COVPOUNDS FOR PROTEASOVE ENZYME | NHI BI TION  Techni cal
Field This invention relates to conpounds and net hods
for enzyne inhibition. In particular, the invention
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catalytic activity in proteasome thus possess an amino terminal nucleophilic residue,
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{where the nucleophilic N-terminal residue is, for example, Cys, Ser, Thr, and other

30 nucleophilic moieties). This family includes, for example, penicillin G acylase (PGA),
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understood to bind efficiently, irreversibly and selectively to N-terminal nucleophile
(Ntn) hydrolases, and can 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
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mul tiple catalytic activity. Once thought nmerely to
di spose of denatured and m sfol ded proteins, the 30
prot easome is now recogni zed as constituting
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di verse intracellular proteins through their
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hydrolase inhibitor may be, for example, a peptide o ,8’-epoxy ketone or o’,3'-
aziridine ketone, and the peptide may be a tetrapeptide. The tetrapeptide may include
branched or unbranched side chains such as hydrogen, Cysalkyl, C;éhydroxyalkyl, Ci-
¢alkoxyalkyl, aryl, Cy.saralkyl, Cisalkylamide, Cy.salkylamine, Cy.scarboxylic acid, C;.
scarboxyl ester, C.galkylthiol, or C.alkylthioether, for example isobutyl, 1-naphthyl,
phenylmethyl, and 2-phenylethyl. The o’-carbon of the ¢,8’-epoxy ketone or o,
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25 activity of the 20S proteasone when present at
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Other features and advantages of the invention will be apparent from the
following detailed description, and from the claims.

Detailed Description of the Invention
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Regarding the stereochemistry, the Cahn-Ingold-Prelog rules for determining
absolute stereochemistry are followed. These rules are described, for example, in
Qrganic Chemistry, Fox and Whitesell; Jones and Bartlett Publishers, Boston, MA
(1994); Section 5-6, pp 177178, which section is hereby incorporated by reference.
30 Peptides can have a repeating backbone structure with side chains extending from the
backbone units. Generally, each backbone unit has a side chain associated with it,
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C,alkyl chains or Cg.j2aryl groups with one or more hydroxy, short chain alkoxy,

sulfide, thio, carboxyl, ester, phospho, amido or amino groups, or such substituents
30 substituted with one or more halogen atoms. In some preferred embodiments, there is
at least one aryl group present in a side chain of the peptide moiety.



aryl groups, such as benzoyl and the |ike. Heteroaryl
groups can al so be used as side chain substituents.
Het eroaryl groups include nitrogen-, oxygen-, and

sul fur- containing aryl groups such as thienyl,
benzot hi enyl , napht hot hi enyl, thianthrenyl, 20 furyl,
pyranyl, isobenzofuranyl, chronenyl, pyrrolyl,

i m dazolyl, pyrazolyl, pyridyl, pyrazinyl, indolyl,

purinyl xngdﬁaeraalbmhlmea@ %éﬁ&d@mmwaﬁﬂ%mﬁg‘qﬁ E éﬁgo)-],

pol ar _or charged residues can be i ntrodu
peptidiehdhis hectide cbin pi5h p deizagtion dersaiexclues the %,
nat bdoidrihy a6 Heid pRdGne] 67 GiRbr A6- &ﬁual‘a"rtb%hrﬁfg cyclic secondary amino

gﬁrfcfﬂ)éy‘@gﬁi‘ﬁﬁlrhg:ﬁ%g%aby&?éOf@Sﬁg@ ¥ i ntroduced, as
5 Vauri no Sl aripfirents 4 Gafiboriiats s NGB Bl o, o

nor txample/¥-netiy] otdhierlie), Mefinin axtamga(m whiols onerarimoge suidecbonds

;rg%rg E)egrcé %ﬁy o(if : tbﬁn gﬂra%otf aa[ngl%gs X(Bf wlﬁal %ﬁgij% ﬁﬁpo%%
ch aﬁwnﬁwﬂﬁlnmahghac@om)m comhlmtlgw@f gpchrbquboWMy In
sh 0§ O%flélﬂbogm Ythe anc'ﬂﬁh géx&j a-’carMH IQmo&ﬁﬁ 4 l%ﬁﬂsﬁﬁltwn,

phOS or am no groups; -or suc stltuents
10 30 @umbmowamn@md dn sw@ﬂhpam@@mmﬁée chais a8 e

pr efo@amg S dfRBAE SRipIS, dbytAh of & deﬁydr@ﬁ:o&tﬁ&%hn,%‘@h@ﬁ ¥ Houble

group present in a sidé chain the peptide noiety

-6 band dgymesent bpfget thee and ﬁaﬁ@n%ﬁ@ww@ﬂ éh%rn jof for wp&hy@e or
gm %%cyelgmlﬁbﬁ'ﬂ%tﬁgm@n ihs Whldh? cy‘d%pﬁ&y&r?ﬁ; ik Bﬁie%’t BHwéel @elty
ucC a esli atl on 0es 0 excl e ura
oc cHdAiags &%fbﬁaldaelaaau &Pé‘lﬂl ﬁghﬂswb@twrs W?Pmétﬂﬂv%a 39‘
15 ocC gmﬁs,ngarams h¢1&s @ﬁ BOMIAr Burider eﬁibodlﬁ&itﬂé‘an ivudide ideveHakn-o

e hde et DR o e R AR e

uni ther eﬁoaﬁicat&maﬁs&umd ik “rPeptidyd and IMimicb,G)dsigk o] Cordforafatiovialty

o o Moy A So i OB B i Bl otam A

m [ Chnﬁeﬂgﬂﬁfedzﬁk Refeteﬁn%’ﬂ gdpRohes Aa?deparss ;F%Wu%shmt(l 994), pp
e n or, co |n on SucC ac one
| i nf(ﬁ%%% W ﬁ)lk h?reliyl HiCO] ora é’%&%rg

ages’ er nents, the amno acid

a- car bog, emmbﬁ%&gn@ma@éégw@mw% o prbldrog Ot the

exanpl e, am nol sobutyric
embeseipoends disclesed in Whariphieation serialjngmbgr 09/ Sﬁ%ﬁ%@mﬂp@ ©of

ex agphifare pé{'e &gproggogﬁa?qm&e Pl erftitdty. %mﬂlé“edﬁeﬁhgﬁhﬁmr

doubl e bond’is between the a and 0 atons of
t heanglogeorPrRdrugs may havse stiyckrpeidonsyla l) o p phaggmacentically

25 CYClcoiimR¥%hit fiBdbf | cation, in which a cyclopropyl group
is present betweén the a

0 R2 R13 o R
R“ zkn/'i
1 R‘IZ 0 RS R14
Y
wherein each A is independently selected from C=0, C=S, and SO,, preferably C=0;

or
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and $ atons of the side chain. In still further

enbodi nents enpl oying am no acid 15 groups, D-am no
aci ds can be used. Further enbodi ments can incl ude

si de chai n-to- backbone cyclization, disulfide bond
formation, |lactamformation, azo |inkage, and other
nodi fi cations di scussed in "Peptides and M m cs,
Desi gn of Conformationally Constrained" by Hruby and

Bot gjlyﬂ,tmu y Wb fafedl g Rhod L68¢eR RfhnBeSi@sdaRezogy: A
Conprehensi ve Desk Reference", ed. Robert A "~ Myers,

VCH, ki dpkdnb HaE Selecth 86m.C=oR c—mmﬁg@f prefbrabW i, f3Abdest GTEO=EDY

i ncorporated by reference. In certain enbodi nents, the

S Ub)VEle kbsert Pz Dshalkgll prerablydsaliol; prodrugs of the
conmpounds disclosed in US application serial nunber

09/ Q6948 ot ik eslested fiomt G, NI, andNiChbrligi, praferstdy Q is absent, O, or
i ncor por q_%gi/ Ef@{aﬁlk%;rﬁ?béeﬁlol'ae' r entirety. Suitable

enzyne | S or prodrugs may have a

SUT SG{ 4ieBte® From®, !ﬁﬂiﬁnc(ﬁ-):lgaﬂ% eu“ cally 25
acceptabl e salt 't her eof Rl R12 0 R3 414

0 myvibgysétit Br i€ Sdldeted fiofn O M{emﬁopﬁemyl A mbegtcmbﬁ‘? asd C=0,
C=S, and_SC2 preferably CO or -7 Ais optionally a

covalentlgaﬁg-when adjacent to an occurrence of Z; L

Lfe?“‘gﬁ%’f plpetdinlieBipd fym L8, g @Bs‘%ﬁitm%blgo or
sei Be OB RR R rhin @iy s cRIBER, D) 7 ¢

° oxya
S SReR f“ﬁ% F%%Nﬂ m"‘ﬁé*‘“‘“éf%ﬂ%éﬁ?““ %ﬁyﬁ@?& ol

0: Y 1 5 sl w SiCe el Al B POHIRED SR
S, SO, S% onb-bidRdE of Afide, a%mgyhcﬁéiﬂ '(brz shlﬁthereof), ester
|ndependently sel ected from O, @5 ge 6a|k|
pr ef er alghuging Gu-s allgd ester;and #rrk gstgPthiol; orf 51‘\1;% s
when. a t.to an occurrence of A;
R BNRGEGk

RS, R, R, and R'* are independently selected from hydrogen, OH, Cy.¢alkyl, and a

group of formula IV, preferably, RS is selected from hydrogen, OH, and Cj.salkyl, and

R'%, R", and RMare independently selected from hydrogen and Cisalkyl, preferably

hydrogen;

L O—E’ORW
~ \0R18
‘??- R15 R15

R’ is selected from hydrogen, Cy.ealkyl, Cy.¢alkenyl, C).salkynyl, aryl, Ci.caralkyl,
heteroaryl, C,¢heteroaralkyl, R*%ZAZ-Cy.salkyl-, R"'Z-C.galkyl-,
(REONR®0)P(=0)0-Cy salkyl-ZAZ-C, salkyl-, R°ZAZ-C, galkyl-ZAZ-C;.
salkyl-, heterocyclyIMZAZ-Cy salkyl-, (RPO)R®0)P(=0)O-Ci.salkyl-, (R'");N-
Cpizalkyl-, (R!%)3N*-Cy.1zalkyl-, heterocyclyIM-, carbocyclylM-, RVS0:C;.
salkyl-, and R''SO,NH; preferably Ci.salkyl, Ciealkenyl, C1.salkynyl, aryl, Cy.
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R, R2, R3, and R4 are each independently sel ected
from Cl. 6al kyl , Cl. 6hydroxyal kyl, Cl. 6al koxyal kyl ,
aryl, and Cl.6aral kyl, any of which is optionally
substituted wth one or nore of am de, am ne,
carboxylic acid (or a salt thereof), ester (including
Cl-5 alkyl ester and aryl ester), thiol, or thioether
substituents 15 RS is N(R6)LQR7; R6, R12, R13, and

L sal ks ll%a&ﬁsfﬁl’é’m?ﬁ“%%“@”?&c‘w‘

is sel e%RQ)([? 5 - ZAgLCrafkyl- @@g‘r\g‘?@?@%&é”‘ﬁ%’

Elg R1%cd Rbéwcq sdumizm]grclgm;hy haab@etyﬂdzumnancyl-
rogen nd re

o po- ) ga 90%4%958@5? ﬁkg'm'f é““@a? a{%%gn?‘r’%ﬂw

hydr Ogemeteﬁlymwhrbo@&ym Rﬁwmaﬂm@aidw te, NHawkdrein

d - 6aral K het eol_fgaa@/% E%elp&n t%ro%; %lan { c|70valent bond; or

RBZAZ- I

Gt R
het er OCWI\EM; DAZ-Cakdligh-ZAZ, or C..galkyl-A thereby forming a ring;
(Ra0) NP G Lplon 2, i o) %’1 Ao eﬁsﬁa%ﬁ%?kyl-mcl
R' SOZCl 2alkyll A;ﬂlaalkykﬁdowam eremé pRisrpTRoRced %

d 4al kquq gen KPkn o YMbnt b6dd,:- 9 6ar al kyl,
het er oar 1 eheteroaral kyl , R8ZA- Claal kyl -, R11Z-Cl

sal K%mi’R‘" afe én@&@r@élé&ﬁﬁam I@Gidgyd, nﬁ%aﬁbﬁﬂlkﬂﬂ,ﬂl

I(?ggg ( R9§]O£YWP e Sa Woary? IE%L&% and C.gheteroaralkyl,

het er ocyedfth &meehydwtal cation, and Cy.¢alkyl, olr Ik{s Tnd R’ together
R8O O (R1)2N-GCi . sa

Emog gNﬁr@’éﬁl&yﬁh cI 2/| M, car bo%:/ycl yl M,

R11S 1sal .

R s F?ﬁ‘@?ﬁ%@%%?@%ﬁv sl terably Cr gl

covalenhn&ond or R6 and R7 together are
Cl. sal kyl -Y-G . 6al kyl, C1. 6al kyl - ZAZ- Cl . 6al kyl
7A7Ris Bddprydentlyalected froms Bydegaen, Gragiendy Cigalkanyl Crafiomy,

Cl. 6al ky, r ,eail&c Mroaralkyl,
G oal Ko SRyl el tefhal 4 are 8 ittt

A-d 4al ‘?W ar@R'Chre independently selected from hydrogen and Cl.salky] or RY and
RS together form a 3- to 6-membered carbocyclic or heterocyclic ring; and-

- RY and R".are independently selected from hydrogen, 2 metal cation, C:.
galkyl, and Cl.ﬁaralkﬂ, or R'7 and R"® together represent Cy.galkyl, thereby forming a
ring;
provided that when RS, R'2, R, and R are H or CHj, and Q is absent, LR’ is not

hydrogen, unsubstituted Ci-salkylC=0, a further chain of amino acids, ¢
butoxycarbonyl (Boc), benzoyl (Bz), fluoren-9-ylmethoxycarbonyl (Fmoc),
triphenylmethyl(trityl), benzyloxycarbonyl (Cbz), trichloroethoxycarbonyl
(Troc); or substituted or unsubstituted aryl or heteroaryl; and
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10 2al kyl, A-Cl2alkyl-A, or Cl.sal kyl-A, wherein each
occurrence of Z and Ais independently other than a
coval ent bond,; R8 and R9 are independently sel ected
from hydrogen, netal cation, Cl.6alkyl, Cl. 6al kenyl,
Cl1. 6al kynyl, aryl, heteroaryl, Cl.6aralkyl, and
Cl-6heteroaral kyl, preferably from hydrogen, netal
cation, and Cl.6al kyl, or R8 and RO together 15 are

Cl - BahdcurrdnbBE6QRY selifth &8 22, 8¢ 16dst Ghe nRABEr SRR sbquence must be
I ndependent|y sel ected from hydrogen and Cl. 6al kyl ,

Pr ef er agthgr than seavpleatbondang R11 i s i ndependent |y

sel ected from hydr.ogen, ClL &4 [, . 6al kenyl .

&5, al kA g i R R i Rr Qe B ot
hetigsaén IC) -4yl Ga subiskiyted oramshb&itutthaylon beembdyl | In cer@h
R15 and. R16 are st ent | el ect .

i cFr gty R 5 S BT R o, R0 Bt o P LGNS B Bl hose
6- ndendyibedih Greene G We hndcWts, Pi@Mar BojestivecGroiprgn OzgadicR17
an Yo I I - brom :

onc BAGA NAR GH  ASGhad AeAGRG A, oo
R1STiiegeYerhg, 198br esent Cl. 6al kyl, thereby fornmng a
ring; 25 provided that wh and R14 are

) When R6, ,R12, RI13
H or CHin someembodimenipFert’, R 1 R greslected o Gueativl or C1.
UNSiHRad. til bRErel etddinidiis, £ and RF bie!d) Skt R Y 208 RAiR 09,

id t- t b | (B b . (B .
? |C: ,@J;agqs 1.gn)t,l}léﬁgqxs C;fryg%]eggﬁy é,i;ng;m) 2 (; ’rlllzgl)éisogut%]), Rlis2-
t i pHesnMthyTRInA W (stphbdyythethyl.benzyl oxycar bonyl (Cbz),
trichl oroethoxycarbonyl (Troc); or substituted or

unsubst i ¢k eaibydimets, hahéQasr apbent andR’ iselentedifrym Cy.salkyl,
OCCUrrenc f.th equence S er of
¢ neCuatish sBtbar GEAeiRh B it AR SR |

C er dntiodinmnis (RS inGngatky] anth BhisRgedtesl fiem butylsaligOpropareylQ i s
absen [ al kyl, or substituted
or @ﬁé‘ﬂ g%dt %‘ @h?%@@%i"@%‘é{?w . In certain 5
embodi MpNfGer MBEHMERs, L ébz‘;i:ﬁqs £8sd1®, aRPRENRboled®d o OQBIKA

protecting group such as thgse described in G eene,

T. Vindand Ingerain molcempodimanisoR oig pelepted dpm ] Admiga c

i TR TIL Y. 2 S E T
salkenyl, C,alkynyl, aryl, Cy-aralkyl, heteroaryl, Cy.gheteroaralkyl, R*ZA-C salkyl-,
RUZ.-Cy.galkyl-, (R*OYR0)P(=0)0-C salkyl-, (R*)O)R’0)P(=0)0-C1.salkyl-ZAZ-
Crsalkyl-, (R*O)R°0)P(=0)0-C salkyl-Z-Ci.salkyl-, R°ZA-Cy.galkyl-ZAZ-C, salkyl-,
heterocyclyIMZAZ-C,.galkyl-, (Rw)zN-Cl-galkyl-, (Rm)gN"'-Ci.galkyl-, heterocyclylM-,
carbocyclylM-, R''S0,C galkyl-, and R'SO,NH-, wherein each occurrence of Z and
A is independently other than a covalent bond. In certain embodiments, L is C=0, Q
is absent, and R” is H.

In certain embodiments, R® is Cy.salkyl, R is Cy.salkyl, Q is absent, and L is
C=0. In certain such embodiments, R’ is ethyl, isopropyl, 2,2,2~triflucroethyl, or 2-
(methylsulfonyl)ethyl.

-10-



In sone enbodi nents, Rl, R2, R3, and R4 are sel ected
fromCl. 6al kyl or Cl1. 10 6aralkyl. In preferred
enbodi ments, R2 and R4 are Cl4alkyl and R and R3 are
Cl. 6aralkyl. In the nost preferred enbodi nent, R2
and e are isobutyl, Rl is 2- phenylethyl, and R3 is
phenyl nethyl. In certain enbodinents, L and Q are
absent and R7 is selected from Cl. 6al kyl , '

81 gﬁl t«iﬁl Yther eﬂ?éfhkii{tﬁl,w is ctEé,- @ﬁraﬁéeiiﬁ(l:tlnd m?rwlcm_mmy{. In cethgin
. eteroara - n certaln syc e odl nts,
et trahadgnonia B iegelpetsd ot e Y AR R

Pr opskeRybhenylh&Ryl ] @RhidphenghsthylOind (4-Budpypheaimettind

4-pyridyL In other enbodinents, L is SO2, Qis absent,
and R7 isothelcebbivhedits,dnts C2OLislebtent, Rfid Casallyl, ahdR is aryl. In

t ai h. | RRE R7 4 C t hyl
B S e S

| t I al is -
aryty Clr e R0 R

RBZI&Ha)-caskpcka)yl. eftpin zlm@emgqiiqw:ps, R’ is cyclopropyl or cyclohexyl.
(RsO (ROQ P(0) O. A . sal kyl -, : : o
( R8O) ( RITyemiein(obodimants, Lyand Aeze C7Q, Qiisphsgpt, Z is O, n is an integer

. (R$ R%@rﬁ W@y (3 aﬁﬁﬂiiielte&eﬁi'orﬁ REWA <C,.galkyl-, RV Z-C salkyl-,
¢ Cl - sa&y] - -Cl.. sa -
10 hot RZAG b b RS Cortigh ORI b Z A sl
(Rl Rioe)ael(gk’-dsrﬁn?kmsalkymﬁflﬁgnﬁ% em%qcycwm_ S CdalikiyM
.S - . apd. , [e _ .
o cTiPren ah grotarengs 8PS i dspetabily ot LS P BBfthona. 1n cerain
c ovakk ahbddbmatts, Rhis beteroaicly AR guikyt-gvhete hewrogyayl iQ i s
b d R7,.i | R ' o , [ 1S,13
o0 gL gt PR B o
15 C=Cogdtier awerC #ilkyl-34C hsalpihpreferably tCs.sallR- Yi-G1selkyily thereby forming a

isog opyl, 2,2,2-trifluoroethyl, or 2-
(metyl sul fonyl)ethyl. -10 In other enbodinents, L is

C=0 Q s ARBGR ferrdMhbEEmbiis, lis 25,3} # ¥bsent, 1is@8 hrtebeifrom 1
such enbodi nent sglected from 2- fﬁ&lethyl,
2 3

. R7
phetdp Mﬁﬁ spleeéd ﬁﬂ%ﬁ#@%ﬂ?ﬁﬂ)pﬁw&b 18
(fhﬁi’*)m’* %U,)éh% H@&Eﬁ«mﬂ-ﬁé_qdom@gmﬁﬂ 40K aﬂswﬂud%snﬁfmh In
0 er e I ments | ~0), S _apseni, |
20 1. whpRYR e gh reto iy G whers R s S Gaog  etighotbersuh
enbgabddRine,; R hétsroSRL, ivhidreBbiaicytifis Bdécied Woatmorpholino,

phenyl,. I n certain enbodinments, L is C=0, Qis absent
or H%“W_“?%P‘Befiﬁmﬂndﬂﬁc’ %s - (CH2)ncarbocyclyl. In

g;glt gih 2}@ Fe%gineerlg%ggimggtghsis C&g, Iissis E%ﬁﬁ&l?{)%ééiecgﬁ from O and
NH and R’ is selected from Cy.salkyl, cycloalkyl-M, C.saralkyl, and Cigheteroaralkyl.
25  Inother embodiments, L is C=0, R® is Cy.salkyl, Q is selected from O and NH, and R’
is Cysalkyl, where C.salkyl is selected from methyl, ethyl, and isopropyl. In further
embodiments, L is C=0, R is Cy.¢alkyl, Q is selected from O and NH and R’ is C..
saralkyl, where aralkyl is phenylmethyl. In other embodiments, L is C=0, R%is Ci.
salkyl, Q is selected from O and NH, and R’ is C;¢heteroaralkyl, where heteroaralkyl
30 is (4-pyridyl)methyl.
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In certain enbodinents, L and A are C=O, Qis absent,
Zis 0, nis aninteger froml to 8 (preferably 1);
and R7 is selected from RBZA=C . sal kyl -,

R11Z-d . sal kyl -, 10 RSZA-Ci . sal kyl - ZAZ-Cl . sal kyl -
(R8O (ROO) P(=0) O d . sal kyl - ZAZ-d . sal kyl -,

(R8O (RO P(L)O-d . sal kyl -z-C1. 3al kyl -, and

het erocycl yl MAZ- G . sal kyl - wherei n each occurrence

of A is g, pARRCRAMERIEMs, %pwseﬂt G@E CROCANER Gad RU@pdher hi6 C;.

certain such enbodi nents,
het eV Gryaliogh ekl Eyqall%wré?léﬂhétﬁe Pespin epeh gogurrence of
su bztuhci NiSfdepéndekiBoRRt thhnid aﬁalemdﬁd;mfeeﬁwmiag 2 nng In

N( Rl gfey:e\émgmg%duﬁwts, @—-f% ﬁmdy are gl:%grgt,ha%[i K an AR’ together
5 Cl @aloKaly VY @R K anotb}gf&hyedfembbﬂmgata, andi are absent, and

LR SIS P o B

(FECHOR Bl YD @l eIV 00, xS R o e
R DR G an wBEATFARE Kbl 1. BB i llmB Uil

- CI arsiR Kyl fibr( R3O s8lky M6 s 1IRL. Oinjasoti@t pe&iried bmqunm@érttvam

ot h C tpge@; C
10 het%?ggbt{h“@igg@ge t %I‘eﬁ%zgir}]&boréﬁ Eﬁﬁ% fo) ?Jrerl di no
pi pgnla:zlumt, L@ndlprfﬁ‘*dPMR}@ﬂanmB%‘ﬂ'&qe g‘érrrent S,
is Cam R6 is C. 1. 6alkyl, Qis selected from0.and NH

and R7 il8cepeimsabadiments, s compoyng piform §H

C . Gakahkisry:and Cl. 6het eroar al kyl . 25 In ot her
errbodlrrents Lis CO R6is Cl.6alkyl, Qis selected
fromO and NH, and R7 @S ﬁz.ﬁal byl pt re Cl.6al kyl is
sel ected from net hgl, I;,klrga i yl. I'n further
enbodi nent s, LISC—,I%I .d}aIkI;QisseIected
fromO and NH and R7Ris a0 @ &ral ky?, where aral kyI

is phenylnethyl. In other enbodinments, Lis nialgl;kg
15¢C 1. 6dpwfme4ym@dwn9c%a!hﬂ>ﬂwﬁaﬂ siegtaR9f formylagboria

ClL. fhehRearA8 de¥dptabloialf @ebgf er caral kyl 30 is
(4-pyridyl )E]rrgthyélp 11 In certain enmbodi ment s,

absent or is C=0O, and g6 anhd R?oto are Cl-
6al kyl - Y-Q . 6al kyl ,RSCI 6 é}fé’éy or
Cl4al kyl.- A, wherein esac urfen e and Ais
i ndependent |y other than a Rov3 Bonad, t her eby
formng aring. In ceitain pr @ ed enbodl ments, L
is CO Qand Y are t, and® and R7 together 5

are Cl. 3al kyl -Y-Cl. 3ai; . I'n another preferred
enbodi nent, L and Q are abser(}tl), and

wherein each A is independently selected from C=0, C=S, and SO, preferably C=0;
20 or

A is optionally a covalent bond when adjacent to an occurrence of Z;
L is absent or is selected from C=0, C=8, and SO, preferably L is absent or C=0;

M is absent or is Cy.i2alkyl, preferably C;salkyl;
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R6 and R together are Clsal kyl-Y-C sal kyl. In another
preferred enbodinent, Lis C=0 Qis absent, Yis
selected fromNH and N-Cl aal kyl, and R6 and R7
together are Cl.3alkyl-Y-Cl.3alkyl, In another
preferred enbodinent, L is C=O Y is absent, and R6
and R7 together are Cl. 3al kyl -Y-C1. 3al kyl. I n anot her
preferred enbodi ment, L and A 10 are C=O and R6 and
?(}QQISQE br 18 bdfected 'ﬁ%ﬁl d(NH éﬁf 1@&1 Wﬂefeﬂﬂﬂy 3695179@15, 0, or
preferred enbodi nent, L and are C=0 and R7
toget herN%r@smakllelﬁ\absFﬁ%@rt a| n enbodi nents, a

Ounﬁgﬁmuﬁaﬁwﬁ ?Yg”ls In preferred
nb? z'{E‘genttﬁnr rr%eggﬂ ] cg}w &ﬂaé‘ g# g%éﬁ% %t}ﬁ;er eo &ml a~

5 R2 eobo CHQQzB wherein each A is independently
sel ected from Cam C=S, and SO2, preferably C=GQ_ 20
or @chg lﬂpdqpemﬁnﬁywﬂactecbfvm Bn%, NBb ok MK walind raefermbly Opotn
occurrence of Z, is absent or is selected from Cam

oszlwaoe@zacwbm%ﬂwn@dﬁg%@@e Agcugpnceobh M i s

B R AR R S0

pref er amrw@mﬂmmma Ofsaralityl, abdrbf witkst is qmﬁamhwmed
i s absent. or [

: X is selected fromO.,NH
10 10 on MigHoRe B mete Eapite, §ng Salbbifk Aeig e slfierson epter
fromO, (iﬂbipdmg Cﬂ.szﬁlaﬂks}dranc&rylsﬁpr),ﬂﬁﬁl, oiGhoRlS sulmtitkent§
CHCO2R10; each Z is independently selected fromO, S,
NH, REs ¥RDIOR Bl kyl, preferably 0; or Z is optionally
a cog/al ent bond vvhen adj acent to an occurrence of A;

R2 Bnid sqiavteérﬁ@nelyéwsrlhﬁ' efom’ky), psefprably Cusaflyb m

Cl.6al k . 6hydr ox
67ais se)‘ected hy%rogen, .5aﬁcyl, C14alkenyl, Cy.¢alkynyl, aryl, C;.caralkyl,
15 heteroaryl, Cy.sheteroaralkyl, R*ZAZ-C salkyl-, R"Z-Cy.salkyl-,

REO)RP0)P(=0)0-C.salkyl-ZAZ-C salkyl-, R®ZAZ-Cy salkyl-ZAZ-C;.
salkyl-, heterocyclyIMZAZ-Cy salkyl-, (R*0)R°0)P(=0)O-Ci.g8lkyl-, (R '%);N-
Cr.izalkyle, (R'%);N*-Cy.palkyl-, heterocyclylM-, carbocyclylM-, R*SO,C,.
* galkyl-, and R''SO,NH; preferably Cjgalkyl, Cy.salkenyl, C.salkynyl, aryl, C;.
20 saralkyl, heteroaryl, C,sheteroaralkyl, R®%ZA-C;.salkyl-, R''Z-C) salkyl-,
RPO)R’0)P(=0)0-C, salkyl-ZAZ-C) salkyl-, (R°O)R’O)P(=0)0-Cysalkyl-
Z-C, galkyl-, R®ZA-C, salkyl-ZAZ-C) salkyl-, heterocyclyIMZAZ-Cy salkyl-,
RPONR®O)P(=0)0-C.salkyl-, (R');N-Cy.galkyl-, (R)sN"-Cy.salkyl-,
heterocyclylM-, carbocyclylM-, R“SOzc‘].aalkyl-, and R'SO,NH, wherein
25 each occurrence of Z and A is independently other than a covalent bond; or

R® and R” together are Cy.galkyl-Y-C.salkyl, Cy.salkyl-ZAZ-C1salkyl, ZAZ-Cy.salkyl-
ZAZ-C.galkyl, ZAZ-Cy.¢alkyl-ZAZ, or C;galkyl-A, thereby forming a ring;
preferably C;zalkyl-Y-Cr.zalkyl, Ciaalkyl-ZA-Cyalkyl, A-Cialkyl-ZA-C;.
2alkyl, A-Cialkyl-A, or C4alkyl-A, wherein each occurrence of Z and A is

30 independently other than a covalent bond,;

-13 -



Cl - 6al koxyal kyl, aryl, and Cl . 6aral kyl, any of which
is optionally substituted 10 with one or nore of

am de, am ne, carboxylic acid (or a salt thereof),
ester (including CL.5 al kyl ester and aryl ester),
thiol, or thioether substituents; R5 is N(R6)LQR7; R6
is selected from hydrogen, OH and Cl.6al kyl,
preferably Cl. 6al kyl; R7 is selected from hydrogen,

Cl. &ﬁ&hﬁﬁ %10%511% el dtion, Cy.ealkyl, C
%2%“& aﬁeg ?)eéérl%cgeg einer oargn’ 1akY -

RSZAZ Cleal Cusalkpnyk, agyl, ol Craralky 1, and Cl.ﬁhe%éroaralkyl

( R8 0) ( Q@fbﬁ@r& %Z:r?uﬁﬂtai Za(ﬁzn,Qnd ©alakiyl, or R® and R’ together
S a

h et e r oc 9By 16

(RIFIE R ittt %@@%Wﬁ% Cabcpigpy oo

RllS@Cimd sal kyl -, and R11SO2NH; Pref erabl y C14al kyl ,
Cl. 6al kenyl , C1. 6al kynyl, aryl, Cl. 20 6aral kyl
het R} Gandepend@nlyheleaed faomaiyksdgen, RRAHYLIC: saikeryl) C;-salkynyl

R'Z- C1.
(B9 RS SSb betgrooyel) s, belsroagy Cyqrall, and i heteroaraliy,

10

15

20

?QM:EQ@EE WhED 1161 op il a- (? #ubdentSBRKY hot hydrogen, unsubstituted
h eter oc(l; yzgé}#}ﬁmkacijﬂ%agq%% of ammo acids, -butoxycarbonyl (Boc), benzoyl
0 o0 et Bttt
R ScpC arpRrestbanyd (bbb oo sobidled o

occur r enssabaftuted @yldr Retéraryljwependent | y ot her than a
coval ent bond; or e and R7 together are

Cl . i ahkydeurvents oﬁm deqdence(ZIAZiadi léagt ong AiémBer. of delegquence must be
ZAZ- Cl . 6 Ik%m} IkyI ZAZ- Cl . 6al kyl - ZAZ, or

Cl. 6al ky A ahere fmng a ring, preferably

Q81 B i S i i

Cl- amqleyted fom/Fraali nmb%sesﬁralé;&ie in Pref&mc}/ weh ’znlman%r R’ and B
| NARPENERYL T tHRlkHRY prifSA s heabakiReht IFORE R are 1sdbigL. and

R9 are 1 ndependentl’y sel ected from hydrogen, netal

ﬁ a: i on, I@er@ﬁ\'ek%‘)bdlmlgﬂts Hﬂ;mdq&mh%sﬁ@{ xb@mmfnl ka| , Ry R? are
eteroar alr a , n e oar . s
PR o B oD eHeI N wRrTS B e a1 & BRgETrcopaining,
or B&r@s}de,l?acliaag@gﬁﬁho (iﬂ:(ljtﬂn@Na@akdf)ﬂkyl) lbipema t 'hg)d ],cthoxphdling,
r I.LS L'N n ngJt. ecte rom
oﬂ"géﬂlﬁ“‘aﬂﬁ c%"%ﬁ? F?“hﬁ?'§$d§?%‘gﬁ’y%??‘§a| kyl ; and

In certain embodiments, a compound of formula II is selected from:

N}{ﬁg’\ A

©

-14 -



R11 is independently sel ected from hydrogen, Cl4al kyl,
Cl. 6al kenyl, d 4al kynyl, carbocyclyl, heterocyclyl,
aryl, heteroaryl, Cl.6aral kyl, and Cl. 6het eroaral kyl,
provi ded that when R6 is Hor CH3 and Qis absent, LR7
is not hydrogen, unsubstituted 10 Cl-6al kyl G0, a
further chain of am no acids, t-butoxycarbonyl (Boc),
benzoyl (Bz), fluoren-9-ylnethoxycarbonyl (Fnoc),
triphenyl nmethyl (trityl), benzyl oxycarbonyl (Cbz),
tchyeEoethoxycarQon (Tpoc),~qr substituted or

S

uns i tut eyl t and in any
occurrence offithe £bq enteft , ‘at | east one nmenber of
t he sequence St be "15 I than a coval ent bond.
In certain e iments, L C=0 Qis absent, Xis 0,
eis H and nd R4 are selected from Cl. 6al kyl and
Cl.6aralkyl. In preferred such enbodi nents, R2 and R4
are Cl.6alkyl. In the nosg preferred such enbodi nment,
RZ and R4 are,is certain enbodi nents, L is

Cam Q is HQ;Ept ‘?ﬁi is H RZ and R4 are 20
tereycl yl M, where the

|sog;;y ard ®7
het C Egéls a Rit “containing heterocycle,

such as piperazino (i ding N (lower alkyl)

pi perazin mor pholino, and piperidino. In preferred
such enbodinments, Mis CH2. In certain enbodi nents, a
compound of fornula 1 is select d fron1 k bJI~ -14 H
NNO6 O "00 O O N— YI ~0~000\~rO
GN~pru\N~ 0.~ 9 -

Y “‘{"‘uji“fin ?



Fi 1 FI S\ _ON ONO 06-~,c -1$ NN~ N~ ~~
0qO0O\j~OTIJ/J* 0009g0O-9g0 oOCoggONq
o000 60~"""1IrpPJ~gogd~qo HOO N-N- o\ o
J~-16 ONOHO 06 OO
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HOO-\"O 6 O0 HOMYNNO OHOa=mNi ~( 0o
OOOYVYINYIN Qti . O51 NIl J 0 ~NJ OO\~»DO
-17 0 00O Na-a Ny O0O06- ~NNNN/N-a HOGa 0 aka
a,~a o G 0, TG@' s O0 "Co

N/\/\/\/\grnxg\ﬂ/?'éxg)'\”%o
é 0

OMHE/E\H I H\g)l\ﬁ‘(i\(éo

H°’Wg£§"ﬁ “\;’Lm(lr;@"

&

Yy “\;inj;;é"
©

‘ <5
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-18 Naka a HO6t0. O Ol _FI 0"Coo-ol, 0O ~I
Haa OI\ ~oitaoo baNJ Oooo 5\ . -190oNoO
NN~\H~No C / 10/ S=HcaO\l I~o0;and o
Cl)() s_op: o5 1In certain enbodi nents, the subject
conpounds are phosphate-contai ning prodrugs of the
conpounds disclosed in US application serial nunber
09/569748, the contents of which are hereby

i ncorporated by referepce in their entirety. The

enzy i nhi bitor
chymishosip-L Re ¢

structure of f r reul
acceptabl e salt thereo

har maceutical |y
R3 0 R8 rX

SAOAPLORE



Rs,N j~NNM~N 10 R R2 0 R7 R4 1A -20 wherein X
is selected fromO, NH and Nalkyl, preferably 0; R1,
R2, R3, and R4 are independently selected from
hydrogen and a group of forrmula 1V, with the proviso
that at least one of R, R2, R3, and R4 is a group of
formula 1V; OOR12 ~0-KOR13 5 R1 R11 IV R5, R6, R,
and Rs are independently sel ected from CL. 6al kyl

Cl. 6hydroxyalky Cl 6a|k xyal kyl, aryl, and

Cl. 6aralky| optlonally substituted
Mﬁth de, am ne, carboxylic
aC|d|or a h rmacelit i Iyoacceptable 10 salt thereof,
car boxyl esfer, thlol d thioether, RO is a further
chai n of 0 aci ds, -rogen Cl. 6acy| a protecting
group, aryls or heteroaryl wher e substltuents may

i ncl ude halogen, car bonyl , nitro, hydroxy, aryl, and
Cl_Sal kyl ; " R10 and R1L are ingependently sel ected from

hyd n and C 0 d0~and 15 R11 toget her
forﬁgg19 &QWPA \pgx, ,
an

ePic or heterocyclic
ring, R12

hydr ogen, a ne aI cat 1 on, 6a|ky| and Cl - 6ar al kyl
or R12 and R1 oget her repfesent C, . 6al kyl, thereby

formng a ri and L is absent or is selected from
-C32 or -C(=5)0 20 Suitable N-terminal protecting
groups known in thejart of pleptide syntheses, include

t - but oxy car
fluéie

).0b | (Bz),
bk,
(trltym) an

c), triphenyl nethyl
arbonyl (Trod) and the
i ke. The usef of variou protecting groups, e.dg.,
the benzyl o arbonyl g p or the t butyl oxycarbonyl
group (Boo), rious coupling reagents, e.g.,

-19-



"synthesis, gaid 5 are

5

10

25 di cycl ohexyl carbodi 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-hydroxybenzotri azole

nmonohydrate (HOBT), and -21 various cl eavage

conditions: for exanple, trifluoracetic acid (TFA),

HC in di oxane, hydrogenatyon on Pd-C in organic

sol vents (such qs hapol et hyl acetate), boron

tris(trfludtode e ati) Ja nogen broni de, and

reactﬁ" S@|UI i t B i §olation and purification

of Dlt | gtes are k own in the art of peptide
er applicable to the

preparatio J the subject conpounds. In sone

enbodi nents, any two of R, R2,”R3, and R4 are

hydrogen and anyytwo of \R, R2, R3, and R4 have a

structure of for agV. preferred enbodi nents any

0 _
three o , IR2 , Jand_ e e hydrogen and any one of
R1, ﬂmgﬂ\)al\ Rﬁiéaﬁ tructure of formula IV. In
t he “wBst Sppef err &d difent, R1 has a structure of
10 formul g\l V and R2 , and R4 are hydrogen. In
certain di nents, , R6, R7, and e are Cl. 6al kyl

or Cl.6aral’kyl. In preferred enbodinents, R6 and Rs
are Cl4al kyl and RS and R7, are Cl.6aral kyl. In the
nost preferred e I ment, and Rs are isobutyl, R5

is 2- pheﬂylﬁt nd 7 phenyl nethyl. In certain
enbo 5 om hydrogen, Cl. 6acyl,

] t|n . Pn preferred enbodi nents, RO
|s hydroge or acetyl the nost preferred
enbodi nment S acet . In certain enbodi nents, R10
and R' are ¥el ected from hydrog®4 and Cl. Gal kyl. In a

preferred enbodi nent, R10 is hydrogen and R11 is
Cl.6alkyl. In a fu her preferred enbodinment; RLO is
hydr ogen gndyR'¢ i [ .{!] n~@not her preferred
enbodi 28 are hydrogen. In
certgk mEodF nment K3 2 and R 3 are Cl.6al kyl, netal
cation, or C .6aralkyﬁi;:z certain preferred
enbodi nent s 2 and RI re selected from benzyl,
tert-butyl, d sodiumcation. In nore preferred
enbodlnents both R12 and R13 are benzyl or
tert- butIyIceMumeoém@s,tmqﬁumh@po@wueéﬁmtham@é&st
‘one

x%ﬁrungsl%fm%m b SisdhosB P VN B lali i boridl ukblr 05/565748, the

enbB ompoun has t
f ol cantdntsepf which are hereby incorporated by rcference m their entlrety The enzyme

inhibitor prodrugs for inhibition of chymotrypsin-like (CT-L) activity of Ntn have a
structure of formula (IIT) or a pharmaceutically acceptable salt thereof

R 0 R R 0 RS
v A A A AR
R® N N

RE RE O R R* O
(Im)
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10

15

20

25

stereochemstry: 71 0 R3 X FIEr R RR O R7T R4 0 In
preferred enbodi nents, the inhibitor has a structure
of formula V or a pharmaceutically acceptable salt
thereof, -22 iNRIl Re 3 M RBN_Nc ~2 0 Ra M
wherein X is selected fromO, NH, and N-alkyl,
preferably 0; 5 R, R2, R3, and R4 are independently
sel ected from hydrogen and a group of formula IV,

W tWhdrélg pProvi so that at least one of R, R2, R3, and
R4 is a group of fornmula IV; R6 and e are

I NdX fssanrtend frym €5 NG iddN-hlkgdpréierablaldsyl , Cl . 6hydr oxy

al kyl, C.6al koxyal kyl, aryl, and ¢ .6aral kyl, each
of RHRAIRY sndokt dre indérendestiibesdected tfwh hykdtogernand X0graupoafiformula
sel IC ) €

oot e el RSP T oD G ), RO s by B tolia 1V:
ester, thiol, and thioether; RQhis a further chaln of
am no acids, hydrogen, acyl, Jp@? cting group, aryl,
or heteroaryl, where NgrMay i ncl ude

hal ogen, carbonyl, nitro,glyginoxy, aryl, and

C .sal kyl. Suitable N-term nal protecting groups known
in the art of peptide syntheges, 15 include t-but oxy
car bonyl - (Boo) , benzoyl (Bz),

f1 uor en®S;RA dependentlyfeaioetyd fromh Cu@ﬂ@hﬂlmmmlkyl

[ Gt b & e e e b e
andgréup sslectedifrom omise, mmnb m‘l}oxrhmldafr a PharmmenticRily acgerdabiz
h I f d

ot B Wb Fedty o il updeien | " BT C 0D are

hydr ogemR’ a0k A4LY c1RRForRnind acldﬁgydr%%n, @Qgcyﬁﬁ p{'?)%%tlﬁg #bup,

structure of formula I V. nmost preéfe
entbdh erdgteroargl, whers S@sgwmwweclbée o hilogtn, carbonyl, mtros hydroxy,
aryl, and C,_salkyl; '
R!® and R'! are independently selected from hydrogen and C,.alkyl, or R and
R together form a 3- to 6-membered carbocyclic or heterocyclic ring;

R' and R are independently selected from hydrogen, a metal cation, Ci.
salkyl, and C)garalkyl, or R'? and R™ together represent C|.qalkyl, thereby forming a
ring; and '

L is absent or is selected from —CO; or ~C(;S)O.

Suitable N-terminal protecting groups known in the art of peptide syntheses,
include t-butoxy carbonyl (Boc), benzoyl (Bz), fluoren-9-ylmethoxycarbonyl (Fmoc),
triphenylmethyl (trityl) and trichloroethoxycarbonyl (Troc) and the like. The use of
various N-protecting groups, e.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), carbenyldiimidazole, or 1-hydroxybenzotriazole monohydrate (HOBT), and

-21-



formula 1V and R2, R3, and R4 are hydrogen. In certain
enbodi nents, e and R8 are Cl.6al kyl or Cl.6aralkyl. In
preferred enbodinents, R6 and R8 are Cl.6alkyl. In
the nost preferred enbodi nent, R6 and R8 are

i sobutyl. In certain enbodinents, RO is selected from
hydr ogen, Cl.6acyl, or a 25 protecting group. In
preferred enbodi nents, R9 is hydrogen or acetyl. In

t hevamss cl e@&@foeﬁd@@smhﬂe ﬂﬁﬂuomeﬁcsacﬂqﬁﬂj HCi #3idxane,

cer n enbodi ar e ct e
B LB Rigpi sy B8 S st vorep
i's h;edﬁﬂ)gﬁacaﬂa), E:H]cymgﬁ,brﬁmﬂkyhd reid‘nlomnfsnhmhnemﬂ-l isolation

D 8o ST B R e R0, S A 2Bl e S, ang

5m1mp@mymmmmmmmmfmw¢mwmmz and R13
are Cl.6alkyl, 5 netal cation, qr Cl.6gralkyl. In
cert ai n Inseshegmbodimentsoay aefR', B4R, andR Reshygragen and any two

Sel SEOR, kAT REAAY b strdcfid otlbtintla wanﬂpréeﬂed%%aﬁieﬁﬁ any
I n roré R;e er,red enbodi ments, both R12, a

ar e
beng¥ae R, BrR, ‘B@tlﬁ/ jare Wﬁﬁ’ﬁﬂéﬂmt‘mb PRt eFr’gdv and R s
emb stﬂicmf,fmﬁﬁualreaﬁ the 298 pRferBd mBUMndRL R hits FsthotGhe W

cation. In certain enpodi nents, R6 and Rs are
10C14M9IPNW%ng’éPq’%CFI%WF%mS R6 10 and Rs are

ncotyl TPt lmesp ey Rl Ak ralier Cratiat &

ac epigferred emtsodincatscRY and RE ado Olialieyhand RRA6d R%arhSdean(liﬂ'h Iatie

e oPaH iR R kP osabg e B SeEbA 2 A ERRUIRD: d i)

an dplict@mathel, (Dicﬁ‘hinlqﬂbpdmta R? asablamd, fram hﬂo@ar&kwyl ora

5 o EEEbRede E'LP%%%?% HIBREHE R ety b e, P imon

catpl@ﬁmdmbvdmn'p fsaretdd errbodl ments, both R12 and

R13 are benzyl or tert-hutyl .. In the nost prefe
enbodi mangertaiembedimentsRe’ a5 R iare selegteffrgmihydrogen g Gmalkyl

cat i prefbifedeRibb@inantCRY oy ﬁi%%tnfandRpQQC I a BGbrRTEhred
corrpoun%ls argﬁo di scligggd [ 6,831 %%%ﬂ e

di sembrdiment & inhydspgen and i HF%?H’HthBd‘“ﬁ]&‘ eﬁef?ﬂﬁgl embodiment,
20 I ef BtRR¥Qnd R iatchyBRdbdd. ¢4 yemm@ﬁﬁocaﬁaﬁs; R'%aind Rffeare Cyalkyl,

|nvent|onrelatestoamsd|c |nc n
] e oAl 48 R Ted SR B gng 1 ar
| nhsémcfee &ohasén@gl z@t-&ttylmau&dmwéauamwﬁm fbfefrext ¢mbodinehts,
n o | t, the _.conposit.lon |
| ol sB R g R G e O g PEe TSN i e oot
enbmﬂdﬂn}ﬁaﬁdeaheamﬁnmhmdew ce is a gel conprising a
pol ymer

25 In certain embodiments, a compound of formula II has the following
stereochemistry: .
Rg Ra\i Rg
X
N\:)L PN ':')YR
Rs R O R, Ry O )

In preferred embodiments, the inhibitor has a structure of formula Vor a
pharmaceutically accepiable salt thereof,
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matrix or ceramc matrix and an inhibitor. Said

pol yner can be either naturally occurring or
synthetic. In another enbodi nent, said gel serves as a
drug depot, an 25 adhesive, a suture, a barrier or a
seal ant. Anot her aspect of the invention relates to a
nmedi cal device conprising a substrate having a
surface onto which an inhibitor having a structure of

any one of formul aeg], o, RLlha VQIS i sposed. In
one enbodi nent, the N h Iuﬁr di sposed on
a nedi cal device Ren another Fne t, a coating is
so di sposed, the 30 coayi ng a pol yner
matrix or ceramic matri mnth a i bitor having a
structure of any one o roulae™ ¥ 11, 11, or V

di spersed or dissol ved erein. -24 1n one

“enbodi nent, the nedical device is a coronary,

vascul ar, peripheral, or bilYhry stent. Mre
partlcularly, the stent of the present invention is an
expandamm?w%tent When coated with a matrix

Formil ackP al?twf%ﬂabt@ﬁ s SR B oS DS Co°
San exparsty S dpAKT e foalachnrt &@@r@ﬁgﬂ'ﬁ'&‘ﬁ{’&f"ﬁg‘?ﬁi‘w"f
i nv&rmitlb £Y, mtﬁtbemwﬂlﬂaslemone@ﬁB RS, B oand iR s agrouptof s

i nser Iﬁﬁ@&ﬁ or inplantable into the body of a patient,
wherern e portion has a surface which is adapted for

exposur erstaq ROLY iddbpeaatly fideWhent atgl, ¢ ﬁﬁﬁi‘ox? am9t t

of the surface is coated with an |nh|bLtor V] ng

st r Geelhosyaligl, aﬁfwn%ﬁe@ﬁ%kﬁ Stchﬂf which 1s optjonalfy sIu "&F“d\)'“ﬂbar
108 CQRlp fifbcke@ ﬁ'aﬁh&@mﬁﬂ%&tﬁbﬁ%@@ﬂd&&pﬁﬁn&&mmm&ﬂﬁbb

haV| a str re o ne _of formulae I, 11, III,

or %E“ %P@é&“‘ﬁf °g|a§‘§§'l°9@ﬁ ther ein. An exarrpl e of

2 55 oS Sl bl BB ERR AR o L by S herape . o

in heteroar;nlt whet wbsﬂtubnsrmnytnmﬂude hﬂog&n,rmrbbnyl,tm hpdtoxyaryl, and

d ot . ' .

Ikl RPSEEbOLSEL s PoSH B) lpi ye,

15 d evinclude smgw@aborwé@oah benza 8 (Bg), thmwaé‘edmaho:erggbwt (Fmoc),

o S igh Bt med PEBRERSGaii| O, R

access ARkime @ntolidichR) anyml Qett RELAIR? ety o%&’f drdlany two
catheter a vasgular graft, an intfaaortic balloon

punpf RaRS & .#pd R %vaéﬁwwém ffprmylady s Inp rﬁfmslegxbodlments any
dr ugn&l ol 18, wwlwam }@&o@&hﬁ&aﬂﬁm afwaatg P and R Biga an

extral perivascul ar support, a, bl ood ter, or a

20| RSB TY TnfBp oy R R tire of
COoafRauMiIy and R%, R%, and R* are hydrogen.

In certain embodiments, R® and R® are C; salkyl or Cysaralkyl. In preferred
embodiments, R® and RE are Cy¢alkyl. In the most preferred embodiment, R® and R®
areisobutyl. Tn certain embodiments, R? is selected from hydrogen, C1.eacyl, or a

25 protecting group. In preferred embodiments, R’ is hydrogen or acetyl. In the most
preferred embodiment, R’ is acetyl,
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20 an inhibitor having a structure of any one of

formulae I, U, |11, or Veither directly or by a
matri x containing an inhibitor having a structure of
any one of fornulae I, Il, Ill, or V. In certain

enbodi nents, the intralum nal nedical device is coated
with an inhibitor having a structure of any one of
formulae I, I, IIl, or V or a coating 25 conpri sing

bi ol 0gi Cilebaid ShtRbRiead, RItkdd R ﬁ@gele%&diﬁﬂfhiﬂ?lﬂogéndmdﬂimcﬂ

a structure, of any ong. of for e | 111
di s ot melgrredenpbegnisa §rrésrhy &l‘&g ﬁ'g% fga gﬁﬂm preferred
i nt 6ﬁ1b61ﬁmerﬁ,l1{"fﬁhﬁir6@d amm'éi(st:@dﬂhymrmumﬁa@mferhawm@imm

Cur Patb & BB G e J5 Pl g te&'-ﬁfkﬂ

5 emb agtalredtibs, or cmralmu | Inad:rtaﬂﬁmefemedlmgbomems @f”wlnd

prev st enos: t
devr*g"e "}ffe 'b“ %d ?%?Jﬁ? é)g tFea ngw%mg? S
di sbath & md®"” wnzyl ontsrt-bytyb To thiedastpréfomed) embodiment, at least

adm itor having a structure of
any génd?ﬂc;?& g{n;rrll%g&ﬂi““bllaw I1l, or V. Such diseases
and condj El%é?”%ﬁilﬂéqﬁ R“a%@R’&‘x%b?.&ﬁél Snpfeﬁ{eaemﬁdduﬁéhts R®

rheumatoid arthritis, tissue injugy

10j nf paers isphutyLnipsestprd embetimenty & Hu@@am acetyl-ndhepost

ar t brdrdried eRB&Hith@, B is Bhke ﬁla\/iﬂ&&ker&m@bcﬁﬁa&,eﬁ“’ is Hyliogehi ad
i nfegtious di seases, fabnormal i mune

esponse
condi F BREYE A% BioerRre e SoseE bqﬂaﬁf“ IR e lwrggen. In
r el 3érBish dntbolimehe R 'Eafad itk CRAky], Bietll satiom br Cn—,ﬁﬁndyl dn certain

o0 e bty B2 AP TR el FtEERE e i

1sthe cﬁt{dd,g JeTET: lpﬁfemedi brtﬁ‘ﬁiduﬁhms:, sutisRBtnd R aipbexsaghar tert-butyl In
I nv |1 O C al Ner.oscl er oslis 3t
oy ndieop praahes Mo Sl OF gl b B pBRLR ALY,

di suse (yatroph ryat

St oke, O bR, skl ally e RE oo b Bpeg in US

as s 688 5095 theidistlonws af odiich is mm@?ﬁtﬁ%ﬂ lfYa‘FfGWP@B in & gntirety.

e.g., Goldberg, United 10 States Patent

5, 340, 738ne apprst ofdherinventionsglaies foa m@%&@%ﬂ%ﬁ‘% pqRROSitjon
2007 URSIHRE hikilied maﬁaélmﬁlﬁshor RS QCRLIIE ofdrgéRs of formulac I,

i ncl udi ng strai ght-chain al kyl .and branched-chain

al kyk H@%Mpénomwa@%mte%cweﬁww gegrperafpd witiun p medical
;3 h a:cdlg\ch He Efﬁin{é&bbﬁlngﬂﬁ el Tﬂ{c]?llﬂéﬁlcéid t@ lgeladmprising a polynr(er I
ri uor onet ny an I r oroe e Yy
i ndlaar cerami amaimd itpm, Said 6&%"]’% o oe iy
ter r&bﬁ@ﬂmgw §jntticfié), Inandies émbcfdunm,em 8¢l servésas b érugelepot, an

I nyl nd " C2.
25 adlzlies;(vee, aysutute?a lga.rrie?%r a scalant.

Another aspect of the invention relates to a medical device comprising a
substrate having a surface onto which an inhibitor having a structure of any one of
formulae I, IT, 111, or V is disposed. In one embodiment, the inhibitor is directly
disposed on a medical device. In another embodiment, & coating is so disposed, the

30 coating comprising a polymer matrix or ceramic matrix with an inhibitor having a
structure of any one of formulae I, I, ITI, or V dispersed or dissolved therein.
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yal kynyl" refer to substituted or unsubstituted
unsaturated aliphatic groups anal ogous in |ength and
possi bl e substitution to the al kyls descri bed above,
but that contain at |east one double or triple bond
respectively. The term "al koxy" refers to an al kyl
group having an oxygen attached thereto. 20
Represent ati ve al koxy groups include nethoxy, ethoxy,

pr opoxy, ]_BEEJ éﬁﬂ%ﬁﬁ%ﬁﬁ/mﬁﬂﬂﬂ ;ﬂ@gw&ehé‘a?cor&ﬁry SdsBB4r, periphdraiOor

hydr ocarbons coval ent | by an oxXygen.

Ac c bitiety sghty More rstioslaBLAthe o et o m\aﬁ%ntamp@wont if g Xpadahle s
th agterﬂl {hkn 8 tAWIRE rliaﬁ'u&bntﬁﬁﬁlﬁ ERirBbitér ha QE&‘uctmeTJi@ one of
term "G . 6al koxyal kyl " refer to a Cl.
subfrmles b &, I, PRV e mafrixis,fls 6‘11?5’“0’{‘%%42@&3‘?%'?@?5# ﬁ‘ﬁ’ an

5 et N@pandéd sthid€oft sBéH B e@an&ble%ﬁ:elﬁt( | I anclifer efibudinik 6f this invention,

O Sty it o SE0HD B3 LULS M LD A0 Yhe
ar t pitieaphéréif theqbfliof Risarsuifae hich is adnsaddibt axposieeo bowy tissue

b ek oad B e Ay ol SR n i ior B St

RO Bany ohé é¥ifarmulablLAT, IRioo VRira! costing cemprisit@,a nibix bavitg R0 0'

h.ind dent |
10 5 L B ROTRFARE Molckd S0F 8B cmiEY BB or P dipfifda orsll
t he dissolsted thetein. \Mm aximplb efs sitdle gant ndiveldsed dmiiSeas. Mp.
hets&gﬁa&' %E%"ﬁg LT eih® K%fa&ﬁm bkl 1 NG

struc resents a , a cycloal kyl, a

cycl oal kg ydner @mﬁtﬁrﬁén@,%%éﬂkcaﬁevﬁe mhé/ﬂs‘éht)iﬁvenﬁd?ﬂs in

is zero or an integer from1l to 8. In preferred

e BAE A AEEIeTIEH i g aSFU ARSI R e e vipe g Pt
15€- Yora \Bgcula?%ﬁbpoﬁ‘.nﬁoﬁetiﬁmeﬁliﬂgpﬁﬁ hellRAEVIES of @ piébnt irtveiition is

an imde. In"éven nore éferred e odlmentsf Rgaﬁ?nal
moae%rda%ha@blva@r?%%fd’ﬁﬂq% Meflop qagheter, an arte

r e P Eﬁﬁa@?ta Vasdiled ERA SR intABorié Katlbon Mifhpdh KRy, la, vestricular assist
nbodi nents, an 10 am no nQup

%éﬂ certaln
i s Burap.¢ drugse 511@“? > c5iVe, & vasculs yyap, sy gxirapenyasuly
f or pEppeit, attiea Elted mcﬁueﬂmine@foewmyhmten pblasd wisey eoated with

20 0% inl RS lIS o o e oD oPhflee PRV LBEPERCAFS
by a matrix contanung an inhibitor having a structure of any one of formulas I, II, III,
orV.

In certain embodiments, the intraluminal medical device is coated with an

inhibitor having a structure of any one of formulae I, IL, III, or V or a coating

25 comprising biologically tolerated matrix and an inhibitor having a structure of any one
of formulae I, II, III, or V dispersed in the polymer, said device having an interior
surface and an exterior surface, having the coating applied to at least a part of the
interior surface, the exterior surface, or both.

. In certain embodiments, the medical device may be usefiil to prevent restenosis

30 after angioplasty. The medical device may also be useful for the treatment of various
diseases and conditions by providing localized administration of an inhibitor having a
structure of any one of formulae I, II, III, or V. Such diseases and conditions include
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carbonyl and includes a noiety that can be represented
by the general fornmula: O R/0 N~ R9 15 wherein R9,
R10 are as defined above. Preferred enbodi nents of the
amde will not include imdes which may be unstabl e.
The term"aryl" as used herein includes 5-, 6-, and
7-menmbered substituted or unsubstituted single-ring
aromatic groups in which-each atomof the ring is

Car RABhosis, iMPantrSAtioh, rEudlatoidhiBtis] fishd idRfy mmem; ng
systens having two or nore clic.rings 20 in
tmhmrpwreéa%ﬂwﬁ%% seyee me«xﬁ&aﬁa’faﬁ %ﬁi‘sﬁ

V\ﬂeﬂﬂhﬁb Iafecﬁcﬁaaiseaeﬁﬁabnaimt iune fegftmsels f(cﬂﬂmﬂml imeglvisg Q. ,
t he clic.rij e Ccyc y

e Sperapla saies, it el JipEm ARk o3 virel msecion and
5 andgoliferatiée rﬂmmpleybﬁhsed&g/dnd gomhqms thateke mibjetddma 'ement

B e

us egthdrescleiosis, acett esronagy syndrome, ﬁgzheme@ ﬁdﬁﬁﬂ@e’@m feven: mpscle
or &ﬂ&g gﬁ%ﬁ#h@ﬁ%&hﬁ% vh&ul%c@lﬂsnﬁ@ Cs'&ol?ct ﬁﬁ’ cﬁ:@nﬁ néﬂv@ggury,

is car car ocyc

car
al swnal dailucechesopistest eyt iabidosisi ang hepptie @ﬁﬁmhﬁ% ng GP’&B"% United
10 "OF G oY Sdtdrt NbI 449,786 Whi ch two or nore carbons are

common to two adj ol ning -27 rings wherein at |east one
of the ripBesmi~6, Gy bqsfmkd ﬁbsh&tt@oruﬁsh‘&hﬁﬁdﬂl&&m}em ic

rings can be cycl cl

cyc CRTWR/S@“PSaﬁnW %@{g@tr tg% )9.@ ang%ap ~-chain alkyl groups

he g ﬁﬁ%ﬂtﬁin)&o& X ﬂih&afbeﬁ.-{m the akdag M¢luding Baladlkyl rgampstgsnglmd

and j ncl ud es S eti as epresent e

th e %quhy ﬁgp— 5 L%ﬂ%yﬁmgxfata %ﬁr wheré/ the
15 wh le?eupms hd ﬁnﬂnhgmﬂucﬁa; abcap tf&ﬂ:&ﬁils Tm‘ltemxsy‘g?e.yallmnyl‘aand “Cy.

su r, .an s ent .

al k 3,'1 !e? ?r %WEWM | c a 3&1 8 ?cr:(ﬁ%% %%“F“g"“"

s aI in, lergth and gﬁdsrb&mbsaummyndhmh desmbai dbyve,. butithab tdoteingt

Pés??gﬂgiebr R anﬂ’g%@ﬂgs are as defined above.

n ox i's not hydrogen,
t h e for nﬁ'll: %rm “alkoxy” refers to an alkyl group having an oxygen attached thereto.
20 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 “C.salkoxyalkyl” refers to a Cygalkyl group substituted with an-
alkoxy group, thereby forming an ether.

25 The term “Cygatalkyl”, as used herein, refers to a C.¢alkyl group substituted
with an aryl group.

The terms “amine” and “amino” are art-recognized and refer to both
unsubstituted and substituted amines and salts thereof, ¢.g., a moiety that can be
represented by the general formulae:
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10 represents an "ester". Wiere X is an oxygen, and
R11 is a hydrogen, the fornmula represents a
“carboxylic acid". As used herein, "enzyne" can be any
partially or wholly proteinaceous nolecul e which
carries out a chemcal reaction in a catal ytic manner
Such enzynes can be native enzynes, fusion enzynes,
proenzynes, apoenzymes, denatured 15 enzynes,

farnesyl ated enzynes, giui tinagped enzynmes, fatty
acyl ated enzynes, gerangera | a ed [gnzynes,

GPl -l1inked enzynes, |Iﬂ*d& i nked ﬂiynes prenyl at ed
enzynes, naturally-occurRi'ng or é&?lflClaIIy gener at ed
nutant engzynes, enzynes with side chai.n or backbone
nodihirgak ,6nsﬂnd8n sarh indepsndently Tepratsat e kydipgem e alkylgify
e”ZMEG%:?l -(eft %ERIR@X&W Whd K0 R D i P ilinhe Mbfori R wHittithey are
such as pro eog1ycans pr.ot eol i posones, Enz an
be w#raeked sgmplets 2 hiteracycleihavipg fiom 4 9 Satomsin ‘éamgéﬁr%ﬁ

pr Oﬁpk&ﬁts aﬁ@&ﬂf 8 Sdlalkyl, ﬁ'c?d‘lkiall@nyl\/aafeteﬁid@clﬂ@k belwyclya&ﬁnﬂm
and, sol i d- based eptlge %% %@S ay FRY can
ot K ETS OKAIRESE SOPHJR - Brirelridenp £ %% g2

" Clbeﬁhﬁﬂﬁﬁ 8RR, anamelﬂtﬁ)@ed‘tegﬁieﬂdo it feeman tiroide, In even
Cl. 6al k ou ¢ th a.het r.

25 HHEP ‘?%ﬂ ﬁ@?@?@%ky?ﬁhfn@ﬁ%ﬂ@gmmﬂ Stl?&yﬁ%mgﬁﬁﬂ}
uUnSipeebent 4 liydebged, amslkylcarflkehyl, 68 -(OFg)#RTr Enjcertaingmbodiments, an
structures re_preferabl - '
ahoSop FiEp is TR etrbiect it eicys 708 Bie BRI o e
hetﬁmﬂhmd@xmmﬂhnepﬁﬁnhhhéw@roaryl" al so i ncl udes

pol ycyclic ring systenms having two or nore cycli
rings i Mhwhimoh“amids” end fapvide” exepupregnizadas &Tb%ﬁﬁ’ﬁ?rs‘lbé“tl:‘%

adj o fin ?Hm& hﬂﬁﬁesmlab Eha?éan beRpreseRRE bP the bhiRrd] Fii@iSlal S

het eroafomatic, - .g., the other cyclic rings can
be cycl oal kyl s, cycloalkenwbs cycl oal kynyl s, aryls,
het eroaryl s, and/or heteroclcl ywhis. Heteroaryl groups
i nclude, for exanple, pyredl &N~ furan, thiophene,

i m dazol e, oxazole, thiazole,gdriazole, pyrazole,
pyridi ne, pyrazine, pyridazine and pyrimdine, and

theyhi-kig R, 51{“"%}@ ad d3FHRd BETcC PRARN B be iRagiide Wikt ants

an atom of gwelenent ot her than carbon or hydrogen.
Preﬂ@h@%@mﬁ% Baey ke ungialleni t r ogen, oxygen,

A A TR PR L e
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,
cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls. Aryl groups include benzene,
naphthalene, phenanthrene, phenol, aniline, and the like.

The terms “carbocycle” and “carbocyclyl”, as used herein, refer to a non-
aromatic substituted or unsubstituted ring in which each atom of the ring is carbon.
The terms “carbocycle” and “carbocyelyl” also include polycyclic ring systems having

two or more cyclic rings in which two or more carbons are common to two adjoining
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unsubstituted non-aromatic 3- to 10-nenbered ring
structures, nore preferably 3- to 10 7-nenbered
rings, whose ring structures include one to four
heteroatons. The termterns "heterocyclyl” or
"heterocyclic group" also include polycyclic ring
systens having two or nore cyclic rings in which two
or nore carbons are common to two adjoining rings

Wh eﬁﬁ‘és RyhBfeinl 88 Ridt ot ¥ tRfring 8 carbdbgslic] Sp.18é @lh&%é@licl rbgs can be

the other cyclic _rings can be c
oy crisplkghyEon W@F@a?lwwg aryls §}Pt§f°"fﬁ viagrhemacyelyls.
and/ or hetgr yl s. Heter S knc
for exa#ﬁ‘? re?:ﬂgﬂ%?dga??! %d“%&'g?w%?sn$ Hil%e

nDrﬁﬁﬁhmnﬁbyﬂmQMEnéﬁanactans and t he I|ke The term
"Cl. 6hydroxyal kyl" refers to a C .6al kyl group
substituted with a dr oxy group. used herein, the
term"inhibitor" is peanR!toClesgri g conpound t hat
20 bl ocks or reduces aff activity &f aR enzyme (for

exa i bition of proteolytic aMage of

st a%?%&l @é@@%%@ég%mgg FieRrosmts

S ]ch Chyldkdg¥n /AN@.kylafwkehﬂR(eﬁgmaﬁ 6 phatnizcdiElyiandeptable s R'
of various c tal yti ctl it £ 8
proF@??ﬂﬁ@)y$N¥W?ﬁﬁ Eéﬁ%w?-“’ﬁﬁﬁb¥Fﬁ%6%as
uncésfined dtiole! EWhe Xﬂmmmtand R\} er Ri'rifds hydrogen, thnformula
|nh|b|to an erS|bI il

t he’feg’fe(% h%m?é Bﬁ%‘%xl hel Bees! agg#polg% %Xhe G
Sui mptenswlisirbatyBsactd”. an enzyne An |nh|b|tor can _
modi fy one or nore sites on or near the active site

of the eksmpedherain, “¢rzyroeiivar by partiallyor mhelbeppisinageous
ch a&gﬁmﬁé ﬁllgﬁwﬁ‘aﬁﬁesgptutcmgmﬁﬁ%’agﬁon if\8 oHRPEL s Buchtetﬁﬁym

term " pepti des not only standard anj de
| i nkemche natitietehzysies feFAnEnZYISs PECRARS RO BICS SSRHIRT

ut i Lizgaek, RRt1EOdnRhds Cibiquitinh@d exﬁﬁﬂést faflacyllied ensyinges,

non- naturally occurrin S|de chai n d ng si de chaHn d
modBTHEsRRAHad ergynte PR inked oS- ked rEvgS, FERYlate

" POoLnsgmed, Mimraﬂy-occﬁﬂh Sﬁ/&ﬁﬁdallyfgeﬁeﬁiedtrmﬁmamemﬁmes with

| k |
E;Qfgla%‘éh%w F)gckb %%gmc AL Q%P\?qo s %ﬁea quences, and enzymes
h et EUnaAked With )1011- oteitilie6 thatdial) suckas frofeegljrans pateeliposomes.

fu %%“%?ﬁ%@g 0|n|$% r'“ﬁwﬂﬁ%m% %ggﬁ%#&%$€ﬁe can

b e &tposshion, ¢loitlg, arictn Seliniin-tastdadd sofid-Bhsed peptide syntheses, and
"D SNERLL D onh o AR SR wBnd When used i
The term “Cy.gheteroaralkyl”, as used herein, refers to a Ci.salkyl group
substituted with a heteroaryl group.

The terms “heteroaryl” includes substituted or unsubstituted aromatic 5- to 7-
membered ring structures, more preferably 5- to 6-membered rings, whose ring
structures include one to four heteroatoms. The term “heteroaryl” also includes
polycyclic ring systems having two or more cyclic rings in which two or more carbons

are common to two adjoining rings wherein at least one of the rings is heteroaromatic,
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condition, such as a local recurrence (e.g., pain), a
di sease such as cancer, a syndronme conplex such as
heart failure or any other nedical condition, is well
understood in the art, and includes adm nistration of
a conposition which reduces the frequency of, or

del ays the onset of, synptons of a nedical condition
in a subject relative to a subject 10 which does not

r eC@gV&euﬁg SORARS Edn%e cycTJauels, @eeaaﬁaﬁrlsocsycﬁﬁlkgx%?ﬁm

i nclttles exanpl e, reducin the n

det Beterapyls %ﬂﬁb@w&?oﬂttﬁgw pwﬁlgﬁg?er atpgle, pyrrole,
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to an, untreated conépg E%Fulatlon and/ or delaylng

t heP &ed¥Pe cancer ous growhs in a
grsus, an. unt r eat

treated pulq i,on

3 popul at f@‘ﬁ btmﬁt}m ps s hetefr TReeny 87 4l ED garnygepﬁ?tc?aefg}/mn
15 edrigpmice hyc&mgenammd heRrentauntareonitragen,amxy gonf hosphoms, and

i ncl udes, for exanple, reducing the nunber of

diaﬂ#%%es of the infection in a treated popul ati on

Versus gﬂnt o aHin Cilere 1§1G bt ‘rhgl!eroﬁ’fbﬂb‘ bl qgfer RMsButed or

del ayi n he onset éh of "the infection in
tr em@“@ﬂ@*@wﬁc 3ré9 emberesHing et BT RS Lerably 3 o

10 Popyl b%ﬁ ribgst gﬁcfé% ng%ﬂhﬁ@%@m&mk@% hekeddator®X THPletn

reduci n or alternpatively., delsxkﬁ%

pai e hetsrocyriy” o heiseescliearewr] aisy melndp polyyclisying sys

tr eﬁfltvefg ke Bﬂhj%fﬁ'c?dhc\ﬁﬁﬁsiﬁ hRR W rinfaé @EboROHYe E6thmon to two

popul at’] on e.term"pro conpasses

t hatdioia gPeHRFsIRTEgHCaf of t@’of%@t EERETCl e & dR A0 8’6"%"

} Nt gingshak Wtohmﬂg Jcyclealitenyls cm@mygyts Aqu hemgam?e,tehd'dr

or r odr ude sel.e es

15thaP“Q?@“E§H?@ %ﬁﬂﬂﬁtnmﬂﬁyé¥ Cg?“%%“dﬁ?f%%% to

r evgptolidtie, rdﬁﬁitdlﬁel latnesslabtems, ki the hler enbodi ments, the

25 prodrug is converted by an enzynatic activity of

t he hostTiRnerneiC, sitextatioylréfems cphQlsakkyl grouprsubstituted with a

thekcggutlc treatnent is art-recognized and i ncl udes
adnihi Pt fon to the host of one or nore of the

subj ect ASIERY ?elr Wternd dintitlitol"3s mE@F o HestkiBE £ Sbnifolutd thit0
clinical manifestation of the unmanted condltion io

20 ( e. lockschir cadness ampctivigt of an enpmia (peckamply, ight

an' ETé!n)a gd S¥ePnbd@ nhdr§RAIEBAAS SubbtFalR BYChaS hicCLLVI-AMIC, Boi-
tects t he _host _agai nst deyel o t he..un nESg
 onBLRIANS and R B bR of Vi e s Acved

man b{oeﬁ&teo Ofn mubtt&teammnt aﬁhpaﬁmt firicOmpetiting ot ticnadmpetitive
is .-30.therapeuytic,

di ninkRaipn. Anaahibiionca bm& iy g |%ef€{#§n%‘§q‘é‘t’%%m the term
25 UNWaatudek copolirdi Mhat #ad suiidd uisiritesdf an tdrpme.ohr) mhfbttor ocan modify

one or more sites on or near the active site of the enzyme, or it can cause a
conformational change elsewhere on the enzyme.
As used herein, the term “peptide” includes not only standard amide linkage
with standard o-substituents, but commonly utilized peptidomimetics, other modified
30 linkages, non-naturally occurring side chains, and side chain modifications, as detailed

below,
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The term "proteasone” as used herein is nmeant to

i ncl ude i nmuno- and constitutive proteasones. 5 The
term"substituted" refers to noieties having
substituents replacing a hydrogen on one or nore
carbons of the backbone. It will be understood that
"substitution” or "substituted with" includes the
inmplicit proviso that such substitution is in

o and L he s ToCe Clet P0ang ot e Sgbst it g
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compounds.  For purposes of this inventi
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car bon uch, as car boxyl al.koxycarbonyl, a
£ or e an e e pogha R Sy e LRI
15 t hi a@fficantamoant! Prevartion af a infestion inchilesf for cample, redwring the
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ohoitetafilEgt ol terectdy BitFaRa budoR VARR B Ueiea ©
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I kyl thi. o, | f , 4l f . .
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or eampleonducing thermigeituie of poalameiivelyolelaying, pain sgpsationge 25
q ' : . :
20 Un egt%&ﬁeg@eq bﬁ%uﬁj%gsfig a ﬁ%&t&d ﬁ?gulhtglﬁgtvp&xsasg'imﬁaﬁﬁ c_&hﬁ)l population.

noi I es substi on t rocarbon chain can

thensel §sihg “ﬁdﬁggi dnbdriifdssed donPORID at, BARr pHysiological

"therapeutically effecti've anpunt” of a conpound w.th
r esqditionscare prnvertadjinte therapeutically] agsive ppemts Apemmeopaiethod forg
\fm BAERY Y pr&ir{lé iae% ﬁ@lﬂMdﬁfiécﬁ%oiéﬁbé thaPir@ RRflyded dndebi Ch,
en adm nistered as part o sired dosa .egi NEN
( t oPhysiplagingl condifioms E’rfa‘%PVh“adeSiEF%I’i‘Eﬂ?FﬁH‘? cr%& F@?@m%’“?&e
25 SY Nb&y is 36BeitSH il SnAymatdwhtivitywT the®bstahimak t he onset
of disease conditions according to clinically
accept alThetesh Sprdphyitetid arthetdpeutid? Seatroet isart-remguized apd inchydes

administration to the host of one or more of the subject compositions. If it is
administered prior to clinical manifestation of the unwanted condition (e.g., disease or
other unwanted state of the host animal) then the treatment is prophylactic, (i.e., it

30 protects the host against developing the unwanted condition), whereas if it is
administered after manifestation of the unwanted condition, the treatment is
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-31 be treated or the cosnetic purpose, e.g., at a
reasonabl e benefit/risk ratio applicable to any

medi cal treatnment. The term "thioether” refers to an
al kyl group, as defined above, having a sulfur noiety
attached thereto. In preferred enbodi nents, the
“thioether" is represented by - 5 S-al kyl.
Representati ve thioether groups include nethylthio,
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50 Mmmhmleeﬁlis}iﬁmts dsﬂurg:nic@bmpcmhdwln abrold 4spest thafpetdmemble

<ho A ol el PSR sy b

pr ohetaveslis amma'acsardatbmepmamubwaiepfa pﬁ@ganpmqgawpnun
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i nhiotganiz compindsh Borgatpabep of hisdesention: the heterpatemexych as nitrogen
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not show n cat a ytic activity o

ot hesmpoundsalgsceibeddhersirhiskich satigfy)the mlﬂﬁﬁ il heTeFPaES’FEn rmr e

pr e% 8 ﬁ%@@%lﬁ%&xﬂ&]ﬁ@ a8 éﬁeah x? h@iﬂ:h asa
|nh| ition of the catalytic aCIVIt
20pr o FheTren SkOTBHeBH: F ATPHnE Baf A iR g(sgctms 2 fipgstens

not , ARGHALLNE, dr B Blidtbridafh aR hikbE aGRésPhotil] Qp}ﬂﬁﬁhatél 4 phoSphonate,

ot her prot eases at these concentrat. ons.

ki neehespliae s anipe, aipEUdoANAIGiRe, 6 line, fwegét‘f{%% an azido, a

ser pathylyl Reilkyl AR, »aRERSs subfsRiDh Sulldmaylfh sulfohamidd, a adlfonyl, a
Bi ochem 1996), 35, 3899- 3908, Sel ett:lt I V] fo‘lbe
hﬁ?‘io% ﬁngauc& gﬂnlach or heteroaromafic moiety. Itw15

25 understood by those skilled in the art that the moieties substituted on the hydrocarbon '
chain can themselves be substituted, if appropriate.

A “therapeutically effective amount” of a compound with tespect to the subject
method of treatment, refers to an amount of the compound(s) in a preparation which,
when administered as part of a desired dosage regimen (to a mammal, preferably a
30 human) alleviates a symptom, ameliorates a condition, or slows the onset of disease
conditions according to clinically acceptable standards for the disorder or condition to
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Particul ar enbodi nents of the enzyme inhibiting anal og
and prodrug 30 conpounds descri bed herein are further
useful because they can efficiently and selectively
inhibit the chynotrypsin-like activity of the 20S

prot easone, as conpared -32 to the trypsin-like, and
PGPH activities. The chynotrypsin-like activity of 20S
proteasome is characterized by cleavage of peptides in

t heyd JarRdoPne cd Hn‘éﬁﬂlﬁ%sé)fe | 3 diBasorbRRREORIC raticaplitiBR to
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haVSelQﬁ%gﬁo?@ﬁﬁﬁ:ﬂgsHﬂQ” treatment of cells with

var I ous rot easone | nhibitors. Proteasone inhibition

10has al soreaRmelRtet 86lcasand prodak Biscloscd héreih arenmseful in part
therapeutlc stra e fact that QIThsC i Ny:
5 b jhey vt th 4uton of e 208 GfossaSise, AREBHR, Buiiner 208
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che eut t ar get r.di unds
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aCtIV tion
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i Nhis¢ledtiviies dfBheantymedinhibitors WWNFQ@% pEbtatate| s i n

C e l l ort %ntfaﬁgn% bel%mgut % K Shibith Qbﬂv@ﬁﬁhti@ﬁ of the

IS an active target for

ant lcamlmﬁ¢ aehivitet afrﬂ;e 208 ero@qwm whiteuof show g Etian of fe garalytic
co gg%tg er'pRtfeakdd ¥Ehlab SAthelRs, Bpatts lapin, fcﬁimadf}@sm, trypein,

tr i condi t1 ons aSSOCIated Wi th chroni
20i nf ltapeptidsil mps-daqqé! deiprfgrredsembodigients; the grayme ’%c‘?‘ ow

IOSOV-IE}@&B £ kid dcivityPoTRIL DS Phbteadhit o Vb brrafios belsw about
The ?H%e co oungg can be u ed to

C on DG wbileypel baaes b SHBARpIAYER it P iR proieases ot these
fun %ﬁc%tra%nst h&ewih %%mamM@&mmh@mmmm show

medi ated 25 indirectly, via praqteins which
pro d@g@lg@p qff)thq oa@lyﬂq MRNDEQS e @g PFptegsomeat anﬁnﬁxgtmns below about
25 1 pM, while not showing inhibition of the catalytic activity of other proteases at these

concentrations. Enzyme kinetic assays are disclosed in U.S. application serial number
09/569748, Example 2 and Stein et al., Biochem. (1996), 35, 3899-3908.

Selectivity for Chymotrypsin-Like Activity
Particular embodiments of the enzyme inhibiting analog and prodrug
30 compounds described herein are further useful because they can efficiently and
selectively inhibit the chymotrypsin-like activity of the 20S proteasome, as compared
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prot easone participates in the rapid elimnation and
post-transl ational processing of proteins (e.g.,
enzymes) involved in cellular regulation (e.g., cel
cycle, gene transcription, and netabolic pathways),

i ntercel lular comrunication, and the innmune response
(e.g., antigen presentation). Specific exanples
discussed bel ow i ncl ude P 30 anyloid protein and
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APP- cessing enzynme in rats contains about
25di f ﬁjghwly via prgtems wﬁmh are processed by the proteasome suc I\%EKB The

proteasome participates in the rapid elimination and post-translational processing of

proteins (e.g., enzymes) involved in cellular regulation (e.g., cell cycle, gene
transcription, and metabolic pathways), intercellular communication, and the immune
response (&.g., antigen presentation). Specific examples discussed below include [3-

30 amyloid protein and regulatory proteins such as cyclins and transcription factor NF-
kB.

-33-



10

15

20

25

30

subunits (22 kDa-32 kDa). The 25 kDa subunit has an
N-term nal sequence of X-d n-

Asn- Pro- Met - X-Thr-Qd y-Thr-Ser, which is identical to
the (3-subunit of human 25 macropain (Kojima, S. et
al ., Fed. Eur. Biochem Soc., (1992) 304:57-60). The
APP- processing enzyne cl eaves at the @ nls--Lysl6
bond; in the presence of calciumion, the enzynme al so

cl eaves \abm i gibhEnent P &R invBiRiaM is B Ve bitBe Aiipounddldistlosed

bonds to release the extracell ul ar domai.n, of . R: AP.
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bot %é?gw%gi @r&m% 1), syRESmANCH Gunitlaly DESDYfetibolic oRid

ki d rver. Tnhibitors of _the || nvent%&n aﬁe d
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failure. See, e.g., Goldberg, US, Pa%ﬁnt No t of
5, 3MOtEAB-ARinssailaRliues a9f corpheal vossel f-OF iy aRepUdedpagment o
eNCHNRAS Smi A Ferfv @ from ALAMAdiM rotekitprécaiser GIPPYTLAIESE three

protel n degradation in_a cell; reducing t rate of.
I iaeET AEF S BB (D3ciaan TR e 4 e sles of
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inhibiting the growth of p53-rel ated cancer s, E:inygh o]f

t hesrauenee, Hiserby preventiog the gencragon ofdrihgt 5 beRTEd EpiAOH7ra
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pro &m%&aﬁm b s KBN-RBrmiEdTbefuert of X&n-

Rel gu%?%tﬁg#gm?gam y. The Rel sf am |y of transcriptional

act AvaPorMgroThi-Gly-Badehwhigh igiidsatca] ik 5’%%“‘5?@315‘9‘?

The_first | FEBER Blo6iRinY §dcC (139D03ST80). TS APP-

e i A, S, i B s B 085150, s
processing enzyme cleaves at the GIn™--Lys ™ bond; in the presence of calcium ion,
the enzyme also cleaves at the Met-'—Asp' bond, and the Asp'--Ala? bonds to release

the extracellular domain of B-AP.

One embodiment, therefore, is a method of treating Alzheimer's disease,
including administering to a subject an effective amount of a compound (e.g.,
pharmacentical composition) disclosed herein. Such treatment includes reducing the
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20 KBI, 105 kDa) and p52 (NF-x2, 100 kDa). The second
group does not require proteolytic processing, and

i ncludes p65 (Rel A, Rel (c-Rel), and Rel'B). Both hono-
and heterodiners can be forned by Rel fam |y nenbers;

- NF-KB, for exanple, is a p50-p65 heterodiner. After
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phosphoryl ati on and ubi quitination of |IxB and pl05,
the two protelns are degraded and processed
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by purified proteasomes (Palombella et al., Cell (1994) 78:773-785). Active NF-xB
forms a stereospecific enhancer complex with other transcriptional activators and, e.g.,

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

NF-«B regulates genes involved in the immune and inflammatory response,
and mitotic events. For example, NF-kB is required for the expression of the

immunoglobulin light chain « gene, the [L-2 receptor o.-chain gene, the class I major
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acids in the region which controls protein kinase
binding. It is believed that the protein kinase
signal s the phosphorylation of 1KB, triggering |KB
degradation through the ubiquitin-proteasone pathway.
After .degradation, NF-KB is released into the 20

nucl eus, thus enhancing the transcription of HV
(Cohen, J., Science, (1995) 267:960). Two enbodi nents
of ﬁl@lﬁcdnﬁb\éﬁﬁmﬂygﬂmﬁéﬁgﬁe,%& Daﬂnﬁepafeyﬁmnb gsﬂemweamg, for
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i mune SY&¢R B‘n@él@@tﬁ?é 3 o the AV o romaqters When pompaged
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'(T?] Eéalg;h %Séﬁ%l? ?uﬁ 2...i nfgéeﬁﬁrﬁ t§ th%ggbj% QIE&' CF%FW‘;L a?b%ﬁﬁt%}‘a compound

ADoa I's a et or suppressing
thedmdnnmhmﬂysten1of a subject (e.g., inhibiting

transplant rejection, allergies, and asthma),
i ncl udi ri@gverproduction of hpopolysacchande (LPS)-induced cytokines such as TNFa

is considered to be central to the processes associated with septic shock. Furthermore,
it is generally accepted that the first step in the activation of cells by LPS is the binding
of LPS to specific membrane receptors. The o~ and §-subunits of the 208 proteasome
complex have been identified as LPS-binding proteins, suggesting that the LPS-
induced signal transduction may be an important therapeutic target in the treatment or
prevention of sepsis (Qureshi, N. et al., J. Jmmun. (2003) 171: 1515-1525). Therefore,
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conpound descri bed herein. 15 Another further
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antigenic peptides produced by the proteasone or
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andbivmitimited NF B RAVLohGRNGG0 Proteasome inhibitors also block IxB-u
degradation and NF-xB activation (Palombella, et al. Cell (1994) 78:773-785; and
Traenckner, et al., EMBO J. (1 994) 13:5433-5441). One embodiment of the invention
is a method for inhibiting IxB-~ a degradation, including contacting the cell with a
compound described herein. A further embodiment is a method for reducing the

=

cellular content of NF-kB in a cell, muscle, organ, or subject, including contacting the

cell, muscle, organ, or subject with a compound described herein.

Other eukaryotic transcription factors that require proteolytic processing
include the general transcription factor TFIIA, herpes simplex virus VP16 accessory
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e Tecessive oncogene p53 has been shown to accumulate at the nonpermissive
temperature in a cell line with a mutated thermolabile E1. Elevated levels of p53 may
lead to apdptosis. Examples of proto-oncoproteins degraded by the ubiquitin system
include c-Mos, c-Fos, and c-Jun. One embodiment is a method for treating p53-related

30 apoptosis, including administering to a subject an effective amount of a compound

disclosed herein.
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for the treatnent of parasitic infections in humans
caused by a protozoan parasite selected from
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embodiments, the long half-life of blood cells may provide prolonged protection with

regard to chemoprophylaxis against future infection.

1t has also been demonstrated that inhibitors that bind to the 208 proteasome
stimulate bone formation in bone organ cultures. Furthermore, when such inhibitors
30 have been administered systemically to mice, certain proteasome inhibitors increased
bone volume and bone formation rates over 70% (Garrett, I R. et al., J. Clin. Invest.
(2003) 111: 1771-1782), therefore suggesting that the ubiquitin-proteasome machinery
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Bone tissue is an excellent source for factors which
have the capacity for 5 stinulating bone cells. Thus,
extracts of bovine bone tissue contain not only
structural proteins which are responsible for
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or activation, Enzyme ithibitors 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 Nin hydrolase. One such method includes obtaining
an organism, an intact cell preparation, or a cell extract; exposing the organism, cell
preparation, or cell extract to a compound disclosed herein; exposing the compound-
exposed organism, cell preparation, or cell extract to a signal, and monitoring the
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process or output. The high selectivity of the
conpounds di sclosed herein permts rapid and accurate
elimnation or inplication of the Ntn (for exanple,
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compound, physiclogical 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
30 as the basis for fine-tuning the treatment, e.g., determining the optimum time and/or
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30 as the basis for fine-tuning the treatnent, e.g.,
determning the optimumtinme and/or -41 anount of
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when administered to a patient.

The term “pharmaceutically acceptable salt” refers to the relatively non-toxic,
inorganic and organic acid addition salts of the inhibitor(s). These salts can be
30 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
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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
30 prepared in situ during the final isolation and
purification of the inhibitor(s), or by separately
reacting a purified inhibitor(s) inits free base form
with a suitable organic -42 or inorganic acid, and
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t he 6aAne AsokidRS such as ascorbic acid, cysteine hydrochloride, sodium bisulfate,
sodium metabisulfite, sodium sulfite, and the like; (2) oil-soluble antioxidants, such as
ascorbyl palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), lecithin, propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating
30 agents, such as citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric

acid, phosphoric acid, and the like.
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25 Exanpl es of pharmaceutically acceptabl e
antioxidants include: (1) water soluble antioxidants,
such as ascorbic acid, cysteine hydrochl oride, sodium
bi sul fate, sodium netabisulfite, sodiumsulfite, and
the like; (2) oil-soluble antioxidants, such as
ascorbyl palmtate, butylated hydroxyanisole (BHA),
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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,

30 diéintegrant (for example, sodium starch glycolate or cross-linked sodium
carboxymethyl cellulose), surface-active or dispersing agent. Molded tablets may be
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coloring agents. In the case of capsules, tablets, and
pills, the pharnmaceutical conpositions may al so
conprise buffering agents. Solid conpositions of a
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abou&tﬂebmk@holeb@m benpate, propylene glycol, 1,3-butylene glycol, oils
25 (in particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils),
glycerol, tetrahydrofuryl alcohol, polyethylene glycols, and fatty acid esters of
sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,
30 perfuming, and preservative agents.
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Li qui d dosage forns for oral adm nistration include
phar maceutically 20 acceptabl e enul si ons,

m croemul si ons, sol utions, suspensions, syrups, and
elixirs. In addition to the active ingredient, the
liquid dosage fornms may contain inert diluents
comonly used in the art, such as, for exanple, water
or other solvents, solubilizing agents, and
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sterile
as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates, and polyamide

powder, or mixtures of these substances. Sprays can additionally contain customary
propellants, such as chlorofluorchydrocarbons 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 acrosol, liposomal preparation, or solid
particles containing the composition. A nonaqueous (e.g., flucrocarbon propellant)
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pharmaceutically acceptable carrier, and with any
preservatives, buffers, or propellants which may be
required. The ointnents, pastes, creans, and gels may
contain, in addition to inhibitor(s), 20 excipients,
such as animal and vegetable fats, oils, waxes,
paraffins, starch, tragacanth, cellul ose derivatives,
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Increase tf ux of the inhibitor(s) across the
ski the intprded geeipicat or surpending o thickening-agents.

Examples of suitable aqueous and nonaqueous carriers which may be
employed in the pharmaceutical compositions of the invention include water, ethanol,
polyols (such as glycerol, propylene glycol, polyethylenc glycol, and the like), and
suitable mixtures thereof, vegetable oils, such as olive oil, and injectable organic
esters, such as ethyl oleats. 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.
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15 controlled by either providing a rate controlling
menbrane or dispersing the inhibitor(s) in a polyner
matri x or gel. Pharmaceutical conpositions of this

i nvention suitable for parenteral admnistration
conprise one or nore inhibitors(s) in combination wth
one or nore pharmaceutically acceptable sterile
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15 Co AP SR PO AP Rt o iR e Bfloyed, de

an draiehﬂ?dﬁ kdldese cahbe mhyronﬂds Gxdmplaies omammﬂegredabmolmrs

to n| I N ent,s
R
ad dprépaced, byreﬁﬁdppiml de dalpsmlipisernes or micr@ehmlsmjs which pre eompatlble
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25 The phrases “parenteral administration” and “administered parenterally” as
used herein means modes of administration other than enteral and topical
administration, usualfy by injection, and includes, without limitation, intravenous,
intramuscular, intraarterial, intrathecal, intracapsular, inteaorbital, intracardiac,
intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular,

30 subcapsular, subarachnoid, intraspinal and intrasternal injection, and infusion.
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I njectabl e depot forns are made by form ng

m croencapsul e matrices of inhibitor(s) in

bi odegr adabl e pol yners such as
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| ncl “degﬁeeé a(s&‘ nﬁéﬁﬂ&sﬂﬂ@hﬁhﬁ(ﬁ&éﬂ%&t&ﬁﬁiﬂy,’mpm

[ nj ect tions are al so o
ent“pap:faem@dmh@st@w@’ and,"“admpnistrkpsTRie Q?Sd’é?ﬂheéﬁ“bﬂ%a“ the

g8 M QPR Bkl Brug, O it m&mﬂdﬂﬁsw di2ttyT o the central
preparations of agents may he

ven oral |y,
D& ey Ky, Sugh Bt degplegs hepation B By 45 oy subjegt o o

5 COUficifbolidhh MRAMDHRY lilfeqrobRsses fr atatiplef @bcdebus administration.
adm ni stration route. For -exanple, they are

adm ni St‘ﬁseﬂxhibﬁoﬁ@bﬁa@tlﬁb aGiininistopslitd burfizps m;d djlyermrneblfqron

i nhal at i on, n
i nftﬁ}??l’é’l]?y a’%%‘f%@? 8?“?“8{“{5 i dr“;s o ? 1{39&{1% as by, for
I e Gxahly, alsyrap, uamm mmvagmuy@aadnteaélm mﬂt@tsmaﬂbrmi tppically,

f d, 25 T t
A R A L L T T A
10 modes OEK %?(ﬁ% nl)?tilg Al %a ﬂ?&aﬂBﬁ]%cﬁmtﬁé ﬁinbﬁdi’@),tvﬂﬂh‘iﬁy

adm ni s usua I'n ectl on, i ncl udesfﬂl
Wi tumomdmamuablp hipdvated m@v@ gleaqrsgronso °
' ntLagh @n atk ﬂﬁ:ﬁ'@ﬁt@@ﬁlﬁl phaﬁrﬂi&éuﬂ@él@&bﬂeﬁﬁble dosage forms by
i nt'r aor b| I ntracar-di ac, intradernal ,

i ntqoaﬁ@mllﬂblﬁeth?ds mvéh@tﬂ%%“c‘l’féﬁ‘l in 8,8t aneous,

subcuticular, in a cul.ar

subar ac I‘?&?B‘P]cfi"sﬂgﬁaet" Bé Tct’&?fﬂgrie%? t%éc%rsﬁ’g?%c% ] & on,
15 an dcd:ﬂibﬁéiﬁdn@ Bf tlus-:ﬁh%ntﬂﬁ%@lbé adtied s6 amts blesin en amount of the active

ad mnistra

adnm ni st e
" pelgpdient ghic géﬁﬁff‘ff’%"ﬁ%ﬂ" ‘5‘%%6 é@%&r#;m stere o for s
perpapﬁwraabdtiynt Gtnpusieh, helmeids of sdarinistiation, withou being Wi drthe
of J gand drug, or other material other than
di r'&‘}?‘fy |nto the central nervous system such that

Lt ent ouge LDl oo SYSLamoAinl imaldisihegutle

5 met abo |sm e processes, for exa

20 submishemelsnatpindington severehfactormincluding the ¢aseas ol qu f"’fm}‘“d
be f’%q:g]a& dthé Wﬁﬁeﬁ@ @ﬁﬁr&ieﬁ@dcs Qﬂmg?&nﬁpoﬁﬁﬂ(s) employed,

therapy b su route o mnis

in ctngldhqtgutg p%ﬁd[nymsm%| Ipyene% tl}gfompcgfhon%gf }né(eﬂugn may be
IS E{ a‘(r:lldédtelg ?ﬁﬁ#uus's%\%%@x}bgﬂhﬂﬁ h%ut mﬁumw otd dg;ngound
oi ndisglosedh @qm.(gp%'ﬁg;o ther suh } g}:\h/lgﬁata on. Typical dose
25 SUbLh A dal o abblk 0XAG8 E@uﬁﬁ)&n@ﬁg dﬂ[bﬁd}r weijle pafday, given in 1-4
ad md1r\]1|d§§ &oasgsl %re]uchsc%\ln tdeose mat,yhc%ntla{r]x bslaxg-lg 51( Iﬁ&él‘é%blﬁ&)uﬁ&yof the
invention. The dosage will be an effective amount depending on several factors
including the overall health of a patient, and the formulation and route of

administration of the selected compound(s).

30 Another aspect of the invention provides a conjoint therapy wherein one or
more other therapeutic agents are administered with the protease inhibitor. Such
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be used in a suitable hydrated form and/or the

phar maceuti cal conpositions of the present invention,
are fornmulated i nto pharmaceutically acceptabl e dosage
forms by conventional nmethods known to those of skil
in the art. Actual dosage levels of the active
ingredients in the pharmaceutical 15 conpositions of
this invention may be varied so as to obtain an anpount

of Hﬁgouﬁ%{gl.éﬁﬁ@nt ) 86 SR B by MMy QP the SinflthiR6ds, Yequdrial, or
achieve the desifed therapeutic response tor a

par teparatesesingafithejndividushergaonengy pf the fatgte of

adm ni stration, without being,toxic to the .patient.
The. CondB AR STRTEERS A spupeid atie ramtiohH SobRY
phapdmssekiel Gath b ¥haatiepipadtice Suiible heniathempmitics mapinylude,

depend n seyveral factors., i.nclud] .

5 ¢ PeT RO b ob B e Ly we it Vielicte 487 AGcfine
c hapatitagé]j idipodophi/lldtévnsDerpioposiiiestnipaside) guiibjoticsiida- tinpraycin
route.of admjnistration. |ln. ge . ﬁgg}@ﬁg i ons
of taﬁ%(’“}yﬁ’\?@t )6} a i UYAd %‘g‘m%}cglva?gie‘%}'ﬁbﬁ&gﬁnaqueousst’
sol niitbxantramenblednnicing, plibampcindmithraoysinyapd witomyds spomes (L-

di scl osed i U ich do
par EREapayoe S BN Eh et MphARAAR] dhitlyes el widc
10 f r onetdieathe @p@ity tasyatbesize By owy/arrgraginel autiplajplst geRntsper
day. .qi . AN y dose
may o n%ig%dvtg/ﬁ%ﬁé?ﬁg h%#lgtg)%fag ere n‘tgh %%%gﬁin%gswg% th ?
i nvémechlorethamins, eyeloplpsphiamide apdanglost relpbplas, shigrpbpgil

dep ﬂkﬂ:@i&paﬁ%{ﬁ{yﬁhemﬁﬁsmémaﬂﬂhm ahdWioBpe), dtkyl

health of a patient, and the for i 0 d route of

ad nFHfosatesbpsylfanymitroserress |(@BP%H“%(§M ﬁ'b‘f”g')%g% Mﬁ’é?‘i‘f&
15 a; P&&denéd- dhdatbakining mm? ﬁmﬁ%ﬂf&emam?mﬁe eftimdtdbeliapyuch as

erein one or npre other, therapeutic age ar.e.

e 61 PP PR ) PN PHABPTP oty Ipforidipg ead

conjc{a%ﬁsiné)mahmtoggwt _ rlaaacaahab" wednebqapmmﬁn;efthbb@nitnﬁ,

si mul t aneous uentigl, .or. _separate. e

G PER ISR SRR OpopiRe: PRk o8 peldiopble,

enb eghinweeBiies anddeterasip) irichlafuh keordination torapieies (cisplafini nt | y

adm njstered with.a chenonther f].Ce ' '
20 o PR SRR A o OB hfipoPphHAd normoncs e

S UC kstfvgen) andlbrableapaiigssuth asdeutivizing horgtoneiesleasing hormone

vincristine,. apd vi.nor ' . ' ' :

e G SRR B e il g cipBRly, OHEE bhemomermpsuti
ant ia@dntstn:layjs'nc(lmhmteb}ﬂqmme, c@mmmjfgsfﬁmg’, tamoxifen,
daungruflc 'g%}%%tqgﬁéf AARIEGeNor 3R adafb@ ot @rivhtivk variant of the

ant bracy C?
25 foregoing.

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

flucloronide, flumethasone, flunisolide, fluocinolone acetonide, fluocinonide,
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m t oxantrone, bl eonycins, plicanycin (mthramycin) and
m tonycin, enzynes (L- asparagi nase which systemcally
net abol i zes L-asparagi ne and deprives cells which do
10 not have the capacity to synthesize their own
asparagi ne); antiplatel et agents;
antiproliferative/antunitotic al kyl ati ng agents such
as nitrogen nustards (nechl oretham ne,

cyc hﬁw&ﬂﬁﬂﬁﬁm fﬁ@coﬁeﬂn@ R3O Sthol SR ﬂﬁ]ﬁfoi’dﬁe acetate, fluprednidene
chl oranmpbuci '), éy eni m nes and nmet h nelanl‘ﬁg
es

( he ReEHR, BYP drenalide, fluegsane prop
( busmkihadide, hnbtteraaa propivase, hFlofetishe, mgdr(,mubae, muqbrednol

anal ogs, streptopzoci 15 trazenes -
(DT F%?‘m n‘P‘i"ﬂ?‘B‘F b TGRS t‘Feé‘h’g?fF rgeone

5suclurade, pﬁﬁinemama pkeaﬁakua@spremhm lpmdaedme 215yr | m di ne

I £l —
o AR iRt pptsion et i BRbisotel bEANTE)
t hi egpdaylidee, nmpmlmw,sbcartmml aiauicielots, ummmmﬁ ne);
lar omatl as onQ Qéng{o&? SrisnA0dRhS 911(7}9 Evtmde G B8 tﬁtaﬁ’d?&* defRthves
et FEI5E tlnun1coor I on conpl exes
(C|§phaf|n 20 carboplatln) pr ocar bazi ne,
10 ?-‘/ dr oxy %%&mm@%hﬁgﬂﬁ AU o e v is dafolFp €S

estrogen e agonl sts such

| eugdministernd Withramimeunogicmaeitia ggenb rSrispkle mﬁ%ﬂh}’”&‘g‘&ﬁ?@?’é
( g Ol Erlchf&e HubitPh& hinfted @r@cﬁ)tﬁﬂoﬁﬁ@ &ﬁiu!d?ﬁlde &sdBénoclonal

ch enD erapeutic agents nay i ncl ude nechloreth Q&Qaﬁ

campridofiss | The moneelena}antibodies Sapbe; sithes naked of eppyugatpgs

geNpinh@hit) Rsinab, Riddfuzubb, @Mm&ﬁﬂb%nﬁlﬁmﬂl% fidiahy e
variant of the 25 foreg, oing. In certain e ﬁ%ﬁﬁ@@%ﬁ a
15 compern e ozpgemyiis, éﬁ‘iaF‘B‘H“ sceE‘EfH‘j’*’g b ed
With asteroid. Suitable steroids may |nclude, but are
not limted to, 21- acetoxypregnenol one,
al cl onet asone, al gestone, anti noni de, becl onet hasone,
bet anet hasone, budesoni de, chl or opredni sone,
cl obetasol, clocortol one, cloprednol, 30
corticosterone, .cortisone, cortivazol, deflazacort,
desoni de, desoxi netasone, dexanethasone, diflorasone,
di flucortol one, difuprednate, enoxol one, fluazacort,
flucl oroni de, flunethasone, flunisolide, fluocinolone
acetoni de, fluocinonide, -50 fluocortin butyl,
fluocortol one, fluoronethol one, fluperol one acetate,
fl upredni dene acetate, fluprednisolone,
flurandrenolide, fluticasone propionate, fornocortal,
hal ci noni de, hal obet asol propi onat e, hal onet asone,
hydrocorti sone, | oteprednol.
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et abonat e, mazi predone, nedrysone, nepredni sone,

nmet hyl predni sol one, nonetasone 5 furoate,

par anet hasone, prednicarbate, prednisol one,
predni sol one 25- di et hyl am noacetate, prednisolone
sodi um phosphat e, predni sone, prednival,
prednyl i dene, rinexol one, tixocortol, triantinolone,
trianci nol one acetonide, triantinolone benetonide,

trig%%%ﬁg%gﬁﬁahexacetonide, and salts and/ or
der hereof. 10 lii certain enbodi nents, a

conpoRe 1 Qfyninbes o BAREREIE ON S conjointly administered
wi th an 1 munot her apeutic agent. Suitable

i mrunot frer apeuti ¢ agents may include, but ane not

| M o®, cycl ospori hal i dom de, an ctonal
ant | bodices. -Ftre—to J t rbodites "¥EnR §

naked GA_conjugated such % rituximab, fosit
al entu q%b epratuzunaUﬁ i britunmomab tifuxetan, 15
gent ozogani ci n, bevaci zumab, cet uxi maf
erlotlnl and trastuzumab. -51 Exenplificatio
Schenme 1. Synthesis of Exanple 1 Ph HNoa&®°*®™ (Jp~ H
0O -~ H\BN~! "OVe HNBe~ % P "Ph (A h ;%%éfd H (B)
,)TPA, . DCM z~ 0 OB UGH, - MHOK H20 B,-, ~~Y ~Np 8
h~( HOPh PII (D (c)

OB"/\EN(\EJ\N N\::EOH LICH, MaOH, Hz0 anof\g’

Ph

nA um

o) ©

PUIC, Hy, MeOH|

saste A e rs o“‘iﬁ%

R
Ph _—

® 1

Synthesis of (B)

To a solution of NBoc leucine (50.0 mmol, 11.56 g) and phenylalanine methyl
ester (50.0 mmol, 10.78 g) in 500 mL of DMF was added HOBT (10.81 g, 80.0 mmol)
and DIEA (200.0 mmol, 25.85 g, 35 mL). The mixture was cooled to 0 °C in an ice-
water bath and BOP (80.0 mmol, 35.38 g) was added in several portions over five
minutes. The reaction was placed under an atmosphere of argon and stirred overnight.
The reaction was diluted with brine (1000 mL) and extracted with EtOAc (5x200 mL).
The organic layers were combined and washed with water (10x100 mL) and brine
(2x150 mL) and dried over MgSQ,. The MgSO, was removed by filtration and the
volatiles removed under reduced pressure to give (A) (18.17 g). Toa 50 mL 0 °C
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Pd/C, H2, MOHNA OM J ONH N HO-f Ph (F) 5
Synthesis of (B) To a solution of NBoc |eucine (50.0
nmmol , 11.56 g) and phenyl al ani ne nethyl ester (50.0
mmol, 10.78 g) in 500 nL of DWVF was added HOBT (10.81
g, 80.0 mml) and DI EA (200.0 mmol, 25.85 g, 35 nl).
The m xture was cooled to O Cin an ice- water bath
and BOP (80.0 nmol, 35.38 g) was added in several

por Edo%ﬁ%olgﬁ’cﬁlr offagx, QFA%@M% Efled BERAHIRAPHOME: (W8.86 ﬂinan ed

under an ere argon and stirred over
Thel% %cﬁe(ﬁﬁl%%wﬁﬁ qha@cbﬁldwuwdm Vi tp weotewesrma%dwef 2 b,
ext Tl?e@ﬁoﬁ%ﬂe\ﬁ’\vg}% ré%@é@ uﬁcﬁi&%@@te ! SS‘;II‘C T EvenHENITe tﬂuﬁ&iﬁ'ﬁiﬁs
were conbi ned and washed wi
| Hgsd pocBRas. samab 2 AT (& HORY diaiRgl.eot
5 I enp\sad DAYA (1'8!3T44 a&noq) 73 aug RloanL)y qhami:dueswamxeem QeCiamn

' ggl%g gvg eggaes S 3 g# % eéé ing 8&%’% popnons ovgr &e

Boc iNiduee, F’hl&a@&uél{lﬁasaﬂacmmider argb8 aﬂg@nowam veginid foom Was

t d and t
o1 bbb tipe R ol R 1O o o Bt
to grith PCAN(58300.mI)0 Thérorgandd }hyetasere auhiie@d But wishedreith H;O
10 & * R0 Y ana gt o b 48 p ¥ gl el e o
Thebyfiltratimend/ths voloiibsxdmpyed Onder teducsd preswtwarve p y¢Jlowpolid.
an d;r.?ﬁ?é’ sb1fa3vas Z?JEH%O mﬁ%f 6354, E?om&% adegyd \Gas%@éf&f #les “Cto

| ONS Over reaction was g] aced
u ndéissolve gb nf theeplids. | "meglluti@ vas then adsleq! HokP0 mdyal ghilled FaO and

ove 'r&lilhn ﬁeaplfa%%hec% %ﬂts@wth H2O (1500 ni)

and extrac The organic | ayers
15 Wer 8, @Rfiph and washed W|th HZO 10 (6x300 nL) and

brine (1x300 nL) and dried over MgSO4. The MgSH4 was

r enoved Coipoiind (BY At47@Rnsl 18 lighwasnikeat wﬁﬁﬁ@ﬁbﬂ@d%ﬂmde r

OB o5 e B e bl o

heaplaekdtuaddd highvicoum déor2dm gmgand TR salt hﬁths t;i-pqude m Q.

oA A eSO Pty

20 g) . mmol, 0.77 mL) followed by benzyloxyacetyl chloride (2.21 mmol, 0.343 mL). The
reaction was allowed to warm to RT while stirring for 2 hr under an atmosphere of
nitrogen. The mixture was diluted with brine (15 mL) and extracted with EtOAc
(3x15 mL). The organic layers were combined, washed with HzO (2x15 mL), brine
(1x15 mL) and dried over Na;SO4. The NazSO4 was removed by filtration and the

25 volatiles removed under reduced pressure. The crude material was purified by flash

chromatography to afford (C) (0.83 g).

N

Synthesis of (D)

To a slurry of (C) (1.38 mmol, 0.830 g) in 28 mL of 3:1 MeOH / H;0 cooled to
0 °C was added LiOH (13.8 mmol, 0.331 g). After 18 hr at 5 °C, the reaction was
ap quenched with 20 mL sat. NH,Cl and diluted further with 150 mL H;0. The pH of the



15 Synthesis of (C) Conpound (B) (1.47 mmol, 0.81Q)
was m xed with TFA/DCM (80% and stirred at room
tenperature for 1 hr, at which tinme the m xture was
concentrated and placed under high vacuumfor 2 hr
giving the TFA salt of the tri-peptide amne (Q. To a
O Csolution of the TFA salt (1.47 mmol) in DV (10
m.) was added DIEA (4,4 20 mmol, 0.77 nmL) followed by

beng.ylg é%&&%was &iﬁﬂsﬁawfw{a%lﬁixcirmlme RiidAdersTbollectdd ey

reacti on was | owed to warmto RT while stirring for

2 hﬁlhawg‘ﬁh(@t(%@gﬂere of nitrogen. The mixture was
dlluted V\/lftE}hbrlne (15 nL) and extracted wth Et OAc
(3x e organic Iayers wer e conbi ned, washed

oL PR TS, AR bt B i Gha v

5 25 (504, 8108 lgrwasraddadyad thﬁmﬁonr mutume&ﬂmpql wwisrt etmodpfhere of Hydd
o 1 Sl PP 1 2 bl Fhg Rte 300 el B QTRBE AR M toueh
( C) Celite, 384 eomesinfrated @3@vige B 28 L of 3:1 MeOH / H20

cooled to O C was added LiOH (13.8 nmol, 0.331 g).
Af t Smthegs efiCompomsdd, the reaction was 30 quenched with

20 nmL t. NH4C d diluted, furt th 15 .
e o e ol b i WAL ol L 8oLy, £
0¥M lt{a)lls?lnfdﬁl ) iR DUE (2 €nLS) lab skklcdvad) €0. mlnins el;),thAkw .652 mmol,O 114
| ra ve . n
bt Hopt B2sb ety bt e B YRt okt 8o Mibiss gt
( 10a1m1301a@g162°ﬂmﬁ1 0416 @?}ﬁéas@ddbﬁ ugsevmoamdsedrheanmmms
reacti gn reS|rre n
F ooieR At pifedn AtoeBRs o Mo ver B AR Bl wip
WI t lmmr(gt'omL) efnﬂlem:cedl with Bt Theetganielayervas vashed mith weled
510 BEKER, (E(E,gm% 04 858 e o%er%im SRR RHRR, ThMESS ek Fefitbved
1998y Bir2Ra3ndtp volmles(remt.‘md unmteﬁuqeﬁp@we( Therprpdeggaerial
dd
ando Pt ke et o tofqtofiginT Tl RS COL SHiM, G
to Gel@aaqdaﬁh%%om}m and BOP (0.262 mol, 0.116 g)
was added in several portions. The m xture was

-54 -



10

stirred at 5 C under an atnosphere of argon overni ght.
The reaction was diluted with brine (15 nL) and
extracted with Et OAc. The organic | ayer was washed
with water, 15 sat. NaHCO3, and brine and dried over
anhydrous MgSO4. The MgSH4 was renoved by filtration
and the volatiles renoved under reduced pressure. The
crude material was purified by preparative HPLC to
af f W gkdmfle 20S CT-L <50 nM 1 C50

Cel 51 &5 CT- L<°%OO nNM™ 54 Schene 2: Synt hesi s of

y gYOve PNC, Hz. l\/bC]—| H, ,

BnO 2P(O) Cl  BnO-r'
omeBN (TS H2 M0 o v%
(H)HZQEJ (OF)XBn0-RP. N, ~ N, ~ k( :
N N g 2€eNs2C03 Ph  Ph (J) Synt hesrhs & (G 5
Compound (C) (1.0 nmmol, 0.601 g) was dissplved in McCOH
(25 m), Pd-C (10% 600 ng) was added anpEREROI!
reaction m'xture was stirred under 1 atnosphere of
roomtenpera refor 48 hr. The mxtureﬁvgsthen

purged V\/lthag Itered thro
conq,%n ga%ggtu‘i g_g d@p@

(8]
HaN
o]

Exanpl e 2 Bno
Prh (O) ho (

Ph (H)

L]
Bno-&o,\Ign\j\ N\;ﬁ\ ,¢E z::l;:: Nao-gqn\/"\ HﬁL
)
Synthesis of (G)

Compound (C) (1.0 mmol, 0.601 g) was dissolved in MeOH (25 mL), Pd-C
(10%, 600 mg) was added and the reaction mixture was gtirred under 1 atmosphere of
H, at room temperature for 48 hr. The mixture was then purged with argon, filtered
through Celite, and concentrated to provide (G) (600 mg).

Synthesis of (H)

To a 0 °C solution of (G) (1.0 mmol, 0.511 g) in DCM (40 mL) was added
DIEA (2.0 mmol, 0.348 mL) and dibenzylphosphoryl chloride (2.0 mmol, 0.593 g) and
the mixture was allowed to stir overnight at room temperature under an atmosphere of
nitrogen. The reaction was then concentrated under vacuum and the crude material

purified by flash chromatography to afford (F) (0.181 g).
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10 To a 0 C solution of (G (1.0 nmmol, 0.511 g) in DCM
(40 nm.) was added DIEA (2.0 mmol, 0.348 nL) and
di benzyl phosphoryl chloride (2.0 mmol, 0.593 g) and
the m xture was allowed to stir overnight at-room
tenperature under an atnosphere of nitrogen. The
reaction was then concentrated under vacuum and the
crude material purified by flash chronatography to
aff ﬂﬁ"’-’%‘gpf 0.181 g). -55 Synthesis of (1) To a slurry
‘?’ mml, 0.090 g) in 4 mL of 3:1 MeOH / H20
COO' ed ;re ﬂrrg Y@ (GH0RS01L-0.650 & In Hmlren B:1 MeGH /H,0 cbole to
After mn

L) t t th t
Sueqmwawﬂa@m%n%%eamgM s AR FspHRe o o icon
e A L B et 1 1t e
Wi C e organi c a I, Wa, e W
5 ancadieens Znih HNAS By arrea i B R sfeenl by Rl flanea
mmmmdd it bine sl ienanitols MySOuOTIMESE: waefmeﬂby
n r e SS re t.o 0 J
- gltr%tgana# g‘e§glf‘ ﬁ%ﬂ ‘@fi“’(‘%re[elscé!é}m oorgﬁéﬁd ( )
Letg,e{ 1? 9,2283-88] 10 (0.082 mmol) in DVF (2 o)
d‘ ‘?) (0.082 nmol, 0.062 g), DIEA (0.328
o b ot 1B isdeOpibaid, WHB Chodl ISt 13D, 9T4383-5¢]

mxture vvas coo0 to O |n an i ce batg gﬁ(@ g
10 (0. mmzmmu)mmmng))%edda@%@ 082, manel, O/0 %%p GyOES
Thepnid), $l05F R1yaR Ii(fl?f‘((ﬁl@!&ﬁﬁrﬁﬂjo@tls@) @hb Bbetiire &as cooled to 0 °C

i FE@Q@%G;@%L@@%‘@@;%&‘ (s gyt prva ey Tee
fil pbdleh @8s théh $84d &)5. °ChadePyithoshere of argangvemipl tZIhEcneaatlon

ﬁégﬁﬁtﬁo;ﬂéﬁﬁ&lwﬁ%@ el gt (s iy T

ure stirr d under H2 at room tenperature for
151 h\gy”‘”ﬁ é.'r'og@orf “ough Celite, and the filtrate was

treated Sf:,lug‘la Oq(@(ﬁ ﬁoﬁ?ﬁol%ﬁb )ﬂﬂrmf@Q).L Jﬁﬁd&auldﬂfps of

were col 1% I'oh an aced under hi gh

v acHumndow% RAC Pnglo Fbewidure wes sigd wpder B rogayeppperaure for
Sy BeiSo@burdusRBRLS, af b Afirate Wals Redtbafbith Na;CO;3 (0.263 g in 3 mL

H,0). The solids were collected by filtration and placed under high vacuum to give
20 compound 2 (0,004 g).
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O-NY "N ~Ove HN(~ ~NH O NAOMe 0 H O 11Ph KI, THE Ph

Ph (K) (L) LIOH, MOH, H2O O O HH O H2N N~ N O 1CH

01l O~Ph Or HOPh (F) z -4 0 Ph Ph 3 (M Synthesis

of (L) 5 To a solution of (K) (0.19 nmol, 0.10 g) in

THE (20 nlL) was added KI (0.038 nmmol, 0.0063 g),

di met hyl am ne (0.456 mmol, 0.228 nL, 2Min THF) and

the m xture was stirred overni ght under an atnosphere

of i E’:&h@ es were renoved under reduced

pre‘géié%ﬂrggéggﬂﬂéhe}ﬁgfcrudieédnaterl al was taken up in EtOAc

(15 nm), washed with H20 (2x10 nL) and brine (2x1

m.), and dried}ver MgSO4. The 10 MgSHA was ren:ov d Zj\
OMe

filtrati ol ati rem)vedu

presﬁoﬁ]eﬁ){vﬁ E»ét)m(o*l . Synt hggw &
slurry oof (L f-8|§| mol KOF100 g) in 4 nL

MeOH / Ocooledto 0 C was added L|O-|(1'§’6,gm)l
0.045 g). Aftef*12 hr at 5C, the reaction was 15
guenched with 20 nL sat. NH4Cl and diluted furthar

with 10 nL H2O The pH of the reaction mxture \eHMeoR R0

adjusted to 3 with I N HCl, extragted with CHCl 3y(3x15
m.), and dried over SH. The was renove
filtration andthe vol tlles vver ved under o
reduced r&ss too | nt hesi s
g “\./U\OH

Comp utlon q)(F)\[N§é‘ﬁ’ r Y
Med. | mé L tt r .19 9,09,2283,88] “~Ph
r L
3 o™
Sj;ntkesisoffl)

To a sotution of (K) (0.19 mmol, 0.10 g} in THF (20 mL) was added KI (0.038
mmol, 0.0063 g), dimethylamine (0.456 mmol, 0.228 mL, 2M in THF) and the mixture
was stirred overnight under an atmosphere of nitrogen. The volatiles were removed
under reduced pressure and the crude material was taken up in BtOAc (15 mL),
washed with H;O (2x10 mL) and brine (2x10 mL), and dried over MgSOs. The
MgSO0; was removed by filtration and the volatiles removed under reduced pressure to

give (L) (0.100 g).

Synthesis of (M)

To a slurry of (L) (0.186 mmol, 0.100 g) in 4 mL of 3:1 MeQH / H;O cooled to
0 °C was added LiOH (1,86 mmol, 0.045 g). After 12 hrat 5°C, the reaction was
quenched with 20 mL sat. NH,C] and diluted further with 10 mL H,O. The pH of the
reaction mixture was adjusted to 3 with 1 N HCI, extracted with CHCl; (3x15 mL),
and dried over MgSO,. The MgSO4 was removed by filtration and the volatiles were
removed under reduced pressure to give (M).
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(0.082 mmol) in DM (1 nL) was added (M (0.021 mmol),
DI EA (0.28 mol, 0.05 ni) and HOBT (0.133 mmol, 0.018
g). The m xture was cooled to O Cin an ice bath 5 and
BOP (0.131 nmmol, 0.058 g) was added in several
portions. The mixture was stirred at 5 C under an

at nosphere of argon overnight. The reaction was then
diluted with brine (15 nL) and extracted with Et OAc.
Thes,QuRanbrchdymid 3vas washed with water, sat. NaHCG,
and “brine and dri éd over anhydrous MgSO4. The MySO4
was  r erm\atimiysofukibh 6f(F) [9¢b: Biothgt Med. \Chbim} Iidtte:s] 998, 9p2283-88]

20 CeorE merioh R D st e o8 Aot Emip T A pron G.0s
Sy ninhp&idHEET (aamamlnml,@.o&e gNifie thixtiire @hdzodlpd to 0K in n ivh bath
(o =Y o3 G038 B paqgSisg i fovorepfions thﬁ?ﬂﬁ%%rrfé
~Phstoref it 5-humaér aRtn{oRyhete®f argbipovernightNIii-regction Y4)thap utest
o i i U 0 A8 A BER R B ARG Pl el wit
st | watexsaaNaHEEIm and hyikerand dried dverraniiydagus MaSOah TherMe§Qpovas
th ereﬂioﬂd‘“ﬂy%l&‘ﬁiﬁn CRRER s $n B lunder reduced pressure to afford

compound 3 (ICsp 208 CT-L<100nM; Cell-Based CT-L<100nM).

Scheme 4: Synthesis of Example 4

~pn 2) cl/\n/"' 0 ,l/
h © h
®) ™) i

O

Ki, THF

1 LR
Oq/\g’kl(‘;j\ﬁ N\{E;ou ..%LMQQE. "’\!',’ g. i 1 E\phOM
Ph

o LA L, e i T ﬂ\:im.

(P) ©

HaN 0 " ’ﬁrn‘_j‘ﬁ'&(\n‘iH@
SAsaR

) Sen O

Ph

SSmthesis of (N)
Compound (B) (1.80 mmol, 1.0 g) was mixed with TFA/DCM (80%) and was
stirred at room temperature for 1 hr, at which time the mixture was concentrated and
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-58 pl aced under high vacuumfor 2 hr giving the TFA
salt of the tri-peptide amne. To a 0 C solution of
the TFA salt (1.80 mml) in DW (10 nlL). was added DI EA
(3.6 mol, 0.7 nL) followed by chl oroacetyl chloride
(2.7 mml-,. 0.215 nmL). The reaction was allowed to
warmto RT while stirring overnight under an
atnnsphere of nitrogen. The 5 m xture was then diluted

&ahﬂ&rﬁggvmm %19 h?g:tvf#gﬁ{e%&’!'aft br 1 Qﬁf?ﬁ@&%ﬁndﬂrﬂoao

The o&gznlc ers were I ned, washed g
( 2 Esalkitipn afdte BFA pelt (1 5% worofhiny DMEO @i B 49dkd DIATBEmmOL,
Theg, Nﬂ% SeoWebby @NiLesyIRNkiod B 7a3khal 0 213dntt)h Thy Rbdich kas

r empv under reduced pressure. The crude na&;rlw

susHlomadte wasmie REWhilsirring qverigbtpnder agaiResphese of §REG
5 10 Swairb@ad therCdilufe@vith Brire @sm:m hrx@dctedM)ith(FIOAO (memL)

0 S50 e S S P

m Xixidrcﬁediévef Nezsm ommmsmtww Redivedy filtritiag pﬁkbthe voiaules

t h latil d
or RIS et B B e BrE i) ot ppenadaif BT o

L) filkesaisth give @YX (D.682) (2x10 15 nl) and brine (2x10 m_)
and dried over MgSO4. The MgSH was renoved by
10 f i | Bymtltesiogf (Bhd t he vol atil es renoved under reduced

ressure to ve nthesis of (P) To a slurr of
?0) (0. Gop snl%@pgofu( (ﬂoﬁ@/nam 1,8:080 (%I:%Fé%f’dt

C wasoamsrd.desst aﬁ@pi%érdﬁgtd m%@&,&) ®@b6 g)“inaﬁfe xﬂ;ztui%rsuﬁbd

5 Cthe reaction was guenched 0 wi.th 20 Jepreduced
NH4eYermghy ugger Wé%owlﬁr% PHtQgeR. hThf(Y""rEle‘i—léﬁTe fq‘}?éfefg‘ﬁ gpreduee
t hepre@afelah®ihe Bluld Mhterial BEerAg) ikl BCRCL (lls)m&),\mhliéd With HzA0(2x10

15 'er)ri te&%g%%%%éxi%’ﬁﬂﬁé‘géﬂ% ‘;{H Mﬁ%?‘i aﬂ ﬁgof it -3 %%\)%? 94es

Ver flirafdHuae the voREISE refnGebd QBdkr Pidacd preesubeto glve €0X P) .
Synt hesi s of Conmpound 4 25 To a stirred solution of

( F) Sneiests offPbor g. Med. Chem Letter 1999, 9, 2283-88]
(0.082 mmol) in DM (2 nL) was added P) 0. 082 muol ,
0. 046 g)To aBluEA of (9)30:8%4 mmol) in HmDB73: Aeeied ©.0783

Imgg %a@ﬁ&ﬁgﬁg&lﬁ_ ?.81 i;g’ﬁ&% A‘ﬁﬂ?lflﬁ% §5t e rchtSn v#aE‘ q@ched

was ad N
20 sevwita20 pbsati WH1 arghdiluted further w1th 10 mL %220 The pH of the reaction

mixture was adjusted to 3 with 1 N HC], extracted with DCM (3x15 mL), and dried
over MgSOs. The MgS0,4 was removed by filtration and the volatiles were removed
under reduced pressure to give (P).

Synthesis of Compound 4

25 To a stirred solution of (F) [see: Bioorg. Med. Chem. Letter 1999, 9, 2283-88]
(0.082 mmol) in DMF (2 mL) was added (F) (0.082 mmol, 0.046 g), DIEA (0.328
mmol, 0057 mL) and HOBT (0.133 mmol, 0.018 ). The mixture was cooled to 0 °C
in an ice bath and BOP (0.131 mmol, 0.058 g) was added in several portions. The
mixture was stirred at § °C under an atmosphere of argon overnight. The reaction was

30 then diluted with H,0 (15 mL) and extracted with EtOAc. The organic layer was
washed with water, sat. NaHCOs, and brine and dried over anhydrous MgSQO4. The
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m xture was stirred at 5 C under an atnosphere of
argon overnight. The reaction was 30 then diluted with
H20 (15 nL) and extracted with Et OAc. The organic

| ayer was washed with water, sat. NaHCO3, and brine
and dried over anhydrous MgSO4. The -59 MySHA was
renmoved by filtration and the volatiles renpved under
reduced pressure to give conmpound 4 (0.034 g) (1C50

20Sigfol 5A)0abea b Ha6l kot BRSO ed okrsiAAN rdusdaEesiure o

Synt hiesi s of . Exa
BOPEIVF fompoani‘ 1 ©. n?e}(léso RS FA&%@ éﬁl}sﬁe&”‘% %‘M’
~r oH._.00QO01/ | / HN (U (F) 5
Syng-ﬂ;@?ﬁg ¥“ﬂ(°f')“ OEBHTiR (1) is obtained by
essentially follow ng the procedure for the
conversion offl (E) to 1 but substltutl ng (03 fo F
un\i,

and cycl pyi tic acid RS aozE) Synt es I:s
10 Coﬁaﬂbgg V%J’obt ai entia

the pro co n of (O to (D) but
substitu ng (T) (C) Synt esi s of Corrpoun m

Compoun i s@Dbt ai ned by essentially follow n he
procedure”for the conversion of (E) to 1 but
substituting (U) for (E). -60 LICH

nﬂ HJLE/Q H'.Es%%z V"'J,’“?i” n%
v
(F)

Synthesis of (I)

Compound (T) is obtained by essentially following the procedure for the
conversion of (E) to 1 but substituting (Q) for (F) and cyclopropylacetic acid for (E).

Synthesis of (U)

Compound (U) is obtained by essentially following the procedure for the
conversion of (C) to (D) but substituting (T) for (C).

Synthesis of Compound 3

Compound 5 is obtained by essentially following the procedure for the
conversion of (E) to 1 but substituting (U) for (B).
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Schenme 6. Synthesis of Exanple 6 O HH O H Ox BocHN~N N
LoBn 1. TFA, DMF CN~Nv '~ ~~OH H O Ph 0,) Oj O Ph r
MANIl~y OHIPh (W Q) O 2. PyBOP, HOST DI EA, MaCN,
DCO 3. HIPd-C 1 H2N Jf O (F) N NN O1") OOPh O
Ph-B Synthesis of (W 5 Conpound (V) (0.25 g, 0.39
mol) was mxed with 12 nL of TFA/DCM  (80% and was
stirred at roomtenperature for 1 hr at which tine the
m X and pl aced under high vacuum
for—gl‘iﬁl"al&gk?§¥/mgegig%ﬁﬁ’E k’eﬁ'galt of the tri- peptide

am ne. The cryde am ne salt was dissolved in 6 nL

and 2- nor phol acetic acid (0.074 g, 0. 50; ngol \i
vvasa&ahd | aedl% Dl 04 g, 8\[]?_51 ~ ~OH
nmol ) . ure ﬁl’ég F Céde%j gﬁldcgt Ibﬁ(r no ;Ph

and Py 0. TP, 62
under at(Mbsphere of ar@ l e war n ng tIEh room W)
t enperature overni ght. Yre was diluted w{h
brine (50 nL) and extracﬂédBQﬁ-H@BT Et OAc (5x20 m.)/~The
organic | ayers were conbi rff Mes¥ed with sa

(5x15 L) and brine (1x2% "h{”'cand dried over .
The MgSHA was renoved by 15 filtration and tye 0
vol ati.l es renoved under reduced pressure to give ffhe
internmedi ate ester (0.195 g). To (O. 1509 O 3 mmol )

of the intermediate ester was added 10% OE'tg)
followed by 5 nL of 1:1 mixture o
the mixture was placed under ar]/\N’\a’ re of 5
hydrogen. After 2 hr, the conte vvePe |Iter€d \ph 0
Ph [
Synthesis of (W)
Compound (V) (0.25 g, 0.39 mmol) was mixed with 12 mL of TFA/DCM

(80%) and was stirred at room temperature for 1 hr at which time the mixture was
concentrated and placed under high vacuum for 2 hr giving the TFA salt of the tri-
peptide amine. The crude amine salt was dissolved in 6 mL DMF and 2-morpholino
acetic acid (0.074 g, 0.507 mmol) was added followed by DIEA (0.504 g, 0.68 mL,
3.90 mmol). The mixture was cooled to 0 °C in an ice bath and PyBOP (0.32 g, 0.62
mmol) was added and stirred under an atmosphers of argon while wanming to room
temperature overnight. The mixture was diluted with brine (50 mL) and extracted with
EtOAc (5x20 mL). The organic layers were combined, washed with sat. NaHCO;
(5x15 mL) and brine (1x25 mL) and dried over MgSO4. The MgSO4 was removed by
filtration and the volatiles removed under reduced pressure to give the intermediate
ester (0.195 g). To (0.150g, 0.23 mmol) of the intermediate ester was added 10% Pd/C
{0.05g) followed by 5 mL of 1:1 mixture of MeOH and EtOAc and the mixture was
placed under an atmosphere of hydrogen. After 2 hr, the contents were filtered
through a plug of Celite and concentrated under vacuum to give (W) (0.12 g).
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through a plug of Celite and concentrated under vacuum
to give (W (0,12 g). -61 Synthesis of Conpound To a
stirred solution of (F) [see: Bioorg. Med. Chem

Letter 1999, 9, 2283-88] (1.3 eq., 0.27 nmol, 0.083
ng) in MeCN (5 nmL) was added (W (1 eq., 0.17 mmol,
0.10 g), DIEA (10 eqg., 1.73 mml, 0.30 nL) and HOBT
(1.6 eqg., 0.27 mmol, 0.037 5 ng). The m xture was

cool ice bath and PyBOP (1.6 eq., 0.27
mmfgﬁgh%&’f'ﬁcglﬂ \?\n/aagfadded in several portions. The

m xture ry@asstﬁ;ea §ol@idn of (F [see: Bivbed, Mrd, cmmrrbafehwge a;fz283-88]

o {80 G e e ) Bt AL

¥ ay en()\gﬁ@mzasm&q W78 B 0630 nels) AndHOBTE (b6iety. 1.2 TommolpQ837

e B L O L A

an d 0gk @y\ﬁvgs addelicinl sdveral wpticais.y Tietnixnsdyas Stir@dah$ FC waflevan er

(100%5%@%%‘ e

1q| extraoiad with BiOAc, [The organit layerBidbiwash mndgg@q]mﬂ dried
h 5
2) R vééﬂﬁdﬁﬁwg @d@@@ﬁ%ﬁg‘ﬁ széE Tﬁé@ru&@nl&terIEF@a cﬁl@%red

Wy, '
10Ph Bha m(njnq)m giEgunt qf Mq-qm aM s}owlz aqqemn@u% sbqqd,,\p ¢ cl’9lled water
Me. lt{OO mL). Compound § was then isolated by filtration (0.080 g).

Scheme 7: Synthesis of Example 7

mnn&os" ¥ muu’%’” - mn’gﬂ\{&oen - MH\{iﬁ H\E.:ioan
Sen Ig P

) M
1) TFA, DCM
z’)""\/\clrcl
|’\/\£n\{ﬁ‘“ m\{ﬁ*oan aliacetane QA,THEJ\ n\é/&“"
YT, F
Ph PR -
(AA)
ltHN(GH;);
2. HyPd-C

Rgratss Jat s e

(ER) HaN z
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i ""N18~Cl HIOQI Q101 M Ph (J1~ Me Ph (BB) z

(F) -62 Synthesis of (JQ To a solution of NBoc |eucine
(19.81 & 85.67 mmol, 1.0 eq) and phenyl al ani ne benzyl
ester (25.0 g, 85.67 mvol, 1.0 eq.) in 900 nL of MeCN
was added DFEA (44.29 g, 60 nL, 342.68 muol, 4-6-eq)
and the m xture cooled to O Cin an ice bath. 5 To

this m xture was added HOBT (18.52 g, 137.08 mmol, 1.6

eq) %,Qj,gs,gwegbby PyBOP (71.33 g, 137.08 nmml, 1.6 eq)
was added in several portions over flve m nut es.

The r eacrd @muﬁaﬁ ofiBRAehciis (31 ansafhmmpl &0 eq)ahd phegplalanine

and_ st T [
byl a8 05 Sl ihiot 1 eq- B ol SRMAEN Guab BARUPREA
t akesn 29@60 mL533|Q 68 imnad, @@Aenmmhe@lqﬁtp A °€ it an ice bath.

Ngg%gmﬁ andgggyﬁ@fﬂ ﬁ,qg%s,;% é}{?atl cirlgi)ePyBOP

r em§iied’d g, 37608 mmeldlig eq) V\@llcbwsla@edmsgv ns%%ﬂVﬁgglp €S,

oLy Theichhich fls Pl b e P Bmblph 8 oBingohid Mg@&%ﬁ "o
sol wolaties wers retoved wderapriced fresuseiand he ampROE MASHRL Vfﬁ
te ”Bg Erf‘:fr 08/ &‘E%A@?J&C v %ﬁm%h ngt B8O, Kb britleQud\ised over

conc ated and

f
gi v M@%h@hﬂiﬂﬁ%@ regtovedhey fifration gnd @é‘?‘g}gﬁj ?r?ée'gﬁ‘@%f%&'

r €S YldukdaGr&dre t ded BocNHhPhe (14.68 g, 53.35
ol 1. SO AR oo WeON, and DI EA (2755 9.
I 8’ g

37. %w‘fhesw%}§94 mmol, 4.0 eq.) and the m xture was
cooled to O Cin an ice bath. To the cooled m xture
was adde’do HOBT cdolel. sblatian of 36% IFAMCM (150 18L)exps pdded X) (2508,

f ol Isggg r}F&/ 833 F’éd'sdc'ﬂu‘l%n %?re&gg:d%ed]to @aﬁgto)roé’i@' Ch

ns over Tive m nutes.
re aaémmraumevepn i ovhich diee ﬂartg@mreaﬁm cericenitated apdploged FH"der

t ! i e

b e e FARRE Sl TR, Gitor e il Sl 2 tleting ofl
coo|vexd added BotNGFhe llésSS\geﬂessmvleb@ e, B3P mi- pf MeeNmd DR
the 2746 Bed WM b1y LRI, MBEh) & R HtukerascdiedPd 0FL in an ice

bath. To the cooled mixture was added HOBT (11.53 g, 85.36 mmol, 1.6 eq.)
followed by PyBOP (44.42 g, 85.36 mmol, 1.6 eq.) which was added in several
portions over five minutes. The reaction was placed under argon and allowed to warm

to room temperature overnight at which time a white precipitate had formed. The

reaction mixture was cooled and the solids were collected by filtration and then

washed with cold MeCN to give (Y) (24.86 g).

25 Synthesis of (Z)

Compound (Y) (0.023 mol, 14.5 g) was mixed with TFA/DCM (80%) and
stirred at room temperature for 1 hr at which time the mixture was concentrated and
placed under high vacuum for 2 hr giving the TFA salt of the tri-peptide amine. Toa
solution of the TFA salt (0.023 mol, 1 eq.) in MeCN (120 mL) was added 4-

30 chlorobutyryl chloride (1.2 eq., 0.028 mol, 0.32 mL) and DIEA (4 ¢q., 0.092mol, 16
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25 Synthesis of (Z) Conmpound (Y) (0.023 nol, 14.5 g)
was m xed with TFA/DCM (80% and stirred at room

tenperature for 1 hr at which tine the mxture was
concentrated and placed under high vacuumfor 2 hr
giving the TFA salt of the tri-peptide amne. To a

solution of the TFA salt (0.023 nol, 1 eq.) in MeCN
(120 nmL.) was added 4 30 chlorobutyryl chloride (1.2

eq. mLQ PR miFRire whd sﬁ&em}ooamh@:ﬁﬁe ¢ot 288 and BerRRRtERIratedldnd
- 63 %ﬂ'mernxuuevmsstwrg roomtenperature

f or Pyrifid by {lash dhegmatogrrpiiyie aerd " purified by flash
h t fford (Z 8 t hesi f (AA
To' Skl B o1 °(3) (1 eq ) 0. ogé ol 60 gy i1 dry

?Setsone R iS4 6997 it (0 nffimar oo L) wos
Satnuébﬂéhéﬁah Ai47 monpb 708 weg).nThpimixture feas stird at epflukPodet 3t

giitRited
(o AR RREAE TR TIRIE v ek SR o
wart drynesssad the Fasdve eksnaia THDEM. Fho 9%%@3!%@3@%8‘15%“1‘ water

con { &fbdloPer LE¥RESOS aridl fideh@Med 15 vb?AAﬁ& a@llow

10 Saﬁyanstrﬁfeési&g of (!‘hﬁé)amTﬁﬁ% S P e )~ (30 1y,

O O#@ﬂhﬁ%P#9||1 THE (2 nm) was added dinethylanine -
2Min THE, 25,uL) and D EA (1

10eq Swﬁmﬁﬁffﬂﬁﬁl 7 2 L). The mixture was stirred at

Q?Snmeggmg%g"thﬁggl g@)%@m%’g%gn upﬁﬁﬁﬁ#ﬁﬂgcet gded and

vvas Iﬂﬁﬁbﬂ!yldrhnﬁ/\(itleq ., .05/ miorol, AN in THF2S e and BIEAa¢i e P-E4ksmmol,

atn g;&%&&&%&%ﬁ% att f t%%%o%&ﬁ@l?l 1$0nce-5h'9ted to

cru was di SSO

and dBuhe@ Tbotesidie weg rakemup lamlchcema and-ygashedergigly Waies and b nne»

t W cruae T
R G R AR %ﬁh@ﬁﬁ?& o i

wi t twaadigeived il Me@HEOAN du ifhmBrandiPé:C G2 BaL WA drdand the
Lo LRy ﬂ&g&{t‘?}ﬁ& &flﬂemmo%gergﬁmfh@ fdof @&pé;?ﬁm @2r.ZThe

To a stirre ution of see BIOOI‘ C?I’b
Let tixtuegws m@p@%@ﬂwgm trqugh ‘éfvl'@?s
(3 Qgﬁmﬁqug@g%%l(BB) (1 eq., O 045 nmol , 21 ng)

20 Synthesis of Compound 7

To a stirred solution of (F) [see: Bicorg, Med, Chem. Letter 1999, 9, 2283-88]
(1.2 eq., 0.054 mmol) in DMF (3 mL) was added (BB) (1 eq., 0.045 mmol, 21 mg),
DIEA (4 eq., 0.18 mmol, 31 gL), and HOBT (1.6 eq., 0.072 mmol, 10 mg). The
mixture was cooled to 0 °C in an ice bath and PyBOP (1.6 eq., 0.072 mmol, 37 mg)

25 was added in several portions. The mixture was then stirred at 5 °C under an
atmosphere of nitrogen overnight. The reaction was then diluted with sat. NaCl and
extracted with EtOAc. The organic layer was washied with water and brine and dried
over anhydrous MgSOs and concentrated fo an oil that was purified by flash
chromatography to afford compound 7 (16.7 mg) (ICso 20S CT-L <50 nM, Cell-Based

30 CT-L <150 nM).
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DIEA (4 eq., 0.18 mol, 31 L), and HOBT (1.6 eq.,
0.072 mmol, 10 ng). The mxture was cooled to O Cin
an ice bath and PyBOP (1.6 eq., 0.072 nmol, 37 ng) 25
was added in several portions. The m xture was then
stirred at 5 C under an atnosphere of nitrogen -
overnight. The reaction was then diluted with sat.
NaCl and extracted with Et OAc. The organic | ayer was
vvasbaﬁmustgymglgsafmﬁ fegl ne and dried over anhydrous
MySO4 and concentr at ed fo an oil that was purified by
flash chromat §graphy to afford conpound 1(16. % ng)
50,nNM Cel | -Based 30
- 64 gSghe g 8: Sﬁglﬁ\esis of Exanpl e
BocHN~N . p&BC N¥- H/PRY N FI
1~ Ph RH Fh (eh) :

o) N~1h0\|~(Q|)O\|\OO Ph P Synt hes)j
Compound (Y) (1.55 g, 0. was di ssolved in
MeOH Et OAc (1:1, 40 i) Ha >C (5% 500 ng) was
added. The m xture was stirré@d at roomterrpTature-

under hydrogen for 2 hr, andfX hen fi litBaedMtihr ough
Celite and concentrated to get the %faé%y c acid
internediate. To a stirred solution see:

Bi oorg. Med. Chem Letter 1999, 9, 2283-88] (l.2 eq.
2.55 nmol, 436 ng) in DMF (50 ni) vvas%dd@dte\j\

N [ _=\

Ph 8

Synthesis of (CC)

Compound (Y) (1.55 g, 0.0023 mol) was dissolved in MeOH/EtOAc (1:1, 40
mL) and Pd-C (5%, 500 mg) was added. The mixture was stirred at room temperature:
under hydrogen for 2 hr, and then filtered through Celite and concentrated to get the
carboxylic acid intermediate. To a stirred solution of (F) [see: Bioorg. Med. Chem.
Letter 1999, 9, 2283-88] (1.2 eq., 2.55 mmol, 436 mg) in DMF (50 mL) was added the
carboxylic acid intermediate (1 eq., 2.12 mmol, 1.24 g), DIEA (4 eq., 8.48 mmol, 1.5
mL) and HOBT (1.6 eq., 3.39 mmol, 458 mg). The mixture was cooled to 0 °C in an
ice bath and PyBOP (1.6 eq., 3.39 mmol, 1.76 g) 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 MgSO, and concentrated to an ail that
was purified by flash chromatography to afford (CC) (356 mg).

Synthesis of Compound 8

Compound (CC) (23.6 mg, 0.034 mmol) was mixed with TFA/DCM (80%)
and was stirred at room temperature for 1 hr at which time the mixture was
concentrated and placed under high vacuum for 2 hr giving the TFA salt of the tetra-
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10 carboxylic acid internmediate (1 eq., 2.12 mol,
1.24 g), DIEA (4 eq., 8.48 mol, 1.5 nl) and HOBT
(1.6 eqg., 3.39 mmol, 458 ng). The m xture was cool ed
to 0O Cinan ice bath and PyBOP (1.6 eqg., 3.39 mmol,
1.76 g) was added in several portions. The nixture
was stirred at 5 C under an atnosphere of nitrogen
overnight. The reaction was diluted with sat. NaC

and yeatiak afin8.dTdd hivEofdfien of AETIX BAWAS adRY ¢/ s\l‘ﬁﬁmﬁ?lshﬁd
15 wWith water and brine and dried over anhydrous I\(/]g];(gl
f

and PeerRie s Berptichiosidg (l-beq- A4k mmakds peand TES (hga-
chr %&n% WA theombhrOw sk stifeéd at (ovabiemBoratureYyériight. Thotrude

Compaund o m%%ﬁ%gw;%u 2 1o et g ey Vo BGOSR, Tho

5t enpgganit Wyer w43 fwadhel kvith tvatshir@lbrihe, dHed dver dibhydrousM g, &0

CO Ll AP 5 Sl o oS by Brpos s
To %2 hg\IGHLes CDE <1D0 tMeCdlFBasshCT-Ll80 ali)ied
1,3,5-trinethyl-1-H pyrazol e-4- sulfonyl chloride

(1. Bclpe,9: Syrdhbgis nfiampB 35 ng) and TEA (4 eq., 0.136
mml, 26 L) and the nixture was stirred at room

tenperature oxerni ghtyl. The crude m xture was
concentrafed(t g dpyn sspygn esi dyg sOt ake

i n BedNe N MW% m
and bl‘lﬁ Rdr pedz over canhydr B8 Mysos, an Lo
concenH at edctyo a'h“ oil that was purifiedjipy fla

chromat ography to afford conmpound 8 (2 rrg) (1 C50 20S
CT-L <100 nM Cell-Based CT-L <100 nM Schene 9:

Syn e 9 BocHN NTA O 1. TFNDCM Nu ~N O
yg%g "’O{;ﬁ\'f%ﬂ'g)}HOOHo Ph Ph Ph (CC) Ph 9 10
Synt hesi GofoufPiRg RY Y T&m%mg&a@%eﬁ%mmcm@m)

.ol ) was mxed nd. was stirred at

r oo A4 e & reont tgmperatpre fox] }%‘i ‘Y:‘H"htt}‘ﬁ‘FéhT RERE ¥eLr e

\r/]vas cp&@ﬁt&%ﬁtﬁﬁ 1%%«1 &ﬁt}i‘r ﬁlhﬁﬁ@durhl R e hr fivial théaPALsal bOthe tra-
15 ' %L;}/t!dg }ne eTo a DCISVIaso utlon otI tﬂee TI!‘ aﬁt wag added pheny] isocyanate (1.5
¢q., 0.14 mmol, 15 L) and DIEA (3 €q., 0.276 mmol, 50 L) and the mixture was

stirred at room femperature overnight. The crude mixture was concentrated to dryness

10

and the residue was taken up in EtOAc. The organic layer was washed with water and
brine, dried over anhydrous MgSO,, and concentrated to an oil that was purified by
20 flash chromatography to afford compound 9 (2.8 mg).

Scheme 10; Synthesis of Example 10

. acHN\E)Dl\ﬁ n\j‘ﬁ O 1. TFADCM PKHT”\J\ H\_iuﬁ’;E’
5 o ¥ 0

2.RNCS 0 I I
i

Ph

Ph
Ph (GS) h

Synthesis of Compound 10
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15 peptide am ne. To a DCM sol ution of the TFA salt
was added phenyl isocyanate (1.5 eq., 0.14 mmol, 15L)
and DIEA (3 eqg., 0.276 nmmol, 50 L) and the m xture was
stirred at roomtenperature overnight. The crude

m xture was concentrated to dryness and the residue
was taken up in EtOAc. The organic | ayer was washed
with water and brine, dried over anhydrous MySO4, and
con @%Hx%&ﬁh‘i‘écf (@88 thg0d.07 thdh) wikmixRd with TRA/DTM ?Sbﬂ/%'aﬁcﬁhas
chronma oﬂgraphy to afford conpound 9 8\:[ng)' chene

10: stigpadahroomderpperatire fys | br afyhish tippthe 2 ewaspeRgerifted and

|1 plaGdd urld& hghMaddufe far 2 H¥vnafthe TIO kald ofthtetilpefiite afihe. To

( a5+ 5 Whicg P BRTTA Sy URBRE otBRAnRR Lo O

5was mnsdlj 20jlamit DIEA(Bred. Ahglamabl,4teulf) and the mixtat wakstitied at -

i e e P

peptésiiae sad talen ul in EIQAD(TYe Scganit layer vob wakhed With wetel sndiaise,

add i sothi . 0
AL) P B SRR RO Bty el b e TEY e
was chipingiograptavtto affayd peniponptl0(l med over ni ght. The crude
m xture was concentrated to dryness and -the residue
10was Eaulvalentsp i n Et OAc. The organic | ayer was washed
with water and brine, dried over, aphydrous, MgpSO4 and
concent rywéﬂslqllﬁgmm W'c“h‘a‘i"g%%"ﬁﬁﬂg it%wml\{gﬁ‘gw more

Chr gx8 kihedp¥rithéntatibi, liflero@yaqGivilehtsid tHekonBdundd fhd methods of

Equi val ent s Tho skilled in the art will|, recognize,
o BRE Tt pegrised et Stk g ricarhspaioed e FORI fecioope
eX pof thi¥iiMeAtionand ard dovefed b il doliowalgeiims.t 0 t he conpounds
and nmet hods of use thereof described herein. Such

15equi val exll of the shoeecisi cddereted and publigations sre hirebysinespppratet by
thigdpyention and are covered by the follow ng
clarns. 15 All of the above-cited references and
publ i cati ons are hereby incorporated by
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reference. -67 W claim 1. Use of a conmpound for the
manuf acture of a nedi canent for treating cancer,

wher eby the conmpound has a structure of formula (1) or

a pharmaceutically acceptable salt thereof, ORZ HO
IRI4 rr X RBAANNN-"1I1 RRL HOR3 HO mwherein

each A is independently selected fromC=0O C=S, and

S2; or Ais optionally a coval ent bond when adj acent

to an occurrence of Z; L is absent or is selected from
Cam C=S, and S2; Mis absent or is Cl-12alkyl; Qis
Weladm: or is selected fromO, NH, and N-C _6al kyl ;

Xis selected fromO, NH, and N Cl.6al kyl; Y is absent

or is selected fromO, NH_ N Cl_balkyl, S _. SO .SO2

.CHORYes, ot grr@mpeiarsh Ror ghe mamfaetyre pfa Fﬁﬁéﬁ‘é‘ﬁ’&éﬂ’i frgpting cancer,
wﬁ@eﬁfﬁl@ fapSMdhas %strl}“éte%? Forbntal(TP& #pHarmatendicdlly acceptable salt
opti-onal y a coval en when adj acent to an
theofjr rence of A, Rl and R3 are independently

optionally substituted 3 6aral kyl ; and R4 are

i ndependent |y sel ectied f om pptl al | i tuted

d _6al kyl, Cl. R&hy
is N(R6)LQR7; R6 i
Cl_6al kyl; R7 is g ectied
d _6al kenyl, Cildal kynyl, aryl, Cl.6aralkyl,
het eroaryl, Cl_6heteroaral kyI D RBZAZ- Cl - sal kyl -

w?%{éé c?{%g%quﬂyd&gd&tiﬂ%se e[gte]d f%om C=0, galskand SO,; or

AR @ptionally 8 abkalént BAdd @hersadjakcy:nt-to an occurrence of Z;

het er oc C|
Lisaepitis o kah"%ﬁé%i' Cs’g’i’ Eyrk‘aﬁ‘n A 2Nt 2al kyl -,
M Btagge%b%rmll%ﬂ@kyl , heterocyclyl M, carbocyclyl M,
| SO2CI _8al ky nd
Q 1s absent or is selected from 0, NH, and N-C galkyl;
X is selected from O, NH, and N-C,.salkyl;
Y is absent ot is selected from O, NH, N-Cy.¢alkyl, S, SO, SO,, CHOR'®, and CHCO,R';

each Z is independently selected from O, S, NH, and N-C, galkyl; or

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

R! and R? are independently optionally substituted C;aralkyl;

R? and R* are independently selected from optionally substituted Cysalkyl, Ci.
shydroxyalkyl, and C,¢alkoxyalkyl;

R® is N(ROLQR';

R® is selected from hydrogen, OH, and C.salkyl;

R’ is selected from hydrogen, Csalkyl, Ci.salkenyl, Cy.salkynyl, aryl, Cgaralkyl,
heteroaryl, C| cheteroaralkyl, R®ZAZ-C, salkyl-, R''Z-Cy salkyl-,
(RBO)(R°0)P(=0)0-C, salkyl-ZAZ-C;.salkyl-, R°ZAZ-C, salkyl-ZAZ-C; salkyl-,
heterocyclyIMZAZ-Cy.salkyl-, (R*0)(R°0)P(=0)O-C salkyl-, (R');N-C1.izalkyl-,
(R'):N"-C}.12alkyl-, heterocyclylM-, carbocyclylM-, R''SO,C salkyl-, and
R''SO,NH; or
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R 1SO2NH;, or -68 R6 and R7 together are

d . 6al kyl -Y-C _6al kyl, C1. 6al kyl - ZAZ-C . 6al kyl ,

ZAZ- Gi . 6al kyl - ZAZ- C1. 6al kyl, ZAzZ-Cl _6al kyl - ZAZ, or

Cl. 6al kyl -A, thereby formng a ring; R8 and RO are

I ndependently sel ected from hydrogen, netal cation,

Cl. 6al kyl, C1 alkenyl, G _6alkynyl, aryl, heteroaryl,

d _6aral kyl, and d 6het er oar al kyl, or R8 and RO

ﬁﬁ%ﬁ&kﬁ %geaﬁﬁa&h Qﬁkﬁyi(..cl 65112&16é%(saﬁlanmmwsalmgzmmgalkyl-zu-

I's 1 ndepend ent selected fromh en ‘and

Cl 6§I1k§1ky1 4nd- %aﬂcwézAﬁd@ﬁémﬁiwl-Ayﬂ@Eﬂbﬁ oreing A oA

|
ROYS OC% y%peﬁ&lpﬁ% 8%1§§ d E%%Srﬁ%ge%?ﬂe&ﬁgahéﬁfﬁ salkyl, Ccalkenyl,
CL. 61 gilkstiyl anyighGbrokb i aralksl, ke . ghptomoeralieg, o F and R

when i S I§ absent, LR7 is not
hydr & H“’r Eﬁéﬂﬁ@%ﬁ%@gy%‘“ﬂ% RUAB-0 a further chain
efdfh @Whmdéb‘ehéélﬂ tse R FbRAN h ah B¢ )alkRemaoy! (Bz),

fluoren 9-y oxycar bonyl noc tri phenyl net hyl
P( 1S|m@e|p)3ndenﬂy1 ggle ﬁqmbadnpgen yl C.salkenyl, C,.salkynyl,

BB B EHRRP ey HLB k1 BB R St
pﬁﬁ@dudrtbmﬂaeﬁfkﬁtlm cﬁﬂﬂgande) iZAHsenatLRl dsausdt hgxm,gue ningubstifuted C;-

the s ence t be . ot coval ent

The REVIGT00R dihsT FRFIE PLATIRG aCidihd PLicy b YRES S pefios! (B2),
are @%oﬁﬁlg}Wlhmetlﬁm Jsl?ﬁ‘odj'/? ﬁh&g &ngll (@i, %enzyloxycarbonyl
wherein Xis” 0, R21s isob utyl, R3

i s pkeea) mmhln;qethoamaﬂﬂmyi (sTrb@)omm}zstltuwd orriesubsfisuted aryl or

accordin laim3, wherein L and Q are absent and
el

R6 i8¢ 5. The use according to claim4,

mﬁgrcﬁjcﬁrraizelofﬂ'&&b@mwzﬁmmlast & riigrthber GF tHeadepgemyé must be other
6al kynyl gar al'kyl, and G _bheteroaral kyl. 6.

The thag a5oxe)e %‘Ih‘?& toclaim5, wherein R is Cl al kyl .
7. The use according to claim6, wherein R7 is butyl.

T use according.tqQ claim.J>, [
63$R§fsﬁccordlr@q°§%lmﬂe ?@%@bﬁbw@tﬁealaﬁwa

wherein R is allyl. 10. The use according to claimb5,
vvher n R7 1. 6a yl .
e[“he use aclccs)’rd%g to clal%g wherein X is O, R' is 2-phenylethyl, R? is isobutyl, R

is phenylmethyl, and R* is isobutyl.
4. The use according to claim 3, wherein L and Q are absent and R®is C.qalkyl.

5. The use according to claim 4, wherein R’ is selected from Calkyl, C1.salkenyl, C,.
salkynyl, C,¢aralkyl, and C;heteroaralkyl.

6. The use according to claim 5, wherein R’ is C|galkyl.
7. The use according to claim 6, wherein R is butyl.
8. The use according to claim 5, wherein R is C).salkenyl.
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11. The use according to claim 10, wherein R is
propargyl. 12. The use according to claimb5, wherein
R7 is C _6aral kyl. 13. The use according to claim 12,
wherein R7 is phenylmethyl. 14. The use according to
claim5, wherein R7 is Cl-6heteroaral kyl. 15. The use
according to claim 14, wherein R7 is selected from
2-pyridyl, 3-pyridyl, and 4-pyridyl. 16. The use
accosfll [ : b i bsent and L is
9'8(2. T%%E&%gorgjgg tgé%)nrl g’,:\ﬁ%&%% Iéc@lléafﬁ#?'m, wherein R is
sel ected from Cl. 6al kyl and aryl. 18. The use
CC O [ : hR7RY ¢ al kyl . 19.
L N B el RSB R L B &Y et
20. The use according to claim17, wherein R is aryl.
1. Fotale] L:p2 in R7 is
1%heny @u%%%c&%%tﬁgfgﬂggg,o%ﬁlg‘% gs%r}égiﬁrgnﬁs, wherein L
is C=O 23. The use according to claim 22, wherein R7
hsS S SWherbin 084 kY laralll;  6al kenyl ,
1%1. GZkfgie)eﬁé?&g%g}t?M%{f?gh‘?g?rkyl , %g%”ier oglyl ,
Cl. 6heteroaral kyl, R8ZA-Cl. gal kyl -, R11Z- Cl.gal kyl -,
R8 g | is Stinbirethyl.
1?'RSO) %%désogghgtg}?ggﬁgﬁﬁé%ﬁlgm kg| e
R8ZA- C1_sal kyl - ZAZ- d _8al kyl -,
ete - k¥herein kvl
l?‘Rso;[?%%)%lZ g:‘oé)ﬁ%t%ufgg:Sk‘ﬁ’?rfm(%%fbﬁegi%% vl -
(R 0) 3Nt+- C1- 8al kyl -, heterocyclyl M, carbocyclyl M,
1RL1S§8EhseBRESMng to @fn IR WHIEMRIR 98 scf¥ tedTEbE-pyfial Be¥yridyl, and
are Cl.6al kyl-Y-Cl _6al kyl, G . al kyl-ZA-Cl sl kyl,
4/py6idybal kyl - ZA-Cl . 6al kyl, A-C.6alkyl-A or G.
al kyl -A, thereby formng a ring; and each occurrence
of Z and A is independently other than a coval ent
1bondThe pst acFdrdingge chain 31 whergintQ issbsgntendL isd@rein Qi s
absent. 25. The use according to claim 24, wherein R6
and R7 are Cl.6alkyl. 26. The use according to claim
125, {The nss ascerdinigdo shaina d 6.ouhdrein iy’ de selqcted; fiasp Copatkyl and aryl.
2,2,2- trifluoroethyl, and 2-(nethylsul fonyl)ethyl.
27. The use according to claim24, wherein R7 is
181. 6dhehsedccording wwikeimdd, whwend® AayCrellolai m 27,
wherein R7 is selected from 2-phenyl et hyl,

19.  The use according to claim 18, wherein R’ is methyl.

20.  The use according to claim 17, wherein R’ is aryl.

21.  The use according to claim 20, wherein R’ is phenyl.

22.  The use according to claim 3, wherein L is C=0.

23. The use according to claim 22, wherein R’ is selected from hydrogen, Cisalkyl, C;.
salkenyl, C,salkynyl, aryl, Cygaralkyl, heteroaryl, C, sheteroaralkyl, R®ZA-C, salkyl-, R''Z-

C\.salkyl-, (R*ONR’0)P(=0)0-C,.salkyl-ZAZ-C, salkyl-, (R*O)}R’0)P(=0)0O-C salkyl-Z-
C,salkyl-, R®ZA-C, salkyl-ZAZ-C, salkyl-, heterocyclyIMZAZ-C, salkyl-,
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phenyl met hyl , (4- et hoxyphenyl) net hyl ,

(4-chl orophenyl ) net hyl, and (4- fl uorophenyl) nethyl.

29. The use according to claim24, wherein R6 is

CLbal kyl and R7 is aryl. 30. The use according to
claim?29, wherein R7 is substituted or unsubstituted
phenyl. 31. The use according to claim 23, wherein Q

is absent or 0 and R7 is carbocyclylM. 32. The use
(R@H(%)P&G)@ Gl @ll@l 3%{‘”)9&%,%&1:%@?39%1:&% hetgrocyclylM—

use accord

yl
@%Q‘FM?F)QMD %%@Lfﬂmaﬂ@] -4 @d%fw ofr om R8ZA- Cl . 8al kyl -

R, BB PG G koA . Aotk ZAC,
( RBQAIA. O LaAYICA. oB €, kalkyl 2, Cher8a} foything a ring;

aﬁ%aép ggg}g{ae%xl?{&féa@ ggg}ngwe%/ldently other than a covalent bond.

(R80)(R90)P( =0) O C - 6al kyl -, AIS Cam and Zis 0 or

se acgcor 33, wherein Zis
" The i el SRR O oo BrRR 34 wher oi fn R7
| s heter ocycl yl MZAZ- C1_8al kyl - and heterocyclyl is

Z%Sg. égsl‘e%rg oréfgt%f(’{;l £%R]]E§)‘elﬁgaﬁ9q?hﬂ?]ﬁ 1ég@9’]form ng a

ring. 36. The use accordl ng to claim35, wherein R7 is

2§ DiseoRrBE R Yam 95 Vhein BI6 Sleclsdrony obsh SobroRYL. 222
trifhord¥ig1 Sind 2E{?nét§y1§]ﬂsﬁ)ﬁylwﬁl yl M and heterocyclyl is

sel ected from norpholino, piperidino, piperazino, and
pyrrolidino. 38. The use according to claim23,

2nher héludR dcdorlin@fio bakm 39, wﬂél?ﬁnkées@&fw Ing to claim
38, wherein R6 I's Cl-6al kyl and R7 1|Cs slgiected from
Cl- 6al kyl, Cl-6aral kyl, and Cl. 6het eroaral kyl . 40.
28he Wﬁ@u@%@drdin Glo tRirk halvme%é%n RMLes"ePdcfbd%m 3 pﬁ@ﬂﬁ&hﬁd

fromneth

&/ , ISOprOpés@l phenyl met hﬁ
phenyhipethyly 4)lmtihlqrysrpherznz!)menthm;l crephentlmethyb and éﬁ m 23,
d R7 together are Cl.al kyl -Y-C1. 6al kyl,
ﬂé@% ‘JTUE,))EQQ%FQ 6al kyl, or Cl4al kyl-A, thereby f or i ng
a ring. 42. The use accordi ng to claim41l, wherein L
8 S Gr . 6 a er
27 T i e aP o8 es @R RCRC Gl g RO BEIP
claim1, wherein L and Q are absent, and R6 and R7
36.09€7h ke according to claim 29, wherein R’ is substituted or unsubstituted phenyl.

31.  The use according to claim 23, wherein Q is absent or O and R’is carbocyclylM-.
32.  The use according to claim 31, wherein carbocyclyl is cyclopropyl or cyclohexyl.

33.  The use according to claim 24, wherein R’ is selected from R¥ZA-C salkyl-, R!'Z-
C1.salkyl-, (R®0)(R®0)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-,
heterocyclylMZAZ-C salkyl-, (R*CO}R’0)P(=0)0-C.salkyl-, A is C=0, and Z is O or NH.

34.  The use according to claim 33, wherein Z is O.
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are Cl. 3al kyl -Y-Cl . 3al kyl. 44. The use according to
claim4l, wherein L is C=O Qis absent, Y is selected
from NH and N-Cl _6al kyl, and R6 and R7 together are
Cl. 3alkyl-Y-Cl. 3al kyl. 45. The use according to claim
41, wherein L is C=0O, Y is absent and R6 and R7
together are Civ3al kyl-Y-Cl. 3al kyl. -72 46. The use
according to claim4l, wherein L and A are C=0 and R6
nd ! : - VT ZA- 7 e
Sice e bRAELBg fainad ket T K heferboy(BINZAZ £ i1 and
h&eroayadylR¥ oz atjetdheryl ar H(R'HER 3p mbptein'R '*48d Ribtegetherare Cysalkyl-Y-
<o utﬁd or._the manufacture of a nedi cament for
P A CCRtEB2 2 ffer eby t he conmpound has a structure
of formula Il or a pharmaceutically acceptable salt

herepf, RS N R4 X O O:(11 er ej.lo
3501 e rmBesiving 12 itk 3 oM erh Rl geleeted HgE R EGC splio- and
(B, @), 0l IR B (i @Meyient bond when adj acent to an
occurrence of Z; L is absent or is selected from Cam

C=S, and 52; Mis absent or is C-12alkyl; Qis
3AbseMhe Gie dobordink s tafin P4,aetsin NMis IbstodycGIMO ahdk liéterocytlyl is
i.,s selected fromQ, NH, and N-d-6al kyl; Y is absent
sel¢ctgdstrom marphaling, piperalingypipergzino, andgpriolidinosy  Sop,

CHOR10, and CHCO2R10; each Z is independently

selected fromp0O, S, NH _and N Cl.6al kyl; or Zis
3%pt | Dharsepcerrding 10 elakm B ichenie R a8 &t to an

occurrence of A, R2 and R4 are independently sel ected
fromoptionally substituted Ct-6galkyl, Cl- __
3% hy dTbsyssiacgarding feiclarm 8% whexsin Ri 8 C1-alky] andR Hp gepsted from Ci.
salkyl, Cisaralkyl, and C,.cheteroaralkyl.

40.  The use according to claim 39, wherein R’ is selected from methyl, ethyl, isopropyl,
phenylmethyl, and (4-pyridyl)methyl.

41. The use according to claim 23, wherein R%and R’ together are C; ¢alkyl-Y-C, ¢alkyl,
Ci-salkyl-ZA-Cy galkyl, or Calkyl-A, thereby forming a ring.

42,  The use according to claim 41, wherein L is C=0, Q and Y are absent, and R®and R’
together are Ci-g,alkyl-Y-Cl-;alkyl._

43, The use according to claim 1, wherein L and Q are absent, and R®and R’ together
are C1-3alkyl-Y-C1-3a]kyl.

44, The use according to claim 41, wherein L is C=0, Q is absent, Y is selected from
NH and N-C|galkyl, and RS and R’ together are C,3alkyl-Y-C,.;alkyl.

45. The use according to claim 41, wherein L is C=0, Y is absent and R® and R’ together
are Cy.jalkyl-Y-C,_jalkyl.
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R6 is selected from hydrogen, OH and Cl.6alkyl; R7 is
sel ected from hydrogen, d -6al kyl, Cl-6al kenyl,
d 6al kynyl, aryl, d-6aral kyl, heteroaryl,
C - 6heteroaral kyl, RBZAZ-C1. 8al kyl -, R'Z-d -sal kyl -,
-73 (R80) (RO P(=0) O C1. gal kyl - ZAZ- ¢t _8al kyl -,
R8ZAZ- C1_%al kyl - ZAZ- C1%al kyl -,
het er ocycl yl MZAZ- CI _8al kyl -,
R80 = b s e ; ¢ 5 7
) RE G oo bt Ko L RS B K e X togcther e
Cridlgd?Ze-Caadlkyll -, and RI1S2NH, or R6 and R7 toget her
are O _6alkyl-Y-Cybal kyl, Cl-6al kyl -ZAZ-C1_bal kyl ,
ZAZ- C1_bal kyl - ZAZ- Cl. 6al kyl, ZAZ-Cl_6al kyl - ZAZ, or
4T1- 6Fhkyde-aocoridgam dlaie 4 hrweharein dpad deare|GFQ aidRt and R'rtogether are
Chgﬁr%vggagn nmetal cation, Cl.6alkyl, Cl.6alkenyl,
“oal Kynyl, aryl, heteroaryl, Cl.6aralkyl, and
Cl _6heteroaral kyl, or R8 and RO together are C

. 6a |, thereby.faormn ring, each R10, i .
4 aobeT o daropDa g thhoRR Rl 3 5 gEtcA R ot Beptingcancer
wheigbRitk dospotitERendantine debeailel o aphinsdeially acceptable salt
Cl. gal kyl , Cl1_6al kenyl, G . 6al kynyl, carbocyclyl,
BCérocyclyl, aryl, heteroaryl, Cl.6aralkyl, and
Cl- 6het er oar al kyl 7@r oviged that V\,heﬁ4 R6 is Hor CH3
and Qis absent, LR7jis §jot Rydrqpen,gunsybxtituted Cl
6al kyl C=0, a f URs f N.api \d
t - but oxycar bonyl (Boc),y beflzoylz ( Bz},
fl uoren-9-yl met hoxygar bonyD (Fregc), tri@henyl net hyl

(trityl), benzyl oxychrbonyl (Cb
trichl oroet hoxycar boR (Troc); @' bstituted or
unsubstituted aryl het er oary and in any

occurrence of the sgguénce ZAZ, at |east one nenber of
t he sequence nust be“other than a coval ent bond. -74
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wherein each A is independently selected from C=0, C=S, and SO,; or

A 1s optionally a covalent bond when adjacent to an occurrence of Z;

L is absent or is selected from C=0, C=S8, and SO;;

M is absent or is Cy.jzalkyl;

Q is absent or is selected from O, NH, and N-C,_galkyl;

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

Y is absent or is selected from O, NH, N-Csalkyl, S, SO, SO,, CHOR'?, and CHCO,R'?;

each Z is independently selected from O, S, NH, and N-C,_salkyl; or

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

R? and R* are independently selected from optionally substituted C, salkyl, C;.
shydroxyalkyl, and C,¢alkoxyalkyl;

R®is N(R)LQR’;

R’ is selected from hydrogen, OH, and C,.alkyl;

R’ is selected from hydrogen, C,.salkyl, C,_¢alkenyl, Cy.salkynyl, aryl, C;aralkyl,
heteroaryl, C,_sheteroaralkyl, R*ZAZ-C, salkyl-, R''Z-C, galkyl-,
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(R]*O)R°0)P(=0)0-C).salkyl-ZAZ-C, salkyl-, R®ZAZ-C, galkyl-ZAZ-C  salkyl-,
heterocyclyIMZAZ-C salkyl-, (RBCO}R’0)P(=0)O-C salkyl-, (R'*);N-C;. 1 alkyl-,
(R'°)3N+-C1-12alkyl-, heterocyclylM-, carbocyclylM-, R''S0,C, salkyl-, and
R''SO,NH; or

R®and R’ together are C;.alkyl-Y-Cy¢alkyl, C;¢alkyl-ZAZ-C, salkyl, ZAZ-C ¢alkyl-ZAZ-
Ciesalkyl, ZAZ-C, galkyl-ZAZ, or C,¢alkyl-A;

R® and R® are independently selected from hydrogen, metal cation, C;_salkyl, C;.calkenyl,
Cigalkynyl, aryl, heteroaryl, Cy_saralkyl, and C, gheteroaralkyl, or R® and R’ together
are Cj.¢alkyl, thereby forming a ring;

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

R'lis independently selected from hydrogen, C,.salkyl, Cygalkenyl, C;.salkynyl,
carbocyclyl, heterocyclyl, aryl, heteroaryl, C,.¢aralkyl, and C,.gheteroaralkyl,

provided that when R°® is H or CH; and Q is absent, LR’ is not hydrogen, unsubstituted C)-
alkylC=0, a further chain of amino acids, -butoxycarbonyl (Boc), benzoyl (Bz),
fluoren-9-ylmethoxycarbonyl (Fmoc), triphenylmethy! (trityl), benzyloxycarbonyl
(Cbz), trichloroethoxycarbonyl (Troc); or substituted or unsubstituted aryl or
heteroaryl; and

in any occurrence of the sequence ZAZ, at least one member of the sequence must be other

than a covalent bond.
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