COVMPOUNDS FOR PROTEASOME ENZYME | NHI BI TI ON  Techni cal
Field This invention relates to conpounds and net hods
for enzyne inhibition. In particular, the invention
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residues, which serve as the catalytic nucleophiles. The subunits responsible for
catalytic activity in proteasome thus possess an amino terminal nucleophilic residue,
and these subunits belong to the family of N-terminal nucleophile (Nin) hydrolases
(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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30 nucleophilic noieties). This famly includes, for
exanple, penicillin G acylase (PGY), -1 penicillinV
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Once thought merely to dispose of denatured and misfolded proteins, the
30 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 nerely to
di spose of denatured and m sfol ded proteins, the 30
prot easome i s now recogni zed as constituting

proteol ytic machinery that regulates the |[|evels of
di verse intracellular proteins through their
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Other features and advantages of the invention will be apparent from the
following detailed description, and from the claims,

30 Detailed Description of the Invention



dependent regul ati on of oncoproteins in a cell
treating cancer growmh in a subject treating

p53-rel ated apoptosis in a subject; and screening
protei ns processed by N- term nal nucl eophile

hydrol ases in a cell. Each of these nethods involves
25 admini stering or contacting an effective amount of
a conposition conprising the hydrolase inhibitors

di scl osegnH@b&iibn inbQved cod éﬂuﬁ&tusefﬁl o2 ©hzyme FnHidiRRU Fhesa N
organ, or an organism features and_advant ages

of tNEPPHdRHP E%mmw psefub fo ighybibsraympestheving & pslcophiliq opn ) the
det unteeﬂmq@sm bﬂmpﬁnacuﬁﬁes ch,%w& efZyRleBbunit¥haPRig N-lefiflinal

Descripti on of I nvention -4 The invention involves
comFBHRRFSIdS &@PE}PG %9§h‘é¢ﬁ M their sidnchaips sick as thirguige, serime, or
50 ”Wbtéiﬂ@caalbe sbOIRErIR} ﬂnﬁbitb‘ae;fymie ehgymid Thkibitors REGEHHEEEerein.

havi cleo h||| u the N-termnu
exarfgte K il hovins S 2ipheG oG BT opbie groups
havi angleﬁ«INt-temmumbh aspfor &Qmibléi SiStedting Rronpedreapbliyidases,ican also

cyS BB %%%ivfﬁcb%ﬁe?@%%%ﬁﬁﬁﬁﬁ%mwﬁe anzyre

eyt o RS RIS el idhar el b¥daklafich, A SREARA Son
10gr o dptermint] nutiedphildsof Ninrfomi covalentiaddusts with me@pan#l fonctional

ng&g"g‘ &fo E‘?'fsy nhi tglgfaéég%gl&g%ﬂ;?ﬁ% s %19'11? the Iﬁ?@rez subunit

des®f zwoin@p@r«.ﬁhe bﬁhbgﬁdawrewﬂblb'&m@r

t he% &h@&?‘iﬁh&ﬁ@ adduEt ubén Qféubl?%ﬁﬂl {:&ﬁhc gide or']&mmne
N-term nal cl eo form coval ent adduct s
wi t i§uchipg ff . ﬁaa uvg fosmpiogrwoukdmelyering-opening

151 nhlcp,h;agggig@&ﬁgﬂg)&qz{aﬁmgl n. For exanple, in the
05/ Pre2 "subuni't of 20S proteasone, the N-term nal

thr egn: NB dnﬁ:o.hiﬁxhlht@melddlhgsucg gﬁmﬁrb%h&hyo & @a:tlm the
nor 0|no or | a upon rea | ON
o rachamisy LR - Edion g b R e P s Hetts it garidine
bel oing) csﬂbh(mddmt 'lrliedmmﬁdndnbm idi)ait;btﬂha/ﬁucture—funchon
15 av oXd [l

B A T N e
20 c ar beiatmnslnﬂseNoatﬂmt epefuoad ampyuiimaythevesd nuodebadistefebbeaters

; . . o
B 8 86 082 04 N RO A0 e o A i o
par the page) th@)<$)rrelationstép (that ist it smot requinod thattsveny stéfegesntss ighe
her @brg%%uﬂ@&o%?qxﬁnw&gﬁk?erénﬁ& s&%hj M Lo ﬁéf@x]}s%feh%gdmnts the

stere
stereochemisiry of the o’ carbon is (R), that is, the X atom is 8, or above the plane of

25 the molecule.

Regarding the stereochemistry, the Cahn-Ingold-Prelog rules for determining
absolute stersochemistry are followed. These rules are described, for example, in
Organic Chemistry, Fox and Whitesell; Jones and Bartlett Publishers, Boston, MA.
(1994); Section 5-6, pp 177-178, which section is hereby incorporated by reference.
30 Peptides can have a repeating backbone structure vﬁth side chains extending from the
backbone units. Generally, each backbone unit has a side chain associated with it,
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substituents with charged or polar moieties can also be included, such as, for example,

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 l|ike. Heteroaryl
groups can al so be used as side chain substituents.
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nor | exatmple) &N-meitlyland the $ike)Nedefinivaanalogs| (inwlﬁﬂmb bt ;greainitie bonds

chl AT AL Sty Ao 0 A eI oS0,
c haicirsconfigu@aion Bmthy baogbm}a sr coimbimatiome otxuchrbnchbduy linlazgsy
S ho rs{llt]1 8!5]91] e&b@&ﬁgﬁw the. aiﬂlll&c dcfél%e—cal‘dah & m&ﬁ%eka%g tlky? Et!tution,

.am do or 'am no groups,. or s
103 0 §er9§!mnlmamwwhwrm@do in sowe Sarther epthedimgniarsiie chainssenre

pr efishiieH o RRRO R E&H@fe db}X‘EJrSZ ]ydt@kndd B3 qn,oﬁl%vh%mé' double

group esent I'n € chain e noi e

76 bends n@se@hmemwndﬁn@mbaﬂkbwhm rSoramEla b or

uni (3 c{:c‘ld}!'fbp%&ﬁca@%n,hnwh:bﬁ‘a é%loﬁﬂ%ﬁ éﬁt%em@aﬁwa
Such a desi‘gnation oes not exclude th e natura ly
occ dFd B HEmut thesidechainp it edipents sERIOYRS riRe pojd

150C C \gkdups) §-abiitl defds SRR G vmam aﬂbodafmammumlduohhnb@

re‘:%kh@mcg&%ﬁwﬁ%&a@% e e ralon e plare, e

uni tothef thedificaiuBABb@sedin MEHtidek mamnm&wémgﬁe;)mo@foﬁﬁauﬁmy

R e s

whi ComprehasivabedkRefordige’), ed) BRekest A Meybrs, \VOCH Pulgishas (1095).9p.
theﬁg_éﬁb FFRi or conbln ons, of such- backbone
ﬁ 4

nka §¥“*¥“%R¢%W 8%IW§hts the am no acid
a-car b 0 r‘I.ul érta’i'ﬁ)&lﬂ; i enE yth@su@e%ﬂnr@&ﬁﬁ@st&é #&io?ﬂor rp}&lnfgg bf the

exarrpl e, am noil sobu
, enbe@tnmmsshscbsnden Uh apnils,atmn gerial wuxbiet 65/569¢18; the gontgngsof

 exaRlof areM¥ref\Hint d%ée@@%ﬂfeﬁce@ﬁﬂeiﬁ h&cﬁét& °§h1ta1319 e%@ bhibitor

o4
doubl e bond s 1.'?esent bet ween t
t he argloge orghedregs nw havsra sEveiwp p%fowﬂao@ qna pha:zlaceuuca:uy

25 CY ChQBstsYdait Retof, i cation, in which a cyclopropyl group
IS present between the a

R R® 0 R*
RS NYIL X
N N
RT R12 Q RS R14 0
oy

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




and 0 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, no |inkage, and other
nodi fi cations di scussed in "Peptides and M m cs,
Desi gn of Conformationally Constrained" by Hruby and

Bot €A i optishallpPtvatehtdbnSiRinGaMocRYE afPbRURGRO BTY: A
Conpr ehensi ve Desk Reference", ed. Robert A beers

VCH Rislabdentte sselect@gm CpO, c%)aﬁmq&éfm ILGabsént beCatyy
i ncorporated by reference. In certain enpodi nents, the

subj M4 absammuasiG dgallod, referablp §ssalkyl; pr odr ugs of t he
conmpounds di sclosed in US application serial nunber
09/ 53 ahent arligeseloeted fore ©, WH, andiN-CiyalkylepraferablyyQ is absent, O, or

sl ncor por ﬂ‘ %ﬁkﬁﬁﬁiﬁaﬁﬁﬁhp Qpe|r entirety. Suitable
It a

enzyme |n 0gsS or prodrugs may have a

strugt %ElScté&‘ﬁJn?O“NHaanﬁN)-C '}HE!@{a geutically 25
accepfable salt thereof, @%%? ﬂﬁlls ONR R 2RO

R3 41 afsclt oppaeiited £ae 0, RH K-, BRSNS E0, CEOR ¥eigd
from C=0 S—S%oand SQ2, preferably CG or -7 Ais
optlonalpy QR oval ent bond when adj acent to an

oo R Bty s . N b ﬂ’ﬁ‘}%f 0
S e R
pr efl@ TRDRY ofd R‘Sa:@&éﬁﬂlﬁepegdenw seleétecN'fbm %lkyp @L@Hﬁ%&y@

i s absent 'or 0; is selected fr

N-CL. 6al dealkﬂﬁfﬂg‘ﬁ/ P Px}d@mwkﬂsanwgmh vawwgvéft@attf%tad
from O, Nﬁhoﬂ&o?mo%flamkde atinesbarboR{ie 8 ester
CHCO2R10;, each Z is |ndependentl s(gle&11 gyfmg

NH, and Fpcdyding 4114z plkyl estersnd arylpsfer)p thiol, or thiqgihpr § SR
opt {;ﬁgﬁg@R goval ent bond when adjacent to an

occ ‘A R, R, R3, and R4 are each

o IgRaRasns b ReLE A S A s ehecR Aol rogen, OB, Cy clly, and o
group of formula IV preferably, R® is selected from hydrogen, OH, and Ci.salkyl, and
R'2, R, and R'are independently selected from hydrogen and C;salkyl, preferably
hydrogen;

20 R

R’ is selected from hydrogen, C1.salkyl, C;.salkenyl, C.¢alkynyl, aryl, Cy.saralkyl,
heteroaryl, Cy.sheteroaralkyl, R®ZAZ-C salkyl-, R!'Z-C galkyl-,
R}O)R®0)P(=0)0-C.salkyl-ZAZ-C) salkyl-, R®ZAZ-C; salkyl-ZAZ-C

25 salkyl-, heterocyclyIMZAZ-C galkyl-, (R°O)R’0)P(=0)0-C,.salkyl-, (R'%),N-
C1-nalkyl-, (R'®);N*-C\.pzalkyl-, heterocyclyIM-, carbocyclylM-, R'S0O,C.
salkyl-, and R'*SO;NH; preferably Ci.¢alkyl, Cy.¢alkenyl, Cigalkynyl, aryl, Ci.
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Cl. 6al koxyal kyl, aryl, and C .aral kyl, any of which is
optional l'y substltuted Wi th one or nore of am de,

am ne, carboxylic acid (or a salt thereof), ester
(including Cl.s alkyl ester and aryl ester), thiol, or
t hi oet her substituents; 15 Rs is N(R6)LQR7; R6, R12,
R13, and R 4 are independently sel ected from hydrogen,
OH, Cl.6alkyl, and a group of fornula IV; preferably,

e is sel 9&51@1 HefeRatyl XS HRGERArNGT RE2AE, Wkkzlol M0k,

R12, R13, R14ar e i ndependent I
hydr ogen(PaF?M PEENR 152 kvl ot I I@(@%QW(‘@WH‘W
~O PYORt g-C, 281k R¥AX - Jalky]- R 715, a8 - eﬁetc@&y&srmAz C)salkyl-,

5”%2?2?@5}&%@{%»9%“&' G AN B

5RSZAZ- Ci h&érbisy Eb]:ﬂozyml\/ﬁﬂilme;.galkyl- and RV'SQ,NH, wherein
(RO (R9 zpé @O . : éé%ggw%?ﬂy ks than a covalent bond; or

RBZAZ- Cl

AR PR a5 0

( R1) 3W CEARZ:sdlinl ZAZE1.ikpleZAT, ok O.salkybb Hbershyl fytnting a ring;
¥ SEC oo REELSLAD Y ELaSL A,

10het er oar ylkyl, QCGHKYMMEMWI-A WRRin @ck acrclmnce of Zand A is
R'Z-C . s
Cro0y ( FoBbhasty °thef§’ﬂrﬁ;?"ﬂz°&fz"°ad'ga| i -

(R g;?* g@@ 426 middfeh ’l ei%b‘ﬂﬁd FerGidr&g%hJ&Métal ,cauon, Cr.ealkyl, Cy.
het e; ocyS K il L}lfterbaryl C.garalkyl, and Cy.sheteroaralkyl,

(R80) ( Wﬂ}ﬁfab@)f@nﬂyd&%hﬂﬁ Yetal cafibh, pad\E GhikylydrR® and R? together
(RLO) 3N+- |yl M, carbocyclyl M,

15R11502C1%r5%;%1ﬁ9'¥ﬂ’§f?8 E?Eg;ggﬁ%fgécv\herei’ n each
ooy SRR %peng?nﬂhgelech% qprgro”de bifagM‘ Sler i C Balky;

Cl. 6alkysndY- Cl1. 6al kyl , C1. 6al kyI ZAZ- C1. 6al kyl ,
ZAZ- Cl. 6al kyl - ZAZ-Cl. 6al kyl, ZAZ-Cl. 6al ky I-ZAZ or
Cl. &4l ik jndeprndantiy selsisted fromrby drgeea, €i-salyl, Cm&tﬁ@ﬂ:&bwkynyl

d sal kyl ca}%og%lﬁq{eﬁydcycl ﬁrﬁaﬁé@f&aa;%%ﬂ@l &H'Gml;eteroaralkyl

A-Cl. zal kyl A-CIL 10° 2al allr
20C1. 4al kyk”énd RM4 %%&p@a&ﬂy Gﬁ%ffﬁﬁﬂ@dﬁﬁenzana miléaﬂcyl,%r_R” and

R!6 together form a 3- to 6-membered carbocyelic or heterocyclic ring; and

. RI"’ and R'® are independently selected from hydrogen, a metal cation, C;.
salkyl, and C;garalkyl], or R'7 andR'® together represent C;.alkyl, thereby forming a

ring;

25 provided that when R%, R, RY, and R™ are H or CHa, 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),
triphenylmeghyl(trity!), benzyloxycarbonyl (Cbz), trichlorosthoxycarbonyl
{Troc); or substituted or unsubstituted aryl or heteroaryl; and




i ndependently other than a coval ent bond,; Rs and RO
are independently selected from hydrogen, netal
cation, Cl.6alkyl, ClL. 6alkenyl, d.6alkynyl, aryl,
het eroaryl, Cl.6aral kyl, and Cl. 6het er oar al kyl ,
preferably from hydrogen, netal cation, and Cl.6al kyl,
or R8 and R9 together 15 are Cl-6al kyl, thereby
formng a ring; each RLO is independently sel ected

from OB fAcATthecdqutite iﬁ)&zr ata@foRE AbMberGF (o 3ddt¥ice must be

and R1T is independently selected from hydrogen,
Cl . 6al kyPﬂm@l‘m@éi"K"éWmed01 6al kynyl car bocycl yl ,

het . het | | l, d_,.

O anot oy Bghiiin Shboding i phendi o Befci L0, s ehBEnR] i not
sel e.ga:egbnt Cpm]@'y df aystiuted e uﬁhbﬁmitéﬂydryg obhetdRddryla MilcdRain

t oge Or m er carbo

S0 EPBR TR R Y i H s Sy oy § Bt arRin et 45 those
sel eletcebedfin Ginechy AL Woand Was, Bt M|, “Pratectbe Gralips in Geghiiy | |

o1 ST 1l e 10 LR B bARR 15 b RBEET RO s

V\her'fhiéﬁxe\ﬁllﬂg, 19043, and R14 are H or CH3, and Qis
absent, LR? is not {8% ubstltut ed
C1- 6al kyln@ﬁm elabcfdemm&seR di,rﬁnéR araiselerteddions Crlicyl or C;.

100Ut Q3R ¥ \ha §B2) €. <alkvl and R and B 10 C
flugren 9&}9]?} oF oxycar oonzl? 1-6alkyl and R" and R” are C;.

tri pHekyl F\Fe‘ithOEtﬂ)quﬂPFifmbM%IRo%%‘E% %ﬁ%ut:(ldb 752-
tri ehdmlest, gﬂy&qg?ﬁagpmeﬁl y( Troc); or substituted or

unsubstltut ed ary heteroaryl; and -9 in any
OCCUT I eNa@edin bdisbdaateD Sl (ZﬁZabsait ah®R5#s sﬂ&ﬁedl”f&ﬁb@f.samﬂ

cor EarHeEH e gt 1 Cr eyt Rl o 1's
15 abs embodiddhtd, R: tsg:mam dﬁdriﬁdmieéefﬂ:d ﬁehbyilylr,] a?g,r Itsm ,tuted

enbggﬁnﬂgrf#@ g Pﬁ%w@ lr—i’”§4cp”53¥ls absent, R7 is not a

T W and geL BRI, PR SOTUE R0 G0 S%e?eﬁt‘@‘g’g%““w‘

Sy nﬂﬁe@‘jﬂs Tn cemrsuolwu@yd@em |Rs is seledygl fogm wethyland phenylp,
J., "Prot ect| ng G .oups"”, Jhieme Verlag, 1994.
I n sone IBFeRER W@WWL“@O ﬂR@R i selectedfran Geplyh by

20 f 1 o pankedy168)] &ibmydfanf1C, aralkyl, heteroaryl, Cy sheteroaralkyl, R*ZA-Cy.salkyl-,
RUZ-C qalkyl-, (RSO)R°0)P(=0)0-Cysalkyl-, (R*O)R’O)P(=0)0-Cy.salkyl-ZAZ-
Ci.salkyl-, (R*O}R’0)P(=0)0-Ci.alkyl-Z-Ci.salkyl-, R*ZA-C).5alkyl-ZAZ-Cy 4alkyl-,
heteracyclylMZAZ-C; galkyl-, (R'");N-C) salkyl-, (R'%);N*-C;.salkyl-, heterocyclylM-,
carbocyclyIM-, R'S0,C, galkyl-, and R''SO,NH-, wherein each occurrence of Z and

25 A is independently other than a covalent bond. In certain embodiments, L is C=0, Q
is absent, and R7is H.

In certain embodiments, Réis Ci.salkyl, Rlis Crealkyl, Q is absent, and L is
C=0. In certain such embodiments, R is ethyl, isopropyl, 2,2,2-trifluoroethyl, or 2-
(meéthylsulfonyl)ethyl.
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10 6aral kyl. In preferred enbodi nents, R2 and R4 are
Cl-6alkyl and R and R3 are Cl1. 6aralkyl. In the nost
preferred enbodi nent, R2 and R4 are isobutyl, R is 2-
phenyl ethyl, and R3 is phenylnethyl. In certain

enbodi nents, L and Q are absent and R7 is sel ected
fromCl. 6al kyl, C1.6al kenyl, C1. 6al kynyl,

C, .6aral kyl, and Cl. 6heteroaral kyl. In certain such 15

SU?OF' ”gli'}% &her @ﬁ?bcﬁng@i’ts’l alikilo gﬁ‘ lal?éttha&d@@ llSi@].ﬁ%?lkﬁ!lr P Mertain
o i rbodinienb i oy ripd Fromd RIS P ARG L | o

SOz , méhdx§plRhsiRiihyl, E(Jﬂ-dhlﬁ%ﬁlieﬁyl ﬂ@&t,taﬁdi@tﬂl@mpﬁényﬁakﬁy]

and aryl. In certain suc odinments, R7 is selected
from rret hydthe esibgiaenytd, L id O=0, € i absantﬂm"dadlmt, and & ik &yl In

(CS;;IOKZ Suchi:cﬁg?s(@?ﬂ&ﬂt ﬁa’&fﬁxghoﬁ]“% 'g%lf'%%ﬁegllﬁeé?er oaryl,
CL ohet e 4oL, 085 e o0 35 AR 5

(RsO)

( Red§ QB@)bPQYCU} Anggrtadmsukly ¢mbodiments] R ea¢mepyI or cyclobexyl.
(Rs0) (R90) P(=O O- QA . gal kyl -Z-d . sal k

RBZA- Gi . glsgeﬁyp egll@hr@ntsggpm are C=0,Qis absent, Z is 0, n is an integer

het Gt RCY @l pMEALIG); 8RR ¥lsel éd%?ah?ﬁ*z@lc ¥RYZ-C\ galkyl-,
(R1Q)s3N} - 8y‘j)sal k)ﬁ) heteseect cafﬁ%{gc c|y|Wf‘ky

, C
103 S B G P (R OP DT Gt A7 G iy
occqﬁcggﬁgmﬁoﬁaﬂﬁn&ﬁzﬁgm nae aaad@at Iy']MZﬂthﬁ.rga]H‘IL@n a
coval,en n n c al, oql S
O etk oudeBos st A £ e aaotly B dhri pAtalent Bomls 1 coktin
C1. @ﬂdhle;dbodJBE’nth R’ ﬁhe&?dck@l&lMMM-sﬂbﬁeﬁhere Hd‘néi'odyclysls

s oy ob sl R GEle T oF RRU RS e ana

15 ( rrettdgysthsnﬂré OiylkyleY 10y kalkyl, mfdrablyoc;tgelkylmwm Niieseby forming a
g is absent, and R7 is Cl.6aralkyl. In certain
sucrlli1 ‘mbodi nents, R7 is selected from 2-phenyl et hyl,

h h
?46‘2%' geﬂlt& %%@{éfm%%%éanc [LY;!;?:HE @I'sl ai']sén?[n)w an 1Hte¥er frfrm 1
ot hé&r 8. andbRdis palgeted from GRSOJC&QQ)P(@)OO-CadaB@hi wa-mlkyl
Cl. ‘?ﬁ""%ﬁﬂ(CHB” da,ﬂetel%c%w M-, menén Gk bAboiRbEL R" is -C;:

enmbodi ‘ment, I tuted 109" unsubst i t ut ed
20 phe sAPRYIN(RA )x:@r@esﬂméﬁ@o » Whose B " iy Ciisalkyd=n certainothgpiighnt
Of  GmbdlihéntdROfs uétememhw where hetér%%m Is%aaézm Wbephdifho,

certai n_such enbodi nents, R/ is cycl opropy or
cycP{Rﬁé@l%P‘PefFﬁmbé?‘{% @Fﬂaodl rrents L and A are C=0

Qis abslg ceﬁamzenllbsodlglents ]1 ng fi gs%{kyl, Qis selected from O and
NH and R’ is selected from C.galkyl, cycloallyl-M, C.¢aralkyl, and C;.sheteroarallyl.
25  Inother embodiments, L is C=0, R® is C14alkyl, Q is selected from O and NH, and R’
is Cy.salkyl, where C,.galkyl is selected from methyl, ethyl, and isopropyl. In further
embodiments, L is C=0, R® is C;¢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 C,.
galkyl, Q is selected from O and NH, and R is C, gheteroaralkyl, where heteroaralkyl
30 is (4-pyridyl)methyl.
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froml to 8 (preferably 1); and R7 is selected from
R5ZA- Ci . sal kyl -, RITZ-G .sal kyl-, 10

RBZA- Ci . sal kyl - ZAZ- G . sal kyl -, :

(R80) (RO0) P(=0) O C1. sal kyl - ZAz-d . Bal cyl -,

(R80) (ROO) P(0) O Ci . sal kyl -z-Ci . sai kyl -, and

het erocycl yl MCAZ- Ci . sal kyl -, wherein each occurrence
of Ais i ndependent |y other than a coval ent bond. In
certain @ﬁ%&ﬁnt%ab%téﬁs C=0, and R® and R7|togeﬂlerareC1

het er ocy 1MZAZ 8al k ere heterocycly

subgtlkyt u¥-€é6a8w1 @n@%&?ﬁtc&tﬂﬂ’@ﬂﬂ Swysybnewwﬂe ach occurrence of

N( R 2 dn?1a33k md!é&‘bﬂ&&tlﬁ otBéram@momt Bond! tBG88y ¥8FmiAg £ring. In

Cl. 6al kyl - 6al ref er

O - Say P 6, R rOn ¥ Arloeat g Regma ) togeter
scer taad ml 3ﬂkﬂf‘£—C[ ﬁﬂwﬁﬂﬁeﬁﬂtﬂmﬁkﬁmc\-ﬁm&dﬁe@ L@nd ® a@&m and

(R836 %ﬁte er fr %ﬁ(ﬂ%ﬁ%ﬁk{h&ﬁﬂ% s sel ectbe)gl lrltoms

(RL M\Ia(lﬂﬂlﬁén’t, Y 1sa616bté’d€ﬁ'cﬁ{ NHy6d Whe Mlkyl) apd Ré aﬁm’rto@wehare

© G TR R epeys Tn biewipge e eitboltingdy ) 5 G0, ¥ i gy 3 B

ot hend Rlippether ade @l alieyysC, MKyl & dnethermefytddyeniiodimehicl end A

het Qg;@l d e ed fro

10p| pgfeam HSXAR %‘di %gt?mdm (?)“zgq% cerizah‘nnpinn%&g%?rémghgg
i s Cuhpdimentdl @d]A&aCRQIadefam‘l Pémgeﬂ;ereua CxalityloA.and NH
and R7 is selected from Cl. 6al kyl , cl oal k
Cl . 6ar al feyertaimprgbogdimegtiea @nwamqfﬁrmu a P bas|the r}élln@rpg
enbgg;:egg{é}n% L is Cam R6 is Cl.6alkyl, Qis selected
fromO and % and R7 is G . 6al kyl, V\,here C, .6al kyl is
sel ected from et hyl, gt hyglz ancbl In further
enbodi ments, L is (ﬁ-\)LRG )%/2 is selected
from0 and NH and R7 ¥ aﬂky ere aral kyl
is phenyl nethyl. In cﬁher o%anent L.is Cam e is
C,. 6alkyl, Qis selected fromO and NH, and R7 is

15Ct . 6het eh@mfmeﬂymbodmmﬂn@ﬂ@l@ahaap Ropoturgef fprnula Il or a
(4- PMdrinGoebidaBY tkptablelshit kBre6€£r T @I N enbodi ments, Lis
absent or iIs Cam and R6 and R7 together are Q _
6al kyl - Y-Ci . 6al kyl , OosaIRkyI Z/bOR46a XyI or

d 4al kyl - A, vvhereln;e and Ais

i ndependent |y ot her t ovale t on t her eby
formng aring. In ta|n pr éfe re@ enbodlnents L
is Cam Qand Y are ab ent, and and R7 toget her 5
are Cl-3al kyl -Y-Cl -3a In a gt/her preferred

enbodinent, L and Q a absent and R6 and R7
toget her are Cl. 3al kyl -Y-Cl - 3a| kyl. In anot her
preferred enbodi nent, Lis

wherein each A is independently selected from C=0, C=8, 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=S, and SO, preferably L is absent or C=0;
M is absent or is C;.12alkyl, preferably C,.galkyl;
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Cam Qis absent, Y is selected fromNH and

N-Cl. 6al kyl, and R6 and R7 together are

Cl.3al kyl-Y-Cl.3alkyl. In another preferred enbodi nent
Lis CO Y is absent, and R6 and R7 together are

A 4al kyl -Y-Cl . 3al kyl . In another preferred enbod nent,
L and A 10 are C=O and R6 and R7 together are

CI 4al kyl - ZA- Cl - 2al kyl . I n another preferred

g?l Es'ﬁ%&ht. or:isnéw gegg%? ﬁgﬂ@a CO n’pgﬂg %ta‘a%m’ 0.6

forrrul a NHWH]gSttPFFéGWWQMbF@WYQ ereochem stry: R6 OF
R4 X referred enbodi ments, the
b Pedrernom e B S gl PR O or o
phargac call e e%%} 0 .R4 CX
e P rlsae%c@aﬁfi?n@b%ztésﬁﬁ%% i n R and
Ssel ectedCHC@ﬁR O C=S, and SO2, preferably C—O 20
or Ais optionally a coval ent bond when adjacent to an
oc c wrehedrig éndgpendently selested fromu(®?, SoNH) endeLppikyll prefeoablyCymor
C=S, and 502, preferably L is absent or CGO Mis

abs i optionglly acgjovalens boag (Whemadisicent Apan occurrened ¢fy¥; . - 12 Q
%kgs t, or |§selectedfrom0 NH, and N-Cl 6a|ky|
pre

indepepdently yglectsd fromyGrealedCr ghvdroayalbily O
I s abse ncl e@lko h:?l E:ﬁi @Q&ﬂﬂylf 498F FhichWd. opBéiflly substituted

N- Cl - 6al k) pre er Y |s absent or seI ct ed
%\ om0, eﬂ?ﬁ?{d‘: » aginecearboxyls ac 9615
CHCO2R1 ocmoaﬂﬁig CZ.s aRylieteiope m@mtek)ymloeamdmf §uB£ﬁtlfbnts S,

Nil, and N-Cl.6al kyl, preferably 0; or Zis
opt ﬂ?élﬁdﬂ(RS‘/)LQR&oval ent bond when adjacent to an
occurrence of A. R2 and R4 are each independently
s el &: !Sédletﬁtcctﬁw@hym;m{ aigl Canlords prefpeablyyh salkyl;
al koxyal kyl ., aryl, and Cl.6aral kyl, any of which
, s gpfs, selfcted fona ylsqge, h-eadkyl, Crealkenyl, Cialkynyl, aryl, Cy.camalkyl,
15 heteroaryl, Cy.¢heteroaralkyl, R*ZAZ-C, galkyl-, R1'Z-C| galkyl-,
(RPOYR?0)P(=0)0-Cy.salkyl-ZAZ-Cy galkyl-, R*ZAZ-C\ palkyl-ZAZ
salkyl-, heteracyclylMZAZ-Cy.salkyl-, (R°0)(R°0)P(=0)O-Cy.salkyl-, (R'*%N-
Cr.128lkyl-, R'®);N"-C;.2alkyl-, heterocyclylM-, carbocyclylM-, R'SO,C;.
salkyl-, and R''SO,NH; preferably Cy.salkyl, Cy.salkenyl, Cy.salkynyl, aryl, C,.
20 saralkyl, heteroaryl, C, gheteroaralkyl, R®ZA-C galkyl-, R!'Z-C; galkyl-,
R*O)R’0)P(=0)0-C,.5alkyl-ZAZ-C, salkyl-, (R®O)R’0)P(=0)0O-C.qalkyl-
Z2-Cy galkyl-, RBZA-Cl.salkyl-ZAz-Cl.aalkyl-, heterocyclyIMZAZ-C, galkyl-,
(R*0)R’0)P(=0)0-C.4alkyl-, (R'*);N-Cyalkyl-, (R');N*-Cyalkyl-,
heterocyclylM-, carbocyclylM-, R'180,C;.salkyl-, 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.salkyl-Y-C.alkyl, Cy.salkyl-ZAZ-Cy.salkyl, ZAZ-C; qalkyl-
ZAZ-Ci.galkyl, ZAZ-C ¢alkyl-ZAZ, or C;.salkyl-A, thereby forming a ring;
preferably Czalkyl-Y-Cialkyl, C;.palkyl-ZA-Cr.zalkyl, A-Cioalkyl-ZA-Cy.
2alkyl, A-Crsalkyl-A, or C4alkyl-A, wherein each occurrence of Z and A is

30 independently other than a covalent bond,;

-13-



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; RS
is N(RLQR7; R6 is selected from hydrogen, OH, and

Cl - 6al kyl, preferably Cl.6al kyl; R7 is selected from
hydr ogen, Cl.6al kyl, Cl.6al kenyl, Cl.6al kynyl, aryl,
Cl.6aral kyl, 15 heteroaryl, Cl.6heteroaralkyl,

REZAR-fd Sﬁlﬂ liﬂépendeﬁﬁy éieged ﬁ@ﬂ‘l Azy&rogen, metallcatlon, C1salkyl, Cy.

(R80) (R %kg
RBZAZ- Cl & pyl y@myl C aralkyl, Ynd C1heteroaralkyl,
het er ocygie ydfoRbi )ﬂetal catlon, and Cy.galkyl, or R® and R® together

(0} 5n % Epere %Fre%a e NN
Cl gg VI Tis utdﬁpegg?nlgg ﬁfa?cged%mgg% Wﬁ& Eh?l%%{) p%ierabéjbcl salkyl;

6ar al kyla,ndheteroaryl d . 6het er oar al kyl ,
RBZA- O . sal kyl - R11Z- O $al kyl -
(RB® (i R@@m@dnmlmaacteg bk b dras, Clsaliyl) Qyeblkenyl, Coallynyl,

(R80) (R9 atr {/91,?& éﬁﬁ}l% lTeérogy] Tlddikjt; and G, sheteroaralicyl,

R8ZA-Cl -s
-het gfoQﬁ‘z‘&{h)ﬂ WRARS (siPad dgy, |and Qi 1s absen E LR’ is not hydrogen, unsubstituted

(R8)(R9)P§%{ oa. saIkyI RI) N-Cl . salkyl
0(R) 3N+-G12 ld?ﬂ 106 +Biamaripryl fBag), benzoyl
R11SQ2Cl (B&}ahwen-g-ymo%csm hen)&’lﬁetﬁﬁ 1),

occ rre f Z and S ende I ot her
covgl ent @H%f Wﬂ?rﬂ‘g]éﬂ"ﬁgfnb‘m (Troc); or SubsHiutEd or
areCl . Gairkuﬂsnﬁ{teﬁ:hryﬁﬁllktﬂoa Gandal kyl - ZAZ- C1. 6al kyl ,

ZAZ- O . 6al kyl - ZAz-Cl - 6al kyl , ZAzZ- G . 6al kyl - ZAZ, or

G . Gednk ptouAence béthe begquénos DA NGt least biegnember efftly salpheyice must be

CI 2al ky 2al kyl - ZA- Cl . 2al kyl ,

Baas 2a|‘i<tﬁe¥“%”é%’“}g¥9’°flfyl A-Cl.3al kyl -A or

Cl - 4al k r i
ggntérmﬁ'%ot i t "’lﬁts‘co—écd’fs aﬁ&‘&?%&@ 8ZR91QijI ﬁxdl?an&gﬁ‘

|ndepen an a coval ent

RO afese Pq*mlef;m@ ealkyhand €).awllal In prsfrmg sich g@hodunmthll?and R*
cat jRi, i, GElti&'Yﬁlost ﬁlfemd@ﬁ&ﬂ%ﬁéhme% rREaldIRF AN lsobﬁtﬁry I,

het er oar yI’, 6ar al kyl , and C1. 6het er oar al kyl

prefer ahhyerﬁatmﬂaaﬂfea@,qns c%t@is aE@ht, 115 OFRTs B RBAMIRY b
or Rs, a t her eb formng

th \
O rispkpsy qsﬁngi‘cﬁ ; °e°iy%dv gﬁ'ﬁ"’f"g‘/‘yféw 8 BHRg
hy dhagesyci)Wick dsdajelaying (inefiNmIbyer@likyD plpktakino), ma@hm

%gldﬂgocﬁgwen%a{%.sel ec lemboJugergtsth %%en Cl- 6al kyl

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

)IEH\)L H\i

<
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carbocyclyl, heterocyclyl, aryl, heteroaryl,

Cl -6aral kyl, and C1. 6heteroaral kyl, provided that
when R6 is Hor CH3 and Qis absent, LR is not

hydr ogen, unsubstituted 10 Cl-6al kyl C=O, a further
chain of amno acids, t-butoxycarbonyl (Boo), benzoyl
(Bz), fluoren-9-yl nethoxycarbonyl (Fnoc),
triphenyl methyl (trityl), benzyl oxycarbonyl (Cbz),
trichl oroet hoxycarbony] (Troc)j or substituted or

unsu ituted aryl, or tero and in any

occuLL, ce_of_thhe keduefic , | east one menber of
t he sequence SE b 5 %ot Berlthan a coval ent bond.
In certain enbodi nents, LY =0, Qis absent, Xis O
R6 is H and nd R4 ar el ected from CL. 6al kyl
and Cl1. 6aral k In preferred such enbodi nents, R2 and

R4 are G _6alkyl. In the nost preferred such

enbodi nent, R2 an R4 are i sobutyl. In certain
enbodlnents absent, Xis 0, R6is H,
R2 and R4 j;i_ 'EBH nd R7 is heterocyclyl M,
mher eYerfpc cI '8 G t r ogen- cont ai ni ng
het &f ~oéyc Pe

such zino (including N-(Iower
al kyl) pipgkazino), &3Ezﬁollno, and piperidino. In

preferred h enbodi nents, Mis CH2. In certain
enbodi nent s, a conpound of fofrmula Il is selected
from o, pb b,~~u-14 03 NJ OO hU co NNNJI ~NJ
OHO\»" O NJ I~y 0 g 6 1., 0 0-"Co
Y
/N\) -



15- NJ OOO 06 06 Ik, I/, 006 0 0 ONCcO axq o

Oo I/ -16 N\ NaHHO NLO VW OHO\ OH
HO"y v NONHNNO OF O0O0OINa..~a, _/~HNN rN
NJ a~ JI (o ,IN OHO -17 NON NJa a\o OOt O NI NJ
O N '

g

g::?/\v/\vf\¢f\/ﬁlanjin onéfﬁﬂ’(ijéb

é O
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cll i s sao_051n certain enbodi nents, the subject
conpounds are phosphate-containing prodrugs of the
compounds di sclosed in US application serial nunber
09/569748, the contents of which are hereby

i ncorporated by reference in their entirety. The
enzyne inhibitor prodrugs for inhibition of
chynotrypsin-1like (CT L) activity of Ntn have a
structure of formula ( ) or a|pharmaceutically

accébﬁaﬁle salt th %Hg 0 R8 RO NN NNX 10
R5 R2 X is selected from
0, NH, and N- al yL r erab 'R, R, R3, and R4

are |ndependentl sel ect ed nlhydrogen and a group

of fornula IV hth the pr so that at |east one of
R, is a group of farmula IV,

~LxC>P~CR32 13 5 R10R11 IV R5, R6, R7, and Rs are
i ndependently se cted m C1. 6al kyl ,

Q ahydroxyalk I, al kyl , aryl and
. 6 ] optlonally substi tut ed
g?zj/Kgbup el cted ﬁ |n am de, am no, carboxylic
aC| arnac But i acceptable 10 salt thereof,
car boxyl , thiol, d thioether, RO.is a further
chai n of no aci ds, hydrogen, Cl.6acy|, a protecting
group, aryl, or heteroaryl, where substituents may

i ncl ude hal ogen,, carbonyl, nitro, hydroxy, aryl, and
d R 1 e i ndependently sel ected

G . Salkyl R1D
ndnC, od k or RO and 15 KR

fromh Eéh
toget'%hr a B- X ojo- ered carbocyclic or

heterocﬁb ‘C r| . Ri¥ZXsand R13 are independently
sel ect ed _krom hydr og a netal cation, CI1.

—Z

~ /\/A\/;vfxfﬁifngji” ﬁéjiﬂ o.
T
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6al kyl , and Cl.6aral kyl, or R12 and R13 together
represent Cl.6alkyl, thereby formng a ring; and L is
absent or is selected from-CO2 or-C(=S)O 20 Suitable
N-term nal protecting groups known in the art of

pepti de syntheses, include t-butoxy carbonyl (Boo),
benzoyl (Bz), fluoren-9-ylnmethoxycarbonyl (Fnoc),

tri phenyl net hyl (trityl) and trichl oroet hoxycar bonyl

(Trod) and the lik The usje of various N -protecting
groups, e.g., bhe zxio rbonyl group or the t
butyL arious coupling

reagents, . OFf Ibs dleyc 0 xylcarbod||n1de (DCO) ,
1, 3-diisopr yIcarbod|| e (DO, 1-(3-
di met hyl am ropyl) - 3- yl car bodi i m de (EDC),
N- hydr oxya nzotri azol e (HATU)

car bonyl di i m dazole, or 1- hydroxybenzotriazole
nonohydr at e (HCST) and 21 varlous cl eavage

condtgﬁons for acetic acid (TFA),

Pd-C in organic

solvents (suc nel r thyl acetate), boron
trls(trlfluoro etate) a yanogen brom de, and
reaction in.s I on mnth | ati on and purification

of |nterned|at are well-known in the art of peptide
synthesis, and 5 are equally appli’cable to the
preparation of the s bJect c npounds In sone
nents anyot R3, and R are hydrogen
and I,Iz ap@doR4 have a structure of
fornul /Lﬁgqa 'prgfe red &nb diments any three of RI1,
and are hydrOu and any one of R, R2, R3,
and R4 has a tructure ornula IV. In the nost
preferred e iment, R has a structure of 10 formul a
IV and R2, R3, and R4 are hydrogen. In certain
enbodi nents, R5, \R6, R?, nd Rs are Cl. 6al kyl or
CI 6ara|ky| J; ef enbodi nents, e and Rs are
R afd 7 ree@l . 6aral kyl. In the nost

H
pref nt & a d are isobutyl, R5 is
2- phefiyl él I, add R¥ ®phenyl methyl . In certain

enmbodi nengs,. RO is sd|l e¢ted from hydrogen, Cl-6acyl,
or a 15 pgoflecting group. In preferred enbodi nents, RO

is hydrogen or acetyl. In the’ nost preferred
enbodi nent, R? is,acetyl. |n certain enbodi nents, R10
and Rl11 are selec from rogen and Cl. 6alkyl .

1rte

Searatiess
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10

Ina preferred enbodi nent, R10 is hydrogen and R11 is
Cl.6alkyl. In a further preferred enbodinent; RLO is
hydrogen and R11 is nethyl. In another preferred
enbodi nent, 20 both R10 and R11 are hydrogen. In
certain enbodi rents, R12 and R13 are Cisal kyl, netal
cation, or O .6aralkyl. In certain preferred

enbodi ments, R12 and RI3 are selected from benzyl,
tert-butyl, and sodfumcatign. In nore preferred
enbodi nents, bgth are benzyl or

tert-butylH r df eid®d enbodi ment, at | east
one of 2 HndE RIB Bs a sﬁdiln1cat|on 25 In certain
enbod nts, conmpoun formula 111 has the

fol |l ow ng eochem s ' R1 0O RB Rs Rs RBN 1J 11
R6 R2 0 R7 In preferred enbodi nents, the

i nhi bitor has a structure of fornula V or a
pharnaceutically acceptab e salt thereof, -22 iRl 0 RB
R3 Ra Re - erein X is selected from

i n p efgrappby 0; 5 R, R2, R3, and R4
are[it?éﬁfn&émﬂ

dfed fTom hydrogen and a group

IV th rovi so that at |east one of
and R4 |-QE§group of formula I'V; R6 and
R8 are | nendent ly selected from CL. 6al kyl

Cl. 6hydroxy al kyl, Ci1. 6al koxyal kyl, aryl, and
Cl_6aral kyl, each of which,is optionally substituted
with a 10 group ect ed m am de, am ne,

car box Ilw ?F' 1¥§ﬁ§r tically acceptable salt

t her eI , and thioether; RO is a
fur ch Nt i &, hydrogen, acyl, a
protectlngﬁggoup, aryﬁ(ﬁ?r

;and

HH\,?L UL 0

e}
ust
N
=
=

In certain embodiments, the subject compounds are phosphate-containing
prodrugs of the compounds disclosed in US application serial number 09/569748, the
contents of which are hereby incorporated by reference in their entirety. The enzyme
inhibitor prodrugs for inhibition of chymotrypsin-like (CT-L) activity of Ntn have a
structure of formula (JII) or a pharmaceutically acceptable salt thereof

||21 0 R° R3 0O R®

R5 R2
(1)
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het eroaryl, where substituents may include hal ogen,
carbonyl, nitro, hydroxy, aryl, and C _Sal kyl .
Suitable N-term nal protecting groups known in the art
of peptide syntheses, 15 include t-butoxy carbonyl
(Boo), benzoyl (Bz), fluoren-9-yl nethoxycarbonyl
(Frmoc), triphenylnethyl (trityl) and
trichl oroet hoxycarbonyl (Troc) and the like; and In
sonmewkdrindi nents, any two of R, R2, R3, and R4 are
hydrogen and any two of R, R2, R3, and R4 have a

st r uKtisselected frém IOy NHaa] N-bRyIpsrefeRbly€d enbodi ments any
three of R R2, R3, and R4 are hydrogen and any one
of FR', RRR’, RE, R auelinfkpehdrsthaseRoted ﬁbnﬂtydrogemiudfaogrmpl of formula

I V.
LV, ML Sl SO Rk g Bt v,
hydrogen. In certain enbodimentg R6 and Rs are
Cl. 6al kyl or CO4aralkyl. In prefi 8 enbodi ments, R6
and R8 are C _6al kyl. 1w~ % topeferred

mbodi ment, e and Rs aregis@outyl. In certain
enbodi ments, RO is selected from hydrogen, Cl.6acyl,
or a 25 protecting group. In preferred enbodi nents, R9
I's hydrogen or acetyl.. In the nost preferred _
ermbodi meR?, R°AE, a:ﬂlﬁmtmdependéiﬂylsﬂeo@dﬂrﬁom o, 0di syalkyl,

R10 ron1h dro
0 SRy BT O ARG aibassd vt
Ct - Gadupypelectédficam dmide, Iammemaﬂrb&ylme.cid oenjmﬂnarmrticallym&ptaslc

1ohydr, V. anot her preferred
enbo ?%egrﬁ?ﬂ]&ﬂgxﬂhétﬁggﬁa a&“ﬁ“&%hFe hydrogen. In certain

enmbodi mept § 5 flfher fgﬁ%

cation, orﬁgl @ﬁg ﬁ&%§5?39%5§¥£rm r£§£%&m33“”“
enbaafﬂ,r?ﬁhq@oarﬂﬂhqm siitntsmay inchide balegenfoathanlaritroy hydroxy,
ter arypldhd by afkpfl sodiumcation. In nore preferred

enbo nents both R12 and R13 are benzyl or

tert- butnrmdm"aﬁmmyﬁi@&a%nﬁmgmahs 1, €AY tand

oneR(plf In _certain

e%ogltﬁ%R#i%EP Wf %e“i?‘?g %rgé’gl%tfir %"“Fﬁq"}ﬁp"e}“%&' red
1
enbodi magt B aré‘aréﬂg‘mﬁiéﬁeﬁ%rdi' Bikfroncon R Gafi €

pr etadiryl,@ud Enderadiiyirenk cm‘ iegetheradpydsent Cn.ealkyh mm;« ftﬁﬂhng a
enb qﬁpt, Rl is hydrogen and R11l is nethyl.

anot preferred enbodi nent, both R10 and R' are
hydrogemlsasbmr&rstsab&eﬁm%%md}t g—sﬁz and R13 are

Cl. 6al kyl, netal cation, In certain

20preferr @iltanmderﬂaﬁﬁt oteé%lag gﬂ;ﬁﬁh 183311 B the &?&f%eﬁtﬁ@ sffiREes,

25

be nmzfude t—butoxy car %Xnyi (B%Q)(;j besngoyl (Bz), fluoren-9-ylmethoxycarbonyl (Fmoc),
triphenylmethyl (trityl) and trichloroethoxycarbonyl (Troc) and the like. The use of
various N-protecting groups, e.g., the beﬁzyloxy catbonyl group or the t-
butyloxycarbonyl group (Boc), various coupling reagents, e.g.,
dicyclohexylcarbodiimide (DCC), 1,3-diisopropylearbodiimide (DIC), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (EDC), N-hydroxyazabenzotriazole
(HATU), carbonyldiimidazole, or 1-hydroxybenzotriazole monohydrate (HOBT), and

221 -



15 cation. In nore preferred enbodi nents, both R12 and
R13 are benzyl or tert-butyl. In the nost preferred
enbodi ment, at |east one of Rl12 and R13 is a sodium
cation. In certain enbodi nents, specifically excluded
conmpounds are disclosed in US 6,831,099, the

di scl osure of which is incorporated herein by
reference inits entirety. One aspect of the

i nv et?ﬂdoﬁ)d%léa@igafcﬁﬁdlﬁcﬁis Forgathyle) |tnﬁiﬁi°&b£tﬁ abid¢TRI, ACL in dioxane,

con‘p ition 20 ¢l osed h rei ncl ude
o B at o E-G T e s it s ihasa) o gt Aegtete. oron
1, | lrih(mﬁlmrde{cetdtc), mﬂeyﬂﬁmdwdiﬁdﬁ; and reeetiaoifsolatidn with blation

ettt o kel B B30 ns SR B g oF s S e

ol yareequalimsppliceblsrto thepmparmmf the mbﬁntbompoundm bitor.
Sai d pol inrrer can be either nat yrgl I A ogcurrl ng or
synt het i én same ebodiments,entiowiofBnR R’ zdnd Rjjate hydogensng gnystwo

dr ugodepet g3, ﬂﬁhlr{%v@g %f cRmdlk TV frpréferhidlefibGimBiits fhy

seal ant . An aspect e |nvent| n reJ at es, to a

medi thzep ofR YRS ﬁﬁr mhwbvmn ang| A5y OPef® RivRngndR’ has a
sur f aasmRRF femmh W fthd lﬁm pfefeesd SV HRInOR S hds Ghrhtuie 6f

any one of - -ae f , or Vi$ disposed. In

Gne f@ﬁ’E}%%an@ﬁtR Iih@’dllﬁﬁ’r'ed‘iy@'egeni s directly disposed on

2T s poln b EvadmeRn R A R N e T et a8
mat rpreferded entbodimests, R atid R® apé Calkyl andRT DidtR0 rard Gy \hrallyla In the
structgre of any

one, af f.Qrmul.ae || L1 r.V .
di s pRPLEEErd & s°§6"i'e%g‘ i“ﬁ‘g{s é‘feﬁ@g"t}’rﬁyﬁs ﬁ'Pbi‘ﬁ‘g’le%‘yl’ and R i
e b qdenpbméthylt hB:ertﬁnl embddimbmtsi Rdis befectrd diomdtydrogen, Cyacyl, or a

13 et OGS, P R lavgehanls s Blckfier sl G, 0 o gmog
expamfatﬁld@mbgmmﬂﬂhmtyboat ed wWith a matrix

contai ning an inhibitor pavi ng a structure any one of
f or mul aelncertgip empqdimengs; R anctlh axggeleqted from Mydeogen i Grealkyl.

accapnpRaned 6ARINiSESS Q{d" @Hﬂir&nx?m@ dﬁg: S84 eh a%rﬂﬁ*‘ﬁx@ferred

an expandable stent er enbodi nent of this

i nveAPPGment R hatlr@mn FAR gy metlycn agoter orsfereed ppbediment,
20 NS Aothal? ! a:sn}mgﬁ@ bInQertait dindobigheRg 2 gHq a@m

wher ei n the paortiq as a surface which is adapte or
S

ex p AL €218, 9 Gugpralid sigertainprefsped copbpdizents, Ry s gnd R’ p%{?t
of tstlecte ¥ dnabedzilSteRBalyE dnd@bal&nasudnnhi bk prefdiRy | bﬁﬂod%nents

o GRS 20 Y] s el T R et prerd oot a16eet

havmﬁgoﬂ{%iﬂdmﬂﬁ&eodﬁmWn.one of formulae 1, 11, 111,
or Vis dispersed or dissolved therein. An exanpl e of
25a sui t abineertdirerhbadinaiissadonpehdiofifocdn@a [Phds.theNollowing

stereochemistry:
SRR 2

|-5<

Ellt

In preferred embodiments, the inhibitor has a structure of formula V or a
pharmaceutically acceptable salt thereof,



4,733,665, which is incorporated herein by reference
inits entirety. In another enbodi nent, the nedica
device of the present invention is a surgica

i npl enment such as a vascular inplant, an intral um na
devi ce, surgical sealant 15 or a vascul ar support.
More particularly, the nmedical device of the present
invention is a catheter, an inplantabl e vascul ar

access port, a centrak, venols ratbetes, @Qp arteria
catheter, a vasculgg,@{gil Ni 3 ¢€ bal | oon
punp, a suture, a véntri c?ﬂar assi unp, a
drug-eluting barrier, al hédi v ascul ar wrap, an

extral/ perivascul ar supps
filter adapted for depl{oyn
coated with 20 an inhib

&bl ood vessel,
r having a structure of any

one of formulae I, 11, 1Il, or V either directly or
by a matrix containing an i nhi¥Bitor having a structure
of any one of forrmulae I, II, Il1l, or V. In certain

enmbodi meM€®™ he intral um nal nedical device is coated
w th an J.nhibjtar ' structure. of any one of
f or mul ae“1® sﬁlﬁ‘%ed%f’in,r&m%“@" g"’ﬂBﬁ#’f”ﬁHéS conpri si ng

i ol ogi cgkhl 0] erat [ .nhibitor '
%’31 struct 3r’e1¥ ’OI%’ {"anﬁyﬁg% gng%%ndfﬁélly%ﬁ?%% rﬁﬁd“fy@g%'?ﬁdq%\ﬂ“@%f
di s plomedalVi, with e ppovisp thest ¢ lestiode ofR/i ReRh and Rijis agroup of

i nt eg il suUr face and an exterior surface, having the
coating applied to at least a part of the interior

surface, rt fify i®pteRfidepindeitly sBeed Am é&b‘aﬂyl, t{kfhg(lﬁl%%)iﬂlﬁl,

enbodi nents, the nedi cal device may be  use ] .
pr eVientloxaliod: o apd Gyearafiorlenoheaf gfbish iseptignally Fmbstitad with a
103 evi @&prsayctegi 18 g_ﬁitcu_sl,%&ﬁﬂélbcatmyﬁchgm of £ | _tautegnwaaédpauﬁ

i seases apd conditiaons pRrovi ding localize

admssﬁg’?ie%{]?%]??x@fes’ﬁhﬂ}‘ﬂlﬂ”éf‘lﬂﬁmﬁavi ng a structure of
any one Qf. farpulae I . 1), LLI. or V. Such diseases
A conditt s B e g gl aming acids, ycBipe ey APRVFTR RPYR A o
I he Urttoaiyt] whede Bubstitusnts maysiaclede hajopeny cathoaylf mitro, kydroxy, aryl, and
rative, di se

L RN Sftabte NBRHRA BB Arbab el IR 8 B of Sobflibhoss,
15i nf dudlide ebutchysreetoms (Ba tenavpl (Befiumen-9-Hepthomsearbonyl (Fmoc),

; 2?%"@8@%@2@3@ 44 E‘é"‘n{'&k‘{éﬁ%ﬁgﬁa‘% (ot dpa tho ks it

and 5 prglghe E:ﬁﬁddﬁﬂents?&g@'mb EERIOR?, f#? 36PRERe AREbgen and any two

condi tiops ;that ,are subject to a'treatnent °including

t he HRUK Foeand &' hustgiacmotere of fomaplasly. (Inprefspred ephodiments any
| NV eRtbd SR RICRY I R 6l S8R She oBRYRE FOOMARAR

syndrone, Al zhei ner's di sease, cancer, fever, nuscl
20 structure of formula IV, In the most preferred embodiment, R has a structure o

formula IV and R%, R®, and R* are hydrogen.

In certain embodiments, R® and R? are Cy ¢alkyl or Cygaralkyl. In preferred
embodiments, R® and R® are Cpalkyl. In the most preferred embodiment, RS and R®
are isobutyl. In certain embodiments, R? is selected from hydrogen, C;.sacyl, ora

25 protecting group. Inpreferred embodiments, R’ is hydrogen or acetyl. Inthe most
preferred embodiment, R is acetyl,
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di suse (atrophy), denervation, vascul ar occl usions,
stroke, HV infection, nerve injury, renal failure
associated with acidosis, and hepatic failure. See,
e.g., CGoldberg, United 10 States Patent No.
5,340,736. The term"C, _yalkyl" refers to substituted
or unsubstituted saturated hydrocarbon groups,

i ncludi ng strai ght-chain al kyl and branched-chain

al kyl  gr g Béain dndbdi@is, aa'hanfdwmré feldofd ﬂoﬁ%&&@@eﬁ ahd Cl. gyl

chai n ncl udi n .hal oal, k ro
trllﬂandF %ﬁu ' sz21§1¥ PET g Foé%ﬂwliﬂetl%aﬁléb%fmf?md
i ndi ﬁﬂﬁcﬂﬁnﬁ%t,hl}‘)"dﬁ memmwd lislﬁ&thlrﬁ Igaﬁnml r préfeirdd @mbodiment,
ter 0SLhi 0 na rnms

& bR R uRET R s hadeh” B eqrpip cb i, R taBdEE&%?wHF@u

or  umstabatiod, uﬁ@lqammammmmqbreﬁﬂenhmammuﬁmdk are

I
o ey S ol bonail S o Sp R E5e o ore o rbolilme,
doubbath BF atd RPke bbmytiorrte&]mﬂt Invise ost Prederted embdthhh'm.)aylbast
r ef e&%o%ﬁnz%gd lskgq L{% Jhaw ng an oxygen attached

t here epresen Ive al koxy groups i ncl ude

nethox § st t RS

Ao o hi FoTaIEmEREARLNS ol A, Be b lficlifhents R
10 xy g R agedsobutyia dn 9refeﬂ9¢1@n@dmrst% éhbyda?geraﬂr agptyly |In ths apost

ren dﬁéﬁnwaﬁboeﬁdexds s &E(?? n b ?re%e& %ﬁdapﬁe%? R@Prls ﬁ}dfégw and

The term koxyal ers to ? %ﬂ grou
su bs‘% | fweélaylm}ntanmhﬁ Progies 5?91 bogiiaenb, bO@H% r *E‘S;R
et Pecfcrtalﬁ 5miﬂilﬁméngdf RIZa6d RB afeédhhéﬂkc)yl ymétsl c#tgﬁdor@.r%]ﬁﬂﬁyl In cerl:am
g?o%esfet e b@‘iiﬂzbe 5%“‘11 iﬁlg Q}Jaqgﬂsse eg%}i Iﬁ'teilletbnggl mrtt-butﬁ za,ngl s&dmm
15ar L daB60 R dmmq)rmdre&fbeamd lbﬁts ,DOhIR? dad R Nsd ueﬁmsn Gfiteﬂrbdtyl In
subsfituted_a an sal t go 8. ety
Chatt L%ﬁ‘ﬂs P FbndBon 4l orrat Boted BF insonfiriiton 5
Rs Rs -
cach i nddbe ﬁ%mﬁ%“ﬂ? ey 835%*%%*@ SR SRt 5 ﬂﬁmféﬁeq iy US
al kemBa1,099, (e hpurief which lelcapqtaiﬁli@erelak]emfdr@ge tnl"lbrentlret}’
with the Natomto which they are attached conplete a
het er ocy Oneastepl pfilje inventiourelates ¢ amertieal dqvice fnsluding gomposition
20St I Wedolbkdt heR that include an inhibitor having a structure of any one of formulae 1,
II, I, or V. In one embodiment, the composition is incorporated within a medical

device. In certain embodiments, the medical device is a gel comprising a polymer
matrix or ceramic matrix and an inhibitor. Said polymer can be either naturally
occurring or synthetic. In another embodiment, said gel serves as a drug depot, an

25 adhesive, a suture, a barrier or & sealant.

Another aspect of the invention relates to a medical device comprising a
substrate having a surface onto which an inhibitor having a structure of any one of
formulae I, IT, ITI, or V is disposed. In one embodiment, the inhibitor is directly
disposed on a medical device, In another embodiment, a 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 1, II, III, or V dispersed or dissolved therein.
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5 represents an aryl, a cycloal kyl, a cycl oal kenyl, a
heterocyclyl or a polycyclyl; and m is zero or an
integer from1l1l to 8. |In preferred enbodi nents, only
one of RO or R10O can be a carbonyl, e.g., R9, R10,
and the nitrogen together do not forman imde. In
even nore preferred enbodi nents, RO and R10 (and
optionally R 0) each independently represent a

hydr ogeng, ﬁ{bgaﬂnent,atﬂe ﬁledi&p Ydvice¥a co‘o% \;Egc%ar, ripheral, or

certain enpodi nents, am no group

nearhiliggy stenth h@r@am@a@ theetsmt of the pPrrsent mattt@e isfag exppngAblo

thesgent, fwn&tdo%@wgi ﬁuﬁi ohitiRInPAARHIBRR W8y idg @chamny one of
terns "am de" _and "am do" are art-recognlzed as

am rfgmaasd Halt &, the At flexghlgito te gorpprpssed Ang h o ¢

san nﬁ&pﬂﬁwﬁﬁﬂ aﬁ)b‘x RBLIE SOR! B anb@EBMERdime ofﬁﬁﬁnvéﬂuon, |

25

30

wher ei are as d ned_ab ve Pr rred
aéﬁﬁ%%%s %Eaii hB“E?H ichyis mgerfs glfﬁ Maﬁfeh
rray | ﬂaﬁeritl,ﬁﬂieﬁhi tBe po’r'ﬁ@ Hasi forfagd wihich 1ﬁ5dapﬁ& tbr hﬂfo@ﬁr@ to body tissue
i nclu

d 1t.ut, .
uns Rt oest p Gt cor Bl s it pap s v iy Baving a structur
Whl Giff axyeaile ofiforrfruled I, ITA, bﬂ\f}@r 4 Goating dmﬂfpnsmg' fimatria hsving an
t -ar ymlub %l ﬁavmgacﬁl :’I%urf ofs )ég%cé f'orm\}.\l;]aeg,gﬂ ?H ?‘(Et'l[%?ae\rlsleg &
car bhmdveﬂrtheremnﬁn nxmrplemm suitdblo stemtrigdisclosebinWh: Pef. Noat

cyor SR8 ot Beckbobl ey ekt i B et 10 O "1
cycl oal k t‘ﬁer %{b}ﬁ{ixﬁent,hﬁé b Févgae gﬁgéﬁﬁent mventmn isa

het erocycly groups inc ene

nap ﬁm&m@m emswénram B esaelar implapiodn intgahymning] deviegs enrgipad scalant

15l k%ramaxlh%ﬁﬁﬂ% éomaeaiaﬁ ﬂfé‘]ﬂe&cﬁ?&e@@@dﬁh&’hesenﬁﬁvenﬁonm

used herein, refer to non- 25 aromatic substit uted
or dratieien pn implagtable Ng“iﬂﬁ' ARFFCROTet emiralveRAUs Fatlistes, qnjapigrial

IS GAKGONa vasdilg gha® APinir£adHie 9511\6611 Sump} @ Guture G RQeME addist

al so i ncl.ude_ pol clic stens haV|n two or

mor &WRI-E dug-efytip ga’% Eﬁ“’? PrEivage

C ?ma?poft,ca Blwsd fﬂtér of Hfileg acliathd for a%yﬂmmmmoaa vés%,é‘cbatéthﬁith
207! R RS0 g SRR ot St B OV oty o

cyc ijb almaytixydofitaining vh hibitatlaviags ythetureofdipsne of formulae I, IT, III,
het %ltgcycl yl s.

In certain embodiments, the intraluminal medical device is coated with an
inhibitor having a structure of any one of formulae I, II, II, or V or a coating
comptising biologically tolerated matrix and an inhibitor having a structure of any one
of formulae I, IT, II, 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 useful to prevent restenosis
after angioplasty. The medical device may also be useful for the treatment of various
diseases and conditions by providing localized administration of an inhibitor having a

structure of any one of formulae I, II, IIT, or V. Such diseases and conditions include
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The term "carbonyl™" is art-recognized and i ncl udes
such noieties as can be represented by the genera
formula: OO )LX R11 or "X RL 5 1 wherein Xis a bond
or represents an oxygen or a sulfur, and Rl1
represents a hydrogen, an al kyl, an al kenyl,
-(CH2),,,-R$ or a pharmaceutically acceptable salt,

R'' represents a hydrogen, an al kyl, an al kenyl or

- ( CHEZgdib RS mfmasmmlﬁaﬂataﬁ aﬁﬁm afssuedﬁﬁﬂymasitoqmmon,

Where Xi s_an oxygen and R or IS not hydrogen,

t he Wpsprglifsrative eraﬂmﬂéffwm n\m@?-a;vﬂ%ng da?ﬁsesa
oxy @ﬁfbmcamctﬁﬂémseasea abﬂ&hﬂ%ﬂundﬁ@oﬁse,rdwmmﬁmm@e nts
C ac, sed, here n an be
2y “Blaprabia plagocs nfiitnrplaied e not cesiions el Wal o im Ao
scar rpreti¥erstivh, Exaiyded of dlseabRAfd donditiond tieat ﬁahﬂijw {0t tReBMIRET .

Such can he tlve en f,usi enz nes
or o dHHHEdEe dyug iated msdioal deioes Bf theprodentifpRennclide
far meﬁ;dsmreds, eawamaryumdmmet Alzhémelr’sedimwemcérabiey, muscle

acyl eran ranyl at e n
P REy S R PR S R Vireion nepre v
e n z ycmkfaﬂuraassocadtbcywﬂn@ldoms, agf lepatwifailuid, Seglel gy, -Gpidbergalinitbd
lonut%%&ﬁgnémﬁg§53g@%%pes wth side chain or backbone
I'C

Ions, “énZynmés havi ng | eader sequences, and

enzynes rrogpl M&&rﬁ@ﬁhb@ﬁt&é&bﬂﬁﬁﬁ:@ﬁﬁw&@tﬂt&@'

such as proteoglycans, proteoliposones. 20 Enzynes can
e RuSracon raFDhEehS e SROHLATRA 1 b AR i groups
pr gam EfhtanCH R %s&y 9&?bon§ ln%u dmn, aﬂaﬁd@momypgrb@e sRased

sol i d- based f{ nt heses siml.ar
net SRR P A |Coflkylﬂrrs’é°a§ﬁﬂh¥drﬂ@nﬁéﬁrﬁwﬂw
15 'Cl. g@ﬂ is8h Q%iﬁ]nhbﬂosmoﬁi boRBEINRARE I The toh@é ﬁ:‘:z%alk&lyﬂ and “C;.

AL LRGN

u n S ibBhdth MidgRdesBlOaBEtEiod to thOalilyls deesHved sisbve, ibatkhat contain at

str cture r.ef er abl - to 6-nenbered rings,
olstane ub@%ﬁwﬁ’ BLHREERe one to four

h t t . T { I

polyovel P el e GO o B e e e

201 i n@epresentativecikoxygroaps indiude methoiyo phoxyapopeyntedivutony anddhe
ad] hLl A h[ep% 15 Efob Ak cdvaRitly 1RRE ) an'oRfzeh! ASchrdifely,

het er oar oma
the substituent of an alkyl that renders that alkyl an ether is or resembles an alkoxy.

The term “Cy.salkoxyalkyl” refers to a Cy.salkyl group substituted with an-
alkoxy group, thereby forming an ether.

25 The term “Cj.saralkyl”, as used herein, refers to a Ci.galkyl group substituted
with an aryl group.

The terms “amine” and “amino” are art-recognized and refer to both
unsubstituted and substituted amines and salts thereof, e.g., a moiety that can be

represented by the general formulae:
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-28 e.g., the other cyclic rings can be cycl oal kyl s,
cycl oal kenyl s, cycl oal kynyls, aryls, heteroaryls,
and/ or heterocyclyls. Heteroaryl groups include, for
exanpl e, pyrrole, furan, thiophene, im dazole,
oxazol e, thiazole, thazole, pyrazole, pyridine,
pyrazi ne, pyridazine and pyrimdine, and the like. 5
The term "heteroatom' as used herein nmeans an at om of
any el ement other than cgrbon orR@ydrogen. Preferred
het er oat ons are ni trogen oxy en Lphqﬁphorus and
sulfur The terns "het®er C. eterocyclic
group” refer to substit utf uR§hbst|tuted

non- aronatlc 3 to, 10- nenbered ring structures, nore
pr efvéhezein B/, R andoR'® eactvindeperidentlydenrésers o hymealxaﬂwé an

t Y 1C. €
Cer S PRI R el ot AT B 1 ich e

i nclatieshednempleieca tieteracylghaying ot tolf a@mﬁgn ﬂlmgﬁtmﬁstreeR”
sCycC Irep@esexitmlsarﬁrh gyl mcfasm&af Eh&%@@ﬂ@oﬁ&lﬁ?&ﬁoﬂx m

to two adjoinin r|n wherei n at | east one of fhe
ri ng%zer@rﬁétr@g i&o 5. dn greferrpdembogimrents Gpdy gne of Ry pr” can
can HB oy alg it X, m@/ @ﬁ&lr{g%ﬂﬁd ;étheﬂaﬁ(ﬁbtcfa&nkb Motide. Tn even
aryl s e eroary s, and/ or eter.o
it SRR OSEerC SR (g oPEaICe) S Bpreaienty
IOI p@épfie‘sbrﬂehjédr@gﬁhj’afﬂa&@l ﬁ@;lkéﬁyr, phOCHLNE R, |Ia061wil(5€mbod1ments an
actans, and the |ike e y

107 5 SFPRESR *Ayegiing B st PERORPR Gt A8y
gr Ofgnctidial gtowd hinepEigubotd 00 erm "i nhi bitor' is neant
to describe a compound that 20 blocks or reduces an

acti vi t yTieftereus “emidy rad (‘4mifdo exearicengnizedvisish pingw-sobstituted

rot, | & ' | de

C LS PaL iR inch BN A B B MR R egioa 9 AR R
Z-LLE- AMC, ‘i nhibition of vag ous catalytic activities
of the 20S proteasone). Qﬂﬂbnhﬁhgtor can act with
conpetitive, unconpetitiv onconpetitive
i nhibition. An inhibitor can gnd reversibly or
irreversibly, and therefore the term 25 incl udes

15 COMRABRBARI 18} 0 3L c‘fegiﬁé’d Soth? FrethRth b Simtls AtARAISFL 100
inhibitor can or nore sites on or near the
actmv%wsmvém@mmmwyyénﬂvw@h or it can cause a

conformati onal change el sewhere on t nz .used

herei n, thedermepirt a8 Bpadibgrsi inalides Rreks, w‘ég—%x&s@%&gﬁé or

am dﬁubdtﬁih%ﬁ)gle—nng 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

20 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 benzens,
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 “carbocyclyl” algo include polycyclic ring systems having

two or more cyclic rings in which two or more carbons are common to two adjoining

-27.




with standard "-substituents, but commonly utilized
peptidom netics, other nodified 30 |inkages,
non-naturally occurring side chains, and side chain

nodi fications, as detailed below -29 The terns

"pol ycyclyl™ or "polycyclic" refer to two or nore

rings (e.g., cycloalkyls, cycloal kenyl s,

cycl oal kynyls, aryls, heteroaryls, and/or

het efinpe Whbi¢in} leashonew the Rinfs/¥0 ca?bocsidlice. £ ALDERE cHIIR rings can be
conmon. to two .adjoi.nin Ings, e.g., ther s are

R N T TR O T T

be subst it uted. substituted. 5. The term . .

br event 15 =7 oot MRSl andind e Bhojtip s can be
r el aepresented bputhe gonendl formowda: such as a | ocal recurrence
(e.g., pain), a disease such as cancer, a syndrone
conmpl ex such as heartQfailure or anyQother nedica

condition, is well qpﬂersmﬁod°ﬁn\1h9u\q@t, and
5 ncl udes adni ni strat® onXof a conpoSitifn which reduces

the frequency of, or delays the onset S t ons of
. BN R JEA PR PP S P s sBr o 8 BERURR] ot
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the TRIAES 2 Brargesppaliyh @ %fng‘eﬂra@i*ﬂg%w“ﬁ%e g Y& B9
populefihédmboet WipatX snh sxygecsidi 'hey Rt" prmopiydiaged, itie formula
tre nt, relkat i,went n.untr BNt opul.atiqn,
10, | GAbAPERhe AP ol 0 b RS R R C M BlonBO R LT

gr outprssents a Scaghogdicadidbopul ati on  versus an untreat ed

control population, e.g., by a statistically and/or
cl i ni cal Py used hereigniensyamsi eanchewtnpartiafly ey ehally oroteinacegys
I nf gﬁ&g&&f& Wi S out b SenfisPRtR if SAMEHE thahit® Sdak BPSMes

of noses of the infection in a tréated popul ation
ver 83 begptive enzEnesclysion eyInes PREBIINSS: FRIPZYRAT fenatured

15del %ﬁﬁ&s,tmes?m&atm%eé YRLiRARedRhzynlts, fhtf R plhie® Bnyfes

treat ed opul ati on versus an untreated contro
poplﬂeﬁi’g%ﬁ'?’ﬁﬁfiémﬂ" GRI-Brkep spzymes, tipidy d epgmes prepylated
r edugkyags,HatriNpoaduidor atificially-@héted Aliatehyyntts) cyjnitg with
palnkée satlggi 20 exper.i enced b¥%su cts in a d
b1 e 48 QLA pR PP B Faepications. fraxmes FeviReItpogt R gy<gees, snd enzymes
pop hmpleted. with Hof-piotinicdons Mmaketind, 'suchus profaglyems, pootEndipodmes.
t ha under physi ol ogi cal .conditi.on are converted

20] 1 iR st s By SFY-aReRs IR g PR SR PO R
f or expredsiongrlaningy wtivusgolution-tased ik solid-lmsidpeptil syrohesds| ol
t hat_, hydr Ql vzed -under . ..nhysi ol ogi cal conditions to
revglzﬂ%{a?ﬁlg%aéesgﬁn¥%%r%qsee%{lﬂugmii%a%'t her_ errbodi ments, t he
25 prodr g 5, <QMeBhdaRilPY s M S 3 Gkt

the host ani mal .
substituted with a heterocaryl group.

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

are common to two adjoining rings wherein at least one of the rings is heteroaromatic,
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The term "prophylactic or therapeutic" treatnment is
art-recogni zed and includes admnistration to the
host of one or nore of the subject conpositions. If it
is admnistered prior to clinical manifestation of
the unwanted condition (e.g., disease or other
unwant ed state of the host animal) then the treatnent
is prophylactic, (i.e., it 30 protects the host
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cont enp ated to incl u e all . perm ssibl e, subs téﬁents
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15pes dPBRGRITE. HAPRRRET Ein G inas R ensrintp Shetidios piotiive

of q:ygaliﬂme ﬂmmholﬁﬂedlscmnw@cﬁ&smdme:hke bl e substituents
can be one or nore and the sanme or different for
appro pr i AbetermpGahydroxyalkyl brsfeddio a Epsalkyli grpgsmbstivfted withsa
i nv Qgg e heteroatons such as nitrogen nmay have
hydrogen &3Pt i tuents and/ or any perm ssible

subst it UgBhgq ‘H&eﬁr tﬂ@ﬁfn@“mﬁﬁf&% H\@ént UEREL LD § CorfiSeufid fat

whi ch satisfy the val ences of the heteroatons,
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30

hy dicRtydge oﬁ;t&asra gﬂ%geﬁﬁ%ﬁhda&bam&’& G 48 Qa%mamg Box-
a | OC on

al kgxycar bon a forny or an acyl), I
Cu SRRV o g i Hbieon ofipueathlvig aciitios of me 208
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includes compounds that are suicide substrates of an enzyme. An inhibitor can modify
one or more sites on or near the active site of the enzyme, or it 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
linkages, non-naturally occurring side chains, and side chain modifications, as detailed

below.
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sul thydryl, an alkylthio, a sulfate, a sulfonate, a
sul fanoyl, a sul fonam do, a sulfonyl, a heterocyclyl,
an aral kyl, or an aromatic or heteroaromatic noiety.

It will be 25 understood by those skilled in the art
that the noieties substituted on the hydrocarbon

chain can t hensel ves be substituted, if appropriate. A
“"therapeutically effective amount” of a conpound mﬁth

respect e fehifs ‘SURERHL mn?&g@éhc@fref&rt@ﬁidﬁ%ore ‘{‘J
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25 prodrug is converted by an enzymatic activity of the host animal.

The term “prophylactic or therapeutic™ treatment is ari-recognized and includes
administration to the host of one or more of the subject compositions. If it is
administered prior to clinical manifestation of the unwanted condition (e.g., disease or
other unwanted state of the host animal) then the treatment is prophylactic, (i.e., it

30 protects the host against developing the unwanted condition), whereas if it is
administered after manifestation of the unwanied condition, the treatment is
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20 tripeptidyl pepsidase H In preferred enbodi nents,
the enzyne inhibitors show inhibition of the
catalytic activity of the 20S proteasone at
concentrations bel ow about 10 }LM while not show ng
inhibition of the catalytic activity of other

prot eases at these concentrations. In even nore
preferred enbodi ments, the enzyne inhibitors show

i nhi {Bbdapeific, ofe. tlmmeeaaealtuamﬁmapimaiome & stabf}Re @8 xistin
pr ot easo at, conce t tions pel ow about 25 1 M ile

not W gPIdition o sidesifects ?’F‘l‘éﬂ catalytic activity of
ot her es at these ncentratlons Enzyne

i neti 6 JEBTL mp LA Rysd Doy it mesat iy Hgp- nd
ser | @nstitutivb protea@i@ies 69748, Exanple 2 and Stein et al.

Bi ochem (1996), 35, 3899-3908. Selectivity for

Chynot r pJhetet Reabstituted in¢fors Remdiétics havingsnlisttienterpBoiog a

t he fFor S4B oLt Bk 813 10 6@ AL und Qm&unds

desc ferein are further ul because can

ef fi ‘Zgulyﬁwpgn”a)n Ceubstigiedoyithi dnclndpsthy igiplicit previso that such substitution
chy

commar s LAERRLY Liuhe O\t VoIl AT bRt
The @88 firbthe %@anlr?@éh%‘é# istable gorerfounh s 2., whish degsopte | s

1ochars§s&t§fea@sgth&g&&ﬁ@%ﬁ%oﬂﬁucﬁ &Py rgﬁ'ﬁnécﬂieﬁ{]%ch%ﬂ' ate
V|C|n|t of "I arge t§§0|cre3| dues.
y

par t§ le:eﬂag?na °TFhés Bisg hﬁfﬂn fero {'uRebituiedy asxppmmalﬁtemmnclude all
h%/drpg{@ssaﬁd e st;ﬁétﬁuethﬁ oﬁatgaﬁmoa@dmkay E'a%&ﬂﬂ@e&f?@penglssxble
St an I supsirate . uc. S .ar
oo HEAeR B Sey i, ane el Pesnehed and umbianohed, SesbocySli o

| eu Qgtekcfmj arerhdtio whd whaﬁdm?c et&:lrsﬁtveﬁtsl of ergar6 cdipounidse The
Enzyrre | C..asSsa ar e | SCI O

ol CETEY e bEEER ShrF o aF aeRneme s s or pppgerat
St e [ dngmic catnpgundsi, dbhﬂﬂposéskﬂ' g mveaﬁon, ﬂﬁﬂ&eﬁ%ﬁs sddh esnitpdgen

o o1 ok e it P o RIS R Bl

cel | cmnaounﬂeedescbnbed Ingeinebishedtisfy |ﬂwrvabﬁcepoﬂ theiwtegoaitanisnat ed

pr ot p

P Sobfient Sl iR PROCARB et iF B8RRIt BBRR 03 8
20v ar icelysxyl,pn @Eceawhmyl aifbtinyl, or an acel), @ thieostboey] (sublh & athigester,

has e

{ horaBe Rl o TR, Ao S TRR R, o Pplatty P bhosphonat,

i ni tiphpsphinataan eminocsn anpidopan angdiss an mme, A& AYano ARiiro, an azido, a

conppands YRkAREE S slifiR, PROLRAS ] Eiﬁfaﬂx% l?ﬁm@faﬁdnhm %ulfo'éyl, a

chenot herapeutic target. Accordingly, these _compounds

ar e heteryyLan araflyh gt 40 agorpatia eeketeroammistia moishe 1 WillibSi ¢ i on
25Nas vAlERoda®§ thodssklfell #f B8 artihhitihd BAEtRE hib&uted odNbe Hf@rocarbon

actiyvation and
chaai'n can themselves be substituted, if appropriate.

1

Lh

A “therapeutically effective amount” of a compound with respect to the subject
method of treatment, refers to an amount of the compound(s) in a preparation which,
when administered as part of a desired dosage regimen (to a mammal, preferably a
30 human) alleviates a symptom, ameliorates a condition, ot slows the onset of disease
conditions according to clinically acceptable standards for the disorder or condition to
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stabilization of p53 levels. Thus, conmpounds of the
invention may al so be used to inhibit NF-KB

activation, and stabilize p53 levels in cell culture.
Since NF-KB is a key regulator of inflammation, it is
an attractive target for anti-inflammatory therapeutic
20 intervention. Thus, conpounds of the invention may
be useful for the treatnent of conditions associated

W Dol RBbAmb Bs 0e.ol RGIrkilbAAGe bBisk AR ratid d¥bhic@BIe to
to . _psoriasis, bronchitis, enphysema, and cystic
fi br awimedicgfreatiientc| osed conpounds can be used to treat

conditions mediated directly by the proteolytic .

funct i on 1o tsFRetyseete 2o gty %%uprﬁfs‘é&é‘d\ﬁgéﬁ haying g sulfur

nedi ﬂbﬁ@;ﬁ%h&dlﬁ&éﬁp 1d ptefuired aﬁ:lbedlﬁlbﬂﬁ mﬁw%mms represented by -
rocesse t he .pr.ot easome such, as - KB. e .

Dt o Sa g Retmren T R aae Brpop s e PR gk

post -transl atj,onal cessi.ng, of. I L8] : .
enzynes) |}fsﬁl\’}eo Ry fhﬁ rteg'gl ﬁ'ﬁalugg 0? etéeu a%} o’lrlla'fdé’g %V&s%% ﬁducmg’
cycl & arrgeting thetsyraptems, icldi¢absignspand underlzing pathol pgytdfwagraljtion in
intercellul.ar co .cation +fhe i mune response
(o gt § Bl ST ER ffes BBEBEP, TOOT ) G

di sc#%e%ggig Eglﬁgliif#%km f3 30 anyloid protein and

reg such as cyclins and transcription

1df act or  Nirhe KByme BRibARQINSEs RADQMRRALCIRE] Helbin dro VAR indpfart
is the use of ' the coppounds di scl osed, here ym];]ﬁcreohagrems

t r e SRR they Inkibil fheaetipm REths £05 prolgromg s Addi
Ponﬁﬂtbt!e%%e irthivitbid dhd \@m: g pbutids discMsed hdtiéiheﬁhigﬂy slsleatsmk @ward the
| schem Cc aanmage.l o e NeErvous syste eur Launa
(o o208 prostaatin® Sith Espatii QUhGEATGHSS Sarsoih TR o Y
an:JI dolrp | Tn3ei Flmwobamgam_ ick Q)rﬂﬁ&OS@btb@&d&eﬁv&_)oﬂieE%ﬁﬂeﬂ%S such as

ti e.SC rpsi s an ot her .| ne- neal ed .
1970 e ctales, papa gy s, BTG e i The
var i shktviti@ofthe enpine inhibitam &r 208 protzpmtes ure sachtha at

oy ncfBREYaiols bOTYRL 430, it SR ITHERRARNY oo ora°
di abetalytic netivitp pEthi30S pRetedsome wihils nat iskavedsgsnhibition ofihe eseliic
di Sea%ﬁ%waarfg&% é}gt?asesssﬁkl?e[s%%%smg%Elg%ﬁéé?%p’ainpmsﬁﬂsﬁ; trypsin,

funga menr ngi enc t1s, “vascul ar

2010 oeipeptitylpepsidabeIL.- Inpfederesd cnjbodimeritss the przpe Frgihjtors show
de MEfthibfion B%tg%%aﬁllygg ?Hﬁ-gﬁgf@@idséb Eat corPcbﬁd‘a'tﬁns below about

di sease, su nti1as ‘(such as Huntington or

pr ogt0add while soishewing inbibition phihe galytic getisity ebother papteases at these
atr mﬁ%}qg.gﬂ%ﬁﬁge B ed¥nitdBiénidASehz e inhibitors show

met abol 1 c-t oxi c [

fren
nmenti as (such as chronic

hy ponkiyition ef thawatslytipactiving ef the 205 Regtsasome gt copoppifatipnsdelow about
25C aUSEM, 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 208 proteasome, as compared
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by infections (such as syphilis or chronic

meningitis). 15 Al zheiner's disease is characteri zed
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peptide fragment of 39 to 42 ami no acids derived from
an anyloid protein precursor (APP). At least three

i soforms of APP are known (695, 751, and 770 am no

acid Lengpat Li.cin
i sof %2&6 élpnorhr@r%lawf%%@ stllwr'fl e'96;1?11‘5 c%‘{m%p por 9 achw fOfEﬁse
J 3- Aprogone @ﬁpém@enzbd]by é@yagpmémndesngthe remerbiate vieinitoef large

of (\é'dﬁ‘P hoﬂl{)reklﬁ Siaxt ﬁ@%@%&%sg?{me agﬁﬁ&eok&m hydrolases

proc SS|ng easbne
abunefabe éet@mlr(eé bA emgtt ¢fa stapdardrbsiute. Examples of sechApatrates

Pr OCHS RAWG Iﬁ%x&emﬁﬁs@@éa@eﬂm{l@mﬁ% hiieRh PR

subunits (22 kDa- 32 25 kDa “stbuni t as an
N-t 569 Bhzyie @}qégsagqarg(dlggquedeS application serial number

ASN- G959 4y, EMIU 2 Ad\tehi ¥t aSHioch i 0996}, 35, Iadmgo@al to

.the (3- subunit of human 25 macr opai n KOJ ima, S, et
al . , Ufeedf Inidyme Bihpthem Soc., (1992) 304:57-60). The

APP- processing enzyne cl eaves at the A nl15--Lys16
bond; i nmh&ohgeﬂemqlﬁﬁceeeﬂpedtemm@hhﬂnﬁbhereaﬂmy:mm At ge

1 o etiaftbh 85 b Bl P ol R prpefgn

One @mkggd |ancbanoptoslhlaweb@neqporbe;l pompéatmeht oﬂ' ceﬂs wilt vanigus

A Zhel iR RE8SBroteasithe h{iﬁ:ﬁ#&ﬁ'h&ga@dn%{‘ E%e%{eh Rk foBsifle

SUbjeCt an e ecti ve anoun a conpoun
pharattigmgr therapeutosiategy-t Thorfyct thetrpbxpsicin iwes imitially Wewtfied ina

U et fiE for Eoimp o‘i‘:ﬂ Ghfilel B3 rd?a% ck%‘a% af bntfetide”

processing, re u0|n e rate o

15t or rehemetherapeniin tatgely ingdy, éhesqﬁon}pswmg@p&vlaf@ﬂ eatingaRper.

red lﬁbt%oﬁl@ fihfbltlol heHso D SsoSihtedviR ﬁihmﬁfon%f ﬂF-ﬁcﬁ%@v&hon and
O her enbodi nents of the invention relate to cachexi a

and strhdigation RhR33 leigls. a'h@e%undﬁ’ﬁfethb%!@a%@ﬁiéﬂ'&é@r%@e@

man Mnﬁﬁx@lﬁ?—'xB%cﬂnﬁh&ﬁ&Mdtaﬁ&zé 1953' 1%159521&11%1@@ dgiRce NS RG key
fibro ast In cells, deprived of insuljin or serum

t he PR O ey L85 Sirasiv Yoasn Pe R (heFgeut

20t he ipeRERDH.OTRs| REP6EHs PR ie@nlis 1Bay Belvesreldr th@ﬁléa&hdihg of

25

30

bot h scle profeln. |loss ndthentro enous, |.0
or iy efodind wiet prapitpfiatngiOn itdaiagds it i Gk,
us efpedriakis rordnchiti, emghyeen biid o9t fibkefs. as cancer, chronic

i nfectious di seases, fever, nuscle disuse (atrophy)
and deneThatiscinsed cospoeds can be ysed toasdat cogditiomsmaddiatedidirently by

£, ROl e i el
indirectly via proteins which are processed by the proteasome such as NF-xkB. The
proteasome participates in the rapid elimination and post-translational processing of
proteins (e.g., enzymes) involved in cellular regulation (e.g., cell cycle, gene
transcription, and metabolic pathways), intercellular communication, and the immune
response (e.g., antigen presentation). Specific examples discussed below include B-
amyloid protein and regulatory proteins such as cyclins and transcription factor NF-
kB.



No. 5, 340, 736. Enbodi nents of the invention therefore
enconpass nethods for: reducing the rate of nuscle

protein degradation in a cell; reducing the rate of
intracel lular protein degradation; reducing the rate
of degradation of p53 proteinin a cell; and

inhibiting the growth of p53-rel ated cancers. Each of
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processing enzyme cleaves at the Gln“--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,
30 including administering to a subject an effective amount of a compound (e.g.,
pharmaceutical composition) disclosed herein. Such treatment includes reducing the
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Maniatis, T., Cell (1995) 80:529-532). NF-KB al so
participates in the expression of the cell adhesion
genes that 10 encode E-selectin, P-selectin, |ICAM and
VCAM| (Collins, T., Lab. Invest. (1993) 68:499-508).
One enbodi nent of the invention is a nmethod for
inhibiting cell adhesion (e.g., cell adhesion
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25 translocates from the cytoplasm to the nucleus. Ubiquitinated p105 is also processed
by purified proteasomes (Palombella et al., Cell (1994) 78:773-785). Active NF-xB
forms a stereospecific enhancer complex with other transcriptional activators and, e.g.,

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

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

immunoglobulin light chain « gene, the IL-2 receptor o-chain gene, the class I major
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5 screens for autologous cells that are virally

i nfected or have undergone oncogeni c transfornation.
One enbodinent is a nmethod for inhibiting antigen
presentation in a cell, including exposing the cel
to a conpound descri bed herein. A conpound of the

i nvention may be used to treat imune-related

condi tions such as allergy, asthma, organ/tissue
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25r equl at oPyerpraducten of Lipprslystasharide (LRSHrinduced cytokines such as TNFo:
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 S-subunits of the 208 proteasome
complex have been identified as LPS-binding proteins, suggesting that the LPS-

30 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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protein 1. O her enbodi nents of the invention are

nmet hods for affecting cyclin- dependent eukaryotic
cell cycles, including exposing a cell (in vitro or in
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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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di scl osed herein. -38 In another enbodi nent, the

di scl osed conpounds are useful for the treatnent of a

parasitic infection, such as infections caused by

prot ozoan parasites. The proteasone of these

parasites is considered to be involved primarily in

cell differentiation and replication activities

(Paugain et al., Trends Parasitol. 2003, 19(2): 5
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The recessive oncogene p53 has been shown to accumulate at the nonpermissive
temperature in a cell line with 8 mutated thermolabile E1 . Elevated levels of P53 may
lead to apoptosis. Examples of proto-oncoproteins degraded by the ubiquitin system
include c-Mos, ¢c-Fos, and ¢-Jun. One embodiment is a method for treating p53-related
apoptosis, including administering to a subject an effective amount of a compound

disclosed herein.
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It has al so been denonstrated that inhibitors that
bind to the 20S proteasone stinulate bone formation
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It has also been demonstrated that inhibitors that bind to the 20S 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, L R. et al., J. Clin, Invest.
(2003) 111: 1771-1782), therefore suggesting that the ubiquitin-proteasome machinery
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ot her subunits of the proteasone can be determ ned. 25
Most cellular proteins are subject to proteolytic
processing during maturation or activation. Enzyne

i nhi bitors disclosed herein can be used to determ ne
whet her a cellular, devel opnental, or physiol ogica
process or output is regulated by the proteolytic
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Most cellular proteins are subjectto proteolytic processing during maturation
or activation. Enzyme inhibitors disclosed herein can be used to determine whether a
cellular, developmental, or physiological process or output is regulated by the
proteolytic activity of a particular Nin hydrolase. One such method includes obtaining

an organism, an intact cell preparation, or a cell extract; exposing the organism, cell

30 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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hy dr ihHofl 8nd oV fuiehY 18 tePRtient Léofxﬁteﬁamﬂmsw baf@tisls which can
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pal rfFTvaeepbagRaseitisally aceRigpls carion i W&a&ewﬁéﬂaﬂm
phosiilateands@sidde G{QFstarﬁlheE lsBdttas corﬁaiaﬁﬂ,t;ﬁtatcf stuTel, aildesubstituted or

3?33@%@%&?@1 et e e s ARG Sy gt

sal tegsboryitktigAdlialoss; eitlylalidicse, and celluloge dobtice; (4 Bealerefl or

> bRt ko Byt 1 i cpiRBhoRE St o8 g BldePans
| nhisoppiesitay waek;uP) dils, sutteasipetnnodl ctmbnaebcbmb safBaewer oil, sesame
| nve Slé I§fﬁ 8{{& (%éﬁl oclo ntdaslo%eglpc?l ?IO) g&;(? d@tfch g.é gﬁo{ﬂ&ggiﬁ&ah 1)

gr ou are’cap ok
20pharpetyolbsducices Qlyscem: e@rbltczl,bn@nm,l angd pelyathylene glycol; (12) esters, such

P A A R T 1 i i

harna I Ca e | nstances
r ef dhydrogide md@lmmman hydedxjdench). «lginic ecid;i(HO pyaesnciegyptes (17)

or ngt&upﬁﬁﬁkg vﬁ%};@@ séﬁh&ﬁ etﬁﬁaicam Qﬂ%%&sﬁﬁm timese

salts can In sit urin

f i naplufienst andi(3n oemrdwpmw ¢°@mﬁt8wb§tmw6°mp}m%mtpamn§°}e“ﬂca'
2507 QYmRBRY 8 &lri¥in'cRBEdimBSLs, w@madewﬂ &ﬂlpbﬁﬁﬁnb of @6 ﬁﬁaant

inits free acid formwth sui t abl e base, ?
t he IPRPANGREFRON-RYEOREN AE-edo qﬂt indpee gigpificant @m(gprag:e elevations

pharyRe eithink@lel Yo Apdtigmt abl e

W#

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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15 netal cation, with ammonia, or with a

phar maceutically acceptable organic prinmary,

secondary, or tertiary am ne. Representative alkali or
al kaline earth salts include the [lithium sodium

pot assi um cal cium nagnesium and alum num salts, and
the like. Representative organic am nes useful for
the formati on of base addition salts include

et hy(‘)ﬂﬁﬂté@uc a@ideatnh)léo Eh#‘ﬁe sl rsiRRdli RePkddGhtative salts include the

et hanol am ne, _dj et hanol am ne, perazine, 20 and the
R AR ICIE R AR
agend|sate, paltbitat fsteliate, ladiid, Hehtdhte A1 phésydte, &)‘éyl&@ CHiteht8,

o R e er A NS it o

swe efa&ﬁth&ﬁte, Talu3s@phogte s£48 Chnd @ifint Bi0 galﬁ,ga&th% like. (See, for

preserv es and L xi dant s " P

Che SempesFRae: (32 dhimpneus a&iﬁw M Sty 1)
accept ab nt| oxidant | ncI t

anti oxi d Nl St Iqwa@“ Bre iéhg &'%flho}g@osft%eei sQth‘i@eSuon ey
hyd rmtahmna demms ecidiv fnnbllcmalll grtapes,md o kg wapable of forming

or 1 Bthcrish iy BRYLHELIY Vil R Prcphietarel, T

1Mhut y‘fpbme)acdqy@dlm xgpaptﬂg@a " (uBtHege, instrncep irefers to the relahvely non-toxic
hy d r]ﬁ&%&lﬁé ;&Oﬂug édda,%o‘fl% |SE£ B i Jgﬁ’cﬁgs; 'ﬁﬁlsé @.ﬁ@can likewise be

al pha- oco
chel rxenareg irsﬂwaigma fhe fiupd isplation agd P'Pﬂﬁ?a% cﬁﬂm mlnbltor(s). ot by

eth ygeﬁ?;ggl 0 theGhtif@Rlibifor@Fih s ﬁm f0m|§*@ftﬁ)h Elﬁ‘able base,

tarta acl d phosphorl c acid,

For riuptagsitaydeonide. caibanafee ot wnﬁaﬁﬁ whmaaﬁuﬁaﬂwﬁaﬁwwe

15 N th&arfcBidR Rith SRR, 85with &%M&ucmﬂab&ptablabfgeﬁsprmm

I ozenges (using a flavored bagsis, . usual sycrpse a‘Po‘[he

acaci®® =°€F%‘i}f§6%l’ﬁf"h) Reppsgpibyeatkafion ﬁ@i‘@é carfsalfginjiide

ISO| UithiOf, Reius, ﬁiﬁﬁ&lﬁsdaﬁﬁnd, magf&sﬂﬂumlmmiunmm aﬁqmeﬁkzs
i q , Or as an . oil-in

ter. o er il ui d
o g gnid raipos taotol ot ogppagn o e0s 01 patf suce
(usi dﬂgrla%ﬁnd aiemylaiﬁﬂabl ethiylensdising Sthgﬁ;llaaimem dxamahogimime piperazine,
2or su ﬁ ?acac %and/ r as, nout hwashes, and the
Ollke“'n i &; %.eﬁalnﬂ’@e’ ’tg?r??ned amount of an
i nhibito
&g%)ng%ge élﬁ&se shdY9b:& cghg%ch a.é\'smggﬁﬁfyi bufike and

may al so ered as a ary, or
pas treagnésinng siéarate, d@udb@ chloringaghus, rdeast agsuimicntting pganfson

or A g, RV, Spd et s Bl RIS Bt can o

mi xé@msmﬂtfh%mpom phar rraceutl cal ly acceptable

carriers, such as sodiumcitrate or_dical cium
25phosphat Examp es of pharmaceutically acceptable antioxidants include: (1) water

soluble antioxidants, 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, s.uch as citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric
acid, phosphoric acid, and the like.
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and/ or any of the followng: (1) fillers or extenders,
such as starches, cyclodextrins, |actose, sucrose,

gl ucose, mannitol, and/or silicic acid; (2) binders,
such as, for exanple, carboxynethylcellul ose,

al gi nates, gelatin, polyvinyl pyrrolidone, sucrose, 15
and/ or acacia; (3) hunmectants, such as glycerol; (4)

di si ntegrati ng agents, such as agar- agar, calcium

car bonat orfdlitin®sudtbblt PP bRACAmStifaG6h ma) &iim(h%)faﬁ clﬁ“c%psules,
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wet t .agents, .such as, or exanpl e, .ace L

al cotipos il pespiintst pravpiasasoll ey emmilion, ar e el or

suc Rsyalp, o) bhsﬁll;&lpﬁﬁg:hntbﬁnﬁmt fil, @uch la@yelatin@hd %w&&ih?ﬂ RiicPose

suc cium. st eara nesi um st earate, ,

Sor 1 58 sbitlf endab bl ARl B o 1R B S dEimingd,

mi xt ameast aflae mbidfitor(Ymslan akGye ingradian.i A gommeitivs may s ke

cas eadﬂfm%?r?%%ﬁ aelﬁ)lusteﬁ&m Sor P! I'l's, the

phar nmace cohposi tions rmy al so conprise
bufferin ' BAS b+ Ly |
1type m?iy %aiﬁgg a%%geeﬁ%il_éogreﬁag fl %?an?%ﬂegb%l%ﬁ g‘_ls’ dragees,
dhar lcpom Ftﬁmbﬁ,aﬂ the dikg)ethe @gvmm;p?e@ u:;gm@ep@ms
as | phain@ehtiedllybeeltabld Oftficts, sibh a¥SldiunfS iRy hate,
wei ghé/opol y$t %}@ne _a{%ﬁﬁ%s,x‘g&% 'theh | e.th t(il g‘%
may BEoharef e Tllotinee @ exigesies sugh axsrehon sydlederiying

one 184tosBBiétose LIRSS Madnitol) SAPSH s btk Seid, (O B RASAh Lok et s
may be prepared ysing _ binder (for exanple, elatin or
TP T IR T
15di | uedior acpiif $HMumbities, sudh adlilfoertl; ¢4 dnsivh dé-aftﬁg aPRARbEas agar-
..S50d! Um

te
sodi um starch gl ycol ate or,cragss-1jpke ]
car 38%y %‘ﬁ?ﬂf@’é’#w S I2piogs flatet #lgiiq apid, partaph sdigatess Py
agembdiuivbirtieratel ¢l batition matdihgs?gent%‘kumﬂ Paraffin{sh Sbsb@tion a
Sui t Lhe a.mxture of the po ed., '
L e e R e g R R
Tabfertesampley@cetylialeoha ehd glycens momsfennieR(8) shsahenss such as kaolin
dra XN o VI S n anul.es.. na .

200 AR By RPaY: B9 mufledn” o i, SN e Filpcsio seacate
s hels¢ligd polygthivlens glgcobmsodivindawryatifate sndmittuodsiereofaad (10 S
wel ' t] - aul-at i . . They
ey Colf ote o A BB, B, O iy R hlihaBlobica
c onEPEPqsiigns e alocomprise huffexing pgents. Belifcodipesitions i similar

USi Bfe ndaP blsSUATRY1Gred YR wfﬁ{l}x %ﬁg&ﬁ(}é%e‘rfag:ﬂglc% ¢ ass.g& such

varying ~proportions to provi _ |
23 pr oFFqirientsas fastospen miflesuearn oy welleas highimedecalagweight polyethylene
glycols, and the like.

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 disintegrant (for example, sodium starch glycolate or cross-linked sodium
carboxymethyl cellulose), surface-active or dispersing agent. Molded tablets may be
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and/ or m crospheres. They may be sterilized by, for
exanple, filtration through a 10 bacteria-retaining
filter, or by incorporating sterilizing agents in the
formof sterile solid conpositions which can be

di ssolved in sterile water, or some other sterile

i njectable nmedi umimedi ately before use. These
conpositions may al so optionally contain opacifying
agenhae aggoﬁﬁ%g PSR &iﬂ%%%&ﬁ:ﬁ%f&l@%w&é@é‘d/mﬁ%&@ﬁe

t he acti | ent only, or preferentlally, |n
a csmmﬁwndpﬁh@n@ﬂﬂbmnd °@astr0|ntest|nal tract,
optional |y, in a del ayed manner agpl es of enb dd
conpos. t s, i cther ol doeses rsat o1 &1 O GRRPHER PLIS. 0
gUngTrﬁaBEESn@BEndm;E&l sciﬁgd':‘ hfé@wiﬂﬂ@cfa&ﬁigsaﬂ& sl?aa sihae

e in .mcro-en sul aj e appropria

e SBET AL A P SO TEAEP B Bbe < TIRERGriGH lgtbmﬂﬂaﬁ'ﬂ% g
dos axpey ey ilfo BeGorniilabdd sa ditiopidvide albiwoncintrolleddelease of the active

h | | |
P BB R iog ot T WS BREy Bl P eelpigns n varvine
eI | Xirép@riichsto phuhibie theaiesited rdldase prafile, wéner pjyrestimeftices, lipesomes,

SR T SR el s

100r dialsteﬂa-:staimtgrﬁlﬁr, oslgy indinorating gerilzipgagens laﬂ‘@ form of sterile

|
ot hy Pl Soighi St Wit o EDisdlydiin e LRBPEADIHE oBfoF R
benzyjectibimatinne mrped@qy;l}' bafere giey Thase 0@9@8@94%@@0 optionally
g |o¥ ﬁcglltam %Hcﬁ%:ﬁ? véeehfg aﬂ@ﬁﬁ)} ttra Eomﬁ)glhﬁﬁw reld4se H3ABe,

cast or, and sesane oi | )
gly cw@ﬂlenﬂﬁ)@mPyameMm igp ecstigportign pithe gﬁgﬁpgﬁtgshnal tract,
159!y %%Snau)? Byla Aeddvbd e @ﬁhﬁk§of%&becﬁaiglzbﬁ19&auoamdmch can be

m xtures thereof. Besides inert diluents, he or

c onprsest inledg polymsrigubsiancaind Haxesd Mﬁf@n ignt can a?so bein

et triBg-cAEpilsed 1AM ifdphbhrie, AH oty BRACUIIN sbE e described
sweet eni ng, flavoring, coloring, 30 perfumng, and

pre§§?1915¥tfve agents. -45 Suspensi ons, |n addition to

t he actl hi bi . or cont u nd| ents
as, for wee %’f‘ﬂ%&%f’rﬁnf “P%%@ ? ° p Eeqfls y
20p0| Wﬁblb yinelaﬁnes midmdmdlsmas;dolum lsuﬂpmmws.tsmupa, and elixirs. In
m cr e .C e I ts
e Tiegefe ikaidth ¥R Sian @ HILL IR B AL el
t he rcemmonls uEerdmﬂnb att, sucisasa‘ br expipple.atatey or gtheyiselugnts, solubilizing
\‘Fj\lﬁ Imca%én S a.rﬁi)em%ﬂlﬁe?% sruglgas% ?ﬁ&&xgldmgﬁoep@l alc?dﬁgp Qlﬁ&ltcgfb)fnate ethyl
[ nhlabaattte,;rb@&)rl a.h:cfhhl, bwgyldnpnzoate pmpylene 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.

h

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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nore suitable nonirritating excipients or carriers
conprising, for exanple, cocoa butter, polyethylene

gl ycol, a suppository wax or a salicylate, which is
solid at room tenperature, but |iquid at body
tenperature and, therefore, will nelt in the rectum or
10 vaginal cavity and rel ease the active agent.
Formul ati ons which are suitable for vaginal

admi ni st rgybpeRsiond] if @ddifist 15 8 actiV8 $HHitbRs) mal JGNAA Suspending
creans, gels, Qaﬁt%é’ foans, or_ spray fornul ations
cont 8§°His A% T geample, stpxylated ispstoarylaloohelfuRolypryetigleng gorhitgl and
be agphigR eitet, tnictba$adine! caldiBse falimiiembaBidesXideObentonite, agar-

transdernmal admnjnistration of, an inhibitor(s) 15
incliﬁﬁé%ﬂﬁﬁ'ﬁ”aﬁ?’é{%‘?s Tents, pastes, creans,

otions, el s... i ONs at ches.., ,.and inhal ants. The
%ctive C%ﬁ%ﬁﬁ??ﬁé&%&rﬁ@%av frfetoy e eeprgsgﬂtaﬁ?ﬁaons

Wi t hsugpospbiy whickauy tegirdpyred by mixirgtvne oromere inhibjtors) dvithiohd or
i\ . , . t ich

b BB SR ol bcififeks or e Gk D, Br iy LB

may et adlyethylene glydoli 4 syppasitory whk b atseliqyife, whizh)is solid at room

excl Qhﬁ&hﬁref l?lllﬂ ﬁ@{i@éttbgt?ycf IRberAd adE 91%{??14%, ?Jél{l %Eﬁ in (84 JeBtum or

waxes,  para N, "t ragacant. ose

1§ er i \aginplcavity 4nd rejeasethe eatige ageytcol s, sil i cones,

bentonites, silicic acid, talc, and . zinc oxide, or
i xt ur es Femeyatigns whieh fae suitable, for vagingl adminigiration alsg ipcluden,

addi fessafied, BmPbhns] GEinld] gl pasles, fRNRE] R isBy forfinledons Sntaining such
| actose, talg, silJicic tggéd, al,um num hydr oxi de,

cal cPIHFFASAIEdgPRR the Al 3 8¢ PRFAPHRIS- 25 powder, or
i Xt f t bst . dditi l,
Cont ai - Eeseb RS o 1B SRf o s e o ah Slitole)

15chl dndfdepowddy; dpreysasiareats.gasiesy arbais, lotions) geishsihitiond, paiches,

hydr , S t ane and.pr ne, ..The ... .

i B8 SRR TGl Sl ey B8 B AR g Pgigpe witn
aer qhaimacepitically iagceptatie canyidri antl sith byy peseryativies dputlers.aq popelknts
aer & j %ggg:{ preparation, or solid 30 particles
con?gl?nhlmﬁé t{ége conposi tion. A nonaqueous (e.g.,

f 1 uor ocamROLnREAR Padté érbams; 4 g8l RIBE BstitM) irb4ddltidn RFinhibitor(s),
used. Sonic nebulizers are preferred because they

20ni nijcpipients,suqhos prigaliamd veegiahle Ty ollsnweanes, PRt sl tragacanth,

25

30

r es Welulbdd deipafivedFolyethyRhe 1j181sCEHINBR Wintofed] sldid dodd, taRDand

aqueous aerosqQl is made by fornul ati ng an aqueous

sol JIeEKRIdgyor mixiupherPoin of the agent together with

COny Nt | R o s Sk doSfitnl ¥ 3EEERS 3Dl Bibitor(s), excipients such
as lactose, tale, silicic acid, aluminum hydroxide, calcium silicates, and polyamide
powder, or mixtures of these substances. Sprays can additionally contain customary
propellants, such as chlorofluorohydrocarbons and volatile unsubstituted

hydrocarbons, such as butane and propane.

The inhibitor(s) can be alternatively administered by aerosol. This is
accomplished by preparing an aqueous aeroso), liposomal preparation, or solid

particles containing the composition. A nonaqueous (e.g., fluorocarbon propellant)

-46 -



5 carriers and stabilizers. The carriers and
stabilizers vary with the requirenents of the
particul ar conposition, but typically include nonionic
surfactants (Tweens, Pluronics, sorbitan esters,

| ecithin, Crenpphors), pharmaceutically acceptable
co-sol vents such as polyethylene glycol, innocuous
proteins |ike serumal bumn, oleic acid, am no acids

suc u%%gﬁ&nv&hm%e ukdf §6fiSnehiikds Sre prifett becalde thdyGiifimize

al coh Aerosol s gener al are 10 prepared from
| sotesPsnst ageRtandearTVHiFtesa Forulf in ion efAircomretidyded
advant age of providing contyol I ed ver an
b bi £ oDrgeckt ¥ el agromola oD BGRNG H aiapys feution

mad %uﬁ))éns%rﬁﬁ'(ﬂ{e\dgm togétherGiifh r&eﬂwﬁhﬂb@altph&nﬁgﬁﬁdalljr Bocktable

proper nmedi, u tion enh s_can..a be us
i a0 By THRCa5tens 78 RIS 0 P10 oS et e e
S kl martiEhl&r dfoaipesmxfn Bui ¢yipichliyixclodenohionid surfactatts (lveeus, Plyronics,

3: ts ! g{&’gghgye{%£ llh Iﬁ at({?)g?x nthragrllalcéun a ccepéﬁg tcg Eolvents such as
gel Pol?h&yhmglynoi mmbclmosmomms hkarssrumfal’ttumus olein\aeidt q_m;np ac1ds

o LS e N R A 3

or nofe i I"nation w e or "nore
10phampmepewd tiomdédtanicesolnbignsabl e steril e agueous or
nonaqueous sol utions, dispersions, 20 suspensiong

enmul si ondrangermal e&tvhe%h%m eﬂ@dmagiﬁgqﬁfymg@mg controlled dellvery
I eCQirah {nhibit6igk) td thobay! eSﬁJh%osab@foﬁﬁJ oah b mBd by disSd16in®ér

di spersions just prior to use, may contal.n

ant iGsppsing the agf’“b’d‘ft?eel?r@’e‘ Wiy, ﬁB@ﬂE‘P% enhapgerca aligHie uged to

I eNGfdredkde HIQK mdlﬁhmei%msm&dwms siih, [ Thelrkt@ ofbaetDfthxasim bd he
|ntended recipient or suspend or thlglb'ﬁmnglg ents.
15Ey appntealicd by et pipyiding g @&agtr ers
whi GihibRy(shie a%51yﬂsirﬂ1ﬁﬁ£& gel t he pharmaceuti cal
conpositions of the invention include water, ethano
polyolsiﬂwmﬂmmmkﬂﬁmmpamthsmnmspthnnmgﬁmeﬁkpmmnmﬂ
pol y&l hyl e col . and t
i xt'ures ﬁer egj}g"se\? 8% &gy & 0|t{) c&ﬁﬁg@%@ﬁt@&ﬁeﬁmpom
and phm@duatzdllg agrepfati¢ gerilessueous or mmatveons selttinps, dispersipes,
Pro

20 @&%Flflsjio% ?f Jﬂul&&? op Sted! b%&ks@ﬁ‘gch :{1@2 blc ‘?ﬁ:@ﬁgﬁb&d iy stBHl@

coa erla such as
mal mumdwlmlu@ﬁnstqn dlspegamsmwrpamses wdichimay catiein hntlowéants

Cas g it Yo SRRl Ol futes ¥R ti’éﬁd&xhﬁe fdsRulfon Rbiohie Witk Meblood of
- 47 These conpositions may also contain adj uvants such
as [Hecigiended reoipiant ongespeading or Hdkaeing agem®l si fyi ng agent s,
and di sperS| ng agents. Pr eve({ltl on of the a% L
Examples of suitable aqueous and nonaqueous carriers whic

25 employed in the pharmaceutical compositions of the invention include water, ethanol,

may 8e

polyols (such as glycerol, propylene glycol, polyethylene glycol, and the like), and

suitable mixtures thereof, vegetable oils, such as olive oil, and injectable organic

esters, such as ethyl oleate. Proper fluidity can be maintained, for example, by the use

of coating materials, such as lecithin, by the maintenance of the required particle size
30 in the case of dispersions, and by the use of surfactants.
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m croorgani sns may be ensured by the inclusion of
various antibacterial and antifungal agents, for
exanpl e, paraben, chl orobutanol, phenol sorbic acid,
and the 5 like. It may al so be desirable to include
tonicity-adjusting agents, such as sugars, sodium
chloride, and the like into the conpositions. In
addi tion, prolonged absorption of the injectable

phar maceghibds dbmpdaitiohd ¥y, die chiitath 8djivaaid Gbh abrebdpfitives, wetting
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ent rdigsplving or yepeading the Arug inyuod yelkicls n1croenuIS|ons
which are co atible wth _bo t.i ssue.
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pre%ﬁ&&%&%m&? The phrases "parenteral adm nistration”

and r ed parenteral ly" as used herein nmeans
gpmodes of a%Bﬁsanh %9%5 ﬁé}%}a@%ﬁé@émﬂﬁ%ﬁgw gl
adn1n|strat| n, usual g i njection I ncl

wi t eseally] Theyass i fmursmrmea bm%smfahlﬁform§%mﬁmﬁ°ﬂ Toute.

i nt rF%@éﬁaﬁ?leadhey AP dnBhidee@ tn tatiidid &%Slﬁrﬁﬁz %xﬁ{ by injection, inhalation,

i ntraor bi intracardi ac,, intraderna|
i nt expletion. givEmnt, syRPaFitr), fivion topicalll by lofiqr gy intment; and

sub%&dnz &gnpoélﬁhésa@iﬂla&tﬂinﬂ&anoﬁ@s fréfgsgpsul ar,
ol d,

subar ac i ntraspinal and intrasternal injection,
25and i nf u¥hephrases“pikenteral administration” and “administered parenterally” as

used herein means modes of administration other than enteral and topical

administration, usuallfr by injection, and includes, without limitation, intravenous,

intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac,

intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular,
30 subcapsular, subarachnoid, iniraspinal and intrasternal injection, and infusion.
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The phrases "system c adm nistration,” "adm ni stered
systemcally," "peripheral adm nistration" and
"adm ni stered peripherally" as used herein nean the
adm ni stration of a ligand, drug, or other materi al
other than directly into the central nervous system
such that it enters the patient's systemand thus, is
subject to 5 nmetabolismand other |ike processes, for

exanpl e, su 0 iﬁ' : Jhﬁ&&n

i nhi bi to'rrg @?A{L@’;ﬁbe ac%mr]lllg%atﬁereg sttfr S an%]‘ ot her
ani ﬁnmhemtammmauw an«j/“admynmdtpam@ailﬁ’uqsels@rherem mean the
Ay ididutta ibA3] 8l BPodir Halobal o2 b asrecﬁém%eéeﬁfml

exanple, a spray, rectal &%ﬂlntjavaglna
par axtversysten, speh thatdf cotees thenatignt saﬁﬁmtaaéi&&lam gpbjectis py

5POWGEL Dol 4Hd BRI} BkeGrodds for gual?ie%baﬂanmt@ Qabinibtradeel.

sublingually. 10 Regardl ess he route of

adm ni st TR mb&@%%):ﬁlm)e aﬁﬁﬁxstefbﬁltbhdnmhé ad, othwh i fnalefoy
be used iin a suyitabl

f d
| phamm?’&yaﬁu‘%‘ﬁ’i%@l F %/dg‘ﬁ on gt ’a? 5?@&%?“51%@&!’1’ &%
are eﬁﬁﬁﬂm la@prey] réchilly, lﬁmagmg,weﬁaialm idtracistatrally, endliopiedly,

e e
10I ngr edi eﬂe ergs Efqﬁe 18){1@ ro% 4 M‘aﬁﬁl sefk?e fn&o‘r %hﬁfi may

this inve IOHITH e varl ed ana am)un
of tbaeseddn a witablp hgmdi form, amr@w phsm:ecwé@ql pepepogigions of the

ach ;p?e\ssqtmsnaéﬁsa&g EMILISJiﬂB%H&anceﬁﬁc%ﬁP&%g‘n)tib% dcage forms by
partic

conposition
admcnnmﬂmmodﬂhmﬂlg@%@ﬂ]ﬂmm o the patient.
The concentration of a disclqgsed,conp

phar mac ef¢tpd dpjage Isvelegfithactve %@ﬁ”ﬁt"b&‘g P%’Pf‘“@“;ﬁ“b

15d e P BalpaAHioRElofIBY ﬁﬁvé’dtmﬁ 25} B8 Faried 3Gk tbdib&ﬁl dnnoliStEge actve
t he cor%nund t o _be, adm ni st ered, har nacokj netl C

chariBggdisnt whiph 1§ effpctivg o aelamséfmﬁ’ai@jl é?fmm% B2t he

I OUtp@rtioklarcydiidndicEipeitiognd hﬁdgﬂ‘ﬁ&ﬁﬁimﬁohﬂvmmgtmﬁmls the
of this invention may be provided in an aqueous
sol #¥Bh contai ni ng about 0.1-10% w v of a conmpound

B
20f r omisthewtill Gar defendinhoirevead faq:g:tﬁk glchﬂmb@g}dom ¢fithe qempound

ray S AL A G BB ol P o,

i nvend the mutekif edndivistration\inl gendsel, thmcc@tpp@mqs V@thlfﬂ%)‘{?ﬁ‘{“m may be
dep l%ﬁﬁida? m% a @e\égg a%ﬁunﬁé%%ﬁxg AR 0 li Aoy 3€ 2 Sotfoahd

hea tient fornul ati on and. route a?d
0se

admidisrlesed é@ﬂemnan@ﬁngm@r mhitanceseldr pasvlEl Adrpigdstration. Typic
25 ranges are from about 0.01 to about 50 mg/kg of body weight per day, given in 1-4

divided doses. Bach divided dose may contain the same or different compounds of 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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30 Anot her aspect of the invention provides a conjoint
t herapy wherein one or nore other therapeutic agents
are adm nistered with the protease inhibitor. Such

-49 conjoint treatnent may be achi eved by way of the
si mul t aneous, sequential, or separate dosing of the

i ndi vi dual conponents of the treatment. In certain
enbodi ments, a conmpound of the invention is conjointly

adm Ri3e {r@aﬂnéﬂt fay Be &Hﬁ%&tb?%? BP(H& sifnultsRbduls SdelRntial, or
chenot’her apeutics, may, i ncl ude . hatur al products

sucFepasaty foging obfhg mdm%'gl ce}np@nenv PE‘BP H?PP?P&

t d | b i |
bpi i poddbyn GubiRets p b o atGh bositpte)
ant i ddimiristered w(xﬂﬁa:éhemompaauc (Mﬁhlﬂﬂﬁmofnmﬁé)mcs may include,
N N R TR M————
\(NIT tﬁﬁclﬁm:; lcpl)hpa&odhyﬁotoamy (J:emto;mmdg; tamipofids), antibiaticr gdanmycm

i ch.syste ol izes Lr.aspar

dopraRe i bl Eh s S p BER MG B0,
Sy ntrgshmwne, fblwmymmplmmmgmﬂm@mycimmmdmmm enggraest(bs
antig 1%&45%&%%?15&1%%:%@&&53 ﬁze@t.rlﬁéla?a#n@ InPRERTER oSt SHhich do

as Nni en mnmus ore
10cy cInoplrys e asriacity to Aonthesizg tbgs owmm%rﬂnhplatelet agents;

chl qf ﬁger#sjllahoe( antifalbhe hﬁﬁ] nté hgﬁhﬂc)(%eﬁﬁluﬁﬁdﬁ‘es

(hexa am ne an epa al ky sul f onat es

(bu ime«fbémythamm, Frsieptiosphamigeand snalags fae Iplplapy ghlogsppucl),

ana'e@@&mnﬁ %ﬂ&ﬂ&ﬁﬁh lhmink®(bbXafe Y Biblamintima iHicédal) ialkel
( DTI %@Ban{l{spr ol ifer gt ive/ ant i m El?ot ic antinet aggla}kt?es

suc Hulenates Grsutfan)epigosgprans grrmpstise RV Sead analogs, SHFHQZak
15analtRgshet § dab@bR1HERCDTIC) dnfprdfifedtiviantiftbtic aGiinatsdlites €)oh as

D Baeaslois SBRBeRaE) RS SialoB RO %ﬁ@gﬁ%@ﬁfiﬁ%‘?ﬁ
[ plaabine), ind ki sdORAL bR (morciemds T
R T T st e RS S R

?y dre@etiestats andneﬁazbh)g and fﬂmﬁmgb ordinhtivin mbniﬁlaxds mspdnme,s
| . an rnone |St u
20 o, SR TP bR pArTRRs s, oo bormones e

(go m@n)rand hc&mpﬂedgbldﬂs suoblag leuqntmlgdabm)w reBabiog honnone

c PR AL AR (s fA Rlo Rk SRR, T B RIMARAR
gem‘g@anmnclmmmoméammc, camptothecin, @sfmdwmw@ﬁen’ve
var 'rﬁ&[ﬂgﬁé 1g5r ﬁtaﬁiﬁe LNRIR! Hny h1dg ok &é?iv&n@%%‘t bBhd s, a

conpou e I Aventoh 1S conj ol nt
25 foregoing.

_O

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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adm nistered wwth a steroid. Suitable steroids nmay
i nclude, but are not limted to, 21-

acet oxypregnenol one, al cl onetasone, al gestone,

anti noni de, becl onet hasone, bet anet hasone,
budesoni de, chl oropredni sone, cl obetasol,

cl ocortol one, cloprednol, 30 corticosterone,
cortisone, cortivazol, deflazacort, desonide,

desoni A HRHE ﬂuodaﬁt‘ﬂ@ﬂga Hﬁ@&ﬂ&ﬁolong ' ﬁdp@x’bﬁﬁ@ Eetate, fluprednidene

di fl ucort ol oné, difuprédnate, enoxolone, fluazacort,

f | uctestatnileracdnisplonss fipraadsenelide; fluticpsone prapionats, fsapesitlone

acet piMiftRide| RaltbeladoPproiBaate, Rorhétatefed hifdrdboRidbnb] loteprednol
fluocort ol one, f| uoromethol one fluperolone acet at e,

f | upfeRpRpieaRAZiPredens, MEdrysons, tepref§oss Myl prednisolone, mometasone
§ | ur fupsiteg peRarheiiasorle] ﬂt&dnib@&@t@,ﬁaré&:ﬁﬂbmﬁﬁe&usoﬁ@& pgcortal ,

y or SEBAEERIEa BREp Ber BERPE AR PRk TR RPGhe,

medr paedwﬁdena;&pﬁeadrﬁnes Beceortdlatiiydigolene [ tHsmdifdiene acetonide,

nnnetasan 5 furoate nmet.hasone redni carbate, ..

Dt ocHRRGRaRA beBftaitle CaPHRROBTRTETAG At EE dryatves

predhmamione sodlun1phosphate prednlsone predni val,
rednyl i dep ri n t|xo |anC|no one,

Otori anci ngfone acg‘ﬁém gbm{'}?o arr%o{t{ﬁeo WHEO ‘EREP ORI de,

t r i eadminigtrodwith axiaoenothéraeticagents Smtablcamnlmmtrtherapeuuc agents

deri %ME% b;hgﬁrngﬁfmlteﬁgo Lﬂl&g r&gltﬂalﬁ{ﬁgﬂga m n| st er ed

conpo e i nventlon
W| t rentibodiesnihrompreclapsd antibodiegpsn be m@@t naaeﬂ g conjugated such as

MUReLERSE mﬁﬁh?ﬁabag%ﬁm ﬁmnbﬁﬂéna%ﬁx

I|n1ted td, cyclosporine, th onlde monocl ona

15ant | gsBHHzIRAD qmsanwnd@mmmfa mt%@@h edlotindypny frastyrusah.
naked or conjugated such as rituximb, tositunonab,
al ent uzumab, epratuzumab, ibritunmomab tiuxetan, 15
gent uzunmab ozogami ci n, bevaci zunab, cetuxi nab,
erlotinib and trastuzumab. -51 Exenplification
Schene 1. Synthesis of Exanple 1 Ph HNBOT' YMe N 8 ---
HNB N~ "~ Ove HNBOC~g g~Me ' Ph NPh
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(A) H\B H(B) 0 t) TFA. DDOM 2)BnOCCCI Il f  UGH.
MeOH H20O BnO~f a¥Y "N ~v Me OBn- | 'qgl,~OHE E M
;~-Ph h (D (O P& H2, MOH Hav _ ry 41Ph H (F)
Fh Ph (B) Ph 5 Synthesis of (B) To a solution of NBoc
| euci ne (50.0 nmol, 11.56 g) and phenyl al ani ne net hyl
ester (50.0 mmol, 10,78 g) in 500 nL of DVF was added
HOBT (10.81 g, 80.0 mml) and DI EA (200.0 mmol, 25.85
g, Bﬁxgg;_é%!ﬁc;mg m xture was cooled to O Cin an ice-
wat er pbath and BOP (80.0 mmol, 35.38 g) was added in
SeV eSchbmd OISrhtBekis T EREmyile e 10 minutes. The reaction
was pl aced under an atnosphere of argon and stirred
overni ght™. The reactiop was diluted with bri;e (1000
T

m) & ter acted with m(sxzoo m) . h ni c
| ayers re combimedws y ed—wth M Ohwl)
and brihg_ (2x150 nlL) armd ¢fied over MyS MySH
was reﬁg by filtratiofand the volatf es renoved
undet®eediced pressure to give (A (18.17 g).®To a 50
nL 0 C -52 cool ed sol ution of 80% TFA/ DCM was agded
BocNHLeuPheOVe (45.86 nmol, 18.0g). The swAreti pn was
stirred and allowed to warmto roomtenpszggwe over 2
hr. The volatiles were renoved under reduce@ p[essure
to give an oil. To this oil was added BocNHhPh

(45.86 mol, 12.81g),\DIv!F (500 ni), HOBT (73.

mmol , 9.91 N S
oa(\g"iv‘iu uyi Lok Moo 0 O’Ig YL

h © ©

PA/G, Hy MeOH

®
® ]

A ne SNy vene

Ph

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 MgSQ4. The MgSQ4 was removed by filtration and the
volatiles removed under reduced pressure to give (A) (18.17 g). Toa S0 mL 0 °C
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5 g) and DIEA (183.44 mol, 23.70 g, 32.0 nL). The

m xture was cooled to O Cin an ice-water bath and
BOP (73.37 mol, 32.45 g) was added in several
portions over five mnutes. The reaction was placed
under argon and allowed to warmto room tenperature
overni ght. The reaction was diluted with HO (1500 niL)
and extracted wth DCM (5x300 nL). The organic |ayers

O o IR

r eno\V&H2)- Fhe falytion was Birred and aflpwed ip Faum logeom @m@@rqmere?ﬂr

redu Qﬁsivd@artﬁe%weerehsveaw&r ?edch%h bﬁyﬂuﬁ% glde an oIp Mtﬁs s®Pwhe
was added 200 5% Et OH

heat &fe BO@BH]@‘I? ’8‘5 3<§|n§§<84 IgSigy PMEfﬁqOH@J)sHPBa" §73 ﬂfemol 9.91
50l ugj A DB (1hal mased. 7b @, B]ZQﬂQL)ITt[h@ﬁm&hb wh£boldd ¥ ¥l an

the resul tbﬁggl?@@ggé? ?13'6 ét‘,?%)agcgi 'Vsﬁgomonslo‘g?ﬁve

0 81 gﬁnmas The m@ﬁomwwplﬁmﬁawrgoa @1l alRWEd toStdrmhe ot

R e L AR T

h r gwith DM {5830DMdL)S Thé orgdnid 1ayers wére @@bined endawashel Wil H,O

0 o féiado R0 Ath A (Bhaoh B b s der Mbs T Mds s imgsed
by b ebw filkrationaoé th volstilbxremnoted @ fdeP e dunetd pressOre3d giverh yellowtselid.
reacm sHRSyaR @&a&s&bﬁ f)‘hb?{ %@ﬁwsm{t&% 5£5¢ 10

ereo rogen e m Xture was

_ er an a
d| | u(lleﬂqlwll pf the satids. (’llﬁ smtjonanslﬂlemddad:toel@wmmf ehilfpdd,0 and

3x1 nmbi ned, hed

\(Ni ;(h{ile—ﬂfg(s)‘h nzgﬁgmﬁn%%%g %tehe ﬁé@x@ﬁ?ﬁganhngrl e\é\ﬂgv:r
1Na2Shmedih\gr 2S04 was renoved by filtration and the

25 volatlles renoved under reduced pressure. The crude
rr?]g er h al Obﬁl‘fvgtﬁidr(B)‘ f1ad nbr)bl,{]d 85 was ?Mdg;mgrxqmml M (B0%) and
affor ess. Q o a slurr

(0 e mimierpyisgorh b 5 Wb e e mirtie fasppoeqpted and
c ?ol pimbfﬂ tmdeﬂmgh \émmﬂﬁl e tr giviakthe TBA 8altafthe queatﬁdbh afpine (Q).

A t [ .al e tio nc

o 48C e T QR F 2 B AT Wi oA o

ZUI' he 1pioln0.77 ind) follbBed tydbetdytomyavetyl chloeide\@2 1 athal S6.343 bl Zhe
W' t hreic[hlo%azflogecf Ja%v(a%? (lglsgﬁgrsgﬁn%m c!r %r 1elxgderb o atmosphere of

iltration
nitrogen. The mlxture 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;SO,. The NaSO4 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).

Synthesis of (D)

To a slurry of (C) (1.38 mmol, 0.830 g) in 28 mL of 3:1 MeOH / HzO cooled to
0 °C was added LiOH (13.8 mmol, 0.331 g). After 18 hr at 5 °C, the reaction was
30 quenched with 20 mL sat. NH4Cl and diluted further with 150 mL HO. The pH of the
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Synt hesis of (E) Conpound (D) (0.17 nmmol, 0.10 g) was
di ssolved in MeCH (10 nL) and Pd-C 5 (5% 0.08 g) was
added, and the reaction m xture stirred under 1

at nosphere of H2 at roomtenperature for 2 hr. The

m xture was then purged with argon, filtered through
Celite, and concentrated to provide (E). Synthesis of
Compound | To a stirred solution of (F) [see: Bioorg.

Med. rebdi@R midtft WS adhRRE to Dwilid B 1P hnd tAsolids 4 cdllBEd by N
DMF &2 nm) was adg l?pog()E) (0.17 mol ), DI EA (0.652

ol Htrgtiopita give (D) ( § HOST (0.266 mml, 0.036 g). The
m xtyre was Eooled to O Cin an ice bath and BOP

(0. fﬁ‘ﬁ%‘?f %0.116 g) was added in several portions.

The m xt iLEre 5.C und n .at her.e

ar gon ovSeRPAEE ORRLT Bkt 0% et Bieblef BaR R HY g o
{15 @t 0.88¢) wstaddeds and theiredotidnt iiidtire sfifred wndgohatmosphyre of Hy at
was I [

i o ot e BE e b s MR b AR ity B ffouen
fi | tEcitd, amd oapegnirated to proide (Bs r.enoved under reduced
pressure. The crude naterial was purified by

pr epBresiae Goppenréd af f ord conpound 1(1Cso 20S CT-L
<50 nM | Cso, Cel]l-Based CT-1L<100 n -54

Synt hesi 0B STEIRIER o (Bt Boms e Em R doUp oW E S35
10AVE (0.164 ol irl OMF (2 m) wad 43869 (EF (@ 1Drizhol DK (0.652 mmol, 0.114
20025, i s i b b o By e
HZN apf BOPHEL2463HnmoIQ0.p1 65g) was added in several portions. The mixture was
stirred at 5 °C under an atmosphere of argon overnight. The reaction was diluted with
brine ( 15 mL) and extracted with EtOAc. The organic layer was washed with water,
15 sat, NaHCQ;, and brine and dried over anhydrous MgSQ4. The MgSQO4 was removed
by filtration and the volatiles removed under reduced pressure. The crude material
was purified by preparative HPLC to afford compound 1 (ICsq 20S CT-L <50 nM, ICso
Cell-Based CT-L<100 nM)
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Bhd NN~ 1. Pd/C, H2 No "p~ ~/~-N ~NOCh 0 ;, Ph 2
Na2CO2 / FI PhH (~) Ph 3 Synthesis of (G 5 Conpound
(O (1.0 nmol, 0.601 g) was dissolved in MeCH (25 nL),
Pd-C (10% 600 ng) was added and the reaction mxture
was stirred under 1 atnosphere of H2 at room
tenperature for 48 hr. The m xture was then purged
with argon, filtered through Celite, and concentrated
to pgcg&hgggyﬁheﬁmgxmez Synthesis of (H) 10 To a 0 C
solution of (G (1.0 nmmol, 0.511 g) in DCM (40 nmL) was
added D EA (2)\0 mml 0. 348 rrL) and

di benzyl chi ori de (2 and
AT over Mgi?m
e

t he

t enper atouX r\ﬁ,n at nosphere of

reaction s hen concentrated under v cuu3m and the
crude material purified by flash chronatography to
afford (H (0.181 g). -55 Synthesis of (7) Ehopr@)s| urry
of (H (0.11 mmol, 0.090 g) in 4 nL of : I\/E(}I/ HZO

cooled to O vaa added LiOH (1.6 nmol,

aq. ). @ter 4 at 5 C the react | :
quene \Et %o W(/ﬁ) eaﬁsameon

m xt ube Wa ; stied™ xt¥act ed
wi th Et OAc. he(l,or garﬁ"c Iayer was washeg, twi th vvater
and brine and dried over anhydrous MgSO4. The MySOH4

was renoyed filtration and the volatiles renoved
under reduc essure to give (1). Synthesis of (J)
To a stirn ution of (F) [see: Bioorg. Med. Chem
Letter 1999, 2283-88] 10 (0.082 mmol) in DVF (2
nL) was added"’(l) (o 082 mol, 0.062 g), DI EA (o 28
nmol , 0. 057 nL) (0. 133 mmol , 0.018 g).
m'xturq?vvas in anlceNQ)ahaj//En

(0. 1337 o} dded®n. sewer g orls. I
The m xt uP vvas ?hera,,, st9 rred ™5 C under

at nosphere & gon overnight. The reacti on

diluted with H20 (15 nL) and (J) was coIIected by

filtration (0.081 g).
f?G)

Synthesis o
5 Compound (C) (1.0 mmol, 0.601 g) was dissolved in MeOH (25 mL), P4-C

(10%, 600 mg) was added and the reaction mixture was stirred under 1 atmosphere of

H; at room temperatuze for 48 hr. The mixture was then purged with argon, filtered

through Celite, and concentrated to provide (G) (600 mg).

Synthesis of (H)

10 To a 0 °C solution of (G) (1.0 mmol, 0.511 g) in DCM (40 mL) was added
DIEA (2.0 hnnol, 0.348 mL) and dibenzylphosphoryl ohloride (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 (H) (0.181 g).
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15 Synthesis of Conpound 2 To a solution of (J) (0.005
mol, 0.005 g) in THE (1 nL) was added 4 drops of H20
and 10% Pd/C (5 ng). The m xture was stirred under H2
at roomtenperature for | hr, filtered through

Celite, and the filtrate was treated wi th Na2CO3
(0.263 gin 3 nL H20). The solids were coll ected by
filtration and placed under high vacuumto give 20

conﬁ%ﬁﬁg?%mﬁg 004 g). -56 Schene 3: Synthesis of

q HN(CH3)2 N* Ove Cl-~j .Me T-J, THE O
( 0 Ph 'ro Qsﬂrxy BP(I-RI@ Pf‘hunﬁ’ho béﬁ)%ﬂ# leo@ﬂ Méiﬁ—ﬁ Hgtp@oled to
HHOHH g1
FI | <b°awu@d®dfpﬂHu(1 6 mmol @ 4(%} 4 Moo} n%@%S slfnuteeyt 55 Crihe
S gld Lkgacfi?xll Q%socﬁ;gaghéwldmphaé gggw The p Hbftﬁiﬁl%eaéza&xl iureVees
adde
0. b2 vih bYRTGlaod exighsies WO AR T A T e aed
st : f\t’rﬂﬂwl M@bmtanwﬂwﬁrov&mnmsmeog Tho M SO, %eﬁgm?dlgle)y
vol at.i |l es ve e essure and the
cru &PV\&& strglﬂ‘évﬁgﬂ‘ﬁgfﬁ %?-{5 slulf? (D washed
Wi t 0, %)}O m.) and brine (2x10 ni), and dri ed over
. ﬁ¥ﬂ§ '
‘To a stirred solution of (F) [see: Bioorg, Med. Chem. Letter 1999, 9, 2283-88]
10 (0.082 mmol) in DMF (2 mL) was added (T} (0.082 mmol, 0.062 g), DIEA (0.328
mmol, 0,057 mL) and HOBT (0.133 mmol, 0.018 g). 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 then stirred at 5 °C under an atmosphere of argon overnight. The reaction
was diluted with F,0 (15 mL) and (J) was collected by filtration (0.081 g).

15 Synthesis of Compound 2

To a solution of (J) (0.005 mmol, 0.005 g) in THF (1 mL) was added 4 drops of
H,0 and 10% Pd/C (5 mg). The mixture was stirred under H; at room temperature for
1 b, filtered through Celite, and the filtrate was treated with Na;CQ; (0.263 gin 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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10

15

10 MgSHA was renoved by filtration and the volatiles
renoved under reduced pressure to give (L) (0.100 g).
Synt hesis of (M To a slurry of (L) (0.186 nmmol, 0.100
g) in4d4n of 3:1 MOH/ H20 cooled to 0 C was added
LiOH (1.86 mmol, 0.045 g). After 12 hr at 5C, the
reacti on was 15 quenched with 20 nL sat. NH4O and
diluted further with 10 nL H2O. The pH of the
rea ?Iﬂ#ﬂ; gsted to 3 with 1 N HC,
Sg'i&%%gdirg W?XIS m.), and dried over MySO4.

The MySO4 was renoved by filtration and the voI atil &s

were renoved under reduced pressure to glve

Synt hesi s ofO npﬁ 3 To tirred solut H\/ﬁ\om
[ seeiq feo) 1999 9, )% O
(0. 082 1 ) e added (M (0.0g1 mm|‘3 ~p

DI EA (0.2 mml O. m.) and HOBT (O. 133 m’ﬁl 0.018

The ni'xturekwas cooled to 0 Cin an ice bat#5 and
BOP (0.131 nmmol, 0.058 g) was added in several
portions. The mixture was sti rred at 5 C under ar LIOH MeOH,H,0
at nrosphere of argon overni ght. The,reaction was tfien
diluted with brine (15 nlL) and ex cted Wi th Et C.
The organic | ay r vvas shed wth sat .

and brl ne a nhydriﬂ.zN,ls 04 The ﬁ .
was ~f %and t he ol at T\h \)I\OH

under| r duee pr s th afford 18 conpound03

20S CT- L<flOOnM Cel PJ’Based CT- |_5100n) A). Sch 4:
Synt hesi s™of E>§arrpl e 4 QBocNH~ ImQOwe 1) TFA
ca~M" "Y "'Ow® 0 ~Ph 2) orThf 0 O nPh O PI '%)
(N MO KI, THE HO HH N JQ- N x

Synthesis of (L)

To a solution 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 HoO (2x10 mL) and brine (2x10 mL), and dried over MgSO4. The

MgSO; 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 MeOH / H2O cooled to
0 °C was added LiOH (1.86 mmol, 0.045 g). After 12 hr at 5°C, the reaction was
quenched with 20 mL sat. NH,Cl and diluted further with 10 mL H;0. The pH of the
reaction mixture was adjusted to 3 with 1 N HC], extracted with CHCI; (3x15 mL),
and dried over MgSO,4. The MgSO, was removed by filtration and the volatiles were
removed under reduced pressure to give (M).
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oHO0O " 'O HOH MeOH GO HO Ph Ph Ph (P) (O H2N
IJN-A(C (F) "Ph Ph 4 Synthesis of (N) Conpound (B)
(1.80 mol, 1.0 g) was m xed with TFA/ DCM (80% and
was 15 stirred at roomtenperature for 1 hr, at which
time the m xture was concentrated and -58 placed
under hi gh vacuumfor 2 hr giving the TFA salt of the
tri-peptide amne. To a 0 C solution of the TFA salt

1.8 10 ni dded NBA (3.6 mmol

( %’”Wn’f%ﬁfqog’ﬁe%% chi 03 oacet §| ohl or d((a (2. mm

o 215 m_ To083-
whii o ot (o eaEod @b ey e B Rbig MR cun VR 1990,3] 2263-98]
I OB s BV (g e adied ({042 TeD, MIEAHO B8 PR, 0.0
(15 &) arﬁ@fbmrlgﬁ:mlwotlg‘ g]Etl‘%ﬁlxnﬁé(%gk Bbidd to 0T°(item a% ice bath

organic | a wer e conbi ned shed with
) ﬁﬁ@qs’r(%ﬁél mmeh 8.058 5) Waaﬁedeé i S@ueréxpewomaféem% aas
Na2 Sired@S “CANBMQE attbsfitetelof alobiOsvertight. TR rivRticH wiseﬁen diluted

renmoved un reduced pressure. The cryde materi
susp%wa'agle?}? ek Xanl xirpgted path PiSY AR "?‘60@%[;% am)wawﬂ@a W&?
10 Systt@s NaHCD;,(a8d brirR add S8ddwivéranhydkous MgSOL. ﬁ&%gsmlwas

0. 050 i,n E adde O 019 m

0 008y R G e et 1°1%°Vf‘ﬂ‘$ﬁ%i”fﬂ 3 BoEhe
10M Xt doampomid I I@62000BLALYAM; GeliiBised CTd0B®M)er e of

nitrogen. The volatiles were renoved under reduced

preS&hﬁme_ﬁlﬁdnthtsiscd‘EMIMteri al taken up in EtOAc (15
m.), washed w H20 (2x10 15 nlL) and brin (2x10 m.)

and dried qyer . The MgSO4 was renpve
. \j"\ 1) TFA, OCM \i{ \i
ocNH CI/\rr y
ip,, 2 o ~y® o N
h © h
®) Ny d;])
KI, THF
L ¢ J\
o Ol
O"\fn\f'ku 0 ST O/\"’
_ o j o X

Ph
Ph P {O)

N
S O,,Yn\)i n::ii é\k

(F)
4
Synthesis of (N)
Compound (B) (1.80 mmol, 1.0 g) was mixed with TFA/DCM (80%) and was
15 stirred at room temperature for 1 hr, at which time the mixture was concentrated and
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filtration and the vol atil es renoved under reduced
pressure to give (0). Synthesis of (P) To a slurry of
(0) (0.094 nmml) in 4 nL of 3:1 MeOH/ H20 cooled to O
C was added LiOH (0.94 mol, 0.023 g). After 12 hr at
5 C the reaction was quenched 20 with 20 nL sat.

NHACI and diluted further wwth 10 nL H2O The pH of
the reaction m xture was adjusted to 3 with I N HJ,

t
rhe EEEALE bl i e o878 S QAR o
vver ¢ Crsehmxe@f thm'fﬁfe?&ltr(b wad)) pﬂéwlﬂfmebW@uad@d(DiﬁA (3.6 mmol,
Sy ntd’]ﬁﬁtffoﬁgwmﬂﬂfb%ééyl SRlorl (37 ?ﬁl’l&cl foed s el uﬁeorgacﬁ&i was

(F) [see’ Bioor m Letter 1999, 2283-8
( 0. cdoweghtgvwarm fp gmwhl{ezshmg)z ofereighidaea ap mynogriegPnitpgsh. The

50 04§ixﬂl}e wisltiieh dilfteB¥ith bAHER 5 mb) 4ie th%ﬁed %&H Etd%T(aﬁﬁ :ﬂfﬁ

0.018 g). The n1xture was_ cool ed
i ce Bﬁpfsaalﬁ &Fygemmom@yemhed pitbHe &rlm) @e&v@\aﬂ {215 mL)
S e\é Qhd HneﬁiQﬁrEﬂ Nd}ﬁ04. Tine %\ragsozg twd§ Rmbes wﬁlﬁdh% aritthvolatiles
under a ere of a vernj e ion
was TSEOFA SRR RS B THo: efsatmigwws&ckf‘ el
W t Hillete@hCgivel(ND (64920 C | ayer was washed with water
sat. NaHCQO3, and brine.and dried over anhydrous MySO4. .

10The Syntb&isMf& was renoved by filtration and the

vol ati |l es renoved under reduced pressure to give
Cco np oundTda ¢utia4f §Y) (¢.0B3omolpGR0I0R) inTIIIMmL) Gesadded KI

| . .
rgp %@ﬂﬂﬁkﬁg@ Mgeméggp@?ﬁm, §bﬂ§cfg§ %hcﬁth%mure stirred
| Nolqve;mght undeniap atmq@memnwnj Thy latilesyerd rmzmrqdun@r Fapdnged
(U) prdskike and the crude material taken up in EtOAc (15 mL), washed with H;O (2x10

15 mlL) and brine (2x10 mL) and dried over MgSO4. The MgSO4 was removed by

20

25

30

filtration and the volatiles removed under reduced pressure to give (O).

Synthesis of (P)

To a slurry of (O) (0.094 mmol) in 4 mL of 3:1 MeOH / H,O cooled to 0 °C
was added LiOH (0.94 mmol, 0.023 g). After 12 hrat 5 °C the reaction was quenched
with 20 mL sat, NE,Cl and diluted further with 10 mL E,0. The pH of the reaction
mixture was adjusted to 3 with 1 N HCI, extracted with DCM (3x15 mL), and dried
over MgSQy4. The MgSO, was removed by filtration and the volatiles were removed
under reduced pressure to give (P).

Synthesis of Compound 4

To a stirred solution of (F) [see: Bioorg. Med. Chem, Letter 1999, 9, 2283-88]
(0.082 mmol) in DMF (2 mL) was added (P} (0.082 mmol, 0.046 g), DIEA (0.328
mmol, 0.057 mL) and HOBT (0.133 mmol, 0.018 g). 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 5 °C under an atmosphere of argon overnight. The reaction was
then diluted with H,O (15 mL) and extracted with EtOAc. The organic layer was
washed with water, sat. NaHCO;, and brine and dried over anhydrous MgSQ4. The
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Synthesis of (T) Conpound (T) is obtained by

essentially follow ng the procedure for the

conversion of (E) to 1 but substituting (Q for (F)

and cycl opropyl acetic acid for (E). Synthesis of (U

10 Conpound (U) is obtained by essentially follow ng

the procedure for the conversion of (C to (D) but
substituti ng (T) for (C. Synthesis of Conpound S

r o 2@3@4 Rad ém@@d@:‘y%ﬁgﬂ iRkl lreYnofvE& ﬁnﬁw rgtﬂxcw}ﬁessure to

re for th conver si on

s ubs &ivE eamRaynd 150 342 {16y 208 @Frlgé@?glh% I@o Cs%ewéﬁ’rsmpm

Exangl.e 6 " OBn 1.TFA DWF NN M
ng gwlﬂws{“@xﬂm%&bh Ph (V) "N OH (Ph (W o~y

pr J 02 PyBOP, HOBT DIEA, McCN, OC 0 3. H2I Pd-

HZN tO (F) N O Ph O Ph nt hesis of (W SCorrp

(V) (025(% 0.39 I)vvas wREE with 12 ni

TFA/ DAY s st H—F-ed—&t—roomt
1 hr at hain e mej\was concent r%lte nd

pl aced undger hi gh uum f6r 2 R¥ gi vi ng the TF al t
of the tr pepti de anine. The crude am ne salt S m
di ssolved¥n 6 nL DMF and 2-nor pholino

LioH

DIEA,
HOB t.BOP

LR,
g

HJi_

5
Synthesis of (T)
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}
10 Compound (U) is obtained by essentially following the procedurs for the

conversion of (C) to (D) but substituting (T) for (C).
Synthesis of Compound §

Compound 5 ig obtained by essentially following the procedure for the
conversion of (E) to 1 but substituting (U) for (E).
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acetic acid (0.074 g, 0.507 mmvl) was added fol |l owed
by DIEA (0.504 g, 0.68 nL, 10 3.90 mol). The m xture
was cooled to O Cin an ice bath and PyBOP (0.32 g,
0.62 mml) was added and stirred under an atnosphere
of argon while warm ng to room tenperature overnight.
The m xture was diluted with brine (50 nL) and
extracted with EtQAc (5x20 ni). The organi c | ayers

wer e in th sat. 5x15 m.) and
br i n%gﬁt e‘éﬁﬁﬁc].ﬁygmﬁieod“over My SO4. Thc(a My SO4 3NaS

renmoved by 15 giltration and the volatiles renoved
under redugedgpressgre to g| ve the i nt er medi ate es e \/ﬁ\
OH

(0. 185Hg of t

est er ma)§.)€:1\¢b 1% &FC 1("6“8@ ) foII )\g
1:1 mixjtre of MeOrpiand ETORC e
pl aced Bmdenvian at m)sphere(? ﬁ?{ﬂrogen Af t erpn2 hr (W)
the contents were fiIteredO\,t)nrdElgh a plug of Celite
and concentrated under vaewsorioEyi ve (W (0.12 g)/

-61 Synthesis of Conmpound &ERJMEENSG rred solatl onfof o

'i.

(F) [see: Bioorg. Med. ChempyPd@tter 1999, 9, 2283
(1.3 eqg., 0.27 mol, 0.083 ng) in MeCN (5 nlL)y was ©
added (W (1 eq., 0.17 mmol, 0.10 g), DI EA (10 eqgF)
1.73 mmol, 0.30 nL) and HOBT (1.6 eq., 0.27 I,
0.037 5 ng). The m xture was cool ed t'o O Cin
bath and PyBOP (1.6 eq., 0.27 mol,

in several portions. The mi xtur e@?’ﬁg
under an atnosphere of argon ov
the reaction was diluted with sat. C pand  ext acfed

with Et OAc. The organic | ayer was vvashed Wi th er
and brine and dried over anhydrous MgSO4 and

conc k&%%?gﬂo a paste. The crude nmaterial was
di ssol've In a mnimum anount of MeOH and slowy

dded t il Sl R -
%o eoungcml 6%WIZF;?%%%3&§%%HM|% ého%lgo g) .

Sch e@%/ )and 5o tiveed ptropm tampsrapreoy ] hnpt mhichitimg the nixiureryas
60C Nignéetrdt 3R placaiimBa Migh vhbum@aD Hrigivilg thd>MPAEu1oMe e 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,
10 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 atmosphere of argon while warming 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. NaHCO3
(5x15 mL} and brine (1x25 mL) and dried over MgSOs. The MgSO4 was removed by
15 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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1) TFA, DDCCMM1,q 2)Cl Ol N 'qu~ NY 'OBn ..N,
|

AN,~I1 b g OBn H > Otltlg Ph Ph Ph (AY) R 1.
HN(CH )p 2, HAVA Me N3, NN OH _~ Ml alpl M O
/1 *i Ph Ph MPh (as) HZN'S 0 (F) -62 Synthesis of

(X) To a solution of NBoc |eucine (19.81 g, 85.67
mml, 1.0 eq) and phenyl al anine benzyl ester (25.0 g,
85.67 mol, 1.0 eq.) in 900 nL of MeCN was added DI EA

(44. ‘ékwéﬁQQ%mmg%z 68 nmol, 4.0 eq.) and the m xture

cool namice bath. 5-To this m xture was

dded I -
e 30 7 B s

i n sEviaa P 2psmal Gs3 mgpin M?%(Srwlﬁu‘faéédded THE(11ega 847 Bﬂml
was @i@%eémmase q.8N7RLAEE 0 BEME) £kl HOEION.6204 02 ka3, ®.037

overnight. The vol'atil es were,re r red d
Sr es@gk dha ke was cooled ig B igan e Pgtﬁ %92@% f equ{i‘f?ewm"
goo o4 ngagﬁ&a‘ég irFea SieRk. Whé ﬁ_ﬁﬁ& wad“dﬁm 5 Baﬂler&ﬁd
ri ne an r over, e
by f#mPFRReTP OHATEPVE RSFEY R, o 1 i agtent
pr leséid&ﬁ_ &ed \jﬁlﬂgEtVﬂc.( e orni INREws vﬁfsheﬁ)vﬁth’ﬁﬁéﬂ afd Iﬁ;meamd dribd
solution.o
o et e MEsDanE Pyt bt THR CRAS ml st a8 adelyes
1l | onadnihituwsarvuhtef MeOE and slowly added to rap:dly stirred, 0 °C chilled water
(100 mL). Compound § was then isolated by filtration (0.080 g).

Scheme 7: Synthesis of Example 7

Ph 0 i
Bn * —_— Nvﬁ\o — B A ‘j\oan
BooN| BoenH” ' oH BociH Y “oBn H i
e r Ph

h
o] ‘ 1]

1) TFA, DCM

2)0'/\/\3’(:

I:I\i i\ j‘ne Nal/acetona n\g/& l:}\{ﬁ\cen
N\Eg Y, “’V\E(h- YT,

(A4

1. HN{CHs)2
2, HyfPo-C

Me-a:\/\gr}{in H\/ﬁ\ou —_ ”"w:\/\gj\i M\iﬂ%

(88} HN b2
7

@)
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15 tenperature over 2 hr at which tinme the m xture was

concentrated and pl aced under high vacuumfor 2 br

giving the TFA salt of the di-peptide amne. To the

resulting oil was added BocNHhPhe (14.68 g, 53.35

mmol, 1.0 eq.), 550 nL of MeCN, and DIEA (27.58 g,

37.2 nm., 213.4 mmol, 4.0 eq.) and the m xture was

cooled to O Cin an ice bath. To the cooled m xture
§% ed. HOBT (11.53 g, 85.36 nmol, 1.6 eq.) 20

foII G BOP (44.42 g, 85,36 mmol, 1.6 eq.) which

was addeqy a@oﬁﬁ&’ned'f‘ﬁBoc ib%hé 981 QVS%rﬁ?ﬁnlY&ﬁ 170 é’h?'ﬁﬁﬁpheﬂl\ﬂarﬁne

reacti on was aced under afrgon and | owed to warm

Lo s a6 05 67 SR ) THIOOTH SHMEG e BA

pr ecianid @t@ hadas, smad; 4.5R8) afdeRsThixRfe dEbRT W (F°ONASin ice bath.
cool ed _and the soljds were coIIected b fllttrlgo grﬁlOP
3§ honTo GRraRist e Ao FOMILEREE & | 5T Yommeh 16 56) Tt by Y
Synt {1835 g, 13.08 AnoGHRYREiCK Wis ddfedQr Severl portiohs bved fiveaibutes.
m xed with TFA (80% and, stirred

t enpLiedraFhen yasplaped fnderan gmasphers q#érs%@%ﬂw?ﬁ?vsmm& The
CONCRiMtiled tneb raMibved RhARE Rduddd gﬁgsuhlagznﬂw mj.tﬁiiﬂgflﬁh’ter&l Wiis taken

giving t F he tri-
Jo! e oL ohB s psha itk RS 3B A Sipd G ovr
10( 1 20MBEQ,. Vichs m@emeaevea by ditteation gﬂdyﬂn whtiles tegh@védiunder
g " nL) and DIEA (4 eq., 0.092npl1, 16
-63 Yoo Hrﬁ‘??“%?(?er Mwas stirred at room tenperature
for %%P t hen concentrated and purified by flash
chro ogr y to afford (2) (8 g). Synthesis of (AA

To a sol %'a@“CQBo]@dZQoh{tl@m Sﬂ}‘()% ﬁ’zgﬁé‘m mLﬁ\Qamed (%) @5V g,

acetone (8

70. 553F)mmaip b& P kﬂ&xp é°1‘&€ﬁ’§ “@f F‘W"é andait“ovf@# Pm Ffb“@Pman

12t MO RP&ktEreQber?itk RO, tﬁ:‘{eechéhh&h&e wadtondeiaitéd 400 platediude?
was then concentrated to ness and. t he, reﬁo%ge
feﬁulhngoﬂ

t ak SRS TRoRHR fR/T srpag @P&Eﬁ.s 4! Ebrdi-Poptide HBTRe
wat eyras aam HBYcNABPhe(14.650k, 5383 mi6l)y.0/eq) $50MyBEQE Mealand DIEA

To GAohecte wh Fhdbgmel 2 G FEmBFe yRAp Rl rg Han e
0. 04b’laﬂ{mllh| the dodled tixtére wad §ddedEHOBT (deS3 gdSﬂmﬁtﬂmblatrﬁ eg)
20( ﬁq(fﬁ}f)’,?ﬁgpml 42 2% .Ji6n mmv.!)_il:l 6 eq. whlz'.h ar}s%dg)ed%se%ml
portlons 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 eq., 0.092mol, 16
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7.2 p.L). The m xture was stirred at roomtenperature
overni ght and concentrated to dryness. The residue
was taken up in ethyl acetate and washed with water
and brine, 15 dried over anhydrous MySO™, and
concentrated to give an oil product. The crude ester
was dissolved in MOH BtOAc (1:1, 10 nL) and Pd-C (5%
20 ngy) was added and the reaction mxture stirred

undemr . el RRRRAA sﬁﬁed'd?—ro%h térﬁiﬁmtdr@ﬂﬂ @ hArdltRen{cBhiceRtrdddd and
The m xture was then purged wth argon, filtered

throBW%@VﬂF@“’é’ﬁ’&m%ﬂ&’éﬁﬁﬂ%ﬁl@ #8- provide (BB) (21
is of Conmpound 7 To a stirred solution

of ( ’[‘g}é@}&g?oorg. I\/letrzlr.p Chem Letter 1999,

9, 2283-8 .0 1) d ni.

added (B§ ”(s%}“é‘a‘.’ itty) o3 W&‘iﬁ"n‘%?w ﬂéﬁ‘)lﬂ{s B3 was

5) 18adﬂ¢®NaI @ 2q.l 0.47 mmdl, HOBMg). TThe neixure wais BtitRd mtmeflyx l!!:(der an

B b g e O Al it e s

s eve dlaheSp mdt themsiducTaken np intRCM. Thesorgdnisrlayst wey waphed with water

0o SRR B RS RARID e 6 s

extrﬁﬁiﬂéiﬂmﬁ)th Et OAc. The organic | ayer was washed
th water and brine and dried over anhydrous MgSO4
191nd SwHednen@Rkd to an oi | that was purified by flash

LI S B e

SC h edimethylamyret(he s4. 30.05f m:EMaZMhtﬁTBF Bo aEiNzd DIEARN edl, 0.041 mmol,

(F) P? %Irﬁ%a&umgl O &Fth opnq tegl\];()zname OVGImgg’lglCl'Pd concen'\{ra%d to
dryness. The residue was taken up in ethyl acetate and washed with water and brine,

15 dried over anhydrous MgSQy, and concentrated to give an oil product. The crude ester

was dissolved in MeOH/EtOAc (1:1, 10 mL) and Pd-C (5%, 20 mg) was added and the
reaction mixture stitred under 1 atmosphere of H; at room temperature for 2 hr. The
mixture was then purged with argon, filtered through Celite, and concentrated to

provide (BB) (21 mg).

20 Synthesis of Compound 7

To a stirred solution of (F) [see: Bioorg. Med. Chiem, 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 washed with water and brine and dried
over anhydrous MgSQ, and concentrated to an oil that was purified by flash
chromatography to afford compound 7 (16.7 mg) (ICsp 20S CT-L <50 nM, Cell-Based
30  CT-L <150 nM).
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O ,gpON\N / NNc N / I HO"Ph O Ph $
Synthesis of (CC) 5 Conpound (Y) (1.55 g, 0.0023 nol)
was di ssolved in MeOH EtOAc (1:1, 40 nlL) and Pd-C
(5% 500 ng) was added. The m xture was stirred at
roomtenperature. under hydrogen for 2 hr, and then
filtered through Celite and concentrated to get the
carboxylic acid internediate. To a stirred sol ution of
(F) [boleme sBspftedis ofBdmpelem Letter 1999, 9, 2283-88]
(1.2 eq., 2.55 mmol, 56 “nmg) in DWP (50 nlL) was added
the 10 carboxyllc aC|d|ntermediate(1 eq., 2.12 mmol,
1.24 qg), EA eq,848mm| 1.5 rrL)and T

(1.6 458 ) The m xt ure S cogl ﬁ

to OB% I N rﬂ | e\.beil\dBnanail-EinﬂD (1 \%\ N
1.76 Q) s added %g, s ons. T ' ur-Q 0
was stiphed@t 5 C under &n sphere fnltro(%

overni ght. The reaction [ sat d

and extracted with Et QAC.HMN ani c | ayer was washed
15 with water and brine and doi ed over anhyd%ous MySO4

and concentrated to an oil thet was pugAbegd by flash
chromat ography to afford (CC) (356 ng). Synthesis of
Conpound 8 Conpound (CC) (23.6 ng, 0.83E0%0oN) was

m xed wwth TFA/DCM (80% and was stirred at r om
tenperature for 1 hr at which tinme the m xtur
concentrated and placed under highjv ﬁ or 2 M ?HL
giving the TFA salt of the tetra-nN“ |Q| 1

To a DCM sol ution of the TFA salt Npp O
1,3,5-trinethyl-1-H pyrazol e-4- Sul fongy chI org de
(1.2 eqg., 0.041 mml, 8.5 ng) and TEA (4 eq., O 136
mol , 26#L) and the m xture was stirred at room

t enperihesisrof (@Gjer ni ght . The crude m xture was
concentrated to dryness and the residue was taken up
5in Et OAcComppand (Dt ahe, ©.0023mol) mmmdmmmcqn 40

d
con 2 AEPLETCR SO wRLNRY Hm bR es o oo pperature
chr SR Byyiregsh for2dm and @mﬁlmmm Gelite(ald eppenirhied b g2OBe
CT- karbd:3flc A infeRhdaidR2 999, sfited sotifPof M [see: Bioorg. Med. Chem.

Letter 1999, 9, 2283-88] (1.2 eq,, 2.55 mmol, 436 mg) in DMF (50 mlL) was added the

10 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 fo 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 EtQAc. The organic layer was washed

15 with water and brine and dried over anhydrous MgSO, and concentrated to an oil that

20

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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Schenme 9: Synthesis of Exanple 9 p HP O 1. TFA DCM N
ON-O BocHNHONHOZ2. RNCOPh' 0 HO HO (CO
“Ph Ph Ph Ph $ 10 Synthesis of Conpound 9 Conpound
(CO (63.7 ng, 0.092 mmol) was m xed with TFA/ DCM
(80% and was stirred at roomtenperature for 1 hr at
which tinme the m xture was concentrated and pl aced
under high vacuumfor 2 hr giving the TFA salt of the
L et T Beghide RARE] ﬁ‘?& E@M‘s%luh&?oﬂhm ?ch?l whk E(?cﬂd ?fS(?t tﬁﬁxe% -H-

salt "'was added pheny| 1socyanate

15 | Pyrazgietd-pniorybehingide (162 o). Wmmol,g;@ rag))anMBAt(heq 0.136
M Xt el WeRL) Sidithd Bl wisQemRd £ [&ﬁﬁ@rﬁfﬂr&uﬁ Y)@Jrﬁkﬁw fhe %rude

The crude m xture was concentrated to dryness

r esi GFEVTRAES ¢ongeufratadto deynegsang ¢ BW@“%)WWGQ“P&S@DA%@G

B\las h ettal‘ﬁb laberwak Gashed Gith hderdd belhd, ﬁﬁled@#@:r anfRRAMA MRS, and
[ hat was purlfleé

and nce at ed t [
20 fF%Fgﬂlt@ﬁﬁ Q@ﬁﬂémp edby fgﬁwﬁ chrgmeereRY ¢ ffﬁorécwfund 8
Sche (Em@qIC;SY0S CHBE <3 000AM Focmlsal GRL160 AMO BOoCHN-N j
Ol1l. TFRADCMNJ HHO - HZ RNC Ph' Il ¢ 3\Ph 0O Sj
O PhStiee 9R8ynthed) of RamAI®9 Synt hesi s of Conpound 10 -66
Compound (CC) (48.5 , 0.07 mmol) was m xed with
TFA/ DCM (80% land was \_.stirred at roomtenperat e for.

1 hr at y eyt t 1 Xt S co ra‘be and
pl acéeigeegRi-gh :fob'_% lrh a.lj\ N
of the tétrH- gepty dd agi ne. 2R¥Ca DCM s ut-| oH 0 t?Qe 8
TFA sal , vas (@ﬂded’hphenyl i sot hi ocyanate 1 5 eq. ,

d) 105

Synthesis of Compound 9

Compound (CC) (63.7 mg, 0.092 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-

15 peptide amine. To a DCM solution of the TFA salt was added phenyl isocyanate (1.5
eq., 0.14 mmol, 15 pgL) and DIEA (3 eq., 0.276 mmol, 50 4L) and the mixture was
stirred at room temperature overnight. The crude mixture was concentrated to dryness
and the residue was taken up in EtOAc. The organic layer was washed with water and
bﬁne, dried over anhydrous MgS0,, 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

BocHN\_/I?\ n\/ﬁN@ 1. TFA/DCM o n\i H\j\ 0
CNT YN wr

2.RNCS H
\

h ©c Ph 10

Synthesis of Compound 10
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5 mmol, 20 AL) and DIEA (3 eq., 0.21 nmol, 40 AL) and
the m xture was stirred at roomtenperature

overni ght. The crude m xture was concentrated to
dryness and the residue was taken up in Et QAc. The
organi c | ayer was washed with water and brine, dried
over anhydrous MySO4 and concentrated to an oil that
was purified by flash chromatography to afford

conp@ongoiid (CC) @85 mel 0.0FaHioY HaGRixed TR TEARCN (850)iaRd was

t he Lt J [l recogni z§, r be.,able to ascertain using

no moree & PSR t?%‘?f?ﬂt'ﬁ% oé}g"é?ti%t“&leiﬂ&ﬂmmﬁﬁwagcmﬂmd and
?ﬂui vhikehndertightvhaumcoreh rg(é&lgamlmm iah?@&f%a-p\%ﬁ?de amine. To

er [ ei.n. uj val ents are

cons ?g:{acrl\g gosll?%m Egﬁj]?\ﬁf% isﬂp‘f’ﬁéld‘iegt?géyi istthipgyeeats tyvieaqn 0JAS

and zmeel @0 wk) sl IFA($eq. 01 bl 4D 1)) abd e mdlurdlvhs fred Be
oo effhed: SIS TR Gl bl e o e ek and the

conptrsidue wiesaken upindkt©ActThe orgadic agsrvab oaghbd with water and brine,
phar i It thereaof, O H R4 X
RS N ks RASORAE Yofenilodin i Gf i ins iy o

i ndeffarmdoatnjy Sedfford eomppyrd B0 (b@g). C=S, and S2; or A

| s optionally -a coval ent bond when adjacent to an
ld)ccuﬁﬂ-'gi‘-’ﬂ%%f Z, L is absent or is selected from C=0,
CS, andlrﬁOZ; . 1@9?@ s agpbsent or is G 12alkyl; Qis
absent or P SKilpdp the il pacpemizeyqr ba ahle 1Q-agyesainging no pore
or | ?M eﬁd -f ﬁaﬁdgl—h N- | a%eﬁiﬁllt&(‘lmmé% SO, %g%%%ods of
or i ect ed. m.0, , al Kyl ,
G033 B deRed Rt Sugh bplvalons e poesa e Wikt scope
sel edtlgslinfention £hd afs, cotibd WBithe PHéwindabisxl ; or 15 Z is

optionally a coval ent bond when adjacent to an
150ccur r enéd ofthe Above-cited references and publications are hereby incorporated by

reference.
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R, R2, R3, and R4 are each independently sel ected
fromd -6al kyl, Cl.6hydroxyal kyl, d 6al koxyal kyl ,
aryl, and d _6aral kyl, any of which is optionally
substituted with one or nore of am de, am ne,
carboxylic acid (or a salt thereof), ester, thiol, or
t hi oet her substituents; 20 R5 is N(RO)LQR; R6 is

sel ected from hydrogen, OH, and Cl.6alkyl; R7 is

sel ected from hydrogen, Cl_6al kyl, Cl4al kenyl ,

- Chwéeldispy! , aryl, O _6aral kyl, heteroaryl,

10

15

20

25

CI_G'ﬁmoar al kyl , RBZAZ- Cl$al kyI R11Z- C1_sal kyl -

(RSO) (ROO) P(L) O a _8al kyl - ZzAz- CI _saI kyl -,

RBZAZ- Gleopitloliiid hAs Sdn@alrk ﬁf formdfa (I) or a pharmaceutically acceptable
het erocycl yl MZAZ- CI _gal kyl -

( Rdgherob) P(=0) O C1. 8al kyl -, (R10)2N-d a2al kyl -

(R1) 3N -(C]-12al kyl -, heter ocycl yI M, car bocycl yI M,
R11S02C1. gal kyl -, andQ Rl OQ c(D - 6R* R6

together are G aI ky
Cl4al kyl - ZAZ- CI  6al kyl
ZAZ- Cl _6al kyl - 6a y1- tH‘Iere formng a

ring; R8 and R9 are |ndepen ently sel ectéd from
hydr ogen, netal cation, Cl.6al@yl, CLl.6al kenyl,
Cl- 6al kynyl aryI het er oaryl , Cl. 6ar al kyl , and

Cl. 6het er par al k R8 a R9 t oget h are G .
alBgTen ¢agh ﬁeﬁyn%rlrﬁeﬂﬁy aﬂqut?rggové&% &13. pd S027 or
' ﬁdﬁ %ﬂ%ﬂ&laﬁmﬁ*ﬁk&%ﬁ&i wﬁnﬁﬁ’ﬁﬂ Rt RABDcAREnkd ofR] Ky ;

I s"i ndependently sel ect ed from hydrogen,

CL ISaleIcgrlI erﬂelmdmc—mc%aark%ﬁ@d,, car bocycl yl,

heteroaryl, C _6aral kyl, and
C?.I g?%‘?Bg'rsa‘F‘Rﬁlfﬂ’ provided that when R6 is Hor CH3
anylis Qbdent atis eflécted fM¥miCk NHtan NICogakyl; unsubstituted 10
CI 6al kyl C=0 a further Chﬁkﬂ of am no aci ds,
yl

Xois se)gsrech fram gy NI (Bz),

f'MQ%G&n ok E&E&&M‘&ﬂ@w'r@ﬁgm}l; S, SO, SO,, CHOR'", and CHCO,R;
triphenylmethyl (trityl), benzyl oxycar bonyl (Cbz),

t eachid tsnm@phmdeytdasﬂmtgdfrqmr@@ NH;ran@l}b@ta @l or
b t ted t
g?g‘gf’ﬁ ?‘P@gygfcm{ﬂé‘@gﬁ%eﬁ egcg%rf}{ttgt drgenonééf‘r\r’enber of

t IRE, Is?eaa %ﬁﬂl“%éacb&deﬁ&d@ﬁtl}e!eldctbﬁrfr@n @@y@kﬁm éhgdmbxyalkyl C.
: ound of claim 1, where R]':u g
ar e , n alkyl, Wl,sa@ﬂgdtﬁgalkyl any of which is optlonally substituted with one

or more of amide, amine, carboxylic acid (or a salt thereof), ester, thiol, or

thioether substituents;

R’ is N(RY)LQR';

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

R’ is selected from hydrogen, C.salkyl, C;salkenyl, Cy.salkynyl, aryl, C;.saralkyl,
heteroaryl, Cy.cheteroaralkyl, R*ZAZ-C, salkyl-, R"'Z-C, galkyl-,
(RPO)R°0)P(=0)0-C, salkyl-ZAZ-C, alkyl-, R*ZAZ-C, salkyl-ZAZ-C\ salkyl-,
heterocyclyIMZAZ-C, _salkyl-, (RBO)R°0)P(=0)0-C;.salkyl-, (R'%);N-Ci.12alkyl-,
(R'%);N*-C,.1zalkyl-, heterocyclylM-, carbocyclylM-, R!'SO,C, salkyl-, and
R''SO,NH; or
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15

20
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fromd _6al kyl and Cl_6aral kyl. 3. A conmpound of claim

2, wherein Rl and R3 are both O _6aral kyl and both R2

and R4 are Cl.6alkyl. 20 4. A conmpound of claim 3,

wherein Xis 0, RL is 2-phenylethyl, RZ is isobutyl,

R3 is phenylnethyl, and R4 is isobutyl. 5. A conmpound

of claim4, wherein L and Qare absent and R6 is

Cl.6al kyl . 6. A conpound of cl ein R7 is

s& and Bd tagether ae Ceavlkyer-C@iealéxlk Qe&ﬁ}k}’l-ﬂé C@eallegln%z Cisalkyl-

Cl. 6ar EHHI!HP'

of cl a?lr%@ébl ?ﬂ@?’eﬁz gg%:ihgﬁm 6 ‘%‘ ]6a]§§_?1 4 théeﬁ? arng;
@R afinddpandently semfxbfrmnmzzdmemungm caﬁon,,&ll salkyl, C,alkenyl,

compou cl ai wherein I S . a ken I A

con‘pou#d agf‘yné’lll ﬁﬂ%termﬁglﬁm%y g“cgf]: ‘51 Qﬂ(ﬂ’ G RE Al R

CONPOURshetter &ledl; Qulkyl, Weabeifemig 4 fingl. 6al kynyl . 5 12.

A compgund of claim11, erein R7 I's _propargyl. 13.
e@%om deenderdly FelsctoqEmdrogen nad € Bacandy | . 14,

.
R o W, ELAATE Cs
Cl 6hetaboeychil kheterodydlyl, Argogteraarl, 6§ sarhkybradd C ieteresralkyl,

PRy A 58 KOTSRS friqrBPpoggte st

absent mﬂkﬁ% 8%11& Shaif\o£ 41O Ubids quu@dx@rbﬁbdﬂyl (Boc), benzoyl
wherein R7 1s selected fromC . alkyl and C_6aral kyI

19. A Baplemen-Srylapthprycatbonyl{Emerh trﬂ?hepxln@ﬂlymktyl

20 ST o O R RELE  n pifdr

22. A um@smntebdafylothétmomfl,mﬂerel n R7 is phenyl. 23.
A.conmpound of aim4 ein L

c U B BteE o 1 Sy LR e o rags oL P must v
hydr ogether thh a @a¥aistt bond.

2. A compound of claim 1, wherein R, R% R?, and R* are independently selected
from Cl-ﬁalkyl and Cl-f,aralkyl.

3. A compound of claim 2, wherein R and R? are both C.aralkyl and both R? and
R* are C; qalkyl.

4. A compound of claim 3, wherein X is O, R' is 2-phenylethyl, R? is isobutyl, R is
phenylmethyl, and R® is isobutyl.

5. A compound of claim 4, wherein L and Q are absent and R® is Cy.salkyl.

6. A compound of claim 5, wherein R’ is selected from Cy.salkyl, C.salkenyl,
Ci.¢alkynyl, C.garalkyl, and C, ¢heteroaralkyl.

7. A compound of claim 6, wherein R’ is Ciealkyl.

-69 -



G _6al kenyl, C1. 6al kynyl, aryl, C -6aralkyl,

heteroaryl, Cl-6heteroaral kyl, R8ZA-C -sal kyl -

R11Z- Cl - sal kyl -, -

(R8O (ROO P(=0) O d -sal kyl - ZAZ- Cl - sal kyl -

(R80) (RO0) P(0) O Ci _8al kyl - z- C1- 8al kyl -

R8ZA- C1- sal kyl - ZAZ- C1- 8al kyl -

het er ocycl yl MZAZ- O . sal , 5.

(& sca)(ﬁgwos@)lefépmamlsﬂremk?mwﬂo . sal kyl -

(R10) 3N -d _sal kyl -, heterocyclyl M, carbocyclyi M,

R11S02C1. sal kyl and RL1SQ2NH, or R6 and R7 toget her

afe C Pe%ﬂqugﬂundfotr aign fyyhereimR’ 6u¢ eplkepyl. C1- 6al ky!l

A- Cl1. 6al kyI ZA- C1.6al kyl, A-CL. 6al kyl -A or

Cl. al kyl -A, thereby forning rin and each

od8ur r éneanpeund ofelainnd, %hqfﬁﬂ@pé‘hﬁg’;rt |y other than a

coval ent bond. 10 25 A conpound of cl aim 24, wherein

Q.is absent. 26. A conpound of claim 25, wherein R6

artd- RCAsgaamoung of k191m6zvher9xné*oh§a%maﬂwa¥ cl ai m 26,

wherein R7 is selected fromethyl, isopropyl,

2,2,2- trlfluoroethyl and 2-( thylsulfonyl)ethyl 28.
5 Al@onpduirmnoung pesiRinp il W%Rnlsmzonwggm 6aral kyl . 15

29. A conpound of claim 28, wherein R7 is selected

from2- phenyl et h phenyl et byl

(43met Ko 3{ |Whe(%n8hp%¢eq§¥?éh’%11 )ymethyl, and

(4 fluor ophenyl )methyl . 30. A conpound of claim 25,

wherein R6 is Cl-6alkyl and R7,is aryl. 31. A conpound

ofldc| ansomrpounshef gpim W@r%sstsmhaméale@w

unsubstituted phenyl. 32. A corrpound of claim 24,

wherein Qis absent or 0 a IS carbocyclyl M.
335 A éoinmenayad efcwmaﬁﬁv@zemﬁhé% qhefea%af?é'ysglmw is

cycl opropyl or cyclohexyl. 34. A corrpound of cl ai m 25,
wherein R7 is selectedfrom R8ZA- Cl - sal kyl -, F%dtz- .
Cllosal Kysompourg ey ¢lrign) Hrdeyes & lsssslewﬂﬁzrxzz-em § ¥pyridyl, and
10 (B8RHGRRO P(=0 O Cl1. sal kyl - Z- Cl - sal kyl -
%C?psal kyl - ZAZ- Cl1. sal kyl -, -71
het erocycl yl MEAZ- C1_$al kyl -

&E?Q(@Mcdou@g’ﬁmn?ﬁlﬁ em? 'a%&&d@ﬁ%@ is 0 or

onpoun I'm erein 1s 0. 36. A
conpound of cI aim 35, wherein R7 is
hgger o d gnd C, saralkyl.
198 CRUARAG S S

t oget her are CI 6a| kyl - Y-C1. 6al kyl, thereby formng a
r189. A compound of claim 18, wherein R’ is Csalkyl.

20, A compound of claim 19, wherein R is methyl.
15 21. A compound of claim 18, wherein R” is C).¢aralkyl.
22. A compound of claim 21, wherein R’ is phenyl.

23, A compound of claim 4, wherein L is C=0.
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37. A conpound of claim36, wherein R7 is selected
from (R10)2N- G . sal kyl - and (R1)3N+(CH2h, -, and R10
is O _6alkyl. 38. A conpound of claim25, wherein R7
is heterocyclyl M and hetercyclyl is 10 selected from
nmor phol i no, piperidino, piperazino, and pyrrolidino.
39. A conpound of cl ai m24 vvherei n Qis 0 or NH 40.

A corrpound of claim 39 R6.is Cl _6al kyl and Fi(?y
i s? sel de¢ampoung ff clgm %%melgﬂrem BllSGS&kﬁWQ;ﬁom hysgogen, C;ealkyl

6£1E£ c@}éﬁ%&l ﬁ'?ll Cl.ﬁ ﬂgll%a&i (91 sﬁétgi]()&&m O[ galkyl-

ec e I’'sopr opyl

}iymmlkw, (REOKR omnm)mgi aailed-ﬂﬂZ-C4@lkyAr 61&@6& PGTO)O-

- 7 LSR8 D e .

5 cu(mxwom-omcqa tmksflq ®i'ny-e, sralm, (RIBNACE flpy hetepfcyclylM-,

Y are absent, and R6

e tReyeT b ok HaPaGrialig, ol ROFOMERTaal kyl - 20 44, A

re S %ﬁegﬁtt TP rﬁglﬁléﬁﬂ%'&aﬂé‘? Cfi‘gﬂf:fltA @lidiy1-ZA-

45?1.6ﬂkybﬁq96waﬂcybﬁ\ m&mnikstm tbhebxefonmng &rigg; 0, Q is
409 B ofguganes offenig! i lennaed ot Pecgilon B0 7

corrpound of cl ai m42 wherein L is C0O Y is absent

a R6 .and R7 t he .38 -Y-Cl_3alkyl. 5
10 525 ° A fHmtiige 87 e, Aerei R B 2d A ar ) G0

and R6 and R7 together are C 1.2al kyI ZA-C 1- 2al kyl .

4?8 A co poundg8ggﬁﬁl§?§?§hﬁm@e f#gyffe are c0

conpound having a structure of fornmula |1 or a
E&a)r gg%ﬁ'lzgnll Co%lnld)()f G % wqwrem i{e 1sss%ietcted for ec%yl, gcz)prﬁp)el\,
2,2,2-trifluoroethyl, and 2-(methylsulfonyl)ethyl.

28. A compound of claim 25, wherein R is C_garalkyl.

15 29. A compound of claim 28, wherein R’ is selected from 2-phenylethyl, phenylmethyl,

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

30. A compound of claim 25, wherein R® is Cysalkyl and R’ is aryl.

31. A compound of claim 30, wherein R’ is substituted or unsubstituted phenyl.

32. A compound of claim 24, wherein Q is absent or O and R’ is carbocyclylM-.
20 33. A compound of claim 32, wherein carbocyclyl is cyclopropyl or cyclohexyl.

34. A compound of claim 25, wherein R” is selected from R*ZA-C) salkyl-, R''z-

Cisalkyl-, (REOXR’0)P(=0)0-C salkyl-ZAZ-C, galkyl-,
(RBO)R’0)P(=0)0-C.salkyl-Z-C, salkyl-, R®ZA-C, salkyl-ZAZ-C, salkyl-,
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HH OO (lIl) wherein each A is independently
selected fromC=0 C=S, and SO2; or A is optionally a
coval ent bond when adjacent to an occurrence of Z;, 15
L is absent or is selected fromC=0 C=S, and SO2; M
is absent or is Cl-12alkyl; Qis absent or is selected
fromO, NH, and N-Cl. 6alkyl; X is selected fromOo,

NH, and N-Cl 6al kyl; Y is a sent or is seI ected from

0 hetarpeyRlyMZAZH Gyalkyl; (REDNRSOH (~O)OxhaalkyingA A & erPrag Z is O or
2Qpgach Z is independently sel ected from 0, S, NH, and
N-Cl. 6al kyl; or Zis optionally a coval ent bond when
adj acent to an occurrence of A R2 and R are each

iC _gﬁ;gﬁ?&&%&%wﬁﬁ% yaI E@J‘ kylar yl, and

Cl . 6aral kyl, any of which is optl onal |y subst i tuted

Wigfgh -A7§o alf {n?i’n?fwl?égélgﬁ\ osfﬁ?t&@cycfyﬁlfm%b | Sl hd

(or a sa ereo , este
5 suiemroayulgmsmoaa!smlsmm@ﬁeﬂmﬁm Revliesein &' bartdeR!” togsther are Cy salkyl-

alkyl; 5 R7 is selected from
hé&ﬁ@@‘ggﬂ %"?BYEVP“M@“%%I kenyl, G. alkynyl, aryl,
C . aral kyl, heteroaryl, Cl 6heteroaral kyl,

ééq( Rk B G 9@ b slegie fom (RU:N-Ci alyl- and

R FEPLNCHD) - Kald ALs lk | -
het g%ocyclelljl\/%ﬂAZ C1 gﬁagﬁl y
(R8O (ROO) P(=0) O G _8al kyl -, (R10)2N G _t 2al kyl -

(R&0) 3M @.ﬁmlﬁal Kilaima 258010568 RE iyfehdr Dp@u@heté Iyl is
RI1SO2CI. sa kyl °, aﬁ% 10 R11SO2NH; o?cy%u Wyelyl i

10  sgleetré fropy moipholéng, piperiding; pipeipzine, and pyrrohdmo
Ct. 6al kyl - ZAZ- &t - 6al kyl , ZAZ-Cl1. al kyl - ZAZ-Ct. 6al kyl ,
ZAZ- Ct . 6al kyl - ZAZ, or Cl 6al kyl -A; R8 and R9 are
i %epe@@@?%@@fé‘éﬂ’é%ﬂ@ﬁ@hﬁfﬁ&ﬁerHrret al cation,
Ct . 6al kyl, C . 6al kenyl Cl . 6al kynyl, aryl,
het er oaryl Ct_6aral k and % Bhet er oar al4< or R8
arf§- RgAcompounEIof claim 9 "wherein R is C;.alkyl and R’ is selected from

Ci.salkyl, Cygaralkyl, and C; gheteroaralkyl.

41. A compound of claim 40, wherein R’ is selected from methyl, ethyl, isopropyl,
15 phenylmethyl, and (4-pyridyl)methyl.

42. A compound of claim 24, wherein R® and R together are Cy.¢alkyl-Y-C;.¢alkyl,
Cisalkyl-ZA-C,.¢alkyl, or Cysalkyl-A, thereby forming a ring. |

43, A compound of claim 42, wherein L is C=0, Q and Y are absent, and Réand R’
together are C,;alkyl-Y-C,.;alkyl.

20 44, A compound of claim 1, wherein L and Q are absent, and R® and R’ together are

C 1-3 alkyl-Y-C 13 alkyl.

-72 -



10

15

20

15 together are Cl.6al kyl, thereby formng a ring;

each R10 is independently sel ected from hydrogen and

Cl. 6al kyl ; and R11 is independently selected from

hydr ogen, Cl.6al kyl, Cl-6al kenyl, d -6 al kynyl,

carbocyclyl, heterocyclyl, aryl, heteroaryl,

d _6aral kyl, and Cl_ 6heteroar al kyI provided that

when R6 is H or CH3 and vgms absent LR7 is not

hytdr ogéncorpesng of ¢leim é mLeaCreQ Qipabsgnt, Yy is selected from NH

(0 1 LR X el PRY LB Stk DenzoY!

triphenyl methyl (trityl), benzyl oxycar bonyl (Cbz),

tiggchl ?[ ?0‘3’{1%)315‘1& 68 1919]1”% \{ Herdi Liis @ s g’q'g' Eﬁ%ﬁ{/ & P and R together

unsubs ary eroary

oacIC 1. pikyd Y€, {alleyl.sequence ZAZ, at Ieast one menber of

t he sequence nust be 25 other than a coval ent bond.

50. A pharmaceutical conposition conprising a conpound
of47c| aimmnmméaf elaiin 42, witeasinhaed A arald=) anidRbandR 'eogether are

Rz Stk

48. A compound of claim 42, wherein L and A are C=0 and R® and R’ together are
C2.3a.1kyl-A.

49. A compound having a structure of formula IT or a pharmaceutically acceptable
salt thereof, '

J\ N\)L

Rl

(11)
wherein each A is independently selected from C=0, C=S§, and SO;; or

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

L is absent or is selected from C=0, C=8, and SO,;

M is absent or is Ci.jzalkyl;

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

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

Y is absent or is selected from O, NH, N-C; ¢alkyl, 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 each independently selected from C;.galkyl, C,shydroxyalkyl,
C,.calkoxyalkyl, aryl, and C,.caralkyl, any of which is optionally substituted with
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one or more of amide, amine, carboxylic acid (or a salt thereof), ester, thiol, or
thioether substituents;

R® is N(R)LQR’;

R® is selected from hydrogen, OH, and C,galkyl;

R is selected from hydrogen, C,.alkyl, Ci.salkenyl, Cisalkynyl, aryl, C,saralkyl,
heteroaryl, C;.sheteroaralkyl, RSZAZ-Cl-galkyl-, R“Z—Cl-ga]kyl-,
(R*O)R’0)P(=0)0-C1.5alkyl-ZAZ-C, galkyl-, R®ZAZ-C; salkyl-ZAZ-C; salkyl-,
heterocyclyIMZAZ-C galkyl-, (R* O)R’0)P(=0)0-C, salkyl-, (R'*);N-C;_,alkyl-,
(R'")3N"-Cy.12alkyl-, heterocyclylM-, carbocyclylM-, R!'SO,C; galkyl-, and
R“SOzNH; or :

R® and R together are C,.salkyl-Y-C_salkyl, C,.salkyl-ZAZ-C, salkyl, ZAZ-C; galkyl-
ZAZ-C\salkyl, ZAZ-C; salkyl-ZAZ, or Cgalkyl-A;

R® and R® are independently selected from hydrogen, metal cation, C,.salkyl, C;.salkenyl,
Ci.¢alkynyl, aryl, heteroaryl, C,saralkyl, and C,gheteroaralkyl, or R® and R’
together are C.galkyl, thereby forming a ring; |

each R'” is independently selected from hydrogen and Csalkyl; and

R' is independently selected from hydrogen, C,.salkyl, C;.calkenyl, C;galkynyl,
carbocyclyl, heterocyclyl, aryl, heteroaryl, C, garalkyl, and C gheteroaralkyl,

provided that when R® is H or CH; and Q is absent, LR’ is not hydrogen, unsubstituted
C1-6alkylC=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

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

other than a covalent bond.

50. A pharmaceutical composition comprising a compound of claim 1 or 49 and a

pharmaceutically acceptable carrier.
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