a solution o

SHRIYIE Q€M SE ML) at It is car ef ul ly

The target compound is prepared by essentially following the procedure for the
conversion of (WW) to (XX) except (TTT) is used in place of (WW).

Scheme 25: Synthesis of Example 27

\ﬂ/ " \/U\OH TBDPS-C| ﬁ;
M \)I\OBn “OH Y N\/lL \)L mgazole N\/lL \)I\oan

DIEA

0 DCM
\© HETU OTBDF'S

(uuu) {WV) (WWW)

H
MeOH
Pd/IC

N\)L ¢ ,g& Bcp HOBt, DIEA, DMF N\)-L /é; \)LOH
OTBDPS /Jtljrié? OTBDPS
(YYY) PN (XXX)

TBAF
THF

o N, ° \@ o
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added NaH (1 mmol ). After stirring for 0.5 hr, the
mxture is treated with 1,3- dibronopropane (1.2 mmol)
and the reaction is stirred until conplete. The

solution is then carefully quenched via the addition

of saturated NH4C (1 nL) followed by pouring the

m xture into cold brine (10 nL). The resulting m xture
SyrdhegsstdfV W t h 20 CH2Cl 2, dried over MySO4, filtered,

and the solvent is evaporated under reduced pressure

to affhotatggt Fampoundsw psgmrerdel@f @S@mallsﬁg)lowag shespypegdueghfor the

cé}{v& R(I)%R% ((1‘;1'8"" I e fe)rmFOT §£e9 urlrb%nc@'bf (’l‘T)lﬁ'ﬁg?ﬁUU)

[$taBENYiR @taﬂﬂilﬁzmélﬁods]of@mmm plisepeptide dyaithesig] Btdedblace of
until the reaction is conplete. The m xture is then
SWS’FH@GZY 816T-bri ne and 5 washed with Et OAc. The Et OAc
is dried over MpSO4, filtered, and evaporated under
Syraliesceef (PrHEHSure to yiel d conpound (SSS). Synthesis of
(TTT) The target conmpound is prepared by essentially
f ol | Gt rygétvempoonddiprepatal bt ¢ssentintinfellaiiop thef prosddurg for the
C i S us in.plage o 10
év%% Gh tef%a&ﬁaepég‘?% i U5e] dp p@s%&%#&) i's
prepared % essentially follow ng the procedure for
Sy esisely ion of (WN to (XX) except (TTT) is used

in pl ace of (WN. Schene 25: Synthesis of Exanple 27 H
JO The targg compornd is@rapdprRidGrssentialhy fellowping F-Izq\pl})mﬂure for the

Vo SR Rl iy o 2
s s Sy

The target compound is prepared by essentially following the procedure for the
conversion of (WW) to (XX) except (XXX) is used in place of (WW).

Synthesis of Compound 27

The target compound is prepared by essentially following the procedure for the

conversion of (XX) to 20 except (YYY) is used in place of (XX).
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JO'U, JO- O goP HOBt, DIEA, DM 0 JO \iN, . HN "H N
N-v'COH lol 00 OBDPS\ 1 1 0 (YYY) HZN 0 ( XXX)
TBAF (C) THE OOo0o 'YNHNHOO OHI 27 -85

Synt hesis of (VW) The target conpound is prepared by
essential ly foI I oW ng the procedure for the

conversi gn of % (WJ) except N-acetyl serine is
Sgherge 26; V%@@Sl%?f Wpls% (UWU) [obtained via

standard net hods, of sol uti on phase peptide synthesi s]
is used ijn place 5 ser(b ep(g)e,nzyl ester. Sy theS|s
of arget &Fr&—f-ﬁ—-pz red.|
?mﬁ\% ' the B'F‘Ué’é’dure

réion G Ug to (W) except (
pl aceO*tbf Uy ynt hesi s of (XXX) 10 The t rget
conpound is&gr pared by essentially fol38ng the
procedure f the conversion of (W) to ( eféept
(WMWY is used in place of (W). Synthesis of (YYY) The
target conpound is prepared by essentially foll owiHa@doHyc
the procedure for the conversion of (WN to (XX)] EOAe
except (XXX) is used in place of (WN. 15 Synthesis of
Compound 27 The t et conpound is prepared by

W the procedure for (gh H 9 o
o 20 except (Wv)\h,sw hplha
z z: H
o] \ o
P
(HO)Py,
0 (AAAA)

Synthesis of (ZZ7)

The target compound is prepared by essentially following the procedure for the
conversion of 2 to (RR) except 27 1s used in place of 2.

Synthesis of (AAAA)

The target compound is prepared by essentially following the procedure for the
conversion of (RR) to (SS) except (ZZZ) is used in place of (RR).

Synthesis of Compound 28

The target compound is prepared by essentially following the procedure for the

conversion of (SS) to 19 except (AAAA) is used in place of (8S).
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Schenme 26: Synthesis of Exanple 28 (BnO? P(OC OO
O NNHNH ODEADCM NFNHNNHOOHO/ OOV 1 OO
(Bn0)zP\ 27 O (ZZzZ) H2, Pd(OH)2/C EtOAc OO0 OOOp
[ -AH NJLH NaOH NJLH NJLH O\O OO0/ 00 \p O 10 iP
\ (HO) 2P~ Sapp ONa 28 O 0 (AAAA) -~ Synthesis of (ZZ2)
5 The target co ound is prepared by essentially
Schems\i’n Yflﬂ’@SIE Egampe 2Por the conversion of 2 to
(RR) except 27 is used in place of 2. Synthesis of

e target conmpound is Jorepared by essent| aI
tHQ)J\
OBn

foh gHtHe pro e(glure f”gﬂkt ey onvegsgi’aon ofH
8K CE Y W dxT AP a
nﬂme&% \f@o Bfd 28 t%r und |$, \Q
prepared by sentially fo OMbsRd e procedur :ﬁfor(cccc)

the cdf¥ersion of (SS) td 19 except (AAAA) |9ve|sed in
pl ace of (SS). -87 Schenme 27: Synthesis of Exanple 29
~ OBn 'Y NJLNANvOBn CI~Cl jN NOBn DMF O3 ~N&N,O OH O
DEA/ DCMO NO OO \O\ vNH O) DI (BBBB) ")

( CCCO)

v v 0 BOP, HOBT, DIEA, DMF Ho§ Ho§
A AN, , HOBT, DIEA, \n/N\_)LN N Aoy
a :\ H I H H o o :\ H a Z
o e
< 0 ))Yz < US
N HaN
£

0
© {DDDD)

Synthesis of (BBBB)

The target compound is prepared by essentially following the procedure for the
conversion of (YY) to (LLL) except (VVV) is used in place of (SS).

Synthesis of (CCCC)

The target compound is prepared by essentially following the procedure for the
conversion of (LLL) to (MMM) except (BBBB) is used in place of (LLL) and

morpholine is used in place of piperidine.
Synthesis of (DDDD)

The target compound is prepared by essentially following the procedure for the
conversion of (MMM) to (NNN) except (CCCC) is used in place of (MMM).

Synthesis of Compound 29

Compound (WW) is prepared by essentially following the procedure for the
conversion of (WW) to (XX) except (DDDD) is used in place of (WW),

Equivalents

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

than routine experimentation, numerous equivalents to the compounds and methods of

_88 -




w H MeOH PdIC H~N~N N xH BOP, HOBT, DI EA, DMF
"NO4ANOH 0000- \ 601 OONO,t DHNTrN DJ 29
(DDDD) Synthesis of (BBBB) The target conpound is
prepared by essentially follow ng the procedure for
the 5 conversion of (YY) to (LLL) except (VW) is
used in place

of og Synt hesi s of f‘éi)/WThe tar%l
use ihssei desaibgd éﬁféﬂe ush eegeféWNSam 90rf3t91€r e scope of
t%@@%@ﬁ(@ a%cgér tc%ere{i BgYﬁJ @h?ﬁ% c1£1 L) nf)?pg (';/:V:\/Dneefgept
Goed LS AR 0000, I b L BBy

efkdrewi Ng t he procedure for the conversion of (MW
to (NNN) except (CCCC) is used in place of (MW).

Synt hesi s of Conpound 29 Conpound (WA is prepared by
essentially followi ng the procedure for the 15
conversion of (WN to (XX) except (DDDD) is used in

pl ace of (WWN. Equivalents Those skilled in the art

w Il recognize, or be able to ascertain using no nore
than routine experinentation, numerous equivalents to
t he conpounds and net hods of -88 use thereof

descri bed herein. Such equivalents are considered to
be within the scope of this invention and are covered
by the following clainms. Al of the above-cited

ref erences and publications are hereby incorporated by
ref erence.
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-89 W Caim 1. A conmpound having a structure of
formula (I) or a pharmaceutically acceptable salt
thereof, ORR HOR4 RSN, IN~ANRLHOR3HO 5 (n
wherein each A is independently selected from C=0,
C=S, and S2; each B is independently selected from
C=0, C=S, and SO2; Dis absent or is Cl _$alkyl; 10 G
WeChaimected fromO0, NH, and N-Cl.6alkyl; Kis absent
or is selected fromfrom C=0O, C=S, and SOZ LIS
absent or is selected from C=0O, C=S, and SQO2;
abserdt or A somppousd|hying agtiustuspekivrmpla (Dso@éflhéx??@?uncany
N-C _6alkyl; 15 Xis selected fromO,
ag,’epﬁq?ésﬁﬂghﬁ%f 6al kyI each V is independent|y absent
or is selected fronn0, |2 NH, an N-@F -afkyl; Wis

absent or is i ndepe ent I y ec ed from D, XS, NH, and
N-C _6al kyl ;
N- G sal kyl , and{

0, NH,
R10; 20 each
Zis |ndependentll§ sel ect &4 fr mO s, QH, and
N-C _6alkyl; RlL, R2, R3, and, R4 are each i ndependently
sel ected from O _6al kyl, C1.6hydroxyal kyl,
vkr&al koxyal kyl , aryl , a _6aral kyl, and

R14DVKOCL 3al ky I-, vvherel at Ieast %% of R and R3
eaebﬁmmddes%y rejected ﬁzsmu ﬂegz 25 R6 i s

S8 B34 &%ﬁéﬁ%@?&imﬁéﬁ%ﬁn@@w R7 is a

her am no aci ds ydrogen,” a protecting
Iy iseibpent @k Y Cr.qatkyliet eroaryl, any of which is
optl onal | subst [ tut hal ogen, carbonyl, nitro,
Gripcelsgted T N}blangi\g%}*fh r R7 is selected from

ﬂs—a@)@&ﬁ%& is s@iec@%lfﬁﬁﬂiﬁlom E-odakkymd sofl_

L is absent or is selected from C=0, C=8, and SO;;

M is absent or is C;.galkyl;

Q is absent or is selected from O, NH, and N-C, salkyl;

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

each V is independently absent or is selected from O, S, NH, and N-C, salkyl;

W is absent or is independently selected from O, S, NH, and N-C_¢alkyl;

Y is absent or is selected from O, NH, N-Calkyl, S, SO, SO,, CHOR", and
CHCO:R";

each Z is independently selected from O, S, NH, and N-Cy.galkyl;

R' R% R, and R? are each independently selected from Cy.salkyl, C1.¢hydroxyalkyl,

C.salkoxyalkyl, aryl, Caralkyl, and RM¥DVKOC, salkyl-, wherein at least one

of R' and R? is R™DVKOC, ;alkyl-;

R’ is N(R)LQR;

RS is selected from hydrogen, OH, and C)_salkyl;

R’ is a further chain of amino acids, hydrogen, a protecting group, aryl, or heteroaryl,
any of which is optionally substituted with halogen, carbonyl, nitro, hydroxy,
aryl, Cysalkyl; or R’ is selected from Cy.alkyl, Ci¢alkenyl, Cisalkynyl, C;.
caralkyl, C1 ¢heteroaralkyl, R*ZA-C) salkyl-, R''Z-C) salkyl-,
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6aral kyl , O _6heteroaral kyl, R$ZA-Cl_$al kyl -,
RI TZ-Cl_8al kyl -, -90

(R3O (R9O) P(=0) O CLBal kyl - ZAZ- C1- sal kyl -,
(R8O (ROO) P(=0) O- G _$al kyl -Z- C _sal kyl -,
RBZA- Cl - 8a| kyI ZAZ-Cl _8al kyI

h | MCAZ- Cl
b SN B a7 et ROMIR-010-Cssi 7

R0 h | i
R STt é%%ﬂgﬂ FAZEREIRF Mo RMIA R k-
ar e m@xkﬁ@}p@foma:atgkmyl @HIO)QNI-(kyglal-kZlf\ (B. BNT-@Jgalkyi-

al kyl - Cl. 6al 1
A ot s, Shatal sl A el e Asaisouns, o
1?%'8»117 tgéé:ﬂgr a?@bkydl 14761 6&1@&1@ aﬁ&l@A Iy, A-Cygalkyl-ZA-
A- Cl. 3al kyl - A, orC 4alky ereby formn

L' 39 ClRalthd\-R%aide-AMé:b&n&ﬁht\L pr%@a@yfedallkib%cl oalkyl, Cy.
6
Ol Gt el AD arlbr ot YA RV E R Craliot-A,

Cl. 6hpérepyp ﬁ{@hﬂ@/&nngr R8 and RO together are
Cgl 6al kyI therebéc orm n% a ring; each R10 is

r@éﬁb raa@mdppend@n sebebtqd fom hydroggermetalratipn.dardellyl, Ci-

f
Cl. Gé?ﬂl%{lﬁq q?%eiag@@& Qﬁellle?ﬁfggrg d;} r?y amﬂﬁj {:aglrg : y%%alkyl, or R®
het ef@ﬂﬁ'twéeth@rayé Cu &aﬁtye rtherelyy for@lndaria; kyI and

Cl 6 teroar al k R14 is sel ected fr‘(zm hydrogen
carh BO) i radsoy éywlectﬁl’@@ahy depgeB Be (¢ (R17) 2N,

}éﬁ}s?aﬁ%ep derd®y el Fom ﬁ %lfgi@g'—élaéah()ﬂ G!M&%ﬁ O_Ff,%lkynyl

norety Is opt ysubstltute
CL. 8a1ai<13dcy\ﬂ§/b htearegblyl; as;dnmtemmyea:mmﬂcyl hall @gehgte;roaralkyl

& eslebioaiorm Rissosfs (416 H COMATBNThain OB B0k (R

fr om(hylj P@gelﬂl7sﬁzéﬁb %H'KjPGB@;'sﬁ@@lkWherghﬂ CéQalk?zl moiety is

6al kenyl , heteroary ara
and @btlehdtmamtatddwnh GH lealkﬂﬁﬂ(m@nﬂbgﬁiﬁn@wtedr\@th

[ ndeé@i%%ﬂ)(’t h? Emﬁﬁ%gﬁ%’%vdﬂgarg ﬁyc thar%lk?’kyl

161 af@ RKeRY ﬁndeﬁén.den bé‘lb’d’ﬁé’d froﬁl&fyﬁﬂgg‘:m ibtal Mi“oﬁf Oty C,.

aryl, heteroar 1. 6ar al kyl 15

6het oyl Ky kmsl @ﬂdvlilqﬂ@aalwhé?u emHWTR@duC‘s; shgteroayatkyl, or R
1 - 6al kyl ,
sa%gq% {Ol%% thgp%r%r&dr?%lul Eetr&y et eroaryl ;

@BlﬁJRﬁ is Glde}dendéntlﬁi@dedfé(afrenﬂgidﬁcgeﬂﬂOR c,‘ﬁilgdihyl Ch«&iﬂ&ﬂ&f €.

C1 ai rlynineaBeeylad, heferocsRlh, Ay hRETCEFd: F T et Fy

R DR S Wher ol n at T onet onb

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

D, G, V, K, and W are selected such that there are no 0O-0, N-O, S-N, or S-O bonds.

2. A compound of claim 1, wherein R, R% R3 and R* are independently
selected from C1-5alky1 and C,garalkyl, and R“DVKOC,.; alkyl-, wherein at least one
of R! and R? is R*DVKOC salkyl-.
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30 of R and R3 is R14DVKOCI . 3al kyl -. -91 3. A
conpound of claim2, wherein one of RL and R3 is
R14DVKOCI _  3al kyl - and the other is Cl.6aral kyl, and
R2 and R4 are independently C _6al kyl. 4. A conpound
of claim3, wherein one of Rl and R3 is 2-phenyl et hyl

or phenylnethyl and the other.is VKO3~ 3gh >
and Bot h Pocemrpund of BBy Sfef%%?fj? IR ?‘oﬁp‘gﬁ%l'

¢l eEel i snd TR L iflcphaRAlly (Fallyl.
3@%“1‘;)313% eg)%hec alé‘ﬁ‘?a%',l 1 erein R6 is hyo‘larﬂogen %nd6R7 IS
ad _6alkyl. 7. A conpound of claim®6, wherein R7 is

nethyl. 8., A cl.Ai i 14 2Lshenvlethyl or
el et ed ﬁs%ﬁ%%ﬂ%ﬁ%%i‘eak@%ﬁi%%ﬁw@%%??? ety
phBThaiNy! arldRhE bBNHis, R R VEIDCHGEIKyl-aaut! Rith BBERd &alaks/poth
‘where the G _8alkyl noiety is optionally substituted
5 isgbtyl.OH, Cl.8al kyl W (optional |y substituted with
hal ogen), aryl, heteroaryl, carbocyclyl, heterocyclyl,
and C _6aral kyl. 9. A conpound,of .a on f clains 1
to 8,5. wherfepempoupdiof clajm 4 R/%G@}Iz &1%%9(‘@%)%5, a%éﬁ‘& D,
V, K, and Ware all absent. 10. A conpound of any one
of claims | to 8, wherein R14 is_(R150 (R160) R(=0)
V and. K arfecemhpesnd of plaim Scwhgeginf 1s PR AST R, U5 ety
conpound of any one of clains 1 to 8 wherein R14 is
(R150 (R16Q P(=O W, D is Cl.8alkyl, Kis C=0 and V
and WW.ar e Acordpourd, of glaswrfpobetrioR iipeie of claims 1
to 8, wherein R14 is RI5G-, B and K are C=0, G and V

are 0, and Dis Cl.8alkyl. 13. A conpound of any one
of clfi ms A comp@yndrfetamy, Rherdie Rheisselsetgdfipm "D i s

C | k ;s 0, Kis C=O and heterocyclyl is

10 (Biséﬁﬁ&xébpe(ﬁé){ﬁz 92 14. A compound of any one of clains
RBER- §R e, g '),R4 R' BheRG0aNE RYIGBC Malkiyb, wherenbe CKsalkyl
i's absent of is C=0 and heterocyclyl is !\l&ggz (tBFieg)v)th
mbietyeis Rptignadlyurtguted 6 Gl Cawﬁ@fYJW)T/CODPOIﬁl ugst 1
B-J-T:-J, .T. is absen ' 7, S,
raigeh o hy gy b S nEEEREE 5 ST L 5,

is absent or is Cl.3alkyl. 5 15. A conpound of any one
of ¢l &I e A c%%pgund’“'&re a(n%fl or%le%%%lalilﬁsﬁ%}g,)vgﬁ\érei‘ﬁrRM is
15 (RVO)R'0)P(=0)W-, and D, V, K, and W are all absent.

10. A compound of any one of claims 1 to 8, wherein RMis

(R¥O)(R®0)P(=0)W-, V and K are absent, D is Cgalkyl, and W is O.

11. A compound of any one of claims 1 to 8, wherein R"is

(RUO)R'S0)P(=0)W-, D is C salkyl, K is C=0, and V and W are O.

20 12. A compound of any one of claims 1 to 8, wherein R' is R”GB-, B and

K are C=0, G and V are O, and D is Cy.salkyl.

13. A compound of any one of claims 1 to 8, wherein R is heterocyclyl-, D

is C,salkyl, V is O, K is C=0, and heterocyclyl is oxodioxolenyl.
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(RL7)3N+-, V is absent, Dis G _galkyl, and Kis

absent or is C=0 16. A conpound of any one of clains

1to 8 wherein R14 is (R17)2N-, D and V are absent,

and Kis absent or is C=O 17. A compound of claim 16,

wherein Kis C=0O 10 18. A conpound of any one of

claing 1 to 8, wh in R14 R17S , .B_14.5,C=0

D, vi4 andAch;wuag@ZﬁW O%fh@tl Qims N %ﬁ@‘ n B iR ppteropyelyl-, V
106bshe 1Y C20R ol nGikA RE) (RN Gl IR 4nd R'?

s%fé%pﬁ_ S{ﬂk where t @YSgF\Ey )(rml ety is .

toppthien aml I+ - JshUéBdIm&d-M,tﬁlscaﬁseMr g;adeleytewfmmo NR', 8, SO,

SherCHBT CHEURREGEDYE hid 6P AT i aoffnf ot feCrsalio

d 6aral kyl. 20. A conpound of claim19, wherein Bis

c=0 is 0, and th 8al

unsuBgt i t dt eI & m%Pnﬂ?g%ﬂgiSrﬁ?ﬂ?tege\é"hﬁegf E‘yl1S (B)2Ngor

ﬁU uwﬂls%wq)?s &} {MGH Un@ 101s fbR&dnek & €Lb)) or a
harméceutically acceptable salt thereof R R7 0 R33

R4(NI\V I 200 R RS 0O (Ill) wherein each Ar is

| ndepgndent | a'oP ARy bire %clﬁ%sqfﬁ%" mfén?Rg“'@m”)zN- D and

optionally substitute w th 1-4 substituents; -

M @reabient taad K sabsddt @y is@©G). and SO2; X is sel ect ed from

0O, S, NH and NCl _6alkyl; Y is absent or is selected

fromC=0 and SO2; Z is absent or is Cl_6alkyl; 5 R1,

R2, and RA esmpaadhfichiledéndieaeinKdeCet ed from Cl.

al kyl, Ci.6hydroxyal kyl, d _6al koxyal kyl, aryl, and

Cd _6aral kyl, any of whi ch is optionally substltut ed

wi thigne oy cdl‘?g(ﬂmﬂfofaﬁy des oB¢hing, | 0, kepdin B ais RY’S@IGBG-, B

eo

a salt ther ester th| oI or th| ?et her
isGHQt Pr HemdsK apgahsentapriGiis XHRer NCisalky

19. A compound of any one of claims 1 to 8, wherein R"is R'*GBC;.
salkyl-, where the C;_salkyl moiety is optionally substituted with OH, C;_galkylW
(optionally substituted with halogen), aryl, heteroaryl, carbocyclyl, heterocyclyl, and
Cearalkyl.

20. A compound of claim 19, wherein B is C=0, G is O, and the C,_salkyl

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

21. A compound having a structure of formula (III) or a pharmaceutically

acceptable salt thereof
R" R’
)\m -
(11D
wherein

each Ar is independently an aromatic or heteroaromatic group optionally substituted

with 1-4 substituents;
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10 R5 is selected from hydrogen, OH, Cl1.6aralkyl-Y-,
and C _6alkyl-Y-; R6 is selected from hydrogen, OR7,
Cl al kenyl, Ar-Y-, carbocyclyl, and heterocyclyl; and
R7 and R8 are independently selected from hydrogen,

CI _6al kyl, and CI 6ar al kyI 22. A conpound of claim

V\herel n Xis 0; and R3 are 15 independently
Is@Sél@Pfééfmnb% e Cs§b9@439hd d _6aral kyl: and R7 and R8

%ﬁsesgaﬁ%%‘mﬁﬂg%ﬁ@ XH %ﬁh?@t?gdgﬁﬁom hydr ogen and

A cdnpound of "¢l aim 22, wherein R and
mmwmmmte@aﬂmm =(Rand SO£1  6ar al kyl; and R7 and

i«:{%ﬁ%re i nde enﬂ(a ly selected from hydrogen and
gt op 1 C1xa prpound of claim 23, wherein Rl and R3
RZ DRERS a?@@éﬂh)ihdep@gdénﬂy séf@cted e (l'%a'ﬂ&ﬁ}l C%ﬁ?dﬁiyﬂﬁﬁl

are both hydrogen. . A conpound of claim 2
V\/n er @na%w@kﬂy anvbgod CllanTaEQ’Cﬂ(w of wBirh, is amonaﬁs sphgtituted

F ndepuithens PSRRI ARGAS pPast kR IR s R eltrdd, e

benzghis athiocethafibbituentstui nol i nyl, qui nol onyl,
thie o dyl 25 and pyrazyl 27. A corrpound of
{@ﬂ\lf&)&gﬁereln Aris substltuted with Ar- Q
|§| ;dg -., and
%hgéa Qeﬁi Rol %&SA cénﬂs %ylj;f"%‘}]g dfoﬁﬁglgy wherein Z
R&is @éleﬁ:adl kiyin hziogeh, oripouatkeafl, Ar-a-nraBocyehydranimeRrocyclyl;

substituted with Ar. 30. A compound of claim 29,
wher i Ar i s phenyl. 31. A conpound of cl ai m 24,

R““;ﬁ{d%@”argﬁq é{%méﬂflggﬁébtedrgb@r%%@ﬁ SRlkyE ahd c]%araukyl

absent , ecte Y and heterocycyl
32. A conpound of claim 31, wherein R5 is selected

{rom £hr OB Yhyou FNEATRRYV S WIRFENH RS RIARY and R e

pi peridinyl ound V\herel n R6 is
mep\énm1y/selecgd§mnecq gﬂkﬂranml@direlkyl, ,and R&@hd{ R? are independently

fura ui nol i nyl, quinol onyl,
¥°mB§ﬁler§ g“d;\‘ﬂ alki”g pyrazyl. 34. A conpound of
cI aim24, wherein R5 is hydrogen, L is COor S, Z
[ hsent d R6 cl . 6al | . .
'S a2 e A C?)ﬂlp()und (I)fs claim 226: wlil%pg{n R! and R? are both Cealkyl; R?is Cy.

saralkyl; and R’ and R® are independently selected from hydrogen and methyl.

24. A compound of claim 23, wherein R' and R? are both isobutyl, R? is
phenylmethyl, and R’ and R® are both hydrogen.

25. A compound of claim 24, wherein R’ is hydrogen, L is C=0 or SO,, and
R®is Ar-Y-.

26. A compound of claim 25, wherein each Ar is independently selected
from phenyl, indolyl, benzofuranyl, naphthyl, quinolinyl, quinolonyl, thienyl, pyridyl,

and pyrazyl

27. A compound of claim 26, wherein Ar is substituted with Ar-Q-, wherein

Q is selected from a direct bond, -O-, and C,ealkyl.
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35. A conpound of claim34, wherein Cl.6alkenyl is a
substituted vinyl group. 15 36. A conmpound of claim
35, wherein the substituent is an aryl or heteroaryl
group. 37. A conpound of claim 36, wherein the
substituent is a phenyl gr oup optionally substituted
wth 1 to 4 substituents. A conpound haV|nga
st r uctBur e dFompeyAgd ‘gcéqlv)z%ﬂ”hﬁf%%arlhﬁttéﬁm cally 20
acceptable salt thereof ORS RA N X RZR3 0 (IV)
-95 wherein each Ar is independently an aronmatic or
het erdar omacpmpgensigd dpimi Hhaherein Gis substituéad with (4 1- 4
substituents; L is selected fromC=0 C=S, and SO2; 5
X is selected from 0, S, NH and NCl.balkyl; Yis
abserit0. or Asompbectdtldimclif, Ghereamdr 80gtienylz i s absent
or is Cl.6alkyl; R2 and R3 are each i ndependently
selected from d _6al kyl, Cl.6hydroxyal kyl,
a. 6a31koxym|okmpoummﬂc1aimﬂﬂ @ihetan BF istiydragen, biis GhDat SO, Z is
soptl upsti wi th one or nore of

3 @ﬁ‘?ﬁ é/le ‘3‘?%8%*5% Jf@te(%crycﬁl salt thereof),
ester, th| oI or thioether substituents; R4 i's
N( R5) L.- Z- R6; R5 ected from pydrogen,
G _6at Iky‘T‘ G@npomﬂooffa'a@a%lkwheﬁm ERBS $e C?élfré)d’e ghromogyl:
(l%y BZ]rinoC'an@ﬁJ kRawly, Ar-Y-, carbocyclyl, and
ete 18°ahd

R/ and R8 are |ndependently
sel ect ed from hydr ogen CL6al kyl , and CL6aral kyl . 39.

A compoundy SLBleRinRS &m%ﬁ%?@@&@dfr
|ndeg%gdent Igy 5%‘%? ecte m},gr‘lém CL(ISa k1 and G . (Slar% kyl om

mhedylRihdahyd, HeBzafuemnih deglehy equihylirgd) cpnmddn)ﬂrtbmnyl pyrldyl and
10 pyrazyl.

34. A compound of claim 24, wherein R’ is hydrogen, L is C=0 or SO, Z is
absent, and R® is Ci.ealkenyl,

35. A compound of claim 34, wherein C.salkenyl is a substituted vinyl
group.

15 36. A compound of claim 35, wherein the substituent is an aryl or heteroaryl
group.

37. A compound of claim 36, wherein the substituent is a phenyl group

optionally substituted with 1 to 4 substituents.

38. A compound having a structure of formula (IV) or a pharmaceutically

20  acceptable salt thereof
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25

hydrogen and Cl. 6al kyl. 20 40. A conpound of clai m 39,
wherein R3 is Cl.6alkyl; R2 is d-6aralkyl; and R7
and R8 are independently sel ected from hydrogen and
methyl . 41. A conpound of claim40, wherein R3 is

i sobutyl, R2 is phenylnethyl, and R7 and R8 are both
hydr ogen. 42. A corrpound of claim4l, wherein R5 is
‘M £Bgen, L is C=0 or and 25 R6 is Ar-Y-. 43. A

g?ggldgéerng%nﬁ F}{:‘%ﬂ m‘ﬁ?@ EFPQFI%Q%E{}@'S Tgt&lg Wl%ﬂ@ﬁ&dﬁmsﬁﬂued
napht\hyh 1- quubﬁtmiueﬂtyl qui nol onyI thienyl, pyridyl,

and pyrazyl -96 44. A npound of cl a|m43 wherein Ar
Ir&“:?f?&?ﬁ%ﬁ’ﬂ@ﬁ%Qﬁ‘? ﬂ&“g 2> wherein Qis selected from

aly. 'aql@::lkyl 45. A conpound of
%lgéeqm Eééiﬂ\%ﬂerel %}]‘Eai"flg CI§ll al . 46. A conpound of
Yl1saahseﬂt51r1ﬂ\teé¢oe¢dt&@nl&=(3alhxt80ﬁ,ut ed with Ar. 5 47. A

% ound of cI&m%, wherein Ar is phenyl. 48. A
bﬁr%’ THAT &Y Creddi¥h 41, wherein R5 is hydrogen, L is C=O

B andQ aré ebé’n maafeﬁaénuyasraéc{%ﬁ ﬂosn @:\? L«,ﬁﬁjrledl ;Hyafax&aﬂ(yl and

het er ocycyl . . A conpound of wherein iIs

sel ec@e@lmﬂkylh pyhoang |G- maﬂqybraawlf whmhrlp Rplieradly subriituted

i per.i A,CcQ ound
" ar i BiondOreotanflaf AR PaBluft Ry ot sl R S0 o
benz ohibl asPthioethepiibeituentgu noI i nyl, qU| noI onyl ,

thienyl, pyridyl, and pyrazyl. 51. A conpound of
R N&A EVH‘]@TEIH R5 is hydrogen, L is C=Oor SO, Z

e
Rﬁ ﬁ)ﬂblectgd Giom hfiBoged, ORTpOudatkenf], Alrd grediBocyahéds aidrhetenecyclyl;

substituent is an aryl or heteroaryl group. 54. A
conp of claim 53, wherein the substituent is a

whe e&ﬁnapgélea@d F¥m$RES doh UE AN IR T Garaliyl.

four su stlt

39. A compound of claim 38, wherein X is O; R? and R? are independently
selected from C,galkyl and C;.garalkyl; and R’ and R® are independently selected from
hydrogen and C,_salkyl.

40. A compound of claim 39, wherein R? is Cy_salkyl; R? is C,¢aralkyl; and
R’ and R® are independently selected from hydrogen and methyl.

41. A compound of claim 40, wherein R? is isobutyl, R? is phenylmethyl,
and R’ and R® are both hydrogen.

42. A compound of claim 41, wherein R’ is hydrogen, L is C=0 or SO, and
RCis Ar-Y-.

43. A compound of claim 42, wherein each Ar is independently selected
from phenyl, indolyl, benzofuranyl, naphthyl, quinolinyl, quinolonyl, thienyl, pyridyl,
and pyrazyl
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55. A pharmaceutical conposition conprising a conmpound
of any one of «clains 1, 21, and 38, and a
pharmaceutically acceptable carrier. -97 56. A nethod
of inhibiting an N-term nal nucl eophile hydrol ase,
wherein said inhibitor inhibits a chynotrypsin-Ilike

activity of said 20S_proteasone when said inhjbitag )

i s pri¥bent Agompgradat ¢laim hhviseria prds S&Sh@t‘?dqwﬁﬁ & ‘(é)'eéyherem
hohi gt tr in-.qike | Vdj or PGPH activity of

leg%él%%én&tae%%?ngon e(gn’gg{f 1'fialn%f?ibitor IS present at

5 concentrations bel ow about 5 M 57. A nethod for the

treat pent Qf inf I qa@-' i.ng agdpini stering a

t her agbgutig‘aﬁob&ogﬁﬁél?@gz‘%mun{lhzlggl'ég%lbund of any

one of clainms 1, 21, and 38. 58. A nethod for

i nhi bjting,or reduci Hl Y- infection, | Sk

i vt o PgEORLPEIE Tealigoh A Ry ERE i,

conmpound of any one of clains 1, 10 21, and 38. 59. A

nmet ho forAFhe trq@tgﬁni gé euno%gﬂenﬁraiive di sease,

conpr Tsi ng™ QUPCHRS PeF Y % WIRRFRpEdt PAEPTy effecti ve

anmount of a conpound of any one of clainms 1, 21, and

38. 6 A net hod for_ the eat nent_ sof scl e-wast i .
di Seag s, écﬁ?fﬂﬂo ‘ﬂﬁf‘%gmhéiri‘ﬁfeﬁl@ .5ﬁ§h ogen,Lls%t=dqgrSOQ,Z1s

SReraRRURY GaklcYie fﬁfoﬁPRE-WeaIﬁfW}chQ{XL a conpound of any
one of clains 1, 21, and 38. 61. nmet hod for the

treatnment of cancer, conprising admnistering a

ther apgut i ?&aéohﬂ}foﬁ%% §ELILNEAQ TN B sefechMPOHRErRtoBAY

one of ‘cl al ns and 38. 62. A nethod for the
thrembm@ nmogfhotihe,anil pipantlegd.i ous di seases, conpri si ng

20 administering a therapeutically effective anmount of

a conmpound of any one of clainms 1, 21, and 38. 64. A
et hofi0.f or Atdoenpousdbfienitm 48, vehdngip®’ps AkiYf andat isselected from

condj ti on, conprising I ni steri.ng .a thergpeutical,l
Rlyny el?clpﬂvla%ﬁﬂfmwﬂawe@ﬁg% GhEOBRY iy neieaYlo gL nyidyt, and
az@Nd 38. 25 65. A nethod for the treatment of

nuscl e di suse, conprising admnistering a
therapeutically effective anmount of a conmpound of any

one of cl aﬁﬁmﬁ&of élﬁlgl% @?-whe‘regﬁ R3Gs hyirBEd) 0ds 020 680, Z is

treatnent o ne-re ed conditions, conprising
absent, and R®is Ci.¢alkenyl.

52. A compound of claim 51, wherein C;.salkenyl is a substituted vinyl

group.

53. A compound of claim 52, wherein the substituent is an aryl or heteroaryl

group.

54, A compound of claim 53, wherein the substituent is a phenyl group

optionally substituted with one to four substituents.

55. A pharmaceutical composition comprising a compound of any one of

claims 1, 21, and 38, and a pharmaceutically acceptable carrier.
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adm nistering a therapeutically effective anpbunt of a
conpound of any one of clains 1, 21, and 38. 67. A
nmet hod for affecting the level of viral gene
expression in a subject, 5 conprising adm nistering a
therapeutically effective amount of a conmpound of any
one of clains and 38. 68.. A nethod for

al t erithg tfhmrhqd %ﬁlyh@ftlw I&émien%éleﬂea@glc&ryem}asedwwﬂ
hy id
Sl L TS Sl TS Tty wie
iabitytotis prexentaant yonseatrafioms telave al‘lgut M zand d88s netdhibit trypsin-
like activity or PGPH activity of said 20S proteasome when said inhibitor is present at

concentrations below about 5 pM.

57. A method for the treatment of inflammation, comprising administering a

therapeutically effective amount of a compound of any one of claims 1, 21, and 38.

58. A method for inhibiting or reducing HIV infection, comprising
administering a therapeutically effective amount of a compound of any one of claims 1,

21, and 38.

59. A method for the treatment of neurodegenerative disease, comprising
administering a therapeutically effective amount of a compound of any one of claims 1,

21, and 38.

60. A method for the treatment of muscle-wasting diseases, comprising
administering a therapeutically effective amount of a compound of any one of claims 1,

21, and 38.

61. A method for the treatment of cancer, comprising administering a

therapeutically effective amount of a compound of any one of claims 1, 21, and 38.

62. A method for the treatment of chronic infectious diseases, comprising
administering a therapeutically effective amount of a compound of any one of claims 1,

21, and 38.

64. A method for the treatment of a hyperproliferative condition, comprising
administering a therapeutically effective amount of a compound of any one of claims 1,

21, and 38.

65. A method for the treatment of muscle disuse, comprising administering

a therapeutically effective amount of a compound of any one of claims 1, 21, and 38.
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66. A method for the treatment of immune-related conditions, comprising
administering a therapeutically effective amount of a compound of any one of claims 1,

21, and 38.

67. A method for affecting the level of viral gene expression in a subject,
comprising administering a therapeutically effective amount of a compound of any one

of claims 1, 21, and 38.

68. A method for altering the variety of antigenic peptides produced by the
proteasome in an organism, comprising administering therapeutically effective amount

of a compound of any one of claims 1, 21, and 38.
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