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Background of the Invention In eukaryotes, protein degr adati on IS
predom natel vy _nedi ated through the ubiquitin pathway in

pr ot ei ns tzﬂéé‘{ d&*PBr destruction are higated to the 7@%&1%%?97@&%
pol ypeptide ubiquitin. Once targeted, uhiquitinated proteins then
serve as substrates for the 26S proteasorne, a nulticatalytic

prot ease, which cleaves proteins into short peptides through the
action of its three major proteolytic activities. Wile having a
general function in intracellular protein turnover,

pr ot easone- nedi at ed degradation also plays a key role in many
processes such as nmaj or COMPOUNIS FOR ENZYMEMINEIBITOONI TI C) class 1
presentation, apoptosis and cell viability, antigen processing,

NF- | cH act iBaskgxowndof ¢he Inyemtibict i on of pro-inflammtory signals.

The 20S proteasone is a 700 kDa cylindrical-shaped nmulticatalylic
prot ease conpl eXd eWprateseprotsin dgradaiomistpsedomtinasely medintedsthepuch thie
13-type, t wquanﬁpammmq @ﬂuéhrbréteﬁk aakadd ﬁﬁ%ﬁﬁﬁﬁb&m‘é'h%%d td fhe Y8 afino

and ot per eukar)(otes different a subunits form 15the mter rings

and 7 Ui ff &FHo iﬁ’eg%‘iﬂm‘%ﬂrb drpseitageteha tigiidnated prpisins thea sarvé@buni t s

serve as bisﬁﬁhtﬂ%&si’:‘bﬁtﬂ&zé roteA®nie) ® nl Itz i Atbtchse Sh{c%i\éacé%bein%ﬁo
conpl exes, as wel] si cal arrl er for the inner proteolytic
chanber forf pW‘dFﬁé“‘f‘*ﬁg actipgw At its thrgsgraionmprgteolytis aghKjides. (Wile having

pr ot easene al@nl‘.tﬁl ﬁlﬁm’tﬂl ih %tﬁ&blﬁﬂar%ﬁotémﬁﬁﬁopé* ﬁu‘o@‘da&mﬁ fn@@ia@ﬁ@ega}c}aﬁor?
I.t1on of the

pr ot easorre'é} @ !@‘grl nment s have shown J%l

20S formo %’l%ayfﬁ P8 F U8 SR RIRCSSEESSBehRy ‘93385 ‘F'@P%ﬂ'%aa‘ {8y OMRPYE L i on
of 2650 pr Ol(m)dias 1 presentatﬂnemb@gﬁxs%d aam nﬁbﬂw, Fhiigdn pPoR@SHaR)NTeRS Of
p subunits g a%rtl C foré{rg_ln\% ose no-term nal threonine

r esi dues, aH%ser vérazri'% "tch ¢ rc?i ‘| es. The subunits

bl f t
R A T R S

the fanily “6mpiex czsuaeﬁefﬁ 28 sHerstiteopeeified amm) and fthordbatarg mged trve
nucl eophi | isgached @iptintaic rfn§§' ! dsﬁandfd?ﬁer%ﬁﬁﬁ%t@s 7@{ﬁ‘erer§%t sub;[nlﬁfs > fofd

ot her gncl eophili¢c noieties) his famly 1 ncludes, for exarrg
peni ci? | i n s Ggn Hnesand pdjfferent fenbunits |cpmpyseihy nseripgsyAhe dgubpniisisaere

P(I}gPt ami d?faﬁ ?Lrﬂ&igﬁﬁi%ﬂ)r (HeADE, (PANdo)RAE 88 i(BA28) rKAARYHADRAN GG, NASRI ab 1
adaitiron to

ui.t qus) sse uni ts, higher vertebrat es
al so posse?gyiﬁ"}lg’ Flf°érﬂi' "rf—pr%e‘ﬁ ﬂm&% med by thedved uunit figgsp7
LMP2 and MHGS,)in vivoj the piaplsane is bl ved 0 leRBt aLHOE SarPas 'She 765, [ | | and
112, respectively,.,.Wyen.all three I FN-.7-inducihl.e s nj are
2007/ 1495 15’&%5‘??56@0)0\/\97‘ gLRf3peyn Se‘éaé’ﬁts“°%§‘ag}’%‘fb°é‘é%‘b‘?fq§ﬂ? é‘ssf@f'&ﬂf & t o
as an20i mmpndprsotreasoheteadiThustel@ek@riyiobitono€RbS pranaspossess two

forms of proteasones in varying ratios.
Cleavage of amino-terminal prosequences of B subunits during particle

formation expose amino-terminal threonine residues, which serve as the catalytic
nucleophiles. The subunits responsible for catalytic activity in proteasome thus possess
an an'fxino terminal nucleophilic residue, and these subunits belong to the family of N-
25 terminal nucleophile (Ntn) hydrolases (where the nucleophilic N-terminal residue is,
for example, Cys, Ser, Thr, and other nucleophilic moieties). This family includes, for
example, penicillin G acylase (PGA), penicillin V acylase (PVA), glutamine PRPP
amidotransferase (GAT), and bacterial glycosylasparaginase. In addition to the
ubiquitously expressed B subunits, higher vertebrates also possess three interferon- y-
30 inducible B subunits (LMP7, LMP2 and MECLI), which replace their normal
counterparts, BS, B1 and B2, respectively. When all three IFN- y-inducible subunits are



Through the use of different peptide substrates, three major proteolytic
activities have been defined for the eukaryote 20S proteasones:

chynot r ypsbnoedigesiactivity (CT- 5L), which cl eaves aft epclrarsashydeophobi c
residues; trypsin-like activity (T-L), which cleaves after basic residues;
and peptidyl gl utanyl peptide hydrolyzing activity (PGPH), which cl eaves
after acidic residues. Two additional |ess characterized activities have
al so been ascribed to the proteasone: BrAAP activity, which cleaves after
branched-chain am no acids; and SNAAP activity, which cleaves after small
neutral am no acids. 10Al though both forns of the proteasone possess all
five enzymatic activities, differences in the extent of the activities

bet ween tPr&sebrthe Prodgasome dnredersed topsdnl smeneproteasemet.i Thesybekarsetes. For
both for f L L. nrot. proteolytic activities
appear tg&ll)lgcg% ‘??5?153?@2‘%@9?8%’%@?%%9%3’&3@5?28@% es within the 20S core.
15There are s ekl g% . i X to
i nhibit prot egg%rr?gg%ct | VI toﬁ;%lt%%r\)\cg{%}j%ld &ebgge}wgg%}ﬁ%%r{égog r?g?ogﬁﬁé;a#%?gest he
speci fi cihayetbgenidé¢fineddoetheatukerotd 208 pratcatonmes diymdigyppinelileamtivity (THus, t he
abil kty t l,or nde.expl oit 1h ol es. .of each specif.i easo form
at t eyce > A %ﬁa ersrgpgﬁ:%fgfrh)f(%(\’/é}forbhcarswrﬁhd%s’E‘@’Bﬁm% esch)'Ivg?' %ﬁ‘é’r %’ﬁﬁ; e, the

creati on déavesaftér imslcaesidees; ahd peptidyl gihtaihia peRfy 8fdesigpinigaltivity (FGPH), a
single for f,the proteasone. is eded.to allow the exploration of the
rol es of ‘gggé’ cberaﬁ?se%geé %%?%?emd&FS'Pﬁgoc?gfi’ltﬁf‘érlesérﬂ‘a?ﬂﬂ%@ &?t“f‘g?r\gllla."eSu nary
of the | nasdbéenrascribed to th¥Brodéasbtie: BrANPEadtivUGNhikR cléahad SffertbRarchbabi t or s
that pre nhi pi.t i mmunoprot easone actjvity over constitutive

f tially. j ¢ L
pr ot eason‘g‘ragg?’}l’\%ﬂ%‘.dsi e ENALHR st by whichetheaves pite smplepgutighamiioac®- o t he

t r eabnent ARhoughtBoRe forflsAfele PlobRR8HE posRiPAll BldenAMHH 31i6ltledd a conpound
of the invention. In certain enbodi nents, the invéntion relates to the

t r eat nentdigferepgerdarthe ewaprofdhaactadtissheivesn g fermsdrysrean descrihed basednt i on.
WO 2007/ Wﬁégﬁg@u@&q&?/ FOr A8 forms of thhe prM%&hé‘, the major proteasome

proteolytic activities appear to be contributed by different catalytic sites within the 20S

core.

15 There are several examples of small molecules which have been used to inhibit
proteasome activity; however, these compounds generally lack the specificity to
delineate between the two forms of the proteasome. Thus, the ability to explore and
exploit the roles of each specific proteasome form at the cellular and molecular level
has not been possible. Therefore, the creation of small molecule inhibitor(s) that

20 preferentially inhibit a single form of the proteasome is needed to allow the exploration

of the roles of each proteasome form at the cellular and molecular level.

Summary of the Invention

One aspect of the invention relates to inhibitors that preferentially inhibit
immunoproteasome activity over constitutive proteasome activity. In certain
25 embodiments, the invention relates to the treatment of immune related diseases,
comprising administering a compound of the invention. In certain embodiments, the
invention relates to the treatment of cancer, comprising administering a compound of

the invention.

One aspect of the invention relates to compounds having a structure of formula

30 (I) or a pharmaceutically acceptable salt thereof,



each Ar is independently an aromatic or heteroaromatic group optionally
S5substituted with 1 to 4 substituents; each A is independently sel ected
from C=0,w62807/@mi2SO2, preferably C=0; or A is optionakcy®eowadsent bond
when adj acent to an occurrence of Z; B is absent or is N(RO)RL, preferably
absent ; L is absent or is selected fromC=0, C=S, and SQ2,
preferably SO2 or C=0; 10Mis absent or is C _iZ2alicyl, preferably

C .salkyl; Qis absent or is selected fromO, NH, and NG _6al kyl; Xis
selected fromO0, S, NH, and N-G _6alkyl, preferably O; Y is absent or is
selected from C=0 and SO2; each Z is independently selected fromO0, S, NH,
and N-Cl. 6alkyl, preferably 0; 15O Zis optionally a coval ent bond when

adj acent to an occurrence of R! RR’i s Qel eR3ed om H, G _6hydr oxyal kyl ,
Cl. 6al koxyal kyl , aryl, and Cl 6arfu | cyll; X R2 and R3 are each
i ndependent |y sel ected froR*ar iy, armirky her& oaryl, and
20Cl4heteroaral kyl; R4 is N(R5) L Q %\226; Flza R5 is selected from hydrogen,
OH, Cl.6aral kyl, and Cl4al kyl, preferably hy(?r ogen; R6 is selected from
hydr ogen, Cl. 6al kyl, Cl_6al kenyl Cl_GaB kynyl, Ar-Y-, 25carbocyclyl,

het erocyclyl, an N-term nal protecting ™’ coup, aryl, C _oral kyl, heteroaryl,
WO 2007/ 149512PCT/ \JS2007/ 014427

each Ar is independently an aromatic or heteroaromatic group optionally
5 substituted with 1 to 4 substituents;

each A is independently selected from C=0, C=S, and SO,, preferably C=0; or
A is optionally a covalent bond when adjacent to an occurrence of Z;
B is absent or is N(R9)R'°, preferably absent;
L is absent or is selected from C=0, C=S, and SO,, preferably SO, or C=0;

10 Mis abs_ent or is C.jzalkyl, preferably C,_salkyl;
Q is absent or is selected from O, NH, and N-C, galkyl;
X is selected from O, S, NH, and N-C,_ealkyl, preferably O;
Y is absent or is selected from C=0 and SO,;

each Z is independently selected from O, S, NH, and N-C,_¢alkyl, preferably O;

15 or
Z is optionally a covalent bond when adjacent to an occurrence of A;
R! is selected from H, -C,alkyl-B, C,¢hydroxyalkyl, C,.salkoxyalkyl, aryl, and
C|_6aralkyl;

R? and R? are each independently selected from aryl, Cjearalkyl, heteroaryl, and
20 C,-¢heteroaralkyl;

R* is N(R*)L-Q-R;

R’ is selected from hydrogen, OH, C,.¢aralkyl, and C,_galkyl, preferably
hydrogen;

R is selected from hydrogen, C,¢alkyl, C,.alkenyl, C,alkynyl, Ar-Y-,
25 carbocyclyl, heterocyclyl, an N-terminal protecting group, aryl, C,.saralkyl, heteroaryl,



4 Cl. 6heteroaral kyl, R1lZAZ-Cl. 8al kyl -, (R110) (R120) P(=0) O- C1. 8al kyl -

ZAZ-C _sallcyl-, RII1ZAZ-CL. 8al kyl - ZAZ- C _sal kyl -,

het er ocycwphbiAdesib4al kyl -, (R110) (R120) P(=0) 0- C _sal kylper/us2007/014427

(R13) 2N- C142al kyl -, (R13)3N+-C, _12al kyl -, heterocyclyl M, carbocyclylM,
RHSO02CL. . sal kyl -, and R14S02NH, preferably an N- 5cappi ng group; or

R5 and |l e together are d _6al kyl-Y-C,..6al kyl, C, .6alkyl-ZAZ-Cl. 6al kyl
ZAZ- C, _ 6al kyl - ZAZ- C1_6alkyl, ZAZ-C, 6alkyl -ZAZ, or Cl4al kyl -A, thereby
formng a ring; R7 and R8 are independently sel ected from hydrogen,
C _6al kyl, and Cl..6aral kyl, preferably hydrogen; 10RO is selected from
hydr ogen, OF!, and d _6al kyl, preferably O 6alkyl; and RL is an N-term nal
pr ot ect i rfG-dpetsngaralkyl, R'' ZAZ ghdalkyPR, af“z—cmﬁgéndhﬁa)sR%@blé(e@@-ermkyl-

hydr ogen, tal i gm,, G Hal 1.6alkenyl C1 Yy | ,

het er oar y%&@;”ég&%r BleZ,A%n dseﬁiﬁ% r %h?aglfﬁy%?feb?cgf" ]S’ a @ry'Pﬁﬁ%kﬁ]dr ogen,
met ﬁ' cgt(m;ﬂoxnﬁm)%@ﬂ-malkm, (R")am:.R;azkyleqafhm*-er-gfnayya?l kyl , f

15t hereby formn ring; R13 i.s indgap t sel ect rom
hydr ogen %ﬁO@f‘%h’?—k%fggwgflh’!-aﬁﬁ%g@ﬂjww a“ggﬁ'ldfg‘%nﬂ pé{qglflg an -

i ndependeagappingseb@siloed from hydrogen, Cl.6al kyl, G _6al kenyl, C1.6al kynyl,
carbocycl yl, heterocyclyl, aryl, heteroaryl, d oralkyl, and

Cl _6het er oar al Ky hnd ROBLethes aeat GatksAl Yi-Co iy dco gty - 24z 63 siyl, ZAZ-C,.

Cl . 6hydr oxyal kaI G _6al koxY, -C(0)0Cl 6al kyl, -C(0)NHCl.6al kyl, and

a oar al KIkYI-ZAZ-C, gk, 48 -EnealkylrZ Adsorde cialkvinie dheseby frumingisinge zAz, at
| east one nenbey of fhe sequence nust be other than a coval ent bond.

Anot her aspect Rofnd Reateindspendentlveselacted from dydrogamds-abot mpdLisaralietlur e of
25f or mul ayrefdta hgdrB a&f-maceutically acceptable salt thereof, WO

2007/ 149512PCT/ US2007/ G14427 5 each Ar is independently an aromatic

or het er oar onak? f sgleitd M 59&2245&&, @Hpﬁ&b@H%ﬁ%l%g%%r%&@lﬁalﬁ Dghd t uents;

each A is independently selected fromC= , preterably C=0; or

A is optionally!ogg @m{e%;nabgmeém%%@q;;acent to an occurrence of Z; 5B is
absent or is N(RO)RLl, preferably absent;

R'" and R" are independently selected from hydrogen, metal cation, C,.salkyl,
Cisalkenyl, C, galkynyl, aryl, heteroaryl, C,.¢aralkyl, and C,.gheteroaralkyl, preferably
from hydrogen, metal cation, and C,_galkyl, or R!' and R"? together are Cj_¢alkyl, |
15 thereby forming a ring;

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

R"is independently selected from hydrogen, C,.salkyl, C,salkenyl, C;_salkynyl,
carbocyclyl, heterocyclyl, aryl, heteroaryl, C,_¢aralkyl, and C,_gheteroaralkyl;

20 R' is selected from hydrogen, C,¢alkyl, C,.¢hydroxyalkyl, C,_¢alkoxy,
-C(0)OC,¢alkyl, -C(O)NHC,.¢alkyl, and C,_garalkyl,

provided that in any occurrence of the sequence ZAZ, at least one member of

the sequence must be other than a covalent bond.

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

25 formula (II) or a pharmaceutically acceptable salt thereof,
O R?
R? X
N
RZ2 R® O



L is absent or is selected fromC=0, C=S, and SO2, preferably SO2 or C=0; M
Is absent or is Cl.12alkyl, preferably G salkyl; Qis absent or is

sel ect ed wpQoM49d¥kl, and N-Cl_6alkyl; X is sel ected fropc@®uszoo7ikszand

N Cl. 6al kyl, preferably 0; 10Y is absgnt or is selected from C=0 and SQO2;
each Z is independently selected fromO, S, NH, and N-C _6al kyl, preferably
O; or Zis optionally a coval ent bond when adjacent to an occurrence of A
R2 and R3 are each independently selected fromaryl, Cl.6aralkyl,

het eroaryl, and 15C _oheteroaral kyl; R4 is N(R5)L-Q R6; R5 is

sel ected from hydrogen, OH, d _aral kyl, and G _eal kyl, preferably hydrogen;
R6 I's selected from hydrogen G _ol kyl, C_6al kenyl, CI al kynyl , Ar-Y-,

20car bocycl yl , ea5BAdipigepsnd enahaNaf%mcrfm eproareEIatia grapasionally) | |

G _6ar al l@ﬁbshtﬁf’cﬁ%nﬁ?f ¥d 4 ﬁ%st teroaral kyl,
RITZAZ- O sal kyl -+ (Rl 10) {RL20) P(20) 0- CL. 8al kyl - ZAZ-C, 8al kyl -, R

l(éiEO)O( R?('Zi%)ﬁ;l(e% 0- lg}rri&? F{éqﬂ’y SQ%EFJF aﬁéﬁ ﬁ % %afl%q? iQeﬁerf‘bl?’ocyg’l vyl M,

M I N- [
oroun:or” AR oo LSRN, S gl - 2500l v
Cl_6al kyl - &&ﬁgg&y&l?%ﬁl_g@&gég{y ;C1. 6alkyl, ZAZ Cl_6alkyl- ZAZ,

or Cl 6a1ky1 A er eby é sel ected from hydrogen,

Cl_6al kyl , dlf 8]%)8%%‘/%65 eé#%&ﬁ%aéiéﬁ, @égf K80, pyg?erably SO, or C=0;

2007/ 149512P
M is absent or is C,.jpalkyl, preferably C,_galkyl;

Q is absent or is selected from O, NH, and N-C, galkyl;
X is selected from O, S, NH, and N-C,_salkyl, preferably O;
10 Y is absent or is selected from C=0 and SO,;

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

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

R? and R are each independently selected from aryl, C,_¢aralkyl, heteroaryl, and
15 C,.sheteroaralkyl;

R* is N(R*)L-Q-RS;

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

R® is selected from hydrogen, C;¢alkyl, C,.salkenyl, C, ¢alkynyl,; Ar-Y-,

20 carbocyclyl, heterocyclyl, an N-terminal protecting group, aryl, C,saralkyl, heteroaryl,
C¢heteroaralkyl, R'"'ZAZ-C, salkyl-, R'*Z-C,_salkyl-, (R''O)R'?0)P(=0)0O-C, salkyl-
ZAZ-Cgalkyl-, R''ZAZ-C, zalkyl-ZAZ-C, galkyl-, heterocyclyIMZAZ-C, salkyl-,
(R''O)(R"20)P(=0)0-C; salkyl-, (R'*);N-Cy.ipalkyl-, (R'*);N*-C,_jalkyl-,
heterocyclylM-, carbocyclylM-, R'*SO,C, salkyl-, and R'*SO,NH; preferably an N-

25 capping group; or

R’ and R® together are C, salkyl-Y-C,_alkyl, C,alkyl-ZAZ-C,alkyl, ZAZ-C,.
salkyl-ZAZ-Csalkyl, ZAZ-C,_¢alkyl-ZAZ, or C,.salkyl-A, thereby forming a ring;

R® is selected from hydrogen, C,.salkyl, and Cj.aralkyl, preferably hydrogen;



RO is selected from hydrogen, OH and Cl4al kyl, preferably Cil.6al kyl; and
RlL is an NNterm nal protecting group; R11 and R12 are independently
sel ect ed woem7mosiegen, netal cation, CL.6al kyl, C al kepglr/uStocGaidagnyl ,
aryl, heteroaryl, C _oralkyl, and C agteroaral kyl, preferably 5from
hydrogen, netal cation, and Cl_6alkyl, or R' and Rl12 together are

C .6al kyl, thereby formng a ring; each R13 is independently

sel ected from hydrogen and C _ol kyl, preferably C _ 6al kyl; and

R14 is independently selected from hydrogen, CI1, 6alkyl, Cl_6al kenyl,

G _6al kynyl, 10carbocyclyl, heterocyclyl, aryl, heteroaryl, Cl_6aralkyl,
and G 6heteroaralky| 1215 is selected fron1hydrogen Cl 6alky1l,

G _6hydroxyal ki js @Ile(&ed komyhydraged) OH1 a6d Crydlkyls PedrabigICiGalkivlilandand

C _orallcyl; provided that in any occurrence of the sequence ZAZ, at
| east one nmemb&° isfantifi¢ergunpl @metectingsgrobp; ot her than a coval ent bond.

15Anot her aspect of the invention relates to conpounds having a structure
of formula (11 R axd B phemdamglpnﬁ)awlyctat&epﬂabiregmmetaﬂItremwmen 6alldy13re| n

20each A d f C=

or At oStrARERRC iRy 3R TR e et BEEARY ,

is alﬁsentfromh)sirogdﬂsahﬁlal cptied, andh].y;alkj;aSGnR“dndlE'zasbmli‘draﬁeECII aallsg) ect ed from
C=0, C S,  an % jCQ preferably S or C=0; Mis absent or is G _nalkyl,
preferabIS'/:le yJQPRiE-a g i 5" sel ected from - CHO and - B(ORL52: Qs absent

or is selected

o
2007/ 14951 2PCTFAREIR07S H%ﬁﬁévﬂw tsfgbsﬁ}hifﬁir‘%%‘ g Gy birefTadoCand soe:

salkyl; and

R' is independently selected from hydrogen, C,alkyl, C;salkenyl, C, ¢alkynyl,
10 carbocyclyl, heterocyclyl, aryl, heteroaryl, C;_¢aralkyl, and C;_gheteroaralkyl;

R" is selected from hydrogen, C.-salkyl, C,-shydroxyalkyl, C,_salkoxy,
-C(0)OC; salkyl, -C(O)NHC,_¢alkyl, and C_garalkyl;

provided that in any occurrence of the sequence ZAZ, at least one member of

- the sequence must be other than a covalent bond.

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

formula (IIT) or a pharmaceutically acceptable salt thereof,

R" R 0 R3

O R? R
(1
wherein
20 each A is independently selected from C=0, C=S, and SO,, preferably C=0; or

A is optionally a covalent bond when adjacent to an occurrence of Z;
B is absent or is N(R9)R'°, preferably absent;
L is absent or is selected from C=0, C=8S, and SO,, preferably SO, or C=0;
M is absent or is Cy_j;alkyl, preferably C,_galkyl;
25 W is selected from ~CHO and -B(OR'"),;

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



each Z is independently selected fromO, S. NH, and N-G al kyl, preferably
0; O Zis optionally a coval ent bond when adjacent to an occurrence of A

5R1 is selyecheshisbgiom H, - C 4al kyl - B, Cl_6hydroxyalkyl, @trhaghéoxyabkyl,
aryl, and Cl4aral kyl ; R2 and R3sare each independently selected from

aryl, CI1,6aral kyl, heteroaryl, and Cl4heteroaral kyl; R4 is N(R5)L-Q R6;
10R5 is selected from hydrogen, OH Cl1 6aral kyl, and G 4al kyl, preferably
hydr ogen; R6 is selected from hydrogen, Cl 6al kyl, Cl _6alkenyl,

C _6al kynyl, Ar-Y-, carbocyclyl, heterocyclyl, an N-term nal protecting
group, aryl, Cl_6aral kyl, heteroaryl, C _6heteroaral kyl, Rl 4Z-CG _sal kyl -,
(R110) (R120) P(=0) 0- G _sal kyl - 15zZAz-Cl . 8al kyl -, het erocycl y1MZAZ- C1. 8alkyl-,
( R110) ( R120) P( X0 @bgenf okigisklerted from €=A\emdi S@Zal kyl -, (R13)8N-F-C _12alkyl
het er ocycl y1M, car bo_cgcl yl M, RI4S02Cl. 8al kyl -, and R14S02NH; preferably
an N-cappi ng gF#ilicZ isgpdependently selectedrisom{Q) SRAVH. e W 1-cakkal, preferably O;

G _ol kyl - C, _6al kyl, G _6al kyl - ZAz-Cl1. 6al kyl , ZAz-Cl. .

206al kyl - ZAZ- Ci 4al kyl , ZAZ-Cl_6alkyl-ZAZ, or Cl.6alkyl-A, thereby form ng a

;irlgg;C:|1E6?r al Ky PR df?ﬁ%ﬁ?%%?&?“%ﬁé&%ﬁ%{ S e bgen, o and
and CL Baral kyf pFef or rogen. T . . ;
25R11 and Rz & TSR e BRE LGl BT R ALy T 017

Ci _6al kyl Ci-gralgy; kenyl , Cl1_6al kynyl, aryl, heteroaryl, C _6aral kyl, and
Cl_6het er oar al k¥l , preferably from hydrogen, netal cation, and G . 6al kyl,
or 1211 and. R1R’@angRBf hesreagh éndependankly|seletted feimy afyby Gi.garallayls heteroaryy@nd
2007/ 149512R 1 014427 8 each R13 is independently sel ected
from hydr%@‘%hgég%%%%al kyl, preferably C. 6al kyl; and

R*is N(R*)L-Q-RS;
10 R’ is selected from hydrogen, OH, C,aralkyl, and C,_¢alkyl, preferably
hydrogen;

R® is selected from hydrogen, C;.galkyl, Ciealkenyl, C,¢alkynyl, Ar-Y-,
carbocyclyl, heterocyclyl, an N-terminal protecting group, aryl, C,¢aralkyl, heteroaryl,
C¢heteroaralkyl, R''ZAZ-C, salkyl-, R"Z-C)salkyl-, (R OXR'?0)P(=0)O-C, salkyl-

15 ZAZ-Csalkyl-, R"'ZAZ-C, galkyl-ZAZ-C, galkyl-, heterocyclyIMZAZ-C,.salkyl-,
(R O)R"?0)P(=0)0-C; galkyl-, (R'%),N-C}.jzalkyl-, (R'*)sN*-C,_j,alkyl-,
heterocyclylM-, carbocyclylM-, R'*S0,C) salkyl-, and R'*SO,NH; preferably an N-
capping group; or

R’ and R® together are C)_alkyl-Y-C,_galkyl, C,¢alkyl-ZAZ-C; galkyl, ZAZ-C,.
20 salkyl-ZAZ-C salkyl, ZAZ-C,¢alkyl-ZAZ, or C,.¢alkyl-A, thereby forming a ring;

R” and R® are independently selected from hydrogen, C,.salkyl, and C, aralkyl,
preferably hydrogen;
R’ is selected from hydrogen, OH, and C,alkyl, preferably C,_salkyl; and
R'? is an N-terminal protecting group;
25 R'' and R'? are independently selected from hydrogen, metal cation, C,.¢alkyl,
Ci.salkenyl, C;¢alkynyl, aryl, heteroaryl, C,earalkyl, and C,.¢heteroaralkyl, preferably

from hydrogen, metal cation, and Cj_galkyl, or R'' and R'? together are C,_qalkyl,

thereby forming a ring;



R14 is independently selected from hydrogen, Cl.6al kyl, Cl.6al kenyl,

C al kynyl , carbocyclyl, heterocyclyl, aryl, heteroaryl, C, _6aral kyl, and
Cl_6het erwenraskibsiz5each R16 is i ndependently sel ected frcomshycdioegen and
C _6al kyl; or two occurrences of R' tggether may be Cl4al kyl, thereby
formng a ring together with the intervening boron and oxygen atons to
whi ch they are attached,; provided that in any occurrence of the
sequence ZAZ, at |east one nenber of the sequence nust be other than a
coval ent bond. 10Anot her aspect of the invention relates to conpounds
having a structure of forrmula (I1V) or a pharmaceutically acceptable salt
thereof, (IV) wherein 15each A is independently selected from C=0, C=S,
and SC2, pr ef eeash|R}’ G-independentiyssetgstaddinarh|hydeogen aatl €htsalligh grefbrahlya@j. acent
to an occyprence of Z; L is absent or is selected fromC=0, C=S, and SQ2,
pr ef erablﬁykg or C=0; Mis absent or is G _12al kyl, preferably Chsal kyl; W

is selected frgm.- and -B 1)2; 20Q is abse r.is,selecgted fromo,
N Sand N o1 depikentySeliered fonthh Bat & ks otk Geatomihn 2 i s
i ndependesntbocysil,drtedeyd a1, hSierddryl, @ndarbtk§l, .aadldsheteasdiesigbl y 0; O Z
is optionally a coval ent bond when adjacent to an occurrence of A, 25R2 and

R3 afe each i neeh®lfaninbiypenabebt @tbctddofom hydrogen aaa @, kxlkyl; betws oaryl, and
| kyl ; 2007/ 149512PCT/ US2007/ 014427
Claheter O&:rcla.frregce’s of \ﬁQ togetzler may be C, galkyl, thereby forming a ring together with the

intervening boron and oxygen atoms to which they are attached;

provided that in any occurrence of the sequence ZAZ, at least one member of

the sequence must be other than a covalent bond.

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

formula (IV) or a pharmaceutically acceptable salt thereof,

O R?
R‘H)J\N A
RZ RB
1v)
wherein
15 each A is independently selected from C=0, C=S, and SO», preferably C=0; 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 SO, or C=0;
M is absent or is C).j2alkyl, preferably C,.galkyl;
W is selected from —CHO and —B(ORl l)2;
20 Q is absent or is selected from O, NH, and N-C, ¢alkyl;
Y is absent or is selected from C=0 and SO»;

each Z is independently selected from O, S, NH, and N-C,_galkyl, preferably O;

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

25 R? and R? are each independently selected from aryl, C,.¢aralkyl, heteroaryl, and
C,.¢heteroaralkyl;



9 R4 is N(R5)L-Q R6; R5 is selected from hydrogen, OH, G _oral kyl,
and C .6al kyl, preferably hydrogen; R6 is selected from hydrogen,
Cl_6alkywoGhomabkenyl, C 6al kynyl, Ar-Y-, 5carbocyclyl pchatsesoooyabkyl , an
N-term nal protecting group, aryl, Clg6aral kyl, heteroaryl, C

, 4het eroaral kyl , Rll ZAZ-C _sal |l cyl -, R14Z-Cl_8al kyl -,

(R110) (R120) P(=0) 0- C1_8al kyl ZzAz- C, _8al kyl -,

RI | ZAZ- G _sal kyl - ZAzZ- C _8al kyl -, heterocycl yl MCAZ- C1_8al kyl -,

(R110) (R120) P(=0) 0-C _sal kyl -, (R13) 2N Cl-12alkyl-, (R13)3NI-C _12al kyl -,
het erocycl y1M, carbocyclyl M, R14S02Cl1_sal kyl -, and R14S02NH, preferably
an N- 10cappi ng,group; or I;{S and R6 together are

G _6al kyl - Y- Ci Resl N@®/DL-RAR-,C1. 6al kyl- ZAZ- C1_6al kyl , ZAZ- G _6al kyl - ZAZ, or
Cl_6al kyl -A, thereby formng aring; R8 is selected from hydrogen, G al kyl,
and C, _6ar al kyR; ispelected dtyiny hipgagone®H, C.qaralkyl, and C,.c#Byl, prefehablyt ed f r om
hydrogen,lag;k E:%nd C al kyl, preferably G 6al kyl; and 15Rw is an N-term nal
protectin gr%up; : R' and R 2 are independently selected from

hydr ogen, neta ti 1. 6al, kyl i . Qal ken 1. 6al.kynyl yl,

hgt ergar yl, Cl&;%%el??/{%? fg(:)n g?‘f] Téﬁf&ée)‘r"@g(ryé’ﬁy%!keﬁgepg‘%@“y%f%ﬁ{'hydr ogen,
met ab cat ¢asbpcyalydl Heleréajckyl] an NFteH‘xirﬁhﬂleiﬁng(glg@Im arylal leﬁafa‘ulkylﬁlad:tkﬂ;daryl%j her eby
formn ring; 2 i S. i ndepe ect rogen _a

Cr. el Ry CrPrariPh R g PR 2 st D R 4 Bl ect oo
from hydrD@EFCI-s@ikyﬁaRRSZAZ-@.Jﬁﬁ&kzM-Cl.Qlkﬁa,mab%(&ﬁzl RIAOZYE lgXllkyl-,

heterocyc) i . agyl . heteroaryl, Cl,6aralkyl, an bheteroaral kyl ; each R16
i's indeped%e@cq{y%ggﬁé&%gl-ﬁ?lé}ﬁlﬁﬁyd;r)@@&ﬂ-laﬂhyb(Bgab yC1-128kMwo 250ccurrences

of R' toQ&8EydAN-Dearbde RN KL R"tshstq.lgmkﬁﬁ,rmdrw"@ogrimg?;e?&%l@%Iw' th the

i nterveni ng boron and oxygen atons to which they are attached;
provPded $aRBING FoWMiProccurrence of the sequence ZAZ, at |east one menber of

the sequence nust be other than a coval ent bond. WO
2007/ 149512PCTRUEDR 710gethepare @y salkyl-Y-Cy galkyl, C alkyl-ZAZ-Cy.galkyl, ZAZ-C,.

salkyl-ZAZ-C, salkyl, ZAZ-C, galkyl-ZAZ, or C,¢alkyl-A, thereby forming a ring;
R® is selected from hydrogen, C,.¢alkyl, and C,aralkyl, preferably hydrogen,;
R’ is selected from hydrogen, OH, and C,_alkyl, preferably C,salkyl; and
15 R'? is an N-terminal protecting group;

R'' and R are independently selected from hydrogen, metal cation, C,galkyl,
Ci.salkenyl, Cysalkynyl, aryl, heteroaryl, C,aralkyl, and C,_gheteroaralkyl, preferably
from hydrogen, metal cation, and C,.¢alkyl, or R''and R together are C,galkyl,

thereby forming a ring;

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

R'"is independently selected from hydrogen, C,.galkyl, C,¢alkenyl, C,_¢alkynyl,
carbocyclyl, heterocyclyl, aryl, heteroaryl, C,.¢aralkyl, and C;_gheteroaralkyl,

each R'% is independently selected from hydrogen and C,_alkyl; or two
25 occurrences of R'' together may be C, alkyl, thereby forming a ring together with the

intervening boron and oxygen atoms to which they are attached;

provided that in any occurrence of the sequence ZAZ, at least one member of

the sequence must be other than a covalent bond.



Brief Description of the Fiaures Figure 1 shows the i nmmunoprot easone
expression | evel of certain cell lines and patient sanples, including

mul ti pl e wpebemagsikeukeni as, | ynphomas, and sol i d tunor ecTRisger®144 shows
the effect of Compound 14 on di sease frogression in nouse 5nodel s of
rheumatoid arthritis (RA) where dosing began when aninmals first showed
signs of disease (indicated by arrows) and data shown is average di sease
score ( SEM N = 7/group) and is representative of three independent
experinents. Fi gure 2B shows the effect of Conmpound 14 on di sease
progression in nouse nodels of RA where RA was induced on Day O in femal e
DBA/1 mce by 10 i nmuni zation with bovine type Il collagen in CFA where
dosi ng beBrief Deseriptivine:

arrows) and data shown is average di sease score ( SEM N = 10/ group).

Det ai | ed DescrFignfeohshifws the ithmpanpiiotaasdihe ekpressien tevel ofasitamscetldmss andis
useful as_e L aht bi hese 15 co unds. ar ener al eful to
"o bi t - AR GRS mul S PR TR, BRI s i o
activities of gnz (.. ERZY. nits ving.N-termnal .amno acids with
ucl cophi Tes. | Wbt BrE HERCC Ctan ot e e E PRI npoBEL o e
can be sumoddsbdf tHeymiatdid hitheds (R/A) Where [oyifg biegin Whew aninthtsfirst ltedvdder ei n.

Activities of Zyne r enzyme subunjts havi nhg non-am.no acid eophilic
oF oups. At BRI S aREPHFLPY ot AUl dite T hNm et ep e erts G e, or

car bohydratergrouphamd &Qeﬁ%s@ﬂ&ﬁ%&ﬂfthﬂeEYndeBBﬁd&ni etpdiimérie enzyne inhibitors
descri bed herein. Wi | e not bound by any particular theory of

oper iat i on, OIi t FiguhelB eNeds mb&tffeamafcd\hls@rdqﬂi 1%2dn ﬂg@dﬁ@@%@rb@&gﬂh m¥uzef or m
coval ent addycts with the epoxide, ~aziridine, aldehyde, .or borate

functi ondPgFda R&Wﬁws%%wqd%ﬁﬁ' Bn gy indema %QBAQE%%W For 25exanpl e,
in t10e OShith@dza&iauRith b8¥ind Speli @51PA3A TR CFAN®h&el g Rigah WheRBAIRRI S
believed to irreversi g)léy_form_a _m)r(g ol ino or piperazino adduct  upon

reacti on st showedesignspd dissass Cradigatediby arrgwpsang data sRowmissverage disedféd bel ow.

Such add%brg(grgmggn:wg;gr@{qj)nvol ve ring-opening cl eavage of the epoxide or
aziridine. Regarding the stereochem stry, the Cahn-1ngol d-Prel og

rul es forpgaiied Bedérigtio? sPaR! Mivenfibgr eochemi stry are fol l owed. These rul es
are described, Tor exanple, In gani ¢ Chem stry, Fox and Witesell; Jones

and Bart!ett Pyl jshetsh inB0Rk0BomMindiQs2RPH dA9RkARMH UR20RHL014427 11
(1994); Section 5-6, pp 177-178, Ich section s hereby 1 ncorporated by

r ef &P enceconppniglers geaarabywmseful tocipbibiti angynas kivong aswcigophitie gmupiat thede

chai ns extendi:ng. f 1S, bane. unit has
a side ch]gﬁ%gg%cﬁs(g{ggég J%%&:}‘??Qg?fﬁ%géﬁs ﬁgrgzr rreé %{fgggg,gn?‘ﬁ@gﬁ?tgggknﬁgi nis
a hydr ogesmiap@gids withonirdeophitbo thi threimsile chains,Saek ay thyeorkibersering ior chisisinan

associ ate i ' .Peptides useful in.peptide i des Qqr.. tide

et i o nednsReteiihlly HEBLLEET SR B, EERRE R R BRRAT) (o0

i nhi bi ti ngpzgimgsot engyseasubukigs (a83Tag horaamning dcyd aficledghijic gtomps antaeir Det ween t wo

and
20

termini, such as, for example, protecting groups or carbohydrates, can also be

successfully inhibited by the enzyme inhibitors described herein.

While not bound by any particular theory of operation, it is believed that such
N-terminal nucleophiles of Ntn form covalent adducts with the epoxide, aziridine,
aldehyde, or borate functional group of the enzyme inhibitors described herein. For
25 example, in the B5/Pre2 subunit of 20S proteasome, the N-terminal threonine is
believed to irreversibly form a morpholino or piperazino adduct upon reaction with a
peptide epoxide or aziridine such as those described below. Such adduct formation

would involve ring-opening cleavage of the epoxide or aziridine.

Regarding the stereochemistry, the Cahn-Ingold-Prelog rules for determining
30 absolute stereochemistry are followed. These rules are described, for example, in

Organic Chemistry, Fox and Whitesell; Jones and Bartlett Publishers, Boston, MA



ei ght backbone units are present, and in sone preferred enbodi ments for
CT-L inhibition, between two and si x backbone units are present. 10The si de

chai ns exwendsmgofipom t he backbone units can incl ude napgrals2éhioptaati ¢ or
aromatic amno acid side chains, suchjjas hydrogen (glycine), nethyl

(al anine), isopropyl (valine), sec-butyl (isoleucine), isobutyl (Ieucine),
phenyl met hyl (phenyl al anine), and the side chain constituting the am no
acid praline. The side chains can also be other branched or unbranched

al i phatic or aromatic groups such as ethyl, n- 15propyl, n-butyl, t-butyl,
and aryl substituted derivatives such as | -phenylethyl, 2- phenylethyl,
(1-naphtg¥I net hyl , %? naphthél)neth yl, 1-(1- naphthyl)ethi , 142-

napht hy petlA$4); SQCt(OII SppR hY1-) &8.hyhich seqtiznris herehy incetioyated by defsiamce.ar

O mo peplis oV adURan S ba DRSS S URR klde thedhs WhdRaBENERGE OF

unbranched or "SUDSLI and the
li ke, or Has;kbmuratsyIGegﬁmli;yseachrbaskﬂumentnm}ad a%@ﬂanmmmmpdsumt as benzoyl

and the | r U an.a

Subst 1 tuchfuah i} ER0iaes SRS AT ERBER §EM. BB sHG Entobiiiepts, o

sul f fir - coeviery badkbome yllnt baiwamssdja:thd aRletchhimn Heptidensefud ht&ﬁ@ﬂtxde epoxides
naphthothle t hi.ant hrenyl , fur ranyl , isobenzof chr.qonenyl ,
pyrrolyl,° H?%hgi gy mef)b??ﬁz/%‘f%r méffrha&%/ poneqnits, I, seme F‘HHB‘?WGMW yI

qui nol yl , fornthibikiag bh%ﬁotr%@xﬁlh&@ RETAMRE VIR BF the ROleddontt, bR 0 2R dues
can be |ntroduced into epti de epoxi des_or tide aziridines. For

exanpl e, §ighthagkbgnespits ars W@S% 30d inSPRE Pﬁféﬁeéng%ﬂWSﬁ-f@bﬁﬂ"aLm ng (Thr,

Tyr, Ser)inBibitfeH, betfweeRMva8laRd 85 t(eM%BoneQéﬁbs ¥ @Prelénel Ntroduced, as well as
non- essential anino acids, for exanple, taurine, camtine, citrulline,

cystpne, ornitohdgde Bﬁ’ilh@ébﬁbﬁlﬁnéﬂ@npﬁl@%raékbd}l@ﬁnﬁékﬂ{ ﬁilciu)de‘i’iﬁﬁfr'élrdh'ﬂﬂaéé de
chain 30substituents with charged or polar noieties can also be included,

such as, 9ro¥omgtGmmo acid gde rRhaing sucthas ydrogem(zlyojne) gnethpk(aldni®e)one or nore
hydr oxy, phospho, am do
or am no '3‘}?1%3%%1%%&3 age%q}%%é? P%eftﬂlgﬂl? )s lg%%%%% @%é&%@% %&007/ 014427 12
subst i t ut@benylalpnioak aod theovide thmimgenstinttimgsthe mincoanid prodiner Tbd sisetsbdinsent s,
there IS ah ASAN ol dHea 9t RHBraREESCHobAC B Sofii Mhs Bl DERFPH! de

noiety. In sone e Uhrt S oare
[ - NHS CHR- ;@()pﬂ) n-butylt-betiyl; Ian&ary& stivstitged derdvaivies sudihcds laplm?lqma; 2-on does not

excl ude t a(le rri ng r r.o on-naturally
occurringd ¢y nﬁh(,yli g @"&ﬁfi‘yﬁ Qa'ﬁ"@‘@'y%&gﬁ %I( Tr‘aB}ét?‘P' g?:tbﬁﬁn z‘gd by those
of skill naphtﬁyda)eehyﬂ 2- (l-napht}i)ﬂ)em}iﬁ,EZ (Zabpitthypathsl, abdSinhRE kbapeund’] tthear e
N-al kyl at ed, am de uni t for  exanpl e, mef hyl adtgelik@, olefinic
anal ogs (IX §RPE}C r“bee %Fé’ R suiede %H@é‘cg‘?%orr‘@ﬁﬂ‘ l@1‘]igﬁ‘?‘8’sbonds)
t et r azol eoranbitirged @lky! \Wriups, a’tetﬁhﬁ&ﬂﬁi 16kd, of GurtHEP 2528 1 aQﬁlsabﬁﬂﬂtfeagur ation
on 58e backpone or, conbi nati ons of such backboné es. In still

aryl groups, such as benzoyl and the like. Heteroaryl groups can also e used as side

chain substituents. Heteroaryl groups include nitrogen-, oxygen-, and sulfur-containing

aryl groups such as thienyl, benzothienyl, naphthothienyl, thianthrenyl, furyl, pyranyl,

isobenzofuranyl, chromenyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl,

indolyl, purinyl, quinolyl, and the like.

25 In some embodiments, polar or charged residues can be introduced into the
peptide epoxides or peptide aziridines. For example, naturally occurring amino acids
such as hydroxy-containing (Thr, Tyr, Ser) or sulfur-containing (Met, Cys) can be
introduced, as well as non-essential amino acids, for example, taurine, camitine,
citrulline, cystine, ornithine, norleucine and others. Non-naturally occurring side chain

30 substituents with charged or polar moieties can also be included, such as, for example,
C1-6alkyl chains or C6-12aryl groups with one or more hydroxy, short chain alkoxy,

sulfide, thio, carboxyl, ester, phospho, amido or amino groups, or such substituents



ot her enbodi nents, the amno acid a-carbon is nodified by a-alkyl
substitution, for exanple, am noisobutyric acid. In sonme further

enbodi menye,20¢desighai ns are locally nodified, for exanplkgusbywrAmor AZ
dehydro nodification, in which a doubj,e bond is present between the a and p
atons of the side chain, or for exanple by AE or AZ 15cycl opropyl

nodi fication, in which a cyclopropyl group is present between the a and 13
atons of the side chain. In still further enbodi ments enpl oying am no acid
groups, D-am no acids can be used. Further enbodi nents can include side
chai n-t o- backbone cyclization, disulfide bond fornation | actam f ormati on,
azo |inkage, .and ot her nodifications discussed in Peptldes and M m cs,

Desi gn of SUbsHRid with papar Wrezm:esmqt@mﬁem sqme Plcfaedamb@iments, therg is

" Mol ecul k Ref " ed.
rober t A Sy SrAe TR ERIRY S shfh PR RBEAR LR | e eby ¢

i ncor porated by, §0?1f1@érﬁ9&ﬂments tfhef ¢ mﬁ%@%ﬁﬁ% ax%fantulag uhny Nﬂ LHE- %%(ab?ﬁ to

conpounds having a structure o phar ceutlca
accept abl & which R is¢heside chainwfected desigidtiao @aﬁslmxzmaﬁmﬁmmng 1442 7 13

eachsAr is o) roaromatic | onal | 'y
subst I tut ecf;l"1 prﬂst& S-QH}%QH %‘%gs€| '? Egg% 2’08 gp'lﬁ;] ?ccuflmﬁef)y ﬁgéﬁ?qorﬂ‘}a@eﬁlgf’ed from
C=0, C=S, aadyg wiiith will é excapriyedbPthose ofskill imfHeiapnal | y a coval ent bond when
adj acent to an occurrence of Z;, 5B is absent or is N(RO) R, preferably

absent; L is ahsether mbdcﬁm&ﬂsﬁmb(bdclfHoﬁmuﬁtQare@;Slkded &llde mﬁef(ﬁjrabl y S

or C=0; Mis r ef er abl Kk nt or is
sel ect ed PR “(’)%{ﬁaalﬁb“dl‘@ %hmc Fl§g§§ é%lf %g B%W@re%"
N- C1. 6al kyxie,remawdeyyadlbﬁnle boﬁ@s\; fefra2d)é eidlo @ (ih hseH £&kagblE mﬂﬁf’gse%d SQ2;

each.Z is .i ndependent | ected from S, NH, and N-C ref er abl
0: QO c1s-conp gurat?on or¥ theebackbone) or combinations of such backbone hnkages IIFl) still Y

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

15 cyclopropyl modification, in which a cyclopropyl group is present between the o and B
atoms of the side chain. In still further embodiments employing amino acid groups, D-
amino acids can be used. Further embodiments can include side chain-to-backbone
cyclization, disulfide bond formation, lactam formation, azo linkage, and other
modifications discussed in “Peptides and Mimics, Design of Conformationally

20 Constrained” by Hruby and Boteju, in “Molecular Biology and Biotechnology: A
Comprehensive Desk Reference”, ed. Robert A. Meyers, VCH Publishers (1995), pp.
658-664, which is hereby inco;porated by reference.

One aspect of the invention relates to compounds having a structure of formula

(I) or a pharmaceutically acceptable salt thereof,

R" R” O R3

R“J\W“l'ﬁ/mw)ﬁv/t v

25 O R?2 R® O
)

wherein



or Zis optionally a coval ent bond when adjacent to an occurrence of A
Rl is selected fromH, -Cl.6alkyl-B, G _6hydroxyal kyl, Cl_6al koxyal kyl ,

aryl, andwod20#avabkyl ; R2 and R3 are each i ndepeandarstéog/osabect ed
fromaryl, Cl.6aral kyl, heteroaryl, apd Cld4heteroaral kyl; R4 is

N( R5) L- Q R6; R5 is selected from hydrogen, OH, Cl-6aralkyl,
and C al kyl, preferably 20hydrogen; R6 is selected from hydrogen,

C ol kyl, G _6al kenyl, C1.6al kynyl, Ar-Y-, carbocyclyl, heterocyclyl, an
N-term nal protecting group, aryl, G .6aral kyl, heteroaryl, :

C _6het eroaral kyI Rl 1 ZAZ-Cl. sal kyl -, R 4Z-CG _sal kyl -

(R110) (R120) P(=0) O- C, _gal kyl ZAZ- G . sal kyl -, Rl

| ZAZ- C1_sal kyleag r@:F 1mi@pk1}dentlyhetam@mr;lm¢zoma§asrw optiopall R

0) (R120) I Qﬁqgf 2N- Cl A2al kyl -, (R13) 3N+- Cl- 12al kyl -,
het er ocycﬁ(‘ﬁ%}\@te g(%)élsi}lim ’4S02C1_sal kyl -, and R14S02NH; preferably

or ”@%’869%2@%@%&&%‘%@%8@&@&%&% %&H@WR% é%p??%é‘%ﬁp{%l%?éb"”y'
gaifi)lll y%A\Z(g ,g%% E% Onagi?G %a %A'% ‘%3‘6%6 e&t t;ﬂ‘}? ?cc}f\rre" eeorfezl‘:iy formng a

ring; pen sel gct ed from hydrogen, Cl_6alkyl,
and g) 4ar al kyﬁ;:%%b% §r8(g§ %I(h%{ed é‘%erag%ab 1S&Ms o) ected from hydrogen, OH, and

RH and R12' af &L 1THRRRGIE ?‘%‘?-y%de edf omﬁlydf?ogé’%%% ERBLETERE oo

Cl.6al kyl, C1 | oI Y oaryl C _6aral kyl, and
G aet er oar al kyllglai - 56 e% Jﬁ%ﬂr Vi era f i cation, and G al kyI, or RH

and R12 toget th%ntccgr—ag@%@,{t%d %J?gﬁ Bef@p%nég{:ﬁggkgrrl ng; each R13

i s i ndependent ;}Ss rom rogen’an preferably C1.

gal kyl ; and 4 ki B¢ d ,"a _ol kyl,
G oatkenyl . CEB Iom G SR A NG B SRR et ercaryl

G eyl 3% e oL TR d6,75) ot e rom hycrogen.

0) NHC1. 6 Ik A |
G%da oxyal k;l yﬁ%rzglgg?@ﬁ)g equ(yselecﬁh%f: ﬁ}fﬁi—a&r oxyr'l‘”]{?]ﬁﬂjl Preferaglyo

2- hydr oxyet hyI provided that in any occurrence of the sequence ZAZ,
at | east one rrenber of the sequence nust be other than a coval ent bond.
Z is optionally a covalent bond when adjacent to an occurrence of A;

R! is selected from H, -C,.alkyl-B, C,.¢hydroxyalky!, Ci.salkoxyalkyl, aryl, and
15 Cisaralkyl;

R? and R® are each independently selected from aryl, C,_¢aralkyl, heteroaryl, and
C.gheteroaralkyl;

R*is N(R)L-Q-RS;

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

RS is selected from hydrogen, C,salkyl, C,¢alkenyl, C,.¢alkynyl, Ar-Y-,
carbocyclyl, heterocyclyl, an N-terminal protecting group, aryl, C;.saralkyl, heteroaryl,
Ci.gheteroaralkyl, R''ZAZ-C, galkyl-, R"Z-C, salkyl-, (R''O)R'20)P(=0)0O-C,_salkyl-
ZAZ-C, zalkyl-, R lZAZ—C|_galkyl-ZAZ-C|_galkyl-, heterocyclylMZAZ-C, galkyl-,

25 (R'"O}R'?0)P(=0)0-C, galkyl-, (R"*);N-C,_jzalkyl-, (R'?);N*-C| .1 alkyl-,
heterocyclylM-, carbocyclylM-, RMSOzC._galkyl-, and R'*SO,NH; preferably an N-

capping group, more preferably t-butoxycarbonyl or benzyloxycarbonyl; or



20In certain enbodi ments, Rl is selected from-d 4al kyl -B and Cl. 6aralkyl.
In certain such enbodiments, Rl is substituted with one or nore

substi t uenboerl4enbed from hydroxy, hal ogen, am de, am per/sasPOxMky ¢ acid
(or a salt thereof), ester (includingy4Cl. 6al kyl ester, G .salkyl ester,

and aryl ester), thiol, or thioether. In certain preferred such

enbodi nents, Rl is substituted with one or nore substituents selected from
carboxylic 25acid and ester. In certain enbodinments, RL is selected from
met hyl , ethyl, isopropyl, carboxynethyl, and benzyl. In certain enbodi nents
Rl is -Cl.6alkyl-B and Cl.6aralkyl. In certain preferred such enbodi nents,
B is absent. In certain enbodinents, R2 is selected from

CL. 6aral kyl anB’@1d Bfi&agsthearee qzwalkwwemlm GaualhyleAB8e rhitd, ZAZ-Gis

5 o by IR ARBEON o, SRR of Eohih o 08 5?2%*4‘%% E*"‘%“y'
2007/ 143512PCT hggﬁ@gf/a%é%, ém e§éc¥e(r@xmﬁ&aroageph Wi e %szlkylt hr ee,

t wo, one car one or

errbodr rrenprsferRSyrlwdmgbs,tr t ut ed vvr th one or nore substr tuents seI ected from
hydr oxy, hal ogen, am de, am ne, carboxylic acid (or a salt thereof), ester
(i nchbudi ng G aRRyd sebestegh frorilhydmigey] OHs bmd C gaiklylapieferatslyal;)salkyhiand, or
thioether. In certain 5such enbodi ments, R2 is substituted with a
substituent seR&bisad N-teymirl bydtecttrrgigtahp;al kyl , al koxy, hydroxy, or cyano.
In certain such enbodi nents, R2 is selected from CL. 6al kyl phenyl and

G _oal kyl -1 ndoRy'I and R’ aes tnﬂepsmmrleﬁi;esmecdecs&ohl leydbogtinyaetal catih, |Cs, cslkybpct ed

from"N D.sl Sui ectin rou n Dis
sel ected FF T—Y}L C‘G?P)e‘yngB afé}r'“’ﬁ%} q%ﬁ%”@fyg W "I%ﬁ‘% @5?’1 ?ﬁ?f’&b’iyﬁent s D
| s sel ectﬁdmnryamgeé,n%catm, ahlNC, GHRyIaBERCHd R A t6@itlicriare Or &fley ed such

gr rrensjp egh(-%re D is attached to a six-nmenbered ring, Dis attached at
the posiPETSY P’é?‘é’ﬁia\fé“&’o the point of attachnment, preferably excluding

enbodi nents wher he 4-positi ft ring is occu ied by the nitrogen of
15a pyri di ne rFﬁ‘fg‘ is indbpendeny aq??rtehﬁear lsegen are G ialll. PEEEERDIY Gin

G . sar al kylikyanghdCt _6het eroar al kyl, wherein the alkyl noiety may contain
six, five, four, three, two, or one carbon atoms, preferably one or two. In

certain such eRb"oldhrm@teﬁden@ sklected Fedn hy&e@eﬂ\re&awm ameﬁﬁ e\hakirdyent s
selected from h}/dr oxy, hal ogen, am de, am ne, carboxylic aclid (or a salt
carbocyclyl, heterocyclyl aryl, heteroaryl, C,.saralkyl, and C,¢heteroaralkyl;

15 : R is selected from hydrogen, C;.salkyl, C,¢hydroxyalkyl, C,_¢alkoxy,
-C(O)OC,¢alkyl, -C(O)NHC, ¢alkyl, and C,.¢aralkyl, preferably C,.¢alkyl and C,.
shydroxyalkyl, more preferably methyl, ethyl, hydroxymethyl, and 2-hydroxyethyl;

provided that in any occurrence of the sequence ZAZ, at least one member of

the sequence must be other than a covalent bond.

20 In certain embodiments, R! is selected from —C.¢alkyl-B and C,_¢aralkyl. In
certain such embodiments, R' is substituted with one or more substituents selected from
hydroxy, halogen, amide, amine, carboxylic acid (or a salt thereof), ester (including C;.
salkyl ester, C,_salkyl ester, and aryl ester), thiol, or thioether. In certain preferred such
embodiments, R' is substituted with one or more substituents selected from carboxylic

25 acid and ester. In certain embodiments, R' is selected from methyl, ethyl, isopropyl,
carboxymethyl, and benzyl. In certain embodiments R' is -C,_galky!-B and C,.qaralkyl.

In certain preferred such embodiments, B is absent.

In certain embodiments, R? is selected from C,aralkyl and C, gheteroaralkyl.
In certain such embodiments, R? is selected from C,.salkyl-phenyl, C,_¢alkyl-indolyl,
30 C,.salkyl-thienyl, C;_salkyl-thiazolyl, and C,_salkyl-isothiazolyl, wherein the alkyl



20t hereof), ester (including Cl.6al kyl ester, Chsal kyl ester, and aryl
ester), thiol, or thioether. In certain such enbodi nents, R3 is substituted
with a sueethévmapdizsel ected fromal kyl, trihal oal kyl, alPkwrs2o0pdisoxy, or
cyano. In certain such enbodinments, R3 is WD 2007/ 149512PCT/ US2007/ 014427
16 selected from Cl_6al kyl - phenyl and Cl_6alkyl-indolyl. In certain

preferred such enbodi nents, R3 is selected from R = H, any suitable
protecting group wherein Dis selected fromH, Owe, OBut, OH CN,
CF3or CH3. In certain 5enbodinents, -Dis selected fromH, Ow, OH CN, CF3
or CHS. In certain enbodi nents, R5 is hydrogen, L is C=0 or SO2, R6
is Ar-Y-, and each Ar is independently selected from phenyl, indolyl,

benzof ur amgiety mapketgin, Sixplﬁmfdmyﬂhreequ#m@kony kcarbohiatomyd, prefgmablyydne quyr azyl ,
and the l|jke.; |n I di. e ] be substituted wth
A owis T PR S EL PRSI R B i T OSBRSS 1 " |
cert a| n odehetedsfomh hgdtvag| haogean, whede afdine cﬁboﬁﬁwgdd (69 st theresfbastért ut ed,
pr ef er abl certai odiments, R5 is
hydr ogen, H‘@%‘é“&@ééﬂgﬂ St‘irsecgé‘%res‘g@?“d 3\‘?’& eﬂﬁr)l &l@e?rg&%?&leﬁ hhf‘ﬂa"ﬂ( and
het e50Cy Cdugh embddis@nka IR? xpglﬂfsﬁwtaﬂwﬁumusﬁh@@ht JBletted iRk @n@p Yghalbalk{l,

sel ected from chrom)nyl chr omanyl , phol i no, and piperidinyl. |In

15cert ai na B‘P’ﬁye hY%rPéysecrrrveYan% ulhe mqheem@dlwntf R'gisselscted fqorrbﬁwﬂvsﬂw

i ndol yl, @{li\élkylﬂ?&m&lhﬁh cefbihPRRYd suheriB di¥hts, RNisGBMbted PY T | dyl ,
pyrazyl , and the I I'n certain enmbodi ments, R5 is hydrogen, L is

C---0or B9m Qis absent, and R6 is Cl_6al kenyl, Wnere C _ealkenyl is a
substituted vinyl group where t he substltuent is preferably an aryl or
het eroaryl group, nore prefe y a phengd/ grou al |y 20substituted

s S
with one to four substlftﬁuen|s)H Wrta enpodiments, L and Q are
C] 1

absent and R6 is sel ect'®e Cl. C al kynyl ,

Cl_6aral kyl, and d. 6heteroar al kyl. In certain such enbodi nents, R5 is

Cl. 6al kyl and R6 i s sel ect om butyls—)a,lol yl, propargyl, phenyl methyl,
2-pyridyl, 3-pyridyl, CEF,d4|py dyjs S ot her igents, Lis SO2, Qis
absent, and R6 is sele C _ealkyl and aryl. In certain such

enbodi ments, R6 is sel ected frorpmet hyl and phenyl

%?/Q FY ) and r"\/k

\

R

R = H or any suitable protecting group

10 wherein D is selected from H, OMe, OBu', OH, CN, CF3 and CH3. In certain
embodiments D is selected from H, OMe, OH, CN, CF; and CHs.

In certain preferred such embodiments where D is attached to a six-membered
ring, D is attached at the 4-position relative to the point of attachment, preferably
excluding embodiments where the 4-position of the ring is occupied by the nitrogen of

15 a pyridine ring,

In certain embodiments, R? is selected from C,.saralkyl and C,_gheteroaralkyl,
wherein the alkyl moiety may contain six, five, four, three, two, or one carbon atoms,
preferably one or two. In certain such embodiments, R? is substituted with one or more
substituents selected from hydroxy, halogen, amide, amine, carboxylic acid (or a salt

20 thereof), ester (including C,_salkyl ester, C,.salkyl ester, and aryl ester), thiol, or
thioether. In certain such embodiments, R? is substituted with a substituent selected

from alkyl, trihaloalkyl, alkoxy, hydroxy, or cyano. In certain such embodiments, R® is



WO 2007/ 149512PCT/ US2007/ 014427 17 In certain enbodinents, L is C=0
and R6 is selected from G _eal kyl, O _ sal kenYl, C -sal kynyl, aryl,

C _oar al lwgloimavaroaryl, Cl_6heteroaral kyl, Rl |ZA-C _ealrhskeor/o014427

Rl 4Z- C1. 8al kyl -, (R'0)(R120) P(=0) 0- Cly¢8al kyl -, (R

10) (R120) p(=0) 0_ci _8al kyl - zAz-C _sal kyl -,

(R'0) (RI20) P(=0)0-C _sal kyl -Z-G _sal kyl-, R 1ZA-G _sal kyl - ZAzZ-

5C _sal kyl -, heterocycl y1MZAZ- C1. 8al kyl -, (R13)2N- C1_8al kyl -

(R13) 3N+- G _sal kyl -, heterocycl y1M, carbocycl y1M, RHSO2Ci _8a| kyl -, and

Rl 4S02NH-, wherein each occurrence of Z and A is independently other than a
coval ent bond. In certain enbodinents, Lis C0, Qis absent, and R6 is H.
I n cert ai $elestasoldomehitsslkyRphényl @id Gakatkyl-infelyl.sInGer@i prgferredsich absent, and

Lis 100—%.1%%&3%%?{13?3 ﬁosr%}éggd%‘?dl ments, R6 is ethyl, isopropyl,

2,2, 2-tri hyl sul f onyf| et hyl . | n ot her

enbodi nents, L is 0=0, Qis absent, and R6 is G _apalkyl. I'n certain such
enbodinents, R6 is selected from 2- henylethyl enyl met hyl , (4-

met hoxyphenypnet hyl , (4- chlorop y -fl uor ophenyQret hyl .
151 n ot her enbodi nents, ?;C; |§“ab enL( s G _6alkyl, and R6 is
aryl. In certain such enbod " R6 is su%s%nluted or unsubstltuted
phenyl . In certain enmbodinents, L is CCORQ is absent, and R6 is

sel ected from heteroaryl a”dFOH-QR%uﬁ%ﬁfﬁr%leﬁt}ﬂg grAuPecertal n such

enbodi nents, R6 is heteroaryl sélect rompyrro furan, thiophene,

i m dazol ewheéemwéfﬁect% 3018, OPPHIRE DA, cﬁokﬁtga%ékﬁ 1& hiagi azol e,

triazole, azol e, prlglne yraziné, pyridazine and yrimdine. In
certain a¢mé¢d1altem$eDss,le¢ie@%&dmnlén®Me R4, |%NGIF5¢ME€HB .oar aI kyl selected from
pyrrolyl methyl, furanyl methyl, th| enyl net hyl, i m dazol yI met hyl ,

i soxazol yl met h!n cer@xa@vbc}dlmnhyll lsdwdmgmng Gether SO1, IR ag Ar-Y- mﬂd”@dCh

t hi adi azojy {Srm{léﬁékde&tf s%}e% lfﬁ?ﬁ?rﬁl&%gﬁgglél ll}/enggdxfug%r‘y}fer{) ﬁ{x/t:hdx lqlq}?ltomgyll, n

pyrazi nyl ne a2| ny rm
certain eqﬂ;odpnjslntlsmyl, PSidgEPyraRyl, andldselike. oin @rtamnuicRémbsdiegnisgeycl y 1M,

wh M h I I
Gyl ohaxyiey bESabsRikd it ar o B HE T ST ol i Bovd S0 e o8 2

is 00 M i@liGi. baédein o(hEEhei]aalfdt;odi’fﬁémyMBfe Qasa, ikyls Qarhebé absfituded, Rl
| ZA- C1. 8al k%- R.4Z.C sal n 30RI | ZA-C 1. 8al kyl - ZAZ- C _sal kyl -
(12110) ( PP 3‘%(1‘6 f:‘“r?g’a‘?}l?éy ZAZ- C1. 8al kyl -

(R'0) (R120) P( _Prg xtca)in g‘na'!)géimemsc&i?sa}]ylé}/ogen 6 1S aEseetn?r Ocyé: (¥ oxlngz, and R Seal kyl -

selected from Ar-Y and heterocyclyl. In certain preferred such embodiments,
heterocyclyl is selected from chromonyl, chromanyl, morpholino, and piperidinyl. In
15 certain other preferred such embodiments, Ar is selected from phenyl, indolyl,

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

In certain embodiments, R’ is hydrogen, L is C=0 or SO, Q is absent, and R®is
Ci.salkenyl, where C.¢alkenyl is a substituted vinyl group where the substituent is
preferably an aryl or heteroaryl group, more preferably a phenyl group optionally
20 substituted with one to four substituents.

In certain embodiments, L and Q are absent and R® is selected from Ci.ealkyl,
Ci.salkenyl, C,_galkynyl, C,saralkyl, and C,¢heteroaralkyl. In certain such
embodiments, R is C).salkyl and RS is selected from butyl, allyl, propargyl,
phenylmethyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl.

25 In other embodiments, L is SO;, Q is absent, and RS is selected from Ci.salkyl

and aryl. In certain such embodiments, R® is selected from methyl and phenyl.



WO 2007/ 149512PCT/ US2007/ 014427 18 wherein each occurrence of Ais

i ndependently other than a coval ent bond. In certain such enbodi nents, R6
i s het er ogpeby’liNEAZ- Cl4al kyl - where heterocyclyl i s subsgtirtusbed/ oos27
unsubsti tuted oxodi oxol enyl or N(R16){(;R17), wherein Ri6 and Ri 7 together
are Cl_ol kyl - Y-Cl4al kyl, preferably C1.3al kyl -Y-Cl . 3al kyl, thereby form ng
aring. 5n certain preferred enbodinents, L is C0, Qis absent, Mis

Cl _salkyl, and R6 is selected from (R'0)(RL70)P(=0)0-C al kyl -,

(R13) 2NGi al kyl , (R 3) 3N+Cl1. 8al kyl -, and heterocyclyl-M. In certain such
enbodi ments, R6 is (R13)2NCl_gal kyl or (R13)3N+Cl. 8al kyl -, where R13 is
Cl 6alkyl. In certain other such enbodinents, R6 is heterocyclylM, where
het erocycl yl iln ceatamcernbbdimenisnbipGa0i and R s pelectad from Cogliods €2i no, and

pyrrolidi ert i [ [ = LsiGldal , Qis
sel ect ed Q??(SWIO Cé'ﬁﬂkﬁﬁﬁ’agr{gﬁ%ﬂ S sel }{gg{}é%ﬂ IrC d%ﬁ%&gﬁ%@d{ %%:ﬁ'ﬁ%ﬁ&l M
Cl4ar al kyR'*ZaDickalRy]-6tieY €)@ @JA(30)O1Cy salklybs (RIONG TR(S0)0-CizalRyd, R5 is
C1, 6al kyl Ls selectg om0 H, ..a i.s,C I r

G 6al kyl Z‘I‘?“%‘eﬁ“@‘é’h"e@f &8@ @Pﬂyﬁ?gé%wﬂ%a@%aba I %ﬁ%%@%&@-
15enbodi n@pgatkyld, heterdoyOlyl MMZ A S CClalkdl KR'),1QG  salkl-e@® "N raymulkyrnd NH and
R6 is Cl, 6aralky where aral kyl, i s phenyl methyl. In other enbodi nents, L
s Co. Heeaa M PRppSy By IR BSCRCaa Yo RO P s

C _shet er@ruathdd of 20t & ibaidRpoORIcatlk Biher thandr divhiedybodtetidydertain Certain
enbodi ments, L is absent or is C=0, and RS and R6 together are Cl. 20

eal kyl - Y-embglimepts, L 1Ca6 (/% absengrnd R WgH. or C1, 6al kyl - A, wherein each
occurrence of Z and A is independently other than a coval ent bond, thereby
form ng a ri ngln qertaiesmbedimsnist By isdleh-aHybd? rig ko salkyl, is@beent@ngdeisy are
absept, andoRnafth B@ué@&ﬁ%&ﬁheﬂ%ﬁ%@%&%ﬁ% %%%%ﬁl@b@i—trihﬁbr@%&ﬁ%? apreferred

enbodi nent, L and (lgare absent, ogether are

Cl_3al kyl (metlglsdgampddethyl.n anot her preferred embodinment, L is C=0, Qis
25absent, Y is selected fromNH and N-Cl1. 6al kyl, and R5 and R6 together are
Cl, 3al kyl - Y- dn ghengmbodimentsok hee=px Qfie pbecat, @ &Zilﬁ’é‘mfsz}rakﬂ-slr@e@tﬁlw is

absent, t . Y= .cal N anot her
preferr e?ﬁglr}b%glg??rg?lﬁs’ Fgﬁéﬁ%&g‘gﬁ&% pﬁgﬁr?gé(tb%l’ 8%({‘ y&gg%e(? her are
Cl_2al kyl mghogyplizalyRgethyl,(4eahddrhphenyh)efethyl cahdgdbibdiropieny)netind. A are C=0

and R5 and R6 together are C2_3al kyl-A. 30In cesrtai n enbodi nrents, R7 and R8
ar e 1P ndependenin gtherinalsidimehits oimishGetOo Qein absent, &, i6 & kalkyl, bnd 881t ayh In

f d i 7. | ' t | WO
) e N A
f d h ' 7 _ , | t ai
Erbod nent . rceep it GBS menfS 1 ACEE AsuRa bl 9 8BRed o 00T LR T
sel ect ed liatenori@l afid CkylieterGaradyy.d krosgraalik stich eﬁlb_osﬁxhéuﬁx,y&ﬁ isyieteraaryl , and G _
6ar al kyl , ny whi chli %ogtt' on%l I .squa%tf' t ut ed YV' th one or .ore of am de,

ani e, cA R TR RYEIT dpral idHhepd, ipidspyte ¥l onatle RGO Ea ky
est @0, C th&ableythialiszmile, taablgpyrazesd, pylidinepyohzingpytidaziat hed pgtitasdihé.uent s.
Sui t abl t i nal tecti kr inth t  of tid
S noselt e AR RR 58, Lol SRR RS bl e B
f 1 uor en- SpyttaTRinieabylc AirgethyFRRhyInddhyl] phiaalyaidm, sbxddoyimetil
N-pr ot ect PHIOBIBEEL Ckagzo e Bl RmEob g tiagrspedy ot ne
ut yl oxygiatHignéth gl gyxgzm?&%h,yyf&hw&mp&yr% ylﬂa@?n, Syridazéhylmethyl

[ | oh I [ -dii I ' | 1-(3-
di cgg o] e;% ;g:yat:irrrlljicc)l(ijrlyllnr?ethel. 3-di i sopropyl carbodiitmde (DO, (3

In certain embodiments, L is C=0, Q is absent or O, and RS is carbocyclylM-,

wherein M is Cy_jalkyl. In certain such embodiments, R® is cyclopropyl or cyclohexyl.

In certain embodiments, L and A are C=0, Q is absent, Z is O, M is C_galkyl,
preferably methylene, and RS is selected from R! lZA-C..galkyl-, RMZ-Cl-galkyl—,
30 R''ZA-C,salkyl-ZAZ-C, galkyl-, (R''O)(R '?0)P(=0)0O-C, salkyl-ZAZ-C,_salkyl-,
(R'"'O)(R?0)P(=0)0-C; salkyl-Z-C salkyl-, and heterocyclyIMZAZ-C, salkyl-,



di met hyl am nopropyl) - 3- et hyl carbodi i m de (EDC), N-hydroxyazabenzotri azole
15(HATU), carbonyl diim dazole, or 1-hydroxybenzotriazol e nonohydrate
(HOBT), am0v@misesas cl eavage conditions: for exanple, tecfrtusosaoeiser acid
(TFA), HCL in dioxane, hydrogenation gn Pd-C in organic solvents (such as
met hanol or ethyl acetate), boron tris(trifluoroacetate), and cyanogen
brom de, and reaction in solution with isolation and purification of

i ntermedi ates are well-known in the art of peptide synthesis, and are
20equal |y applicable to the preparation of the subject conmpounds. Suitable
protecting N- term nal protecting groups nmay al so be found, for exarrpl e, in
Greene TW,; Wits, PP.GM "Protective Goups in Oganic SyntheS|s 3rd
ed.: W | eyhersiasasippgrcurenonobA ixindependently ptheg than'apayaleot bengl. dnsepein,  Geor g
Thi erre Ve 6 h I
confi gurat !c%%mgg’ 81%?‘%“4&5 g%%%t@ﬂgg%a?mﬂége ¢ I &hgll%g{ gegééﬁ%gsgendent ly D or
L. In cersluhst[tuwdeirensmuamﬂ)mm&enyﬂ beNSR E) @ Oh oirerei Rb"czmﬂllﬁutcgetm of at

cortain BYEFerBY Lo bnbaar ML e/ T Brotnb R e STHEARSE! on' of ¢ e

Conf Tourati on BRETHR REFRRA Blaiiig. LTS A RSt AR SbAMaH nent .

tkrlrg Zt eraaeéleﬁb@ﬁbnc@dfqﬁﬁwﬁj)lﬂ’(}fon? - raﬂkylar(qdﬁ)me:agamg ?S‘t )3N+@% 8azl{r'1leertgl n
enmpodi nent s .t he st C m cal conpfiguration | eas WO O e carpons
bearing Fnd hegerocys - éé‘ifé@m e gvgdmlemﬁ %/elﬁ %nmrsal&mrerred

enbodi MenRHIE, 4 20%&%49'51;5%@2@9&&%% ISR GRGLAT K
T ih

configuration of al hree of the carbons bearin R, R2, and
r espect i it§oexcIyiM-, where hepgraeyedyl igsglected Hpm mern éﬁmlBWC}léﬂP,at es to

compgund X}iRg. fhd 3&1‘6@1%}{{0‘3 of formula (Il) or a pharmaceutically
accept abfpéB%allt ther%aof each Ar is independently an aromatic or

het er oar omat i CindHeRUdH &nﬁdmehds,yr, }BsHl kﬂsseé cgﬁeméﬁ d if Qeléctédlﬁéﬁﬂé e NG

each A is independently selected from C= 2, preferably C=0; or
10A i s opniddhas selegted &pm Gntalltndn@ymléﬂ; @cmalkvb aacrhCoelmzrpanH@l olmZz Bis

absent or f @ from
thér MBI Y. & QLEDRY (2058 180G ahd NEE A RO .
C=0, C=S,0 an , prgfera‘“gL Oﬁs 'f® Q{Ibéﬁisl%s a ezr’lrf1 2 %a- ng k%/l ,
pr ef er abl§1-d@ky8avlere Cisalkyl is selected from methyl, ethyl, and 1sopr0py1 In further
15 embodiments, L is C=0, R’ is Cisalkyl, 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,.

salkyl, Q is selected from O and NH, and R® is C,gheteroaralkyl, where heteroaralkyl is
(4-pyridyl)methyl.

In certain embodiments, L is absent or is C=0, and R’ and R® together are C,.

20 salkyl-Y-C,ealkyl, Ciealkyl-ZA-C,alkyl, or C;¢alkyl-A, wherein each occurrence of
Z and A is independently other than a covalent bond, thereby forming a ring. In certain
preferred embodiments, L is C=0, Q and Y are absent, and R’ and R® together are C,.
salkyl-Y-Cj_salkyl. In another preferred embodiment, L and Q are absent, and R> and
R® together are Ci.;alkyl-Y-C,.zalkyl. In another preferred embodiment, L is C=0, Q is

25 absent, Y is selected from NH and N-C,_¢alkyl, and R® and R® together are C,_salkyl-Y-
C).alkyl. In another preferred embodiment, L is C=0, Y is absent, and R> and R®
together are C,.3alkyl-Y-C,_jalkyl. In another preferred embodimént, L and A are C=0,
and R> and R® together are C,alkyl-ZA-C,alkyl. In another preferred embodiment, L
and A are C=0 and R® and R® together are C,.jalkyl-A.

30 ~ In certain embodiments, R’ and R® are independently selected from hydrogen

and Cjealkyl. In certain preferred such embodiments, R’ and R® are independently



Qis absent or is selected fromO, NH, and N-Cl.6al kyl; 15Xis selected from
0, S NH and NC _6al kyl, preferably 0; Y is absent or is selected from
C=0 and 509;20emabs1Z i s i ndependently selected fromO0, Spciids2@ndi4427

N- Cl. 6al kyl, preferably 0; O Z is opfsionally a coval ent bond when adj acent
to an occurrence of A, 20R2 and R3 are each independently sel ected from
aryl, Cl.6aral kyl, heteroaryl, and Cl.6heteroaral kyl; R4 is N(R5)L-Q R6;

R5 is selected fromhydrogen, OH, Cl.6aral kyl, and G al kyl, preferably

hydrogen; WD 2007/ 149512PCT/ US2007/ 014427 21 R6 is selected from
hydr ogen, C1.6al kyl, Cl1_6al kenyl, Cl1_6al kynyl, Ar-Y-, carbocyclyl,
het erocyclyl, an N-term nal protecting group, aryl, C| 4ar al kyI heteroaryl

C1_6het ersshaciddyom hydropan agd ngshyly ln moRe pR{@tedsaick pmbodiments, R’ and R*

(R110) (R 8al kyl ZAz- CI _sal kyl -, het erocycl y1MZAZ- C3_sal kyl -,
5(R110)(%géggn@ 8&%}1 8al kyl -, (R13)2N-C _ual kyl -, (R13)3N4- Cl1_12al kyl -

het | y1M G I3kyl - S ferably
an N- cappi hg e%“oﬁe%faﬁﬁ%%@%% 5 %f O KR S st fergh it X BB LO0
or R5 ancamdR 'mg;eteEe:l fmm(EkaprlLEyahydrﬁyaﬂdykﬁd:hsagbx?alﬂc&yhnz{%dm; 6aI1(I§3|% _
ZAZ- C1 ZAZ- Z ere or rLn 'S
sel e(gt ed Frosh and’f y‘gﬂmﬁé O%téqr’l%ys‘?%sﬁ%‘tﬁ‘fwé r A& orﬁl"g\a@?‘?fbf’ drogen; RO
is sel ect@ﬂbdxyhmahyﬂ(roegeal,t tiarbo i RetelinBlatiing] C, ansl esteb) Cy_4MkylGatdsyind and

12113 is an, N-t rglp? ecti ng roup; R11 and R12 are
i ndependeti?! &t ’108 RS B‘gﬂts nmetal cation, Cl_6al kyl, Cl_6al kenyl,
Cl- 6al kynyl t er oar

preferably 15f é%‘ﬁ‘ﬁ}bﬂh rtSBBH‘aYH@E%%%ng g’%‘?"l?lﬁ%a}‘((} 1@%“’%{? g ll(’a‘;[p%tr‘j‘g%;?%l gs?% R12
t oget her iackRideh _bﬁﬁixly)ﬂarbdnm?(my BeAEH91B 2R fldohsh-9- ylmethoﬂ?&lﬂ)cﬁ%@(ftrﬁ c),
e sTenesion foityt) oo e ooyt andine e o u oF 02 <Y1
and phenylmethy. y y y.
various N-protecting groups, e.g., the benzyloxy carbonyl group or the t-
butyloxycarbonyl group (Boc), various coupling reagents, e.g.,
dicyclohexylcarbodiimide (DCC), 1,3-diisopropylcarbodiimide (DIC), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (EDC), N-hydroxyazabenzotriazole
15 (HATU), carbonyldiimidazole, or 1-hydroxybenzotriazole monohydrate (HOBT), and
various cleavage conditions: for example, trifluoracetic acid (TFA), HCl in dioxane,
hydrogenation on Pd-C in organic solvents (such as methanol or ethyl acetate), boron
tris(trifluoroacetate), and cyanogen bromide, and reaction in solution with isolation and
purification of intermediates are well-known in the aﬁ of peptide synthesis, and are
20 equally applicable to the preparation of the subject compounds. Suitable protecting N-
terminal protecting groups may also be found, for example, in Greene, T.W.; Wauts,
P.G.M. “Protective Groups in Organic Synthesis”, 3rd ed.; Wiley: New York, 1999 or
Kocienski, P. J., “Protecting Groups”, Georg Thieme Verlag, 1994,

In certain embodiments, the stereochemical configuration of the carbons bearing
25 R',R? orR*are independently D or L. In certain preferred embodiments, the
stereochemical configuration of at least one of the carbons bearing R! R2 and R?
respectively is D. In certain preferred such embodiments; the stercochemical
configuration of the carbon bearing R' is D. In certain such embodiments, the
stereochemical configuration of the carbon bearing R? is D. In certain such
30 embodiments, the stereochemical configuration of the carbon bearing R? is 0. In
certain embodiments the stereochemical configuration of at least two of the carbons

bearing R', R?, and R? respectively is D. In yet another preferred embodiment, the



R14 is independently selected from hydrogen, Cl_6al kyl, Clal kenyl,

Cl _6al kynyi, 20carbocyclyl, heterocyclyl, aryl, heteroaryl, Cl.6aralkyl,
and Cl_o6hsbpevorredigy! ; R15 is sel ected from hydr egens26otabkyl ,
Cl. 6hydr oxyal kyl, C1. 6al koxy, -C(0)0Ghp al kyl, -C(0)NHC1_6al kyl, and

C _6aral kyl, preferably Cl1_6al kyl and Cl- 6hydroxyal kyl, nore preferably

nmet hyl , ethyl, hydroxynethyl, and 2-hydroxyethyl; provi ded
that in any occurrence of the sequence ZAZ, at |east one nenber of 25the
sequence mnmust be other than a coval ent bond. In certain enbodi nents,
R2 is selected from Cl. 6aral kyl and Cl. 6heteroaral kyl. In certain such

enbodi ments, R2 is selected from Cl. 6al kyl - phenyl, C1.|6al kyl -indol yl,

Cl . 6al ky! sterepehrepiical ConBgurkiion ofialhthoee/of thawarbCns bedrinigR's BErardAR) yI |~ wher ei n
t he al kyl i contain six, five, four, three, two, or one carbon

at ons, prréa?‘gécg{%%qugﬁ‘e or 30two. In certain such enbodinents, R2 is

Substi tut ed wi 4 A0e. oL TR SUBSHLL UERLS:, MOR0RT/ 1981 2PET) 182907/ 014427
22 sel ected fromthydr XY, har ogen, am dé, "am e caraoox%/?lc acia (or a salt

t her eof ) , foemular(11) ion a phakntageiicablyl dcydptatsie ealt theteofal kyl ester, and aryl
ester), thiol, or thioether. In certain such enbodinents, R2 is substituted
with a substituent selected fromal gyl, g%i hal oal kyl, al koxy, hydroxy, or

cyano. In certain such enbodi mg],ts, ib selledted from Clal kyl - 5phenyl
and C].6al kyl -indolyl. In cert thJjé

R2
T ef h enmbodi ments, R2 is
selected fromR = H or any sui tab.%g prigt ectli ng group wherein D is selected
fromPH, OWe, ()But, OH OCN, d I certain enbodinents Dis
selected fromH Owe, OH CN, CF3 and 1 10In certain preferred such
enbodi nents where D is attached to a si¥- menber ed ring, Dis attached at
the 4-position relative to the point of attachnent,. preferably. excluding
enbodi ment s Wn%arcg ‘%H ‘%388%4eflﬁ¥ﬁ“(5’f°rf‘?fé° or hejerparogati ereip cgg}mpﬁléy ni trogen of
a pyri di ngubktitaged With ¢ &6 Baubstrudiegdi mrents, R3 is sel ected from C1. 6ar al kyl
and Cl. 6heteroaral kyl. 15In certain the alkyl noiety may contain six, five,

four, three, tedh MlsiAdependetbseddcidBiro C@)@LS YandSD0 prefévablyl@=0esét ai n
such enbodi nents, R3 is substituted with one or nore substituents sel ected

f romohydr oxy, Rékegeshallgi dwaleftbsil whé &xoent o @CodtufrehcsoSal t thereof),
ester (including C _6al kyl ester, Cl.5alkyl ester, and aryl ester), thiol,

or thioether. Brisakeheoris NRA)REMGReicradny sbseff3 i s substituted with a
substituent selected 20from al kyl, trihal oal kyl, al koxy, hydroxy, or cyano.

In certain such iestxedi srBbdectBd fioth €20 CESdakd S0}, Prefel®dlKFO; Bhery), and
Cl. 6al kyl -indolyl. In certain preferred such enbodi nents, R3 is selected
from WO 2007/ M32beenCht 14320041kO1] pfofdrably C, salkyl;
Q is absent or is selected from O, NH, and N-C,_galkyl;
15 X is selected from O, S, NH, and N-C, galkyl, preferably O;
Y is absent or is selected from C=0 and SO;

each Z is independently selected from O, S, NH, and N-C, 4alkyl, preferably O;

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

20 R? and R? are each independently selected from aryl, C,.¢aralkyl, heteroaryl, and
Cj.¢heteroaralkyl;

R*is N(R*)L-Q-R%;

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



23 R = H any suitable protecting group wherein Dis selected fromH, Ow,
OBut, OH CN, CF3 or CH3. In certain enbodinents, Dis selected fromH,
Ove, OH, Wd206#39ap CH3. In certain enbodi nents, R5 is pydrmge@ioidsi s C=0
or SO2, R6 is Ar-Y-, and each 5Ar is 4yndependently selected from phenyl,

i ndol yl, benzofuranyl, naphthyl, quinolinyl, quinolonyl, thienyl, pyridyl,
pyrazyl, and the like. In certain such enbodi nents, Ar nmay be substituted
with Ar-E-, where Eis selected froma direct bond, -0-, and Cl. &l kyl. In
certain other such enbodi nents where Qis Cl.6al kyl, Q nmay be substituted,
preferably with Ar, e.g., phenyl. 10l n certain enbodi nents, R5 is hydrogen,
Qis absent, L [s C=0 or SO2, and R6 is selected fromAr-Y and

het erocycl yl _ Rnlsfﬁéhcéﬂdrﬁ%ﬂé*b’émgém Guatkybifhodlkeant £ sty odydly| s

sel ected TpeaTarYyy h I a certain
ot her pr eéf g@dﬁgdﬂi ‘uch n%c l%ll %ﬁf{é%l r%mﬂ}]g% F ]S'I %Fdl%lnp{éterg l‘lﬁd

benzof ur a@ydhetmaﬂmy R Zmzmsalkyl- RY @@ pgadiegtt, (RE IQ)éihVD)P(pﬂp)Ddgll gaug;n azyl
and the |4 f t 5 or SOz, Q

i s absent’ KE ﬁélﬁ%%cgéﬁy Ea%e b“a@‘lyl z’le%%?'cgﬁ]gﬂé&éﬁi?%% ited vinyl
gr O]lc,lﬁ wgle(mé'm}m”s)me-tmmrsalkyl ,qgéﬁgmhl,ya;m{l-,f(kﬁ)mt-ﬁmamyfar%ll group, nore
refera itu one to four

gubstl tu %Iog}{"‘li%& g%ﬁ g’écﬁgl%'#erﬁcé 'Ea ﬂd’ 9@‘1:3 g\éﬂg]é‘nt’reg‘ﬁﬁb IpeniNs sel ect ed
from Cl. Gaipisig, rhdreGaefeRBYY t-biktd bs bérzyRalyadrbihyl; &nd

C _6heter og)?gilz’kg;?gﬁl n ggﬁal ny}%stach )éﬁngtﬂgl%ni 5%5 ?’s rC %lal kyl and R6 is

sel ected from Rtyd R® &deitler 2Ry ORANGYY-CPhARM! G?Lzhwlrzﬁzmﬂaﬂéyl ZAzyridyl,

and 4-pyridyl. In other enbodinents, L is SQ2, i's absent, andR6|s
sel ect ed PHIZAZCigt kg &A% Gi-salki-ZAL+ o Gu-ealles er‘?IG‘P}'rﬁ?rﬂ@ng ®RENEs sel ect ed

from.net hyl andg phenyl 25I n certain enpbodi nents, is C0 and R6 is

sel efted from %1'%&!‘1?%‘1 ‘E‘" hyélgggﬁ@,,ﬁ,wsa kyh. a@él@ayﬁﬁv‘llkyld?r?ferat{ll hgdrogeney | |

het eroaryl, C, hetero% | ZA- C1, 8al kyl - HZ- C__gal kyl éR" 0)(R
120) P( =0) 0- C1. Balsisylested( él)véwgm) = arallgdy Rfyferablmé’n zalio! an

2007/ 149512PCT, HSZOO? 014427 24 ZAZ- G _sal kyl -

(12" 0) ( R120) P(R0y®aeN-tesisal protesfing rgdl; - RI | ZA- CL_sal kyl - ZAZCL. 8al ky! -
het erocycl yIMZAZ- G sal kyl -, (R13)2N-Cl1_8al kyl -, (R13)3N-E-G _sal kyl -

het er ocycl yll\/#lvZR @gﬁfﬁ;gﬁq pfgpendeyt {e3gizpmhydrogengmedal o -4k ei n

eaCP OCCUCT ANERyR T, ZalkPhlylfartys, Hefé@@&?ﬂ@?@&labkyptah@ 'c theRrardiRyiapeiratignd. I'n
certain
15 from hydrogen, metal cation, and C,alkyl, or R!'' and R"? together are C,.galkyl,

thereby forming a ring;

eachR" is independently selected from hydrogen and C, ¢alkyl, preferably C,.
salkyl; and

R"Yis independently selected from hydrogen, C,_salkyl, C,.¢alkenyl, C;galkynyl,
20 carbocyclyl, heterocyclyl, aryl, heteroaryl, C,_¢aralkyl, and C,_gheteroaralkyl;

R" is selected from hydrogen, C,¢alkyl, C,¢hydroxyalkyl, C, ¢alkoxy,
-C(0)OC, 6alkyl, -C(O)NHC,ealkyl, and C,¢aralkyl, preferably C,.galkyl and C,.
shydroxyalkyl, more preferably methyl, ethyl, hydroxymethyl, and 2-hydroxyethyl;

provided that in any occurrence of the sequence ZAZ, at least one member of

25 the sequence must be other than a covalent bond.

In certain embodiments, R? is selected from C i-saralkyl and C,_¢heteroaralkyl.
In certain such embodiments, R? is selected from C.salkyl-phenyl, C,_alkyl-indolyl,
Ci.salkyl-thienyl, C,_¢alkyl-thiazolyl, and C,salkyl-isothiazolyl, wherein the alkyl
moiety may contain six, five, four, three, two, or one carbon atoms, preferably one or

30 two. In certain such embodiments, R? is substituted with one or more substituents



S5enbodi nents, L is C=0, Qis absent, and R6 is H. In certain
enbodi nents, R5 is Cl 6alkyl, R6 is Cl 6alkyl, Qis absent, and L is C=0.
| n certaiwoueimsesibodi nents, R6 is ethyl, isopropyl, 2, 2czaiseedlouaenet hyl ,

or 2- (methyl sul fonyflethyl. 22 In other enmbodinents, L is C=0, Q
is absent, and R6 is Cl_6aralkyl. In certain 10such enbodi nents, R6 is

sel ected from 2-phenyl et hyl, phenyl nethyl, (4- nmethoxyphenyl) nethyl,

(4-chl orophenyl ) net hyl, and (4-fl uorophenyl) net hyl . I n ot her

enbodi nents, L is C=0, Qis absent, R5 is C _6alkyl, and R6 is aryl. In
certain such enbodinents, R6 is substituted or unsubstituted phenyl. In

certain enbodinents, L is C=0, Qis absent, and R6 is selected from

15het er oaseldctedfdoraihydioay chalegel, hyride lamine cahonylduadid éqrtmﬂtrtbmegt) €eri s

het er oar y|. Q [ e X zole
oxazol e, ncsf GA ggtle éalfd{'l eg}ep 3&1&% %@g la{éyq ?t@rk) ﬂx?(?l orn?hgo%%h 28 (lan c%rgalg‘ di
pyrazi ne, suph lenﬂbadnmmtsmd 1$);ul:|stmnled1w1thIarsubmttlmtrsxelabtbélﬁmm al\kgl snh:ﬂoalkyl

enbodi nment s _C, 4het eroaral kyl sel ect ed fro oyrrol

Fur any! mel RGP By ARG 1 T Forea SN 558 i saiot-
200x8zol ypHeayhaHd, Cp@éﬂ@ll-aidﬂlyll MRicBithin préfeagd ls\vdhr@wddhmeﬁtbl Rbisagrkpedmet hyl ,
triazolyl get hyl, pyrazol yl nethyl, pyridyl nethyl, pyrazinyl nethyl,

pyridazi 'ﬁethyl and pyrim di nyl met hyl . In certain enbodinents, L is
C=0, Qis absent or 0, and R6 is carbocyclylM, wherein Mis Co., alkyl. In
certain such enbodi nents, cycloproay or cycl Xyl . 25In certain
enbodi nents, L and A a&g bség | 0, M d _gal kyl,

pref erably net hyl ene, S se ron1ﬁf " sal kyl -,

Rl 4Z- Cl1. 8al kyl -, RI |ZA-C, 8al kyl - ZAZ- C1. 8al kyl -, (R' 0) (R 120)P(=-0)0-C

i _3al kyl - ZAz- C1. 8a|ky| ﬁiQ§Qﬁl 20 P(iﬁtﬁiﬁl 8a|k¢k<ZsC|aIkyI , and

het erocycl y1MZAZ- Cl . 8al hg;[rﬁgere occur A i's independently
ot her than a covalent certain 30such enbodi ments, R6 is

het er ocycl y1MZAZ- C1_sal kyl - mhe/@ heterocy lyl is WD
2007/ 149512PCT/ US2007/ 014427 ubstit - d or uns gt ut ed oxodi oxol enyl
or N(RL6) (RL.7), wherei R1% t o4t hef™ né\peko&)kyl Y- CL. 6al kyl ,
preferably C1.3al kyl - Y—Clpﬁal yl, therebWformng a ¥ng. In certain
preferred enbodinents, L is Cip, 0 is absent, Mis C _galkyl, and R6 is

sel ected fron1(R110)(R120)P(: 0-Cl. gal kyl -, (R13) 2NC1_galkyl,

(R13)3Nti _galkyl-, 5and RreHer aweolapie drbtecthpgoes t ai n such enmbodi ments, R6 is
(R13) 2NC1_gal kyl or (R13)3N+Ct gal ky I-, where R13 is Ctalkyl. In certain

ot her sucWheraipddiinsahected iH, (hMeeDcBchCDHJWN ChinendChist & 0oyainyl is

sel ected rOmiMRRRROl Ao RSE i dKhe, BHP BT Gna s, PYT T ol i di no.

10 In certain preferred such embodiments where D is attached to a six-membered

ring, D is attached at the 4-position relative to the point of attachment, preferably
excluding embodiments where the 4-position of the ring is occupied by the nitrogen of

a pyridine ring.

In certain embodiments, R? is selected from C,.¢aralkyl and C,.gheteroaralkyl.
15 In certain the alkyl moiety may contain six, five, four, three, two, or one carbon atoms,
preferably one or two. In certain such embodiments, R? is substituted with one or more
substituents selected from hydroxy, halogen, amide, amine, carboxylic acid (or a salt
thereof), ester (including C,_salkyl ester, C,_salkyl ester, and aryl ester), thiol, or
thioether. In certain such embodiments, R? is substituted with a substituent selected
20 from alkyl, trihaloalkyl, alkoxy, hydroxy, or cyano. In certain such embodiments, R is
setected from C,galkyl-phenyl and C,¢alkyl-indolyl. In certain preferred such

embodiments, R3 is selected from



In certain enbodinents, Lis C0, RS is Cl _6alkyl, Qis selected fromO and
NH 10and R6 is selected from G _6al kyl, cycloal kyl-M Cl1_6aral kyl, and

Cl. 6het erwenadkpbs12l n ot her enbodi nents, L is C=0, R5 i ecTust@i7hoyds27 Q i s
selected fromO and NH, and R6 is Cl_gal kyl, where Cral kyl is selected from
met hyl, ethyl, and isopropyl. In further enbodinents, L is C0, R5 is
Cl.6alkyl, Qis selected fromO and NH and R6 is Cl _ 6aral kyl, where

aral kyl is phenylnmethyl. In other enbodinents, L is C=0, RS is Cl _

156al kyl, Qis selected fromO and NH, and R6 is Cl_6heteroaral kyl, where
het er oaral kyl is (4-pyridyl)nmethyl. In certain enbodinents, L is
absent or is C=0, and R5 and R6 together are Cl _ 6al kyl - Y-Cl. 6al kyl,

Cl. 6al kyl - ZA- C1. 6al kyl , or Cl1.6al kyl -A, wherein egeh occurrence of Z and A
is independently other than a coyalPent bond, t grepy formng aring. In
certain 20preferred enbodi ment s i san@=B; ; are absent, and R5 and
R6 together are C. 3al kyl -~C¥ kyl . Inm’ﬁ er preferred enbodi nent, L
and Q are absent, and R5 and R6 together are Cl,3alkyl-Y-Cl. 3alkyl. In

anot her preferred enbodinent, L is C=0, Qis absent, Y is selected from NH
and N-Cl1_6al kyl, and R5 and R6 H apeiuithie piptectop 0P kyl - YCi . 3al kyl . In
another preferred enbodiment, L is C=0, Y is absent, and RS and R6 25

t oget her ‘e D Huelsrtedyirem BPMg, OBun OFhdtNeEFpee€Hs.r Brcastifbdi ment, L and

A are @h%%s,aﬁqs @e&%ﬂﬂ'&nﬁﬁ, GiR, ok %a}hkdﬂ;%&%ﬁl 2alkyl. In another

preferre iment, L and A'are C=0"and R5 an t'ogether are

C2_3alkyl-A. Iy &ggﬁpérﬁbmgg%yﬁ?{sq, d eh,slﬁ%tgégﬁ%étﬁmi%ﬁ&@%ﬂ B

Cl.6alkyl. In certain refer such enbodi nment s, is selected
f r on$ hy dragsnndapendentlyyseleciad from pheyrisfelyt, denseforanghivedhtheheinol8yl; s

O e oo qutSoAOHHIRINARNT HREOE 1hd 1Rk, 38 cortain such BrBBARRRR Ar 1

i s sel ectreay be subsGiut&hivithi| Ar-Ex] viteyalE dxseddcked froibia disdck bayd|-Qy,landdtyl , and

Cl.. 6aral , r.any, of ich,is.,opntional syubstituted with one or re of
o e alr EgRs othet itn Rt e peerd PG et c by b B

G _6al kylprefetahly with Aglelgy| pheayler, and Saryl ester), thiol, or thioether
substituents. In certain enbodi nents, the stereocheni cal

coni@gurati on nfcettain aabdtimenBeR? isrtydRzeny QR8alsseat, iINdeeMde8O0b,yand RirisL. | n
certain preferred e dinents, t tereochem cal configyration of at |east
one of trﬁé:?e&%db%?‘@ %ggtaf'%e{sﬁécé'ﬁpﬁ ?eé?ﬂb@te?g%%f“ic eﬂb%HH“?f‘éﬁ’t ai n such
enbodi merticerotyitylSt esleqed &dhteiromeR}l, Biubaiahgl) ntrphdlthol @né€ BipeABinkEahi Ng R2
is D. In such epbodi pents, the stereochem cal configuration of the carbon

bearing FSTAW ashen prefegied speh emBediments 41 it felectedrealehyle Hidobdnt i gur at i on
of both qfenkm_r&@u,bﬁpﬁm%a{uiimﬂm% q%méldiil,rtﬁ@ﬁﬂﬁ biM&Y1Y pi2zf, and the like ANOt her
s hav

aspect of the invention relates to conpound ing a structure of formula
(I3 or a phamee@id émbddiheA&CRPIsABMgRA! L id 020ERSO,, Q is absent, and R® is
RL R 0 R31 N JO1, LIW . . .

Ci.salkenyl, where C,.¢alkenyl is a substituted vinyl group where the substituent is

preferably an aryl or heteroaryl group, more preferably a phenyl group optionally

substituted with one to four substituents.

In certain embodiments, L and Q are absent and R® is selected from Ciealkyl,
20 Ci.salkenyl, Cjalkynyl, C.saratkyl, and C;_gheteroaralkyl. In certain such
embodiments, R® is C,salkyl and RS is selected from butyl, allyl, propargyl,
phenylmethyl, 2-pyridyl, 3-pyridyl, and 4-pyridyl.
In other embodiments, L is SO,, Q is absent, and RS is selected from Cisalkyl

and aryl. In certain such embodiments, R® is selected from methyl and phenyl.

25 In certain embodiments, L is C=0 and R® is selected from Ci.¢alkyl, C,.
¢alkenyl, C).¢alkynyl, aryl, C, garalkyl, heteroaryl, C,.¢heteroaralkyl, R''ZA-C, galkyl-,
R'*Z-C, galkyl-, (R"'O)R'?0)P(=0)0-C, salkyl-, (R'' O)(R'?0)P(=0)0O-C, salkyl-



150 RR8 (I11) wherein each A is independently selected fromC=0, C=S, and
SQ2, preferably C=0; or Ais optionally a coval ent bond when adjacent to an
occurr enowoahoi49909 10 B is absent or is N(R )R, prefecasyooalosant; L is
absent or is selected fromC=0, C=S, gand SO2, preferably SO2 or C=0; Mis
absent or is G _12al kyl, preferably Cl.8alkyl; Wis selected from-CHO and
-B(ORI 52; Qis absent or is selected fromO0O, NH, and N-Cl.6alkyl; 25Y is
absent or is selected fromC=0 and SO2; WO 2007/ 149512PCT/ US2007/ 014427 27
each Z is independently selected fromO, S, NH, and N-Cl.6alkyl, preferably
0O; O Zis optionally a coval ent bond when adj acent to an occurrence of A

R1 | d f droxyal kyl , C _6al koxyal kyl | d
5C1. Sar ol £97:C sl CRIORRI QY- e AeleprobnRl YA S G oo ary1

G _6ar al kg| gal | BEQAY LiylRA£E, @hﬁ 1€/ @AHAUY a1 Bh, 40 R@lg R6:

R5 is sel e,c% ed fromh cxldryoge (‘Ra )?{h e kﬁd dCI N\I g?'ef erably

10hydr ogelpgterocyclylM-, carbocyclylM- R’ 802C| salkyl— andR SOzNH- wherem each
occurrence of Z and A is independently other than a covalent bond. In certain

5 embodiments, L is C=0, Q is absent, and R®is H.

In certain embodiments, R’ is C;galkyl, R® is C,alkyl, Q is absent, and L is
C=0. In certain such embodiments, R® is ethyl, isopropyl, 2,2,2-trifluoroethyl, or 2-
(methylsulfonyl)ethyl.

'In other embodiments, L is C=0, Q is absent, and R%is C,.¢aralkyl. In certain
10 such embodiments, R® is selected from 2-phenylethyl, phenylmethyl, (4-
methoxyphenyl)methyl, (4-chlorophenyl)methyl, and (4-fluorophenyl)methyl.

In other embodiments, L is C=0, Q is absent, R’ is C,.alkyl, and R® is aryl. In

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

In certain embodiments, L is C=0, Q is absent, and RS is selected from

15 heteroaryl and C,heteroaralkyl. In certain such embodiments, R® is heteroaryl
selected from pyrrole, furan, thiophene, imidazole, isoxazole, oxazole, oxadiazole,
thiazole, thiadiazole, triazole, pyrazole, pyridine, pyrazine, pyridazine and pyrimidine.
In certain alternative such embodiments, R® is C,¢heteroaralkyl selected from
pyrrolylmethyl, furanylmethyl, thienylmethyl, imidazolylmethyl, isoxazolylmethyl,

20 oxazolylmethyl, oxadiazolylmethyl, thiazolylmethyl, thiadiazolylmethyl,
triazolylmethyl, pyrazolylmethyl, pyridylmethyl, pyrazinylmethyl, pyridazinylmethyl
and pyrimidinylmethyl.

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

wherein M is Cg.jalkyl. In certain such embodiments, R is cyclopropy! or cyclohexyl.

25 In certain embodiments, L and A are C=0, Q is absent, Z is O, M is C,_galkyl, |
preferably methylene, and R® is selected from R''ZA-C,salkyl-, R'*Z-C, salkyl-,
R''ZA-C4alkyl-ZAZ-C, salkyl-, (R''O)(R'20)P(=0)O-C,salkyl-ZAZ-C, salkyl-,
(R"'O)(R"20)P(=0)0O-C, galkyl-Z-C, galkyl-, and heterocyclylIMZAZ-C, galkyl-,
wherein each occurrence of A is independently other than a covalent bond. In certain

30 such embodiments, R® is heterocyclyIMZAZ-C, salkyl- where heterocyclyl is



R6 is selected from hydrogen, Cl_6al kyl, Cl.6al kenyl, Cl1_6. al kynyl, Ar-Y-,
carbocyclyl, heterocyclyl, an N-term nal protecting group, aryl,

Cl_6ar al lkyyb,20é6meiuesi0aryl , Cldhet er oar al kyl , R14Z- C1_8al kylper/us2007/014427

(R'O (R120) P(=0) 0- G . gal kyl - ZAZ-C, sal kyl -

RI | ZAZ- G _sal kyl - ZAZ- G _8al kyl -, heterocycl y1MZAZ- C1_8al kyl -,

15( R110) ( R120) P(=0) 0- Ci _8al kyl -, (R13)2N-Cl-12al kyl -, (R13)3N+- Cl42al kyl -,
het erocycl yIM, carbocycl yl M, RI4S02CL. 8al kyl -, and R14S02NH; preferably
an N-cappi ng group, nore preferably t-butoxycarbonyl or benzyl oxycarbonyl;
or R5 and R6 together are G _6al kyl - Y-C _6al kyI ZAZ- C1_

6al kyl - ZAZ- CZAZ- C1_6al kyl - ZAZ, or Cl_6al k t her eby fe{m ng.a ring; 20R7
and R8 arubpiifytadangapebsituied WWG‘?WW%RO@% ), whegan Ry] anddh ] together

oo B B A ST ARSI, %,
d R12
e e e L

Cl. 6het erleaclattlcg} tfronp(Rafep(ab%Q)Pﬁe)ﬁ)@damgbn(R'ﬁ)gN@. salkyl, R7):i6, GlkBalkyl,

or 1 an 0 Cl_6al k t here each
R13R|§s i ndlt d%eﬁ%fg?%%{) sel g’t‘fe&?l (:'ﬂd %’Hs% &i%‘yﬁa kyBE%f erably
6al kyl ; a(Rl’); M 2aMk1-] 4DBACTS U$220 [ Qﬂ.é&l’zﬁn B&er such emBdimiesits| nﬂ&pendent ly

Kyl
selected from C en ar boc het er ocycl yl ,
aryl , het%ﬁ’ﬂ’&?ﬁﬁ%iw@ﬁfe%qivmyéﬂds @5%12 B ?‘é’ o 0, g‘pe')‘[‘g‘m’ each RL6 is
|ndepend tndzine! & ®erdlidais. hydr ogen and Cl_6alkyl; or two occurrences of
Epip

R' together may be 4al kyl, thereby formng a ring together with the

Si ntervening bm&&ﬂtaﬂﬂéinMﬁﬂﬂtsaLQiTE—bOR\Miﬁ Ghéaﬂlk}ﬂYQaé geladtt A HBANO and NH
prow ded that.in any occurrence of the sequence ZAZ, at |east gne rrenber of

t he 19equethdeR s selepied dioma €159yl aycdealaylaMs Cetralkyl, and C-shne@éfaﬂlaf
embodi Mengher é%ﬂbo%lﬁ%h@%%iciboﬁp i<é, H8403 1EahdedIrofd ahlf WH, 2hf Kﬁqgt ain

such enbodi ments, 12.1 is substituted With one or nore substituents

sel ect ed €r- @Mﬂmwﬁ&«yalkmbusegleﬁtedefrﬂnd@ettmh qilyl, and isersppik ladidh¢ror a sal t
t her eof ) n L I 6 aryl
ester), (f(ﬁﬁ,géds’t léjé ﬁ&%eér%a?ﬁé%)e?é erre suc{lul\ﬁ:f o(?jf{ne%r?s Rl is
subst i tut@dﬂlkwlt whmrdkylrmmbe&db@thyﬂ ubmetsesehbatimgnts bis €x0bBiys Cc aci d and
est I N, l.egt ed

i so%?opyl 6;)2%;;?}%@?%&% gmg)eﬁnjﬂzﬁs-l d 1?6 fﬁ% é%rﬁgﬂé] ’d‘D]}{n'%ereg-l g{eﬁ%ﬁlméyl 15

- C1. 6a1ky(]4—1liyrah<l1)n@;th3ﬂar al kyl . 15In certal n preferred such enbodi ments, B is
absent.

In certain embodiments, L is absent or is C=0, and R® and RS together are C,.

salkyl-Y-C,¢alkyl, C,.¢alkyl-ZA-C, galkyl, or C,¢alkyl-A, wherein each occurrence of
Z and A is independently other than a covalent bond, thereby forming a ring. In certain

20 preferred embodiments, L is C=0, Q and Y are absent, and R?® and R® together are C,;.
salkyl-Y-C,_alkyl. In another preferred embodiment, L and Q are absent, and R® and
R® together are C,_3alkyl-Y-C,.;alkyl. In another preferred embodiment, L is C=0, Q is
absent, Y is selected from NH and N-C, ¢alkyl, and R’ and R® together are C,.jalkyl-Y-
C).;alkyl. In another preferred embodiment, L is C=0, Y is absent, and R® and R®

25 together are Cy_3alkyl-Y-C,.jalkyl. In another preferred embodiment, L and A are C=0,
and R® and R® together are C.alkyl-ZA-C,alkyl. In another preferred embodiment, L
and A are C=0 and R® and R® together are C,.3alkyl-A.

In certain embodiments, R? is selected from hydrogen and C;_¢alkyl. In certain
preferred such embodiments, R? is selected from hydrogen and methyl. In more

30 preferred such embodiments, R? is hydrogen.



In certain enbodinents, R2 is selected from G _6aral kyl and

Ci . 6heteroaral kyl. In certain such enbodi nents, R2 is selected from

Cl. 6al kylwphe#wisesi1€l. 6al kyl -i ndol yl , Cl1_6al kyl -t hi enyl , pErajskyloidabazol yl ,
and Cl6alkyl-i sothiazolyl, wherein thg alkyl noiety may contain six, five,
four, three, two, or one carbon atons, preferably one or 20two. In certain
such enbodi nents, R2 is substituted with one or nore substituents sel ected
from hydroxy, hal ogen, am de, am ne, carboxylic acid (or a salt thereof),
ester (including Cl_6al kyl ester, C,_6al kyl ester, and aryl ester), thiol,
or thioether. In certain such enbodi nents, R2 IS substituted vvith a

substituent selected fromalkyl trihgl oa[gg al koxy, hydroxy, cyano.
In certain such «HBBUTRRtiZeniRpXiis O Bl and af?%ﬂ?h@ldmmlﬁ;ﬂtb'@@ﬂfﬂéﬁgll and

Cl . 6al kyl r ef sel ect ed
From Wb 80073 SEssB R St bR AR CIARAGRRLE ondy
protecti rsgra@f)dmmfevbph l@m@nslé}' edistithtéd wmﬂlHne@/CmorBUf amfdd aJﬁN)e CF3 and

CH3. In ¢ sel m CF3 .and CH3.
In cert alc%F%)?‘gp err ethg‘gﬂE ﬁlr%%’éf &5 §m\:/vH lpé%"aﬁ('yl Cﬁééﬂlﬁ?\legte&l Pdenber ed
5ring, D drgl eaterpdhiel omhnbbthexilsqbemubntsn relative to the poi nt of attachnent,

preferably excluding enbodi nents where the 4-position of the ring is
occupi ed by thia qwﬁbhmgnhsodiﬁemspmeistﬁrmhemngl conﬁguratidin afahé aarbosyitbeingent s,

R3 is sel fro ar.al k d G 4het er oaral k ertain the aIkyI
noi ety rra%ﬁ%rgﬁt%rf: lé'ep 3/rf'tsaﬁl efgtﬁ Feﬂﬁg e"th"%gﬂ@“ f:’afﬁf)on at ons,

10pr ef er addryodhiethicul cbhﬁﬁgurhﬁoﬂsf itdkdkt ShiE Bf ﬁ?lﬁhﬁflioﬁ?ﬁ&:ﬁdngﬁsz afd BUbstituted
with one or npr subsil tuents sel ect ed from h%’grox hal ol%en am de, am ne,
car boxy| i TESBEENYE ((5?0 L Cgrfaip Bodiments, the stregachemisabrorgigueationeafithe

G _sal kylcaet&inedeanaqu2a§ B I.es&&fambadﬂmehus € stefdRBERRG] cér{ﬁdgﬁeatw drfeich
embodi ment s, IS sybstituted with a substituent selected from al kyl,

trihal oa|%§ﬁr°n RERRBR Y thpdi g5rtain embpdiments, thedereashemicaliroafiseatinenfs, R3 is
15sel ect etsimﬁapme‘é%rb@%k%xénmhx&dﬁﬂfksﬂéa@@%% indolyl. In certain

preferred such enbodinents,” R3 is selected from
Another aspect of the invention relates to compounds having a structure of

formula (III) or a pharmaceutically acceptable salt thereof,

R'" RT 0 RS

15 O R? F'QB
(1)
wherein
each A is independently selected from C=0, C=S, and SO, preferably C=0; or
A 1s optionally a covalent bond when adjacent to an occurrence of Z;
20 B is absent or is N(R%)R'?, preferably absent;
L is absent or is selected from C=0, C=8, and SO,, preferably SO, or C=0;
M is absent or is C.palkyl, preferably C;-galkyl;
W is selected from ~CHO and -B(OR'"),;
Q is absent or is selected from O, NH, and N-C,.¢alkyl;

25 Y is absent or is selected from C=0 and SO,;



R =H any suitable protecting group wherein Dis selected fromH, Ow,
OBut, OH CN, CF3 or CH3. In certain enbodinents, Dis selected fromH,

Ove, OH, ¥200A39xae CH3. WO 2007/ 149512PCT/ US2007/ 01442¢TRB2007/014421 N
certain enbodi nents, R5 is hydrogen, 47 is C=0 or SO2, R6 is Ar-Y-, and each
Ar is independently selected from phenyl, indolyl, benzofuranyl, naphthyl,
qui nol i nyl, quinolonyl, thienyl, pyridyl, pyrazyl, and the like. In certain
such enbodi nents, Ar nay be substituted with Ar-E-, where E is sel ected

froma direct bond, -0-, and Cl_ 56alkyl. In certain other such enbodi nents
where Qis Cl.6alkyl, Qmy be substituted, preferably with Ar, e.qg.,
phenyl . In certain enbodinents, R5 is hydrogen, Qis absent, L is 0=0

or S, and R6e#ch %is indensddéntlyraelicted faord O\, ¥ IbandI NHC 1.salkyk preferablyDef er r ed
such enbogi ments, heterocyclyl is selected fromchronmonyl, chronmanyl,
nor phol i no, and piperidinyl. In 10certain other preferred such enbodi nents,

Ar is select edei£ 8F?i&l%§p¥lfyvgl@gpéynld’\f/Qgﬂra]‘%g;ci%rﬂg{zﬂyz%ni(%c%gggﬁc@yéf’A'qUi nol i nyl,

qgui nol onyl , thienyl, I, pyrazyl, I't certain

enbodi nents, R51i €Ny LA =0, O, 0 i t nd R6, i
a . Ga: kenyis, \Aﬁelrlszse}gfvc a ’3r‘ﬁyicz‘galgﬂg‘?rb‘ét-?‘t"é‘f"é‘ga‘i‘/‘?/h?ﬁig'?‘ 8{‘%3 v%qe?rgl’ltaﬁg

subsbi t ueBt.caralkpk ef erably an aryl or heteroaryl group, nore preferably a
phenyl group optionally 15substituted with one to four substituents.

In certain enbBAandRt are dachiviicRemtentlglaslented dreh R, G @il derbani) and
Cl1_6al kyl {Spl 6al kenyl, C .al kynyl, G _6aral kyl, and G .6heteroaral kyl. In
certain saeestB¥al¥ints, R5 is G ol kyl and R6 is selected from butyl

al lyl, propargyl, | methyl , 2-pyridyl, 3-pyridyl, and 4-pyridyl. 20In
ot her enbodi ms#t éﬁﬁwéé&: Qis absent, and R6 is selected from G al kyl

henylin cor Ral A HBRDEosn QP Cosarr henT & kel PEITRP S G ol k!

C _16al kehwydrogdsi; 6al kynyl, aryl, Cl.6aral kyl, heteroaryl,
C _6heteroaral kyl, R 1ZA-Cl_8al kyl -, (R110)(R120)P(=0)0-C _sallcyl -,
(R110) ( R120) P( RO} sefdcaddifydm h38764én G0, Sy Crealkenyl, Cigalkynyl, Ar-Y-,

(RL10) ( ngag?)clfcg'ip))l%e?g'mg)?éll)lﬁygﬁ é-—tg‘mlsnaal g%ltédtinglgnl)éé-agl,—(gﬂalr%{()-ll,zéééroary],
Cgheteroaralkyl, R''ZAZ-C, galkyl-, R"Z-C, galkyl-, (R'' O)(R'*0)P(=0)O-C, salkyl-
ZAZ-C, galkyl-, R! 'ZAZ-Cl_galkyl-ZAZ-Cl_galkyl—, heterocyclyIMZAZ-C,_salkyl-,
15 (R"'O)(R"?0)P(=0)0O-C,salkyl-, (R'*);N-C|_2alkyl-, (R*);N*-C)_1zalkyl-,
heterocyclylM-, carbocyclylM-, R”SOzcl-galkyl-, and RMSOZNH; preferably an N-

capping group, more preferably t-butoxycarbonyl or benzyloxycarbonyl; or
R? and R® together are C,_¢alkyl-Y-C,.¢alkyl, C| ¢alkyl-ZAZ-C, ¢alkyl, ZAZ-C;.
6alkyl-ZAZ-C,¢alkyl, ZAZ-C,_galkyl-ZAZ, or C,salkyl-A, thereby forming a ring;
20 R’ and R® are independently selected from hydrogen, C,.salkyl, and C,_aralkyl,
preferably hydrogen;
R’ is selected from hydrogen, OH, and C,_alkyl, preferably C;¢alkyl; and

R'% is an N-terminal protecting group;

R'' and R"? are independently selected from hydrogen, metal cation, C,_galkyl,
25 Cisalkenyl, C¢alkynyl, aryl, heteroaryl, C,aralkyl, and C,.¢heteroaralkyl, preferably
from hydrogen, metal cation, and C,alkyl, or R'' and R'? together are C,.salkyl,

thereby forming a ring;

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



C _sal kyl -, heterocyclyl MCAZ- C1_8al kyl -, (R13)2N-C1_8al kyl -,

(R13) 3N+- C1. 8al kyl -, heterocycl yl M, carbocycl ylIM, RHSO2CL. 8al kyl -, and

Rl 4S02NH-wowbergbsizeach occurrence of Zand Ais i ndepemrdenisby7oidier than a
coval ent bond. In certain enbodinents;g L is C=0, Qis absent, and R6 is H.
WO 2007/ 149512PCT/ US2007/ 014427 31 In certain enbodi nents, R5 is

C galkyl, R6 is G _galkyl, Qis absent, and L is C=0. In certain such
enbodi ments, R6 is ethyl, isopropyl, 2,2,2-trifluoroethyl, or 2-

(et hyl sul fonyfl et hyl . In other enbodinents, Lis C0, Qis
absent, and R6 is C .garalkyl. In certain 5such enbodinents, R6 is sel ected
from 2- phenyl et hyI phenyl met hyl , (4- met hoxyphenyl) net hyl ,

( 4- chl or ophenyR}* ne!rt@cbﬁmtde(Sdlefzded(ﬁroophﬂhvge)mﬁnhaylkyl Ccalkenyl, G.daticynyl,

cortaln comregshbd 6909‘3‘%%" Hetutt orntal Tl ottt bronyl - 1n

certai n enbodi t i apsent,, .and i d from
10het er oar yl a&‘éﬂg nfi %‘Feggfrgf%ﬁle(:t‘?abé%@hygfoﬁegl?f:‘ﬂ éﬁ%@‘ﬁf ﬁ?’% R6 is
het er oar ybccaaknes of Rf ?mgbmyzr malyée G,Lakkgl, tl’idﬂebypﬁ’miﬂﬁmg a fihg eoiettrer wiisaxazol e,
oxaz Ie oxadi azo] e

th th t I i
S Rk B R e i 21 e,

embodi nent s, R6 is ghet er oar al k | ected f | met hyl

Furanyl ot byl Dok s ngY SShirenls of B SEiuRpre ZAZo RLizbR edteRer of
150xazol yihafeécmehce axscheagtibythak b kplaledtlboad ol yl net hyl , thi adi azol yI met hyl ,
triazolylmethyl, pyrazolylmethyl, pyridylmethyl, pyrazinylnethyl,

pyri dazi nyl met hlydertaﬂﬂerﬁvdidlﬂ‘iedtsDRF idelitted from—c, Lankgzlemtaau T, galandi.mnts, L is
C=0, Qis_absent or is carbocyclylM, wherein Mis Codal kyl. In
certain sW‘%%B&FWQﬂE’Eemﬁé{ i§ sphstinypd B'HPIODSPT &re 6‘I‘\t§k‘%e“tsﬂﬂ"1‘fteé‘effqrﬁl n
enbqdi Menkydroty, AAbgén,anBidening) datb KB ALId (6r & §alpthe}\éo'f)S e@er Gﬂélﬁ&lng C..

preferably methylene, and R6 is seleCted from Rll ZA- C
R | ZA-Gi . @&y&ﬁtclzﬁgz,s@kylg@pqumd aryl ester), thiol, or thloether In certam preferred such

(R110) ( RL
(R110) ( m%g%‘gf‘mgﬁ“g lglmg?k&%ffég&@“&? '5%{Jeasﬁléstﬁ‘é?“é? Selected TR YES) ) -
wher ei n e%%amt@&!ﬁfr én@ert@fl embodimenta ' rid eeledted fromemethiyhretlayl cissrropyit  bond.

In certai ety h a
het er ocyc{;ayﬁ (S s st I'tut eglt <8 Cﬁﬁgfﬁ)bes Od rbgrgyg{x)c{)d ézﬁkcirL\ andl%('lﬁ(aﬁ\f%ﬁ (R17),
wherléi n Rbteestath mfbntedgecmambadlmeﬁts @ak hlydent{- Ci .gal kyl, preferably

C .gal kyl-Y-C _gal kyl, thereby form ng a ring. In certain preferred
enbodi nents, LIn @r@nmmb@)dxmeatssﬁﬁis seMcted fim §alskralkyl amxtiCIRﬂmtero&mlI@d:t ed from

(R110) (R120 =0 e Kk 3 30and
het er ocyc %ﬁ%ﬂ Qu?};:]%qgr% g#%mss}l}{czﬁstsaeﬁr%&%gﬂng%ﬁaé ‘%k@'l%gl? ?5% T‘“‘E P'Ikyl or
(R13) 3N+CIIS| 1-gdkiyythienylywOg gk yR1tBiazel yGi and T keylk yl-isothi@ol ] whexdehrethe atich

enbodi ment s

C

iet)RrGﬁay contain six, five, four, three, two, or one carbon atoms, preferably one or
20 two. In certain such embodiments, R? is substituted with one or more substituents
selected from hydroxy, halogen, amide, amine, carboxylic acid (or a salt thereof), ester
(including C,alkyl ester, C,_salkyl ester, and aryl ester), thiol, or thioether. In certain
such embodiments, R? is substituted with a substituent selected from alkyl, trihaloalkyl,
alkoxy, hydroxy, or cyano. In certain such embodiments, R is selected from C,ealkyl-
25 phenyl and C, alkyl-indolyl. In certain preferred such embodiments, R? is selected

from



WO 2007/ 149512PCT/ US2007/ 014427 32 heterocyclylM, where heterocyclyl is

sel ected from norpholino, piperidino, piperazino, and pyrrolidino.

I n certaiwoeg®edbsents, L is C0, RS is G _olkyl, Qis spelrast@doissem 0 and
NH and R6 is selected from G al kyl, cycl oal kyl -M Cl4aral kyl, and

Cldhet eroaral kyl . In 5other enbodinents, Lis C0, RS is C, _6alkyl, Qis
selected fromO and NH, and R6 is C al kyI where Cl_6al kyl is sel ected from
met hyl , ethyl, and isopropyl. In further embodi ments, Lis C0, leis

Cl1_6al kyI , Q i s selected fromO and NH and R6 is Cl. 6aral kyl, where

aral kyl is phenylnethyl. In other enbodinents, L is 0= 0 R5 is G _ 6al kyl,
Qis selected from0O and NH, and R6 is (. 6heteroara|k wher e

het eroaral kyl is 10(4-pyridy thyI cert enbodrnents Lis
absent or is C=0, and R5 an 0g thﬁ g 6a'|k |Y Cl_6alkyl,
d . 6al kyl - ZA- G _6al kyl , s~ aI Kk re| currence of Z and A

i s i ndependently ot her than a coval ent bond, thereby fornmng a ring. In

certain preferred enbodi meri? L is 0= (h cand Y amg,absent, and R5 and R6
t oget her are 153al kyl - Iﬁ,(:l al | yI,r‘I her grfef enbodi nrent, L and
Q are absent, and R5 a \Réit\ﬁet her are C| _3al kyl - 1 _3al kyl. 1 n another

preferred enbodinent, L is C0, Qis absent Yis sel ected fromNH and

N- Cl_6al kyl, and R5 and R6 to er are D 34 kyl - \l%gal kyl . 1 n anot her
preferred enmbodi ment, Lat i afemgbf 2 R6 together are
CE. 3al kyl -Y-C _3al kyI I'n ariot er p’§r d enbodi rrenN L and A are 0=0,
20and R5 and R6 toget her are "1 2al kyl - ZA— Cl.2alkyl. In another preferred
embodi ment, L and A are C=0 aftl R5 and R6 t oget her are C2_3al kyl - A

I n certain enbodi nents, &R7HanghyRBitdicproelnggrdent |y sel ected from hydrogen
and G _6alkyl. In certain preferred such enbodi nents, R7 and R3 are

i ndependewhérginsBliesdladed from HydMeg OB OHNMEN)YF; ahd O3l €n péredier r ed such

enbodi nent s 7 and. R8 are bo dr ogen, In certain enbodi nents,
Xis 0, FINY ""I%tsj?egsé:gerfﬁd frrae?rtﬁ% 6% éN L& aiCHand R is sel ect ed
from C1. 6al kyI Cl 6hydr.ox , , C,. 6al koxya and C IkyI
any of which i ¥ rb%"&ﬁ g‘iﬂ"f’ﬂ‘i”@f"\ﬁ Y"ﬁg" réywar%&etoaf%mwef

car bexyl i 6n@® & a(tﬁf:hai &ahé 41pbaheﬁfré1awesroethe pbiie b gt ttinteht, prdtkybiyest er,

Cl. 6al kyl ester, and 30aryl ester), thiol, or thioether substrtuents VO

2007/ 1495%shising gpbedimsnisaphers the 4-position ﬁf therring 1 osruiesl ietheditregra of
stereoche‘{r%,f@amggﬂfgl guration of the carbons bearing RI, R2, or R3 are
i ndependen D-or L. In certain preferred enbodi nents, the stereochem cal

configuration pfceaid &A6diRRELsOR? tskk%le%%rdt}?&% Cﬂ%@fa\l&g altl C, B?eter@gﬁqll&

respectively is D. In certain preferred such enbodi'nents,
st er eochelfi eeatpingtbe atkyl moigty srpysiontdie sixafivefope shrepdwri o1 @eDarbqiil atemsai n

suchoembogle RIS onk Btetv% el QEARuC R lenftBB{rh GHE 3T 9 RutitdBEwRRTRALS, REAET N9 R2

is aln certain suc
substituents selected from hydroxy, halogen, amide, amine, carboxylic acid (or a salt

thereof), ester (including C,_salkyl ester, C,.salkyl ester, and aryl ester), thiol, or

thioether. In certain such embodiments, R is substituted with a substituent selected

from alkyl, trihaloalkyl, alkoxy, hydroxy, or cyano. In certain such embodiments, R® is
15 selected from C,_galkyl-pheny! and C,alkyl-indolyl. In certain preferred such

embodiments, R? is selected from

D
D //
| \/ and /\‘./gy
rJJ = D/l'\

\

R
R = H, any suitable protecting group

wherein D is selected from H, OMe, OBu', OH, CN, CF; or CHj. In certain
embodiments, D is selected from H, OMe, OH, CN, CF; or CH3.



enbodi nents, the stereochem cal configuration of the carbon bearing R3 is
D. In certain enbodinents the stereochem cal configuration of at |east two
of the caybapertaearing R ', R2, and R3 respectively is Pcrlus20toranot her
preferred enbodi nent, the 10stereochegy cal configuration of all three of
the carbons bearing RI, R2, and R3 respectively is o. Anot her aspect
of the invention relates to conpounds having a structure of forrmula (1V) or
a pharmaceutically acceptable salt thereof, 15(1V) wherein each Ais

i ndependently selected fromCO C=S, and SO2, preferably C=0; or Ais
optionally a coval ent bond when adjacent to an occurrence of Z; L is absent
or is selected fromC=0, C=S, ang SC2, preferably SO2 or C=0; 20M|s absent
or is CL.12al kipcertgingmabodiments; R8§|WF°$6WL$S SEPRIS. Ry dr-tfscanghepch B OR1

)2; Qis &pﬁqmepeﬁdérﬁly%%ie%féd%rﬁ ﬁea yl %ﬂz@ﬁlgn?tﬁ(ﬁlaﬁﬂtlhyl )iuin%haynsent or

Is selected fromC=0 and SQ2; eac |s | ndependent Ty sel ected from S,
NH, and NuR@anyythieny], etygﬂablpymyl 286 the hi®. 29@%114999@@@%@)3@@2%@14427 34

et or oar yT S5 SR AEFRANIZE WheFER IO B LBl bbn B ShaC. g

sel ekt ed dald«yln hy@hrtag'eothetGﬂch@mb@dnaémwvhewrﬂ i0C . cablayl k@I maypbefubsttited,
5hydr ogen; sel.ect.ed from hydrogen, Chol kyl, G 6al kenyl,
C _6al ky Ffe"}i’lyvlt%scar tﬁ?&pgwll , heterocyclyl, an N-term nal protecting

group, ar yI qln—ce%ralanl ekré{bddlrr}l%lt]tesr}Qa rs)i))fdrogen Q is absent, L is C=0 or SO,, and R® s
selected from Ar-Y and heterocyclyl. In certain preferred such embodiments,
heterocyclyl is selected from chromonyl, chromanyl, morpholino, and piperidinyl. In

10 certain other preferred such embodiments, Ar is selected from phenyl, indolyl,

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

In certain embodiments, R® is hydrogen, L is C=0 or SO,, Q is absent, and R® is
C).¢alkenyl, where C;_galkenyl is a substituted vinyl group where the substituent is
preferably an aryl or heteroaryl group, more preferably a phenyl group optionally
15 substituted with one to four substituents.

In certain embodiments, L and Q are absent and RS is selected from C 1-¢alkyl,
C¢alkenyl, C,¢alkynyl, C,¢aralkyl, and C,.¢heteroaralkyl. In certain such
embodiments, R’ is C,alkyl and R® is selected from butyl, allyl, propargyl,
phenylmethyl, 2-pyridyl, 3-p$lridy1, and 4-pyridyl.

20 In other embodiments, L is SO, Q is absent, and R® is selected from C.salkyl

and aryl. In certain such embodiments, R® is selected from methyl and phenyl.

In certain embodiments, L is C=0 and R® is selected from Ci.salkyl, C;.
calkenyl, C¢alkynyl, aryl, C, ¢aralkyl, heteroaryl, C.-ﬁheteroafalkyl, R''ZA-C, salkyl-,
R"Z-C, salkyl-, (R''O)R'20)P(=0)0-C, salkyl-, (R''O)(R'20)P(=0)O-C, salkyl-

25 ZAZ-C, alkyl-, (R''O)}R '?0)P(=0)O-C, salkyl-Z-C, salkyl-, R"'ZA-C, salkyl-ZAZ-
C..salkyl-, heterocyclyIMZAZ-C salkyl-, (R'*),N-C,_salkyl-, (R'*)sN*-C, salkyl-,
. heterocyclylM-, carbocyclylM-, RMSOZC..galkyI-, and R'*SO,NH-, wherein each
occurrence of Z and A is independently other than a covalent bond. In certain

embodiments, L is C=0, Q is absent, and R®is H.



Cl4dhet eroaral kyl , Rll ZAZ-C _sal kyl -, (R110) (R120) P(=0) 0- G _sal kyl -
ZAZ- C1. 8al kyl -, het erocycl y1MZAZ- C1_8alkyl-,

10( R110) (Wb20071436510) O0- CL. 8al kyl -, (R13) 2N Cl1_12al kyl -, @ERIR)s30zoEd2al kyl -
het erocycl ylM, carbocyclylM, RI4S02, sal kyl -, and 1214S02NH; preferably

an N-cappi ng group, nore preferably t-butoxycarbonyl or benzyl oxycarbonyl;
or R5 and R6 together are Cl_6al kyl -Y-C _6al kyl,

Cl. 6al kyl - ZAZ- Cl1. 6al kyl , ZAZ-Cl1_ 6al kyl - ZAZ- C1_6al kyl , ZAZ-Gi . 6al kyl -

or Cl4al kyl - A, thereby form ng a ring; 15R8 is sel ect ed from hydr ogen,

Cl. 6al kyl, and G aral kyl, preferably hydr ogen; R9 is selected from

hydr ogen, OH, and Cl. 6al k% %d E{era al kyl ; and R16 is an N-term nal
protecting grolipcertain embodippeniseR 1%&1%‘)11@ é?ldélﬂfb’lﬁg"eqbé@ﬁe@dflrtﬁm

hydr ogen, cef, 3h EkihQlch Ghublthieils, RO @hlkRBBlopy 2 S3liki

het er oaryl , Cmatc kl ,cand @ ohesf er osara yli‘oﬁly fzér ab'lls %%?tpg{mxhydr ogen
met al cat(mﬁhylawdorml)_f!&)'lkyl or R' and R12 together are CI _ol kyl, thereby

formng a ring; each R13 is i ndependent |y seI ected from hydrogen and
Cl_6al kyl , pr elreothot gmbzbdlm&aﬂskyhs CafQ is absent, and R® is Rllé.arakl:yl ndleqeetathent | y

sele ted 1 25car bocycl yl
het erocyc% CBW(A rggfﬁe?t erogél %(t,ed &ongalpaF%gtlhy ﬁ’ﬁ '@? ﬁ‘é{’e(r'oar al kyl ;

each R16 mthomdp!mnyﬁmt}iyy (dedhbaro pherfyl yanathylgaabErflastdpkinyl yaddtyll; or two
occurrences of R' together may be Cl_6al kyl, thereby formng a ring

together with lmahbmrﬂbmﬁmemg, bag GrOa Qs aby@r R sis @TRalkel, vhd Rhis digly lar e
attached; _ WD 20 512P dJS2007/ 014427 3 rovided that in any
occur r encETE ?‘ﬁ: g‘ S S '?St‘lnétﬁgf’rﬁﬁsé‘%ﬁ’éﬁ?ff@rphﬁg Yt he sequence nust be

other than a cp vaI ent b is selected

from Cl_6ar al ky’} TR ag%%ﬁegpo&ﬁﬁgﬁ@ (be’lsr’i’ Eeé}ttaoﬂ sﬁc?%e‘é%%f’hent s, RRis

é el golt Edl nastema@l aﬁaldmhedtabeﬁwyl Gl coain ﬁl}dhdrilﬂd?ﬂlmmtsw m@@{ﬁikd‘irlyl'f( h: enyl,
_6al ky an -isothiazoly erein the a y m)lety
may cont afﬁt% ?ai&%.%m‘? Sppan, & ne,tlwe)dazaf-é 508a7005-195AZod e Padiazeles er abl v

one or tWhiazolt, @fiadiaidle, IHEILIE, ol B A din€2pyrazift Iridakihe dndp{imffige. Or oI e
substituents sel ected from hydr oxy al.ogen, am de, am ne, carboxylic acid

(or a sal In ¢eRigicgitenativgsagh G‘F‘hﬁ‘lhmﬁnfﬁg R&ls s G ndhejaronratlyf selggtedsfipmy| ester, and
| t nt
aryl esteprolifthdthyl, Hfraﬂ)tﬂngﬁlyll]EEﬁre bﬂneﬁ ﬂﬁl’daﬂtﬁiw?h)? ﬁ)@c} 0 | § sz is

substituted with a Substltuent fécted tro "al koxy,

hydréxy, exazelydmethyl, mxe@ﬂztdvlmﬁsthuihtmmbdmﬁn’d,sihlamupbllmetlhebt ed f rom

o a kyl Phelbi@Rdnd, BULbARERYY byribnfih A RhFiedh Attt IRAHLTeNt <.
and pyrimidinylmethyl.

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

wherein M is Co.jalkyl. In certain such embodiments, R is cyclopropyl or cyclohexyl.

20 In certain embodiments, L and A are C=0, Q is absent, Z is O, M is C, salkyl,
preferably methylene, and R is selected from R! 'ZA-C,salkyl-, R”Z-C,.galkyl-,
R''ZA-C, salkyl-ZAZ-C galkyl-, (R''O)(R'?0)P(=0)O-C, salkyl-ZAZ-C, salkyl-,
(R'"'O)R'*0)P(=0)0-C, salkyl-Z-C, galkyl-, and heterocyclylMZAZ-C, salkyl-,
wherein each occurrence of A is independently other than a covalent bond. In certain

25 such embodiments, R® is heterocyclylMZAZ-C, galkyl- where heterocyclyl is
substituted or unsubstituted oxodioxolenyl or N(R'6)(R'7), wherein R'® and R"’ together

are C¢alkyl-Y-Calkyl, preferably C,.;alkyl-Y-C, ;alkyl, thereby forming a ring.

In certain preferred embodiments, L is C=0, Q is absent, M is C, galkyl, and R®
is selected from (R''0)(R'?0)P(=0)0-C, galkyl-, (R'*);NC,.salkyl, (R'*);N*C, salkyl-,
30 and heterocyclyl-M-. In certain such embodiments, R® is (R”)zNC._galkyl or
(R'3)3N+C|_ga1kyl-, where R'? is Cisalkyl. In certain other such embodiments, R®is



R = Hor any suitable protecting group 15wherein Dis selected fromH, Ow,
But, OH CN, CF3 and CH3. In certain enbodinments Dis selected fromH, Ow,
OH, CN, G0 200mh46313. . In certain preferred such ewrguodisomnssspnere D
is attached to a six-nmenbered ring, B s attached at the 4-position
relative to the point of attachnent, preferably excludi ng enbodi nents where
the 4-position of the ring is occupied by the nitrogen of 20a pyridine
ring. In certain enbodi nents, R3 is selected from Cl_6aral kyl and
Cl. 6heteroaral kyl _In certain the alkyl noiety may contain six, five, four,
three, two, or one carbon atons, preferably one or two. In certain such
enbodi nents, R3 is substituted with one or nore WD

2007/ 1493%ppaay g0 wherettdgo@® 1 dub sdledted frivm metpbolieg, fiperiding,dr oxy., -

hal ogen, ] m.n tboxylic acid (or a salt thereof), ester
(includiﬁﬁg%?g gi egﬁng C _sal kyl ester, and aryl ester), thiol, or

t hi th | {

et et Bl PG B s S A TP B N o

I n cert aiandRfck sel&hedl IfxlmﬂCssallBB ?&ldiﬁleyl&dt €¢lgdralkm, ahd Eakikeréropfatkiiy. IrandoI
Ci 4al k I- dol I r nt cte
Fromt et L e P B i o b raiincdromio had Neb aed 8% om 1

Ok, OButc:l iyl @her@@%ﬂky%e]e&t@d GOkt ﬁlleﬂlyﬂf,fgﬂ%dlé]ﬁﬁkéipro I anmt ed from
H Owe, CH s10Ln certain enb ment s i s hydrogen, L is

C=0 or b‘%lmthsﬁ&* ‘sfc“oaﬁdlse%bﬁ ko, Q &s selgsissiehneraf? pyd B %‘t"(%dlsf(Flem phenyl ,

i ndol yl LpEAL B@f@%'ralk?ﬁQBhéWlmeﬁlHl G 4R emﬁualﬂeﬁ@whs cLb' R ¢, pyridyl,
pyrazyl, and t he n certain Such enbodi ments, may be substituted

with Ar- Ealkyw{ép%sei_xcr@ femnd? aediNH, end R° s Gedtetq;@mlkyl ovherahqe@araﬂadlnkyl I'n
cerj@i n quhRkissualugybodi ments where Qis G _oal kyl, Q may be substituted,

In certain embodiments, L is absent or is C=0, and R’ and R® together are C,.
salkyl-Y-C,_¢alkyl, C.¢alkyl-ZA-C, galkyl, or Cy.¢alkyl-A, wherein each occurrence of
Z and A is independently other than a covalent bond, thereby forming a ring. In certain
preferred embodiments, L is C=0, Q and Y are absent, and R’ and R® together are C,.
15 salkyl-Y-C).3alkyl. In another preferred embodiment, L and Q are absent, and R> and
R® together are C,_salkyl-Y-C 13alkyl. In another preferred embodiment, L is C=0, Q is
absent, Y is selected from NH and N-C,_alkyl, and R’ and R® together are C,_salkyl-Y-
Ci.salkyl. In another preferred embodiment, L is C=0, Y is absent, and R> and R®
together are C,_salkyl-Y-C,;alkyl. In another preferred embodiment, L and A are C=0,

20 and R® and R® together are Cizalkyl-ZA-C,.zalkyl. In another preferred embodiment, L
and A are C=0 and R’ and R® together are C,.aalkyl-A.

In certain embodiments, R’ and R® are independently selected from hydrogen
and Cj.¢alkyl. In certain preferred such embodiments, R’ and R® are independently
selected from hydrogen and methyl. In more preferred such embodiments, R’ and R®

25 are both hydrogen.

In certain embodiments, X is O, R* and R* are each independently C,.earalkyl,
and R' is selected from Cisalkyl, Ci.shydroxyalkyl, C,alkoxyalkyl, aryl, and C;.
saralkyl, any of which is optionally substituted with one or more of amide, amine,
carboxylic acid (or a salt thereof), ester (including Ci.salkyl ester, C,.salkyl ester, and

30 aryl ester), thiol, or thioether substituents.



15preferably wth Ar, e.g., phenyl. In certain enbodi nents, R5 is
hydrogen, Qis absent, L is C=0 or SO2, and R6 is selected fromAr-Y and
het er ocycolvpl2007meziert ai n preferred such enbodi nents, hererasya7phssns

sel ected from chrononyl, chromanyl, mgrpholino, and piperidinyl. In certain
ot her preferred such enbodi nents, Ar is selected from phenyl, indolyl,
20benzof uranyl, naphthyl, quinolinyl, quinolonyl, thienyl, pyridyl,

pyrazyl, and the like. In certain enbodi nents, R5 is hydrogen, L is

C=0 or 502, Qis absent, and R6 is O _oal kenyl, where Cl.6al kenyl is a
substituted vinyl group where the substituent is preferably an aryl or
heteroaryl group, nore preferably a phenyl group optionally substituted

with one to folircestainqmbqdiments, @BISFPTWF%‘FW #iai of the cyrhenshegrisgabsent
and R6 i spsqe RIBpErdta Q%%% 6ar al kyl

and C I. 6he$%r§g$grég I'n cg§¥g?% suc 6@%%8%§¥fﬁg%m%ﬂ%%?Lé$007/014427 37
enbodi menttereoghemieal configirtion afiat w6t pae otthe cabyns bearingRYR*, @id R},

b obar 0y ! resPRRVMY TR YA egrEiR B PheEhted suthRblotithent e SeRbEAGCH ' 0 ot her

enbodi nen I's sélec _6al kyl and
aryl 5 | n omfigaratios of thesrudahi temning R Rﬁol dn serta#in sech émbaodimehisytheand phenyl .

5In certaln odi L.is d R6 i.s Lect d fr0n1 _6al kyl, G
6al kenyl , 660%9%@9" Fyrgtion @fcg‘ﬁlcﬁ on br‘?é'f‘% ? oar al iyl B
R11ZA- C1 &ﬁl)d@inentsﬁhé&e%bcﬁah@i confldd ﬂﬁ)}l(dﬂﬂ@&d%oﬁbéhrﬁ s oy | m,

(RL10) (RL 0)9; Gl | Kyl - %1R110) (R120) §<‘ 0)0- CL_8al kyI _7-Gi_8al kyl -

het er ocyc‘F‘i‘/'zf QS{mgals thg sterep %")“21\1—“@1‘55‘&‘[3 o of at gt fwriof Bie @Ehong) - |

10het erocmhyi};m&‘ REARDRE ¥edpedibely R 9 SR2Gel aﬁadhkyﬁrefe@@%nﬁ%%%m&he wher ei n

each occurrence of Z and Ais independently other than a 2coval3ent bond. In
cerd8in etifrsecheensa configuratiomof @l thseqpkibncarbangbrasingR HR’, and R I'n
certain epgodiivaytisp. Ro is Cldalkyl, R6 is G _6alkyl, Qis absent, and L is
C=0. In certain Such enbodi nents, R6 is et hyl , isopropyl

2,2, 2-trifl uor agbiR¥s asp&t o&"thelﬁl(vgﬁﬁ&y}e?diég @%Hp%hh&& havxrﬁ/? strﬁd?ux%totfer

enbodl nments, L is C=0, Qis absent, and 6ar al I'n certain such
embodi menfosmuldlY sorsepharmageutically acqsntatle @ﬂtﬁbtreofihenw net hyl, (4-
met hoxyphenyOnet hyl , (4-chl or ophenyl ) net hyI3 and (4-fl uorophenyl ) met hyl .

v L,
R? RS

15 (Iv)

wherein

each A is independently selected from C=0, C=S, and SO, preferably C=0; 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 SO, or C=0;
20 M is absent or is Cj.jpalkyl, preferably C, galkyl,

W is selected from —CHO and -B(OR'"),;

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

Y is absent or is selected from C=0 and SOy,

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

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



In other enmbodinents, Lis C0, Qis absent, R5 is G .6alkyl, and R6 is
aryl. In 20certain such enbodi nents, R6 is substituted or unsubstituted
phenyl . Iwoqest@absizenbodi nents, L is CO Q is absent, apdrRRE2003/088beCt ed
fromheteroaryl and Cl.6heteroaral kylzy I n certain such enbodi nents, R6 is
het eroaryl selected frompyrrole, furan, thiophene, imdazole, isoxazole,
oxazol e, oxadi azol e, thiazole, thiadiazole, triazole, pyrazole, pyridine,
pyrazi ne, pyridazine and pyrimdine. 25ln certain alternative such

enbodi nents, R6 is Cl.6heteroaral kyl selected from pyrrolyl nethyl,

furanyl met hyl, thienylnethyl, imdazolylnmethyl, isoxazolyl nethyl,

oxazol yl nmet hyI ,oxadiazol yl met hyl, thiazolyl methyl, thiadiazolylnethyl,
triazol yl met hyR” apd/RA avs) gaphmd¢p¢ndepsly selpttad fioy arybyGiasaiabyl fetérphryl, and
pyri dazi n(gl {é;éqraﬁ(g pyri mdinyl nethyl. 30ln certain enbodinents, L is
C0, Qis Ybsent or-0, and R6 is carbocyclylM, wherein Mis Ca_l aI kyl. In

S;B%?hﬁgé‘i‘éﬁaﬁﬁ%%{}%ﬁ 7 38 ° °E{ﬁpi'er?;i EVELEQS?%L'MSW’L and A are
sel ected f rom B [Redltg by froBen 3l é&wgﬁ%ﬁ@?n%y sty e Fo e
( R118) ( RU@ré¥end) 0- Ci sal kyl - ZAZ- Gi al kyl -

(R110) (R120) P(=0) 0- C1 _gal ky1-Z-C _al kyl -, "and het er ocycl y1MZAZ- Clal kyl -,
Swherei n each BEoueteendefrah hdiogen, rml.a;pndyuah.télayceﬁylhérmalhmylmﬂwm ent bond.

I t h h t | y1INZAZ-
et or ooy ST ST P O L N S EaC oI 8 BB BGT BRI YT PEREBS( R17)
geg ell E Rl@smmdomyt adémﬂrc,ega?cyg Rﬁal-kygdh&ln;xfwldgm'zow(emmi ééll-ayl-

a - : 0 a.rin n cert rre
enbodi rr)e/\ @Z%' 435X g“%ﬁ(fﬁd%]l‘é‘h{lwl -saligyly %ﬁwocyéfﬁ’db’&e“n%%' géll "ected from
(R110) ( W)@(RMPGQMW@] ((Rlamrdgl ,ﬂa@ylkmﬂ)gm@), 1. 8al k91-, and
het er ocyc|l y certain such R13) NC, 8al kyI or

(R13) 3N+cﬁea%R9>1°1yll\0\hé?f€°m0§,YM R S&kakylr,rﬁnééh%ﬁ) Hi psferaljgrn N
enbodi rrerua%pnﬁﬁgrb&p hRbRREMFI A MutoXREFSonIE bELQEY xYkarbenyiebect ed from

nor phol i no, pi peri di no, pi perazi no, and pyrrolidino. 15n certain

enbodi nents, LR? gndROto i?_hek §re@,_6§ﬂdynﬁ C Qllg‘?l @?LﬁléileﬂAtf@, aﬂcyﬁ@t\% and R6
is selected from Cl1. 6al cl Oar@KZ M b6ar al ,
e

O _6het ercalykidA4-Cusalkyl, K&Z- nrbailqyl or € gatkyb49, thﬂsby forgingarkgl , Qis
selected from0O,and NH,_ and R6 is Cl. 6a1ky1, where Cl1 _6alkyl is sel ected
fromnet hyl, eRhifsclestrd frampydogen, Crsaliohtand Cigptsdeil nrafesably hydrogems, R5 | s
G _6al ky1, le selected fromO and NH and R6 is G _ 206aral kyl, where
aral kyl is pheﬁylsrﬁélq‘fiﬂd from hydragen. <M oandieneatkyly preferably Cirglkyk amd  6al kyl |
Qis selected ffom O and NH, and R6 is Cl4heteroaral kyl, where

het er oar al kyl Rs i§ a0 N/ FSToNsl REQLPRNG 8T0UP; | n certain enbodiments, L is
absent or is C=0, % d,R5 and R6 together are C,_ 6al kyl-Y-Cl 6al k ,

G _6alkyl - ZA- R @R[ mwd@engartbwel%te%@wéwr @&ehms@é ﬁ?tr%gw@?éyl

Ci.salkenyl, Cgalkynyl, aryl, heteroaryl, C,¢aralkyl, and C,_g¢heteroaralkyl, preferably
20 from hydrogen, metal cation, and C,alkyl, or R'' and R'? together are C,alkyl,

thereby forming a ring;
each R" is independently selected from hydrogen and C,.¢alkyl, preferably C;.
salkyl; and

R'* is independently selected from hydrogen, C,salkyl, C,¢alkenyl, C,.salkynyl,
25 carbocyclyl, heterocyclyl, aryl, heteroaryl, C,_garalkyl, and C,_gheteroaralkyl;

each R'® is independently selected from hydrogen and C,_salkyl; or two
occurrences of R'! together may be Cy_alkyl, thereby forming a ring together with the

intervening boron and oxygen atoms to which they are attached;



25Z and A is independently other than a coval ent bond, thereby formng a
ring. In certain preferred enbodinents, Lis C=0, Q and Y are absent, and
R5 and Réwbegetfaesizare Cl_ 3al kyl - Y-C1. 3al kyl . | n anot hecTtusedeniadr
enbodi ment, L and Q are absent, and Ry and R6 together are
C _3al kyl -Y-Cl1. 3al kyl. In another preferred enbodinment, L is C0, Qis
absent, Y is selected fromNH and N-Cl _6al kyl, and R5 and R6 together are
C _3al kyl -Y- 30G . 3al kyl. 1 n another preferred enbodiment, L is C=0, Y is
absent, and R5 and R6 together are Cl.3al kyl-Y-Cl.3alkyl. In another
preferred enbodinent, L and A are CO3. WD 2007/ 149512PCT/ US2007/ 014427 39
and R5 and R6 toget her are G _2al kyl -ZA-d _2al kyl. In another preferred
enbodi ment, L Brieyidgdghat iany gerprrpceafithrGequsges %érz atleagtong aremgher &f . | n
certain ﬁ@%%d@ﬂﬁ%ﬁ]axsm Sfiest ng‘?ﬁtcggal%ﬁt% ydrogen and Cl.6alkyl. In certain
C S,

preferred su I ment I's sel'ected from hydrogen and methyl. In

enbodi nent o, s &g EPGHLEER! R 1 Sicchd oSSl e 0 ERRBRA. g

is select btbei‘tamu@ eﬁﬂvbdythe;mﬁl&ysl selrgted ﬁpm C.Q;‘allall-rphmy;al Qyalkyarigdolybnd Cl

6ar akkyl , ion re of am de,
ani ntka yca?b‘?) ]Wq th'en%] § filfﬁpth?g?@ll’t%'g cﬂa y E&ﬁ%‘izwﬁln‘é ﬁ'&f"n'& g}y al kyl
es'l[)er Ci mesekkyiay eshtain sigfive] (ﬁarryihr&s 't\edi Jor otnb icarbon Qtorﬁshlpﬁﬁ'éhbty one or
substituents ain. e e stereoc

confi gur at% rrndfn?lﬁ‘esuﬁlé%’gﬂémbeé’ésrﬁ BP“?QSW’Q]P any ﬂ’d‘é’ﬁé‘?ﬂgﬁ?wnﬁ or L. In
certain pseeémednmyaﬂﬂdymabgen tahﬁdé:taarlﬁeeamym adi@ (brl Hsk1EtheRB)OEstér l east
one of th{:géi%bons beari ng and R3 resp ectlveléfl s D. In certain such

embodi men RE Cs!ﬁ@l‘é‘o‘?f‘ﬁén?béﬂlkﬂdﬁﬁ G afyl satens thigleon thieethesohn perttin ng R2
is Do I N sernBRRMAE NS stbiE it VAR \QBbEaEnt GOIREE lffc@ﬁ hﬁkpa ¢find1BAKgiAr bon

beari ng R3 is D. In certain enmbodi nents, the stereochen cal configufation

of both otlkexe hydromyner ayenei Hycaaimserhranbadipents, R/ o gelestefrom Cealkybne
aspect of ﬁéﬁ?] !uﬂi\/@ 4{31185' uﬁcﬁh?ﬂt 95 cL:Ral'nry?éi%hEQE&chtéﬁ%od?rﬁgﬁtgrﬁnfsls@iek%fi' nhi bi t
|rrrrunopro eaSone activity over constitutive proteasone activity n certain
20enbodi npms, the EC50 ratio of a conpound of any one of fornulae Ito |V
in an assay of constitutive prot easone activity as conpared to the EC50 of

the sane conpound in an assa |m‘runop/t\oPeasorre acty Pity is greater than
1. In certain such enbo rregt |the E greaterfjthan 2, 3, 4 or even 5.
Suitabl e assays for th natl e c f ve pr ot easone
activity and the |mrunoprot easorre activity are described 25herein (see
Exanple 18). The term™ ref ers—f ® substi pyted or unsubstituted
saturated hydrocarbon gr upﬁ, | s/rar ght<chanal kyl and

branched- chai n al kyl gro t cont ain fromx to y Carbons in the chain,

i ncl udi ng hal oal kyl groups such trlfluoronethyl and
2,2,2-tirfluoroethyl, etc. Co i ndi ca Rs a hy d § where the 30group
is in a termnal positiwem, |r,r\|/n(r\ aF"d ﬁs"cz yal kenyl " and

C2. D kN‘
R

R = H or any suitable protecting group

15 wherein D is selected from H, OMe, OBu', OH, CN, CF; and CH;. In certain
embodiments D is selected from H, OMe, OH, CN, CF; and CHs..

In certain preferred such embodiments where D is attached to a six-membered
ring, D is attached at the 4-position relative to the point of attachment, preferably
excluding embodiments where the 4-position of the ring is occupied by the nitrogen of

20 a pyridine ring.

In certain embodiments, R? is selected from C,.¢aralkyl and C,_¢heteroaralkyl.
In certain the alkyl moiety may contain six, five, four, three, two, or one carbon atoms,

preferably one or two. In certain such embodiments, R? is substituted with one or more



yalk yny 1 " refer to substituted or unsubstituted unsaturated aliphatic
groups anal ogous in WO 2007/ 149512PCT/ US2007/ 014427 40 | ength and possi bl e
substi t utwonosmade al kyl s descri bed above, but that coptrgius2ébohaast one
doubl e or triple bond respectively. 34 The term "al koxy" refers to an

al kyl group having an oxygen attached thereto. Representative al koxy groups
i ncl ude net hoxy, ethoxy, propoxy, tert-butoxy and the 5like. An "ether" is
two hydrocarbons covalently |inked by an oxygen. Accordingly, the
substituent of an al kyl that renders that alkyl an ether is or resenbles an

al koxy. The term "Cl4al koxyal kyl " refers to a Cl. 6al kyl group
substituted with an al koxy group, thereby form ng an ether. The
term" C _Bhptauryts selegted frpmphydrpry, halogen camidecaraing; cagbexiyic agiddgpa salbst i t ut ed

10wi th angafyh. 8% 106 L B 15 e namone' are ark-necogni zed and
refer to ll;ot hbﬂgs'rsubgtci t(il}t %g?ﬁﬂgyls%ﬁ’??'fsﬁmeg%ggagﬁg{?tg?l {hécht ereof, e.g.,
a noi ety thinetherain betaie prabswnhodimbnts tRieis gebrtitated fothnausubstitugsiselecedn RO, Rl

and 121 chindependent |y, represent a hydrogen,, an alk an_al kanyl ,

N Cry .- ORI ERERARI, Ak PP ERERY oF it BB oaiels 6 o e
at t aBhed sebspddefiremaC helkgt-phsisl and@yialkylfindstyl IncceBtaii sreferied shidle ri ng
structure; R8.represents. an |, a cycloal kyl, a cycl oal kenyl, a
heterocyc‘f'?‘i"’dd?’egtsp Iﬁfﬁlﬁcﬁﬁdaf;‘%ﬁd mis zero or an integer from1l to 8. In
preferred enbodi nents, only one of RO or RI can be_20a carbonyl, e.g., R9,
R, and the nitrogen together do not forman im In even nore preferred
enbodi nents, RO and R (and opti ly 121 ndependently represent a
hydrogen, an al kyl, an al kenyl, [|or}- (®R)7 - 8 certain enbodi nents, an
am no group is basic, neani f s a pKa B"%p\)0. The protonated forns of
these fiinctional groups have pl Cas above 7.00. gR25The terns "anm de" and
"am do" are art-recognized ag _ ubstituted carbonyl and includes a

am ng-s
noi ety that can be representéd ?"‘fﬁ’ggbéee‘?{g'lg‘éq"gﬁf)‘?”ﬁul a: WD
2007/ 14950 g EGH Y52 094 Qi 861 BMe, OB, OH, CN, CF; or CH;. In certain

embodiments, D is selected from H, OMe, OH, CN, CF; or CH;.

10 In certain embodiments, R’ is hydrogen, L is C=0 or SO,, R®is Ar-Y-, and each
Ar is independently selected from phenyl, indolyl, benzofuranyl, naphthyl, quinolinyl,
quinolonyl, thienyl, pyridyl, pyrazyl, and the like. In certain such embodiments, Ar
may be substituted with Ar-E-, where E is selected from a direct bond, -O-, and C,.
salkyl. In certain other such embodiments where Q is C,_alkyl, Q may be substituted,

15 preferably with Ar, e.g., phenyl.

In certain embodiments, R’ is hydrogen, Q is absent, L is C=0 or SO,, and R®is
selected from Ar-Y and heterocyclyl. In certain preferred such embodiments,
heterocyclyl is selected from chromonyl, chromanyl, morpholino, and piperidinyl. In
certain other preferred such embodiments, Ar is selected from phenyl, indolyl,

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

In certain embodiments, R’is hydrogen, L is C=0 or SO, Q is absent, and R®is
Ci.salkenyl, where C,.salkenyl is a substituted vinyl group where the substituent is
preferably an aryl or heteroaryl group, more preferably a phenyl group optionally

substituted with one to four substituents.

25 In certain embodiments, L and Q are absent and R® is selected from C,_galkyl,

Ci.salkenyl, Cy.¢alkynyl, C,saralkyl, and C,.gheteroaralkyl. In certain such



wherein RO, Rl are as defined above. Preferred enbodi nents of the am de
w Il not include imdes which nmay be unstable. The term"aryl" as used

herei n i ngbudes14bs12 6-, and 7-nenbered substituted or Sposusssoriowsetd
single-ring aromatic groups in which gach atomof the ring is carbon. The
term"aryl" also includes polycyclic ring systens having two or nore cyclic
rings in which two or nore carbons are common to two adj oi ning rings
wherein at | east one of the rings is aromatic, e.g., the other cyclic rings
can be cycl oal kyl s, cycl oal kenyls, cycl oal kynyls, aryls, heteroaryls,

and/ or heterocyclyls. Aryl groups include benzene, 10napht hal ene,

phenant hrene, phenol, aniline, and the |ike. The terns "carbocycl e"
and " car bdelrdivients, Rsis{aeglkybard R isrsefested; from bybyh-albybrpsepargxlibst i t ut ed or
unsubsti t i bl Ch_ L 0f:{he ring is carbon. The terns

"car bocycﬁeﬁggﬁlﬁﬂgé%?’g\ggy&?ﬁ" QP’?&gﬁn@fT‘u‘fi}g pol ycyclic ring systens having
two or nore cygld | e r e fPR® Qgon t wo

adj oi ning 15ri %Igdstﬁ%éerel rllﬁlg?t%g{?é%n %O%H;rtpr&’e ri ngl(sg%?lsee%grfﬁoocyéf?ﬁé?l e.g.,

t he ot herandyaryl dnreerigis soeinembodipntmRR ¢ seleatsdcfromithethyl and mheoyboal kynyl s,

aryls, heteroaryls, and/or heterocyclyls. . The term "carbonyl" is
art - Pecogni zedlnggestaimerhbriimenisch inG-Et andR Gis selacteth droneGr.eadieylt €d by t he
general f 0 ; wher ei i.s a.bandngr, represents an
oxygen or&gﬁgg?F df%k%%i’rééﬁégs IIIT%Q%O ) gréld ?e‘(%‘f""’%a“gﬁk% %rAaﬁ?'g?lgilﬂyl ,

- ((CH2) m RR™ZrCasalityie; (RICOMR 't@JA(yOpOc@puli-¢ (R ADYR 'RD)P(=O)@IT iqatkyl-s a

hydr ogen, | Kyl 1 a of. .~ (CH2) r R8, wher r defi ned
above. V\hzegg'Q'ﬁaﬁ(y&n@x@é@u%ﬁé—gob&éﬁyﬁ g"?’i‘glfﬁh%%g'éﬁga&ﬁg “nul a
repr esent @._,aan(ﬁesmfd'cycwmzaa(d._sampl-,qﬁybgﬂ,c.aaantéﬂh(n'3)'3N+a:.tgymiwgen, t hg
fornoul a 25repre s a,"car ylig acid' As useg rein, "enzyne" can be
any 'part izl?aﬁt"?"gc%ciy 'oF‘I‘ryoﬁf%gg%('ngclg&?g:'ﬁﬂl‘@aﬂng %$Qﬁq§ar"}‘}?eé%m(‘}6?ha cheni cal
reaction ¢deufrefcd ol 7/ And AR H#RpendHAY ofHYE WHRSa coddlent bond. In certain

2007/ 149512PCT/ US2007/ 014427 42 can be nnative enzynes, fusion enzynes,

pr oenzyne€nbedimentsy esC=HeRuis apeat.and\Rrds H-f ar nesyl at ed enzynes,
ubi quitinated enzynes, fatty agég ated enzynes, geran%r anyl ated enzynes,
GPl - | i nked enziestain ¢mbodimentseR” ifzyatbieyl, Boris Gy isatkrl Qeig 2bpend, andds tsr al | y-

C=0. In certain such embodiments, R® is ethyl, isopropyl, 2,2,2-trifluoroethyl, or 2-
15 (methylsulfonyl)ethyl.

In other embodiments, L is C=0, Q is absent, and R is Ciearalkyl. In certain
such embodiments, RS is selected from 2-phenylethyl, phenylmethyl, (4-
methoxyphenyl)methyl, (4-chlorophenyl)methyl, and (4-fluorophenyl)methyl.

In other embodiments, L is C=0, Q is absent, R’ is C.¢alkyl, and RS is aryl. In

20 certain such embodiments, R® is substituted or unsubstituted phenyl.

In certain embodifnents, L is C=0, Q is absent, and RS is selected from
heteroaryl and C,.sheteroaralkyl. In certain such embodiments, R® is heteroaryl
selected from pyrrole, furan, thiophene, imidazole, isoxazole, oxazole, oxadiazole,
thiazole, thiadiazole, triazole, pyrazole, pyridine, pyrazine, pyridazine and pyrimidine.

25 In certain alternative such embodiments, R%is C,.sheteroaralkyl selected from
pyrrolylmethyl, furanylmethyl, thienylmethyl, imidazolylmethyl, isoxazolylmethyl,
oxazolylmethyl, oxadiazolylmethyl, thiazolylmethyl, thiadiazolylmethyt,
triazolylmethyl, pyrazolylmethyl, pyridylmethyl, pyrazinylmethyl, pyridazinylmethyl
and pyrimidinylmethyl.

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

wherein M is Cyp.jalkyl. In certain such embodiments, R is cyclopropyl or cyclohexyl.



occurring or artificially-generated nutant enzynes, enzynes with side chain
or 5backbone nodifications, enzynes having | eader sequences, and enzynes
conpl exedwoizbdv/maen2pr ot ei naceous material, such as prot eeghysean®i4427

prot eol i posones. Enzynes can be made 48y any neans, including natural
expression, pronoted expression, cloning, various solution-based and

sol i d- based peptide syntheses, and simlar nethods known to those of skil
in the art. 10The term "Cl-6heteroaral kyl", as used herein, refers to a

Cl- 6al kyl group substituted with a heteroaryl group. The terns "heteroaryl"”
i ncl udes substituted or unsubstituted aromatic 5- to 7- nenbered ring

structures, nore preferably 5- to 6-nenbered rings, whose ring structures
i ncl ude one t ol¥ gairhankedimentissl aTh A e GO, Hétlfé?hﬁamylzwﬁl Mis Gedallds

15001 Y 0 Shicferi1SheAL A I RUAIG SN BEmTE ZASY L RAGEC) Tkl oh o of

nore carbons are co ol ni n%rl ngs ein at ’one of the
rings is mezer6axacbkuatmz0aaglkyltﬁ€‘©)(ﬁé )@f/—'ﬁ@)@ Gusalgsl Zalz-ﬁesaﬂy)dﬂal kyI s,

cpeloal KpiGypeish BRI Ly, PE L Syl SRS o ORERE LU AEYC! V1

i m dazol ewhemmmb loecureenae of A, is fimiiaﬂeﬁﬂbntl? ,otlidﬂ itlahod €ovaldhit admazml @rtam

20tri azol e, razol e, i ne, e i and ri.mdi ne, and
the Iike.Such et H‘ée"tt%%{rs] ﬂ X%WA%SCUS%IHYI i@feﬁ‘ ﬂds atom of any
el ement  odubstitutddast unsiitEfuted oXodis e oPmké)mééi) kmefeﬁ@at'@m RY gogdiidr0gen,

oxygen, phosphorus, and _sul fur. The terns "heterocycl or. "heterocyclic
group” r edBCisalkyl¥ ¢ Qaﬂfyé&rﬁfefaé%hﬁsﬁﬁgi’lr‘{tﬁleaé“ﬂ’b eebyfminga ring.
10-menbered ring structures, nore preferablé - to 7- nenbered ri ngge whose
ring structur el gertain prefesied empodinentpdy rloaPoRdS absat, M in{Cr-eallg, and

"hetgr ocygls¥lecte@ rfronhai'ebsxwlrbm—gy@m 8a1@c5,ﬁo(n'ﬁﬁN@q SalRYl, ngN*e. LdiRg- syst ens

havi ng two or nore cycl|c rrngs In m)ge carbois are cormmon to

two adj oi #digterpexsdylvider &1 eertpin $‘@éﬂnhﬂ¢€nmts,tlﬁt{elsKRnw¢ssaH@! e¥ ocycl i c,
€. 9., theyiRrc Cg)éfﬂjl ¢ whfd R9Ss @a&lgﬂ ;IX dolik bhifer ;ﬁ%ﬁf%xﬂ%{gﬁ}ﬂssf{‘s is

cycloalkynyls ary "heteroaryls, and het er oc erocyc yl
groups i nladtergeycl yiM-, mmheéerocmlylahydp@p@ﬁ@m mprpwlindi pieeriginper azi ne,

lidi | , d the like. WO

D007 1405 B RORIBA S 37 ' e L erm * C1_6hydr oxyal kyl * refers
Cl. 6al kyl sh

to g5 al Ky Ingéq%ﬁhérﬁg€&1{ntewseﬂ %L@ ? Y, 8L%¥1Y lg()oy Qelectgcb frg mt(ﬁsa{lbl %ﬁgcks or

hereln the term 5 ffean de a co
reduces a;mddt‘t 1smeteytedﬁ‘roam€e5ﬂlyytecjdlmikﬁ>dﬂnﬁhsaraiklsrhlabdtﬂ QheterfoamntJedﬂ ytic

5c|eavage ard f ogeRkc. pe e sub tra S S su LVY- AMC,

x| Lol BB LrcoBTRY f ErBlbtrelsietiel Bime o B R oo of

t he 20S pCpiatiad oWhgre oq\taamcymsbelbetred(fmm athyld étl‘nylc@;ﬁmsbpﬁopye Infogherpeti ti ve,

nonco et| ive inhihitigR. nhl i.tor ca r sibly.o

| r reversi ﬁlﬁatstﬂésrg’r’brg th 'ﬁ gﬁ%ﬁ.]l%gfpg (g&ﬁgl\ﬁ‘ﬁ ﬁ%‘m{afse Sui ci de

subgor at e@ra]fcylaWhel&ZayﬂEyl iA@hémmlat}inr lrcaﬂemﬂbctdiments, Lis C=0,R’is C;. ‘
salkyl, Q is selected from O and NH, and R®is C,sheteroaralkyl, where heteroaralkyl is
(4-pyridyl)methyl.

In certain embodiments, L is absent or is C=0, and R> and R® together are C,.

salkyl-Y-C, ¢alkyl, C,¢alkyl-ZA-C,;_¢alkyl, or C,.¢alkyl-A, wherein each occurrence of
25 Z and A is independently other than a covalent bond, thereby forming a ring. In certain

preferred embodiments, L is C=0, Q and Y are absent, and R’ and R® together are C,.

3alky]-Y;C|-3alkyl. In another preferred embodiment, L and Q are absent, and R® and

R® together are C,_3alkyl-Y-C/_jalkyl. In another preferred embodiment, L is C=0, Q is

absent, Y is selected from NH and N-C,_¢alkyl, and R® and R® together are C,_;alkyl-Y-
30 Ci.alkyl. In another preferred embodiment, L is C=0, Y is absent, and R® and R®

together are C)_jalkyl-Y-C,.;alkyl. In another preferred embodiment, L and A are C=0, .



10one or nore sites on or near the active site of the enzyne, or it can
cause a conformational change el sewhere on the enzyne. As used
herei n, twe vevmwsipepti de" includes not only standard awcdashenloager with
standard a-substituents, but commonl yzeutilized peptidom netics, other

nodi fied |inkages, non-naturally occurring side chains, and side chain
nodi fi cations, as detailed 15bel ow The terns "polycyclyl" or

"pol ycyclic" refer to two or nore rings (e.g., cycloal kyls, cycl oal kenyl s,
cycl oal kynyls, aryls, heteroaryls, and/or heterocyclyls) in which two or
nor e carbons are comon to two adjoining rings, e.g., the rings are "fused
rings". Each pf the rings of the Folycycle can be substituted or

unsubst i t andeR’ I@Rﬁ@gﬁéﬁnﬁl‘eﬁne@% -“igCibalkyy fin peetbgrpretesredembogireentubed i n

relation for R £08AH s%ﬂsé 8&648%% ﬁi"Ar ence (e.g., pain), a disease

such as cancer, a sy nglrorre conp %ex such?ds Heart failure or any other

modi cal conditf,00 ko HEbk Inggk m;"%gecwad@mes@pf? ot 4la E0hNGIC S certai

adnini stration of a corrp05| requeficy” of del ays
t he onsetpmfe,rreslwuplh embodimentsyRdiis slleatehfibtni wdré genand mintiyit Inmml ve to a

subj gct . recei e conposition. Thus, prevention of
cancgr n’?:rle 5%69 Su{g}gfmg’?é eing IPT ﬁ%cfi'ﬂ%er{ he nunber of det ectabl e cancerous
growhs in ap tion ce| ct ctre

relative to anPrBﬁcﬂ'&é’b?’EBO%H%f‘&O%qﬁz)pﬁ Eﬁﬂg‘ Bﬁyg‘g t 6%’ggear ance
of detectalr' aamereatﬁoxgmmmﬂ ULd@ydrﬁ)eﬁilleﬂ Onptoxlyalkil, \aeylwsa @n untreated

control pop tion, y.a tat stic and/or clinig
30si gni ¢ PRl bting whiths Ry SbSivER ‘i"t?rPrﬂﬂ?,‘Fl?(ﬁég“g% 8MiBScanpl e,

reduci ng &soigiEhRId @ra@hﬁ%&&ﬁ? Rfer (RBIUAHECE 2081 bfted O, ARYES R0 at i on

versus an untreat ed control popul ation, and/or delaying the onset of
symiPons P! exier)i thiokcar thigethst substiBigntsd WD 2007/ 149512PCT/ US2007/ 014427 44
popul ation versus an untreated control popul ation. Prevention of pain

i ncl udes, for Buegrisiempedimentsytheriterpegiismical configurationet e gatbrpebsanng

del ayi ng, rPg} R> 5:%%@&@9&&%6{Lems&tmpmeﬁpéﬁbdd?m@n&rmet ed popul ation
versus an untreated control” popul ation. he term ’ prodgug”

enconpas s¥sregehrmigrlronfiguration af av leps ok of 8y %léhm?é@ﬁ@lmg Bhand Bi e convert ed
to th
into erx‘%@éé@n'v@ is b, EIﬁtcEE(ﬁnasg Eﬁbo&wﬁeﬂ%ysg%g e 9Jl cﬁn‘?ﬁ#d}?nd?h &f tﬁgr ug is

to include Selected npieties that are ogl ca
condiSt i onearben bearieg R is@. dosheleembodiswntsethel mrmmmlmgmﬁgmm@) of the

prodrug i s? rggrpgga{rﬁlgqlb% rkn ,c@%tr gg‘%ﬁbod%a‘r%t Ist\s/,I %’ stereotcﬁem{lglsco %%hmljo' Ehe term

prophyl actic or recogni zed a ner

10admi ni sbaothtoif the ¢anb¢d$ebehnag ROfnd R réspectivety 3fD.t he subj ect conpositions. If
it is admnistered prior to clinical manifestation of the unwanted .
condition (e. gOnedslmaséﬂmnnmnlman relatvamd adhitstoss ﬁxaof)rdfd:rentliubls'tmh;rbntnal ) t hen

t he treatpent is rotects ai nst

devel opi n§ ?’H%Oprﬂpeasci) a&bvﬁdlqveéﬁ‘?nm\t/\‘/wvféjg ei’?o"?etactngetﬁd 'iergg'ér ed after
mamZDest aembmlnfentshmelm&namloﬁa)mmm oftahg ohe ed@foranilad StolISt ihanapeiyt i C,

e., % {llg ttod m ni sh, aneliorat £ tf%}?llzethe exi sting
unwant ed offt W‘H38F° gisgmegchxily as £orapasy jo the ECso of fesame qompoypd i1} ¢ ¢ eq”
refers toammisey bfEnhadbprgteasdiné aétue@txs gf@prakdmp I derdirogeh eﬁ’fboﬁﬁﬁerﬂﬁ nmor e

car bons of backbon Lt wi | nder st ood t hat bsti tufi on
oubst 1t (EF e HERAE s > her FYFMJ cgwtaﬁﬁeo%ﬁsw the deREiRASBAHERR | on
constitutive proteasome activity and the immunoproteasome activity are described

25 herein (see Example 18).

The term “C,_yalkyl” refers to substituted or unsubstituted saturated
hydrocarbon groups, including straight-chain alkyl and branched-chain alkyl groups
that contain from x to y carbons in the chain, including haloalkyl groups such as
trifluoromethyl and 2,2,2-tirfluoroethyl, etc. Coalkyl indicates a hydrogen where the

30 group is in a terminal position, a bond if internal. The terms “C,_yalkenyl” and “C,.

yalkynyl” refer to substituted or unsubstituted unsaturated aliphatic groups analogous in



20is in accordance with permtted val ence of the substituted atom and the
substituent, and that the substitution results in a stable conpound, e.g.,
whi ch doesonoé7/mpant aneously undergo transformati on suclecaaishyo7/014427
rearrangenent, cyclization, elimnatign, etc. As used herein, the term
"substituted" is contenplated to include all perm ssible substituents of
organi ¢ conpounds. In a broad aspect, the perm ssible substituents

25i ncl ude acyclic and cyclic, branched and unbranched, carbocyclic and

het erocyclic, aromatic and non-aromatic substituents of organi c conpounds.
The perm ssi bl e substituents can be one or nore and the sanme or different
for appropriate organic conpounds. For purposes of this invention, the

het er oat o§B&t8#8f passible sulsgigrionety theglkylsydesathed aboyes but theheentaindt trastany

perm ssi b rf'e&:lﬁ%?etértt}iﬁfétb%nﬁfre LA conpounds 30descri bed herein which
satisfy the valences of the heterodtons. Substituents can include, for

exanpl e, a hal a : ) 0
al koxycar bonyl ?ﬂg{épg re %ég%ﬁfé%ﬁggﬁé{l??%hp %'?g‘% ragé) ﬁ?ﬁgr?étﬁa(?ﬁ%tshegao'
t hi oest erRemesehtatixe atkake grouf® i2€0dd héBiok R REHOAISPAPOK P 1téAblitelsy ard the

thi otorrnate), an,al.koxyl hpsphor a.phosphate, a phosphpnate, a
phos%)hi nglt%(ee,' AR éz} s é%%h%(ﬁ?%g,go n°°a%i‘*8}‘¥élgﬂﬁig¥ﬂ?%¥ge& (ﬁfﬁﬁgﬁn Ynitro, an
azi do, a thulstttypishient of analkl/kirht lehders that dikiyhbg ether SWriréseaibies aa Skdfyanoyl , a
sul fonam do, a sul fonyl, a heterocyclyl, an aral kyl, or an aromatic or

het er oar omat i cThoteahy‘C kilkukyalkyyerefadas at@aalklhy giohp sebshitted Weth ann t he art

t hat the aggi eties sybstituted on thhe hydrocarbon chain can thensel ves be
substit ut ?"Wmabptﬂffﬁw qrgung an ether. o iy nerapeutical |y effective amount” of
a conpound with respect to the subject nmethod of .treatnment, refers to an
Brount of the. LBHSERGe etk a8 PR R Cl 1EH B SHUSUHEY as- par
of aodesiwiH afapageoupegi men (to a mammal, preferably a 10human) alleviates
a synptom aneliorates a condition, or slows the onset of disease

condi ti ons accUhéliends tanfile’ Bh@ Bihiho2 GEERt-2oBnZt @ BR@Fdler th¥otlt he di sorder or

condition to, be treated or the cosnetic purpose, e.g., at a reasonable
benef i t / ryskbstifpted and sphstiggedampnes apd salts thereot, eatampatety thatcanbe  The term

"t hi oet hefepres&ited By i @2Redl HnuideoUp, as defined above, having a sul fur
15noi ety a?t ached ¥hereto. In preferred enbodi nents, the "thioether” is

represented by - S-al kyl. Repr ese&gati ve thﬁ@et her groups include

met hyl thi o, ethylthio, and the |i.Ke. 14As used herein, the term
"treating" or "treatment” inclTudds reP&r sti¥R'8ducing, or arresting the
synptons, clinical signs, and undB'®ying pakt®l ogy of a condition in manner
to inprove or stabilize a subject's condition. 20Uses of Enzyne Inhibitors
The1bi ol ogi cal wharserl®|%asd RI” prohtindgengeritiviepicsémia Hadeoger @ s1K§l, an

Pr ot easo i nhi bi.ti.on has_been sdgiggest ed . as a,prevention and/ or treatnent
of ol TGS HAnaR A SER” FRLRERET lsaer wtnihe K omith wHiToPey et | ve

di seases, attaehédiampleledaigterot il Naviflg HORH4E % 8 htopliaHithe SRR Hridt@RSR®

i nflammati on, immune-rel a“iﬁ%ﬁ& 5di s?a es, HV, cancers, organ (ilraft .

rej ect i orf SPESFRT A0 ERGACY » f¥PIgRikeny.tg heterocyclyl ora polycyelyl; and m is

zero or an integer from 1 to 8. In preferred embodiments, only one of R’ or R'% can be

20 a carbonyl, e.g., R®, R'°, and the nitrogen together do not form an imide. In even more
preferred embodiments, R® and R'° (and optionally R'?) each independently represent a
hydrogen, an alkyl, an alkenyl, or -(CH2)m-R®. In certain embodiments, an amino
group is basic, meaning it has a pK, > 7.00. The protonated forms of these functional

groups have pK,s above 7.00.

25 The terms “amide” and “amido” are art-recognized as an amino-substituted

carbonyl and includes a moiety that can be represented by the general formula:



i nfections, conditions associated with acidosis, macul ar degeneration,

pul monary conditions, nuscle wasting di seases, fibrotic diseases, bone and
hai r gr owb 20é73a8ses. Pr ot easone i nhi bitors can peTusesh7toosbr eat
conditions nediated directly by the pfioteol ytic function of the proteasone
such as nuscle wasting, or nediated indirectly 30via proteins which are
processed by the proteasone such as NF-KB. The proteasone participates in
the rapid elimnation and post-transl ati onal processing of proteins (e.g.,
WO 2007/ 149512PCT/ US2007/ 014427 46 enzymes) involved in cellular regulation
(e.g., cell cycle, gene transcription, and netabolic pathways),
intercel lul ar conmuni cation, and the i mmune response (e.g., antigen
presentation). At the cellular levelO the accumul ati on of pol yubi quitinated
proteins, cell 5norphol ogi cal change apghoapopt osi s have been reported
upon treatment of cells with variods phbteasone inhibitors. Yet, it should
be noted that commercially avail able pgreteasone inhibitors inhibit both the
constitutive and i muno- forms of the proteasonme. Even bortezom b, the only
FDA- approved prRé8RIONR'? BAliBideRhed MovkNerdfesad BRBbdentLBRS hidaMVIl Pl €
nyel oma patients, does not distinguish between the two 10fornms (Al tun et

al , Cancdiot peludsgmdaovhish sy bernstableashat is known about therapeutic

prot easonme inhibition is based on work with nol ecules that inhibit both

forms of the pFinteEBoaw]” aressddiersin includeaPodndandot-membered, abstitvtedary be
beneti ci : i . r i de f ?E,sg)' t ith
nol eft):ul egdnts ﬁlﬁtﬁﬁ%&g%%gﬁroﬁxﬁg%%sﬁ %gﬁ{b%o%aggsag%'%f I rr'?éjﬁgg%?}tﬁﬂéasone
expr essi orhegenui‘arypt dswirichades pylyicyclpatin gss ystesn solnayames tw et mpekayclip rings

| yPhat| o SHRLERY, SHEH-Ce S BLARG SELSCHBHIRE AL ERMneRATS IR b and

pl een an ynph "nodées. gh™sore dr ans prefere
express oufiis¢ rihg iis\weorpatid, egs,ahestheecgrlic ringarchn be ey tlealkyklcfl@skagisnal

liver, |ung,apd t ear ta express, both forns., 20The i e system of
whi on’ 1 xRt It P Rt e ARl SRSy S kb PO ne100s BSOS bl & For
protect i ngiphthalhnegapheadnthfemg) shensdi, dgilineOdndahe fikel nf | uences. When functioni ng
properly, it protects the body agai nst bacterial and viral infections. The

i mune syst em’H’;eSt@rrﬁsf‘@@H@cﬁcW’ aad‘lt“leirlﬁg@bﬁylc,ﬁdshil%ed hadeird) asfer wui@csxgolnle
oncogeni c transfqrmation. Intracel |l ul ar prqteolysis generates sm

pept i des FoPs @g’éﬂf“é‘f‘f%“’tsél{’sﬂmtfglr&?ﬁﬂﬁ %b%a“{‘@t‘?‘ﬂ@gw THE ISEaNoFs s

| - medi at erhd teRhIcabtRsHHORS @hd “ddtBodichHliCase Mclide Hd1cyBhcRHind Q¥iedBhadingt hese

precursor peptides, however, differences between antigenic peptides have
been obsdMPet MRIEFEEHC HREY & WhiCh tya PYMOEE eathent e semEHo Ve REINBARE f or m

(Cassi o &his, wHeMBR ad 162G cgl%ﬁtﬁ" tRSfRgs @Q_Qx:b})cyélﬂ:, E.%Y,Ftﬁ’é- chﬁpwiicqﬁ'&g Ran bde

invention relates to a nethod for inhibiting antigen presentation in a
cel |, i ncvalraly!soxsdpalkemystqysloaiiynylsoarylse betproands.cadcaribstesodyshds-n. | n
certain enbodi nents, the invention relates to a method for altering the
repertoire of HitiegBNCarbpBYY iigianresoghized andincludes speh maistigp apeandpcher Nt n
w th mul tlegRt@lyd b¢ tRGen¥tal Yornfapd: €xanple, if the activity

O O
)LX’R” or \X/U\R”'

20 wherein X is a bond or represents an oxygen or a sulfur, and R'' represents a
hydrogen, an alkyl, an alkenyl, -(CHz)m-R8 or a pharmaceutically acceptable sélt, R'"
represents a hydrogen, an alkyl, an alkenyl or -(CH3)n-R3, wﬁére m and R? are as
defined above. Where X is an oxygen and R'' or R'"" is not hydrogen, the formula
represents an “ester”. Where X is an oxygen, and R'' is a hydrogen, the formula

25 represents a “carboxylic acid”.

As used herein, “enzyme” can be any partially or wholly proteinaceous

molecule which carries out a chemical reaction in a catalytic manner. Such enzymes



WO 2007/ 149512PCT/ US2007/ 014427 47 of the inmunoproteasone proteasone is
selectively inhibited, a different set of antigenic peptides nay be
produced Wy 2bé4bQnaI Ni ng constitutive proteasone and prpesanted/oiqrMHC

nol ecul es on the surfaces of cells thgn woul d be produced and presented

wi t hout any enzyne inhibition. 5Several disorders and di sease states have
been associated with aberrant inmune system function, herein referred to as
i mmune-rel ated conditions. Perhaps the nost common i mmune-rel ated condition
is the allergic disorders such as allergies, asthna and atopic dermatitis

| i ke eczema. These occur when the i nmune system overreacts to exposure to

antigens in_the environnept. Thus, a further enbodi nent is a nethod for
10suppr esENRE NEHYC PRAYIITS. BilonsRrynes PERUIIZYEIES: ARCPIAITIS: AP ERMDIIG. to t he
subj ect  aarb{iEh enLyAdD UBiquitinafedrR 728 3Ry A&1aBd bRyt QTRAHRALLrhfY 18 efBNNET
descri bed herein. | mmunodef i ci ency di sorders occur when a part of

t he i murrazymss, iR lrlinked enmones, higidolinkrs ¢nzymes,i premdated eesymngs, natheajlye an
affect B . ,ther inherited
(e o G AT GhEcialh b HIIE KR R REC SRR AN AP Bbll T iy
dysp? asi eagkbbretmodificatymanerzymes baeing deadac spquencts(@dgnzymescompldxed

i munodef i i enc ndronme (AILDS), human i nodeficiency virus (HV) and
dr ug- AR RR R L e B oPTRR B (R PR 1 e

pr og easo rmnibehirl]iﬂettqr@yaﬁeddnls,feinbmdﬁfgt ﬂaglﬁrarr&g)r%idms prbnicted é;ﬁﬁéssidﬁ:r‘gnﬁm{ggl at ed
conditions such .as i o] i Cienc i sQrders. 20l n autoi n i sorders,
the i nmmun@reys spiien; fﬁfﬁ&ﬂ isﬁlt“i:"gﬁs HCQBE§SW€3%6@H§‘W&IW%O&W and

ti ssues as thdseldfekilMRftke 4r0r €i gn i nvaders. An exanpl e of an autoi mune

di sease is S ogren's Syndrone, which is characterized by infiltration and
focad accunul athormafdlyeHeRREahRSI, Bs LER IRF¥ER) fehds B 20U5all] gholy exam ni ng
t he proteasone expression | evel revealed a significant up-regul ati on of

bet a5i ( LSyPtutedavith ¢ beteraagyligiowme sal i vary gl ands of SS patients (Egerer
et al, Arthritis Rheum 54:1501- 8, 2006). O her exanples of such

i mune- r el at edTREOIEPS | Reteropnyk] wgldes prbstitytedompnsybeitated gramatic 5-de|7er oder ma,
anky! osi NerdBaied ¥higlshrBctufl8! FRIOMUAINILS. (PBRdrSdrsd il WiRkerig! ef osi s and
i nfl ammat ory bowel "di sease (such as ulcerative colitisS and Crohn's

di sease) .strpc8uescanglude ane tosfeuphetaroatamse cThetermo cbeterpapy2 alspheclidgsune system
m st akenl : | [ ' ced . : oSt G aft
Ver bus. ndo a ne AE S TR B L P o PHARIFRE s RHCHRIT e aflons

ari ses wheacemmon te &b gdjosrong rings wbawin af Isasy eng of the rings ivlidtenosionsatand
attack the, hgst s t| | | 7/, 14951 2PCT/ UUS2007/ 014427 48
o r oumst apon ot shERciies fall 2 cycladliGhy PR ERPE LD RERTLS R

nmodul at i rigtérbarylspandier lssteroeyclply. Hetarbanyl) gtaups snelydec forwikaplke, parplesi t i on of
the i nve%ira%ntco%l d _he. enff L cial . | nf | ammat idon is 1t.he fi r.s(ti. r esponse of
the i mund &y SEIMLE THIECE Gr*arolenarricr Kiadhirolatizaols Mipdiggfonent  of

i nf 2&mrattriazole,pyoiaods pltidinepyyaadnt, miidagink aay petimidihe,clid akdlies s

i nmunopr ot easone, from bl ood vessels into the inflamed tissue. These cells
t ake on the i nblery teant‘hetetoatwfi” aeasedibeteih heahs an htent of yclla@nem otlpanhai t e or

cell debris. Praqteasone_inhibitor re already known tq have
anti - i nf ICI§ Yr ééf,g(ef’viplf e’%ﬁihﬁte‘%ta%ﬂf AT/ HAED a‘i’@’zﬁfgtéﬁ’ﬁ%mi’@g). I'n

cases of sahfuani ¢ i nflanmati on, which is

The terms “heterocyclyl” or “heterocyclic group” refer to substituted or
25 unsubstituted non-aromatic 3- to 10-membered ring structures, more preferably 3- to 7-
membered rings, whose ring structures include one to four heteroatoms. The term
terms “heterocyclyl” or “heterocyclic group” also include polycyclic ring systems
having two or more cyclic rings in which two or more carbons are common to two
adjoining rings wherein at least one of the rings is heterocyclic, e.g., the other cyclic
30 rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or
heterocyclyls. Heterocyclyl groups include, for example, tetrahydropyran, piperidine,

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



10characterized by a dom nating presence of macrophages; the cells that
originally served as defensive agents begin to rel ease toxins and

cyt ol ci nego 206vdspibng TNF-a, now becone injurious to thechagdye7nesawtting in
ti ssue damage and loss. In certain emgodi nents, the invention relates to a
met hod of treating inflammtion and inflamuatory di seases conpri sing

adm nistering to the subject in need of such 15treatnent an effective
anount of a proteasone inhibitor conmpound described herein. Inflamrmatory

di seases include acute (e.g., bronchitis, conjunctivitis, pancreatitis) and
chronic conditions (e.g., chronic cholecstitis, bronchiectasis, aortic

val ve stenosis, restenosis, psoriasis and arthritis), along with conditions
associ at ed wi t Fhg ieFnaiarehydsaxyalier” seferite p Saisalky] aroupisubsiitaied Witheheni a.

20Fol | owipygrdiyssidgpdamage; including damage due to the inflammation
process, progression of regeneration and repair begins. During the
regeneral i on Sh@Rsed fiStin! R3¢ “AnfoBl-AE Gkl toRIBbiled pihBdufmae! | S of the
same type, which reconstruct the normal architecture. ver, | nproper

r egener atblogksafr reduses as setivigr aftant engyme éformyarhplecinbébitior of prosedytences. | n

Sonegcase L e Jof | tary..hiver di sease, th e rated tissue
For e an s OF Qo ALOATIR e id URbule? SR%Gs T TR BB |

hyper t ensiLIoR-ANliGeandepAiLE-AMC cinhibison\bievagions satalytis aukvities o£e208d by a
fibrous sca# whi ch | s. Hgduced fraq%granulation tissue. Fibrosis js the
excessi v 8IfASPRYs 9} 108 CAR A IH U FOrRREHIVE; WGQEAEHLYE4qr RYNEQTBRAIE

hyper pr ol inhiitédn. V&n gHitobitdt cah bindie0bssy 6r iRdelstbl RSshddherefffe MeltBrmact i vat i on
of the TGE-p.signalin at hway. Fi brosis inpvol ves 30extensive deposition of
extracel | ‘E}Flgfle popngs ihat are ycids substrafenof A enzamey Amiphibitergan grodifyr oss

sevepal didefdr ot sitbSon8SneaNHdRIVY sité BEthe @4BIm&forlinédnaaakd 4l ar si gnaling
protein (Smad) that activate transcription of target genes upon TGP
sti nul at i SRiqranatienyl chenee elsgyhapop theoemeymeT/ US2007/ 014427 49 by pr ot easone

activity (Xu et al., 2000). However, accelerated degradation of the TG 13
si gnal i ng conpdnbsfdshergia, thedermpireptidesinchdesnetanty staadard isande linkage

hyper pr ol jfigs@hiag oCQbiifueRASbut tHnodi§ iRkl %@5}1@9&%9&& Bfhel HGdifRyent i on

relate to a method for treating hyperprolifer ve condi fions such as

di abet i ¢ lindager paptegturaiicetcarringsjde elhains, end siddichdiotmedifieathme past dejailed
gloqgrulq%ﬁggyosis, | gA nephropathy, cirrhosis, biliary atresia, congestive
heart failure, sclerodernma, radiation-induced fibrosis, and lung fibrosis

(idiopathic p ef 1 i1, G » I i coi dosi s,
interstitial Vﬁﬁg& |§eé§ éﬁgﬂdoéxﬁypﬁgﬁg %%%é%ég@ég é&%?ﬁ“?ﬁ%gfreatnent of
bur n vi ctéyebalkylsnicyenalkenylereudidalkyhylsy arylss hetetvasyls,i andbehetirocye i) dn ment s,
the i nvengji.. I pcal or _system c . 10 adm.ni stration of
i bi & or iR o8 BB bubGErk B in v PRI g, SEr Y DL
associ at €tfusedtringd?.s Eagjuof thg rings.o £ thewlol yiyclean be spbwitetet @d ubgubstitatddi t i on of
fibrosis. Thus, in certain enbodinents, the invention relates to a nethod
f or 20he pr eventheterorprevgntng o agfresegnizadngnd whémeosddon riptibact @ri a,

j tory 15process. Wen

Pan oL AR R Aol Ol SR RO ETTRLY JShaRe
complex such as heart failure or any other medical condition, is well understood in the
art, and includes administration of a composition which reduces the frequency of, or
delays the onset of, symptoms of a medical condition in a subject relative to a subject

25 which does not receive the composition. Thus, prevention of cancer includes, for
example, reducing the number of detectable cancerous growths in a population of
patients receiving a prophylactic treatment relative to an untreated control population,
and/or delaying the appearance of detectable cancerous growths in a treated population
versus an untreated control population, e.g., by a statistically and/or clinically

30 significant amount. Prevention of an infection includes, for example, reducing the
number of diagnoses of the infection in a treated population versus an untreated control

population, and/or delaying the onset of symptoms of the infection in a treated



i nfl ammat ory response syndrone (SIRS) occurs. The termsepsis is applied
when this is due to infection. Overproduction of |ipopolysaccharide

(LPS) - i ndwoedoembaki nes such as TNFa i s considered to beceanbénaloidsort he
processes associated with septic shoclq. Not surprisingly, LPS also induces
an increase in all components of the MHC-1 20pat hway i ncluding the

i nmunopr ot easone subunits LMP2 and LMP7 (MacAry et al, PNAS 98: 3982- 3987,
2001). Furthernore, it is generally accepted that the first step in the
activation of cells by LPS is the binding of LPS to specific nenbrane
receptors. The a- and 13-subunits of the 20S proteasone conpl ex have been
identified as LPS- bi ndi ng proteins, suggesting that the LPS-induced signal
t r ansductpapvlatiep visesuaan 2Bireased centtol ﬂ)hEulapem}t Prevertiqpeaf pafm inglndes.dat nent  or
preventi 1515- 1525) .
Ther ef or e&amr? l%g%?lg?}%( tgén%g%lg irrt%(ril st:’gi @érb‘?%‘%]e h%ﬂg%a%gg%%a&(? i scl osed

her ei n negxpbaenssd dyfsobjectsen arteatedtpopnlatibn viisas amuptreaihtonsnoli populttiaat
septic shock. In another enbodi ment, the disclosed conpositions are useful
for the treat n‘émteaﬁd‘brcairpgifambtripmssieai:mmpbmds tBatcimdes phydielogicahs caused by
prot gzoan dpglrn%%lstaerg r'll'vhe .ot ?SOITE of napara5|tes IS conl? red to be

T F‘%‘?ﬁtﬁcﬁlh’ 8 N §PEpr CRTER MU i es

i nvol ved prlmarl’lyl ef 1040y
(Paugam ehakihg a TdicﬁﬂéSs Bahéliidé sdlectedhdietik? (hhk are BM@rolyzed under

2007/ 149512PCT/ US2007/.014427 50 55- Furt hernore, entanpeba speci es have
been shovilf Y P&E CBH%‘?}QP%H rg¥eal thdss %rﬁdWrPé u %’FE‘%H&‘@H%&

i nhi bi t orgroffapng 8bBerte@byah. onz atic advRaty JR®%e hdsPBrfima?8, Spec No: 139-140).
In certain such enbodi nents, e proteasone i nhi bitor conpositions herein
are useful fOfTﬁé'lt%rﬁxl’"P?J;iﬁ?{[Hctlef)r ﬂ%f@%hhb’ctréd’hfn%ﬁttﬂsQﬂsreédgrllf%éﬂ%ﬂa indadsed by a
pr ot ozoan arasite selected from Plasnodi um sps. (including P. falciparum
P. Pvax,adminjsiption tasthe hagt qf ongpxmore phtherrubiggseomrasiiong)f 1tis ypanosom sps.
(i ncl udi nﬂinﬁn15€€r&@bmo%'c¢nhx&ﬂ%§§e£}m th&Ls§aRed c@nﬂﬁltla_n c? U@l@éas%\*(:h
causes African sl eeping sickness), Leislunania sps. (incl )

amazonesi @thenun #F of the hast animah) then th?é?@iatmm is e'mhylactmémmuéyst is
carinii (ﬁro{%'cgtt ¢RG4 a E‘iﬂ etvgl E) fie BR&HAR ICQT)d]EO l%e%eggﬂq ther

i mmunosuppr essed pati cnt S asnma gon nt’anoe stol yti ca,

Ent armebaadrmmebécéaﬂqndar@ata@lpa of threbinveantddncapditiomi, thegreauéntent s, t he

di sgkose i t i reat [ i c infections
in g?\l nadtg&gﬁgﬂfd 55’2’92%: Bgeggé(g (i)lm“ga)ls}ﬂ)’rao %]zocr)ﬁ% ({gg?&tgélp%eéﬁge §m§%d from

Pl asnodi wnventeregrinditiomygtsodepeffacth theresf)s. , Echi nococcus granul osus, Eineria
tenella, Sarcocystis neurona, 15and Neur ospora crassa. O her conpounds

usef ul as pr ot Ehstem “subtitatedt sférs ta hmiettieehaviagisulusftinmtmblabmgdai seases are
descri be WO 98/ 10779 V\/m orat entirety. In
cor tai n ansBestRen e Simors Bteis oF atekaRkBED A EUlBE Sadrafind i b

pr ot eason‘tsuhslttumrt’yorl“subsupaediwlﬂhé idlidesithe frRplddiEprgviso th{dﬂlsﬁen dubetdtion! [ s. In

cer In
58 S50 accordance with permitted valence of the substituted atom and the substituent, and

that the substitution results in a stable compound, e.g., which does not spontaneously
undergo transformation such as by rearrangement, cyclization, elimination, etc. As
used herein, the term “substituted” is contemplated to include all permissible
substituents of organic compounds. In a broad aspect, the permissible substituents

25 include acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic,
aromatic and non-aromatic substituents of organic compounds. The permissible
substituents can be one or more and the same or different for appropriate organic
compounds. For purposes of this invention, the heteroatoms such as nitrogen may have
hydrogen substituents and/or any permissible substituents of organic compounds

30 described herein which satisfy the valences of the heteroatoms. Substituents can
include, for example, a halogen, a hydroxyl‘, a carbonyl (cuch as a carboxyl, an

alkoxycarbonyl, a formyl, or an acyl), a thiocarbonyl (such as a thioester, a thioacetate,



20 enbodi nents, the long half-life of blood cells may provide prol onged
protection with regard to therapy agai nst recurring exposures to parasites.
| n cert aiwoeodedbsents, the proteasone inhibitors descripogaishar@idazmy
provi de prol onged protection with reggrd to chenoprophyl axi s agai nst future
infection. Viral infections contribute to the pathol ogy of many di seases.
Heart conditions 25such as ongoing nmyocarditis and dil ated cardi omyopat hy
have been linked to the coxsackievirus B3. In a conparative whol e-genone

m croarray anal yses of infected nouse hearts, all three inmunoproteasone
subunits were uniformy up-regulated in hearts of mce which devel oped
chronic nyocarditis (Szalay et al, AmJ Pathol 168:1542-52, 2009%’.. Some
viruses W4 mﬁomehwamylnaphe%@agdn@pw@h@mn Qﬂﬂéowt?,eﬂ phmgphipaig, st ep
wher e t he,V. g nouse
epat i 11 AT, ykpthlop 8F S Bh N R LRAT il il LRI AR oy 3R

i ncl udes alkdthie)\eesudfate atselfo%warsm!fampylsyursdlfom’(cBARS)lfmuﬂmhﬂtcmsyclyu and

derronst r AP HL S fh s Bk Rat mord LSS ey B9 Lasore

i nhi bi torskuldasuhtthmlam rhat ticbamoietisesubstituitedadn uhemlydmhrbm chaiprdaalthérnsedvesi t h
reduced VI ra %rmas conpared to that of untreated cells. The human
hepatitis tr’tt%e BOPTOPEAlfa nher of the Hepadnaviridae virus famly,

L?ﬁt"eéiiné' dogt aﬁ#%%ﬂ%a&%ﬁﬁ% UL Ao N o Rl BHFAPBRE amount
of secr etxaéthea‘be trofxenet, et RIS ah&mkoeﬁ)ea;bmpéum(@pin a &eﬂa&gﬁén whidh20,

2005). In dr‘(}ltﬁlon to HBV, oé ﬁ%ﬁ g patitis viruses (A, C, D_and E) may al so
utilize t¥ee 5rrd Bt BTk akDAesiE &P%rr:&meaa{fmwmrml Resésrablysn,

nor phogenafhan) anéwa@:ts RRYAPETH SameldFi8s ba&{cﬁﬁw Br siowsatht ans@BOAMERGENES
causes a condition known as l|isteriosis, the nanifestations of which range

from mi | CCOnAEIPRE gocardinptte ghnigply e&capqah@a}aqden@é%ﬂ@ dispsgherios epndition to

Teni ngi i o rGREFANAL tbiridtic PhrBRNL L 3t b VasaRBIY Bl A7kisk 129%3) LibIpfLt easome
subunit conposition revealcepﬁl hat gnf ectl Sn ok rﬁ%ce vt‘\llis Eﬁ Hocyt ng

chor i omeranygnedigalyteatiserdsr Li steri a nonocytogenes | ead to an al nost conplete
15repl acenent of constitutive proteasonmes by inmunoproteasones in the liver
Wi t hi n seven diystefithioetherf|retegs toramatiayl gt@ip @8 8etizRbovedeing PyuwRar yot es
haves what o] SHIgAL0 Q pVhile the
sub?j?\lt crgtr)r% S%Hc}é?]é g‘;&etﬁ II{Ql%ﬁaryote éigrg par BE fhz&ﬁfs?ggllg%ﬁ’grsglt’tﬁan Y{hat of
eukar yot eS-alkiyl. Bepresémativetthioethier Eioups trmlddpdnelhylzleopetpyltlﬁe duinte lika a
simlar manner. For exanple, the nucleophilic attack on 20t he pepti de bond
occur s t hr oughAs beed ereionihedermmetrahtieg’dor ttneatiNentd imélndes rofersing, rbaucisg;bu nits.

Thus, an e nvent.ion_r

pr okaryotl (r?%%g#g& Smprtcor?ﬁrllnm ndgrés‘dﬁln nlms“%err?y]%p%hdgggSg]aecgrt‘élgﬂ" gt f ectl ve
anount ofmanmer t¢ eapone of sthbibizé asulgedasndition. di scl osed herein. Prokaryotic
i nfections may include di seases caused by either nycobacteria (such as

t ub@0 cul ddses of[Empymeyntobitésr ul i U cer) 25or archaebacteri a.

Accordingly, in certain enbodi nents, the invention relates to a nethod for
treating i nf ecThobiolagical cotreqaarcesbf prpaaaa(srhe ixﬂmibiltioniaream)mexbnszl udi ng
contacti m ni g, 19,8 3u t) an _effective anount
of a conpqgru?]bég(gnscr\méélgasﬁésfgéjen Suggesﬁ prev ntlof)’e%“ﬁt?gl rgﬁgﬁﬂtﬂ% results in
hypoxi a, raubitudt ¢fi diseases intludingt barmet hﬁnted to, proliferative diseases,

neurotoxic/degenerative diseases, ischemic conditions, inflammation, immune-related
25 diseases, HIV, cancers, organ graft rejection, septic shock, viral and parasitic
infections, conditions associated with acidosis, macular degeneration, pulmonary

conditions, muscle wasting diseases, fibrotic diseases, bone and hair growth diseases.

Proteasome inhibitors can be used to treat conditions mediated directly by the
proteolytic function of the proteasome such as muscle wasting, or mediated indirectly
30 via proteins which are processed by the proteasome such as NF-xB. The proteasome

participates in the rapid elimination and post-translational processing of proteins (e.g.,



30a deficiency of oxygen reaching the tissues of the body. This condition
causes increased degradation of 1K-Bct, thereby resulting in the activation
of NF- KB w@oossi4ed12al ., 1994). Interestingly, factors wpcglushdigifaeen
identified as being able to enhance MO 2007/ 149512PCT/ US2007/ 014427 52

I mrunopr ot easone expression, TNF-a and |i popol ysaccharide, also stinmulate
NF-icl1l3 activation. It has been denonstrated that the severity of injury
resulting in hypoxia.can be reduced with the adm nistration of a proteasone
inhibitor (Gao et al., 2000; Bao et al., 2001; Pye et al., 2003).

Therefore, certain enbodi ments of the invention relate to a 5nmethod of
treating an ischem c condition or reperfusion injury conprising

admi ni st emzyges)onvolyedjreedlular regdaticof (esgiodelitayelet genettranscaptiacande anount of
a protea Lahl kit or . C i . herej a. .Exanmpl f. such
condi ti oﬁgé%?&l Jgir“%gyss) 1 1&@%&@?&%@5&%&2&2@{1 ’ ?Illdm'ﬂf’ é@"}ugl;g rgsi)ﬁ € (zeb%"onar y
syndr one dnigtmpreatitatigpl)aques), arterial occl usive di sease (cardiac,
cerebral, peripheral arterial and vascul ar occlusions), 10atherosclerosis
(coronary scl eAtthesellglar val, yheaaccemylatiios @ pelyubiquitaracdd mosinshedl t fai l ure,
pancreatitis ocardi al hypertroph st enosi s, and restenosi.s. .

Cachexi a TePholEIar Hinvtey Pl apapiDs fors PORREFraitFd PoBHERIRET of sel with

aSS(ﬁci at e\?iriﬁut pr@mﬁmﬁeﬁhibmtseqrej,si ﬂldciljﬂtebé foted ehat :abﬂlhidr&iﬂlil]jaﬁ@gﬁalﬁ) ge _

pat hway. |nhibiting.the proteasone reduces proteolysis, thereby reducing
bot h rruscl?rgteﬁ?%‘?eei"g“q‘%%g’gﬁﬁt both ﬂiﬂs?ﬂqswwéfﬁang EERooforIes @hEEs or 1 ver
(Tava et pibteasoltd. Bk Hettezdfdh, tO8IY FD A-approved E@ote&bﬁa_\ﬁmﬁn&%ﬁ&wl on of
proi nfl amatory ¢ toklnes,.TNﬁ-a and | EN-y, both of which stinulate

expr essi dﬁeaa?leritrﬂ%ﬂé@?ﬁét@%@mwemimg?mms pedistingwish kawearthartyga et
al. 1090 fbifls A Rurddihi, LA Red B5 7866, 20085 L TRUPEHalOS KBHRA aBodth@RPYutRx i bi t
el evated rates of protein degradation (Lecker et al., FASEB J 18.39-51,
2004) . Mmeleesqmmgﬂgtuz@mﬂégm work withfmelgcw es/atinhibiif koth feramt afitheig

di seases, | i n j I A 3 ' .
denervati p5 h{%g%#lgéﬁ hec@@ﬁggyé FéﬁBg?xg%ec{fgfg@ina, F@Jésrg&g P ] % E‘?‘*ﬁéﬁﬁ%ﬁ‘gﬁgg‘é‘? Fve
heart f aitheseveritnef sidboffesteatsooihtedheith mobarhles that ahlebe dothoforme of theat ment  of
cachexialgggagyégle-masting di seases. Methods of the invention are useful
for treating conditions such as cancer, chronic infectious diseases, fever,
nmusg¢le di suse rvat | rve &njur fastin renal

f ai (If%.ll’ e associ %@éy‘%}%‘%aéﬁ‘%‘s‘?g}%&n °h'§3’a"?‘.§1°§mf‘ gtllt:l lrnec.eYl§33(,§l%fag.a8.9 ,thaéol dberg,
U. S. Pat entkeNe ths | ghphatBbsystem, such &eghiaebliobd keld(lenkodyaes), fmetrearisw py t he

pr ot easone fect signaling . mechani,sns at, in turn, effect. gene
P aneer i groant Bt L AR RRBSROET ahfSeaae tadis Selteniiy gpress
pr ot eason@nitithiilé protaasbines ke. Hohéartjpghadatclogs aiehddy peesishggndkut, appear

ubi qui ti nated 30 NE;fxlS invitro and in vivo. Proteasone inhibitors also
bl ock | KBS R*REST RAA(PEPS- and. NF- KB activation (Pal ombel la, et al. Cell

1994) 78:773-485. and Traenckner. tal., E J. 994) 13:5433-5441). One
bath ment of TROTPRUSHDEGTE g Bt e nafgrihbi tstes play'a major
2007/ 1495RPETs 0BT b poctécthil arnbrighhibnMgord otsitetsio @b ddluefides. | ncl udi ng
contactl r\%’h%r? ?un%tellol)invgmpg'gpe?ly? WH@&%@% tl?ee t?c():c{yl a%%?nspte)gc?élgél and viral infections.

The immune system also screens for autologous cells that have undergone oncogenic

transformation. Intracellular proteolysis generates small peptides for presentation to T-

25 lymphocytes to induce MHC class I-mediated immune responses. The proteasome is
the main provider of these precursor peptides, however, differences between antigenic
pep.tides have been observed between cells with varying amounts of each proteasome
form (Cascio et al, EMBO J 20:2357-2366, 2001). In certain embodiments, the
invention relates to a method for inhibiting antigen presentation in a cell, including

30 exposing the cell to a compound described herein. In certain embodiments, the
invention relates to a method for altering the repertoire of antigenic peptides produced

by the proteasome or other Ntn with multicatalytic activity. For example, if the activity



In certain enbodinents, the invention relates to nethods for affecting
cycl i ndependent eukaryotic cell cycles, including exposing a cell (in vitro
or in Vviwep0@/acfpr ot easonme i nhibitor disclosed herei npcEishadiniane
proteins involved in cell cycle contrgl. The proteasone participates in the
degradation of cyclins. Exanples of cyclins include mtotic cyclins, C
cyclins, and cyclin B. Degradation of cyclins enables a cell to exit one
cell cycle stage (e.g., mtosis) and enter another (e.g., division). It is
believed all cyclins are associated with p34 dc2 protein kinase or rel ated
10ki nases. The proteolysis targeting signal is localized to am no acids 42-
RAALGNI SEN- 50 (destruction box). There is evidence that cyclin is converted
to a for riefthe HemypeRrotesseme proigasems is sefeptivebrinhibited, differdntsetéci fic |i gase
is activ rJ ' ' i hgn@ A e , 21) .
I nhi bition F ﬁ;d ﬁgﬂﬁﬁ%ﬁgﬁ&%ﬁﬁbl tsggélgfflﬁhn%%glrggﬁgs %ggoﬁagﬁ%etjaﬁgr efore
i nhi bi t s presdntqdriol MHET moleonles b thessuafapeseof detis thyan| world bSpeddacediandincer s

I d. Sei. USA (1990) 87:7071-7075). In

(Kumat ori o c.. Natl. A .

certain epggoe& r(riewni&sﬁ?uqta%eflzr?%en “l?'g)ﬁﬁ?%’l ates to a nethod for treating a
proltferative dj 2 | j.ect . g. ancer, .psqQri.gsi.s, or.

rest%nosi s), c%!fr‘}%e?iﬁ??sr?é&ég%%n?%%ag? F%S"Sg%?"? %86%?133?%%{: %ﬁ’eﬂeg@m Vi ount  of
a pr ot easyyseni funiction, herao fased ioafs iminuherMiQT cdhidittdnes ®driaps ttemost The
invention also relates to.a .hod for treating cyclin-related

201 nf | anTaEPRR IR EnE A E EonDlART LE AR Tgh oo LBt tstima,

t her apeutdndadtdpic déineatitisuikeOBHY. Dhese oREG WREOIRE imihtinBisyREmGIBRELI! S 00N 1N a
manner descri bed herein, In maturing reticul ocytes andﬁgr ow ng

fi br obl asTPOSWE 9 antigens in,thg egyironaeat; Thys. & Birther epbedimentisgrmethed & ysi s -

neafdy dospbRSsing WbGFhaksydtefPbPa fitfjed:t Iﬂ_ﬁ:hﬂliﬁ% R@RARedifg ootht YhiBlkct an
nmetabolism I n certain enbodi nents, tJhe invention relates to néthods for

25r educi riffackze pmountgf 5 prpteasasng iphthitas comppund g maandroles¢ribed herdin.. Each of
t hese nethods conprises contacting a cell (in vivo or invitro, e.g., a
nuscl e in a subpBERgdefjciency disarderceqope whap amartsif the immpnaystem ot

conposi t i \pekGE Bob&iyOr & ok OBl I RIFL QS ghﬁﬁ’ h Eg@a’ eimer's
di sease (AD) IS abpr%gr'essi. %?ﬁu?@ﬁ%%@m?r%‘?ﬁ I Sggtggj; S rlﬁg?'égzd?
30associ dthagogytesans berithep inhritedde.gc dgAidefigientnrsevérecombirtedol ogi cal

hal rk ' ' ‘ | ' rofibrillary
anil s, piaREteRETAITICh AR, 3 AR GRb R AR oS b iiEed "
regi ons de-g.leqbired immhatefigienay syrdeome $AHRR), hukdn immunodeficiency virus

2001 LSO SERO LRy S REERERDOTE ol eI o
pepti de goeasmbethhibitdns oftheiitventian thaydsecusedito aaatliminthnelreiitsisconditions
m croglial -pediated inflammatory response contributes to significant
neur onal ﬁuSQE.S I%ufgéegjgé%‘gg?ﬁf(?f&s'denpnst rated that primary cortical
g?s%f)gtsegr :Iat ngz},u%i}nr}ngn%n llsc}rldcg'g,e the Err%g{u%efsg'sc%crznmrpngprpcr)gll)r%aafel:ly%}{gckcset{)é Eody’s
healthy organs and tissues as if they were foreign invaders. An example of an
autoimmune disease is Sjogren’s Syndrome, which is characterized by infiltration and
focal accumulation of lymphocytes in the exocrine glands. A study examining the
proteasome expression level revealed a significant up-regulation of beta5i (LMP7)
25 exclusively in the salivary glands of SS patients (Egerer et al, Arthritis Rheum 54:1501-
8, 2006). Other examples of such immune-related conditions include lupus, rheumatoid
arthritis, scleroderma, ankylosing spondylitis, dermatomyositis, psoriasis, multiple
sclerosis and inflammatory bowel disease (such as ulcerative colitis and Crohn’s
disease). Tissue/organ transplant rejection occurs when the immune system mistakenly
30 attacks the cells being introduced to the host’s body. Graft versus host disease
(GVHD), resulting from allogenic transplantation, arises when the T cells from the

donor tissue go on the offensive and attack the host’s tissues. In all three



with LPS/INF-y or sonicated Al 342 peptides resulted in approximately a 60%
decrease in cell viability (Gan et al., J. Biol. Chem 279:5565-5572,

2004) . AWwWoaberi4eqpr essi on of i nmunopr ot easone i s foundpih/dbéinidsssue
fromAD patients than in that of non-gemented elderly adults (Mshto et al,
Neur obi ol Aging 27:54-66, 2006). 10Patients suffering from Huntington's

di sease (HD), another neurodegenerative disorder, display notor dysfunction
and cognitive decline over a period of years until death. Upon autopsy, the
presence of inclusions or intraneuronal aggregates, caused by a polyQ
expansion nutation (also referred to as a CAGtriplet repeat expansion),

can be detected, acconpani ed by significant atrophy in the striatum and
cortex pofFlthm?;éanG#S @h@lrmabmmdrseasesmanﬂvﬂﬂné r etion andGVHE eegdudntingdhe t her e
was a sigpi ﬂ%ﬂﬁ t

striatum an%{l ntt a Qgg}g% i Etr”al ns rom E%%Rg??gﬁ?sﬁg%lt@gr%glpe to those
from age- mﬁhlabl normal adults (D az-Hemandez et al, J Neurosci

23:11653- 1161, 2003). Upon further analysis, it was discovered that the
enhancenent prhﬂbniumfmﬂiyﬁmcﬁnstreeploﬁsaofﬁfmdﬁmmyatehn@mﬁmnoxmer Using a

mouse 20 nmodel of, H t he resear noted a selective in n both
Chyes: o iR dylat CRmpPRaR S PA R aL n S E R meer R RERocyes!
aggr egat ewnmnteamismnmemm&aafmé Heonh bRiod, veielsTafd thy inflenéDiids@y. Thébe

i ] J Neurosci, 23:11653-1161,  2003)

striatum az- Her pandez et

Accor di ngﬁg*@ ke Qg l@mwt@ﬁt%f IHROYIRG the tans: BACPEP RREASitE Of ﬁ%“ fehsisof
25pr ot easpiof@sbiB inHibiddrs GRINRAHY kAGWn & BslOmBGnNemelafordyQctilidg (Meg@bieNt  Of
neur odegenerative di seases. Neurodegenerative di seases and conditions

i ncl udes, AlpENASH6:1 4403 KM 08019991 Ik gases ebehspnis inflaramation, Whih Her vous
systjgm n&l&?é&‘teﬂz‘é@%% doniflatind Sresees 'oYﬁlala Qgéia{ﬁ%%lls Rk BALInGRY Serbv8d U Y,

Fg?a'h
and traumati c damagé to the nervous systen, scl er%l sI's” and ot her
i Mmune- me%ﬁ dafensi vecagenis denindte releasg toxigg iand GYtQRmSE) lBeirldl@gs'lWﬂrlon@N and its

vari ants, I enyel i nating
pol yneur opat ﬁ‘teq §9§Ft 9@’%@%%9@}% %ﬂ%ﬁgéﬂd a5 I'a ggﬁﬁqex axonony,
di abeti c emsbedipe nls ythePayentios oelates th 8 ewtted dﬂmﬁatmginﬂa‘rmnatncsem;le mul tiple
WO 2007/ 1 { 7 55 scl [0S]S ter i al itic, fungal,
and vira él%rremm iy .W&g%ré% B ne iR naRBIE bheegRER0H, L,

demdfti a, trd:aemy:nttmdqffaibaneamOant 6ﬁmbadasdmbmhﬂﬁtmmbmoembemﬁbéﬂ hérem. di sease,

bcorti cal t Hun I
ol sy) . { BRI darech oy 2CYRLs B boreBlio iRty pIMBHAGE Lo

met abol i Ccltremlc(boﬁdiﬁtfﬁ:ﬂ(d @sclreniethakcaliisObiogicliiy@edis) Hostichvave ato,n&ls?
deficiency), nt| caused (l))%/ﬂ i nfectjions (such as syphilis or

chronic fe H@W |p§?"as‘s an a“}}"(t‘SPpaﬁé wiih gerditensasseyated &dthlﬁﬁ?mmﬁpm tors

t hat bi ndsdch ab F®radSinreet GP&NBcenigul at e bone formation in bone organ
cultures. Furthernore, when such inhibitors have been adm ni stered

systeni cal | y tBolldwiag tﬁgid@drﬂag%r RICRAH @ agald%tt@ﬂ& 1hﬂ§ﬁ1ﬁ?a$x@ﬂ g}&he:ne vol une
and bone formation _rates aqver 0%(Garrett . R et al in. Invest.

(2003) 11RTOSHEPIPN pYregeneratign and Fepay sgwst Pﬁgnsﬁ%ﬁ reﬁﬁ%era%?fqﬂml Ipstdiseeeasone

nachi ner yisireglut el 35prohfe st cellks b Bfe@Rinealhed WHdrLORNRruk PR HAR: _
Therefore, the disclosed proteasone inhibitor conmpositions may be useful in

the treat FERitecya; Slovsey dmpronsr erecasraben ebths dissie aaelitectire MaydHae| oss, such

as 0st er oORRERSdohseqlehddC Bh shite a8 08 tRlonlShiihflatdly 3825 8isEhar @et er | zed by
uncontrol I ed, abnormal growth of cells. Many cancefs arise via nmultistep

pat Bdays t%@@ﬁrvqeﬁgsswéeﬂwm pnpratal pedider aselpiseaise tradingde sirmhosisramdact i vat i on
of oncogeﬁ%@ @%&&&ﬁm %%néalpﬁ{g)lcéss cbhé&rnsaqﬁg@e QLOAR A éﬁeifoug P&rbody

through the |yfhphatic syste stream , can I's classified
accor di ngwhishtihprodpeed frémt granulatior tissee! Fiboedtis prttmcmmﬂ/tyand perSlstent

formation of scar tissue resulting from the hyperproliferative growth of fibroblasts and
is associated with activation of the TGF-f signaling pathway. Fibrosis involves

30 extensive deposition of extracellular matrix and can occur within virtually any tissue or
across several different tissues. Normally, the level of intracellular signaling protein

(Smad) that activate transcription of target genes upon TGF-f stimulation is regulated



20i nvol ved. As noted previously, proteasone inhibition has already been

val idated as a therapeutic strategy for the treatnent of cancer,

parti cul avbyosmisipl e nyel oma. As shown in Figure 1, nulptirpiseoompelsoma cel |s
possess both forns of the proteasone,geal t hough the ratio can vary somewhat.
Multiple nyeloma is a hematol ogi c di sease characterized by an excessive
nunber of abnornmal plasma cells in the bone marrow. 25Pl asma cel | s devel op
fromB-cells, thus it is not surprising that other 8-cell nmalignancies
woul d al so express i mrunoprot easone to sone extent. Except for two chronic
nyl ogenous | eukem a cell lines, henme-related cancers (e.g., multiple

myel ona, |eukem as and Iynphonas) general |y appear to express

i munopr dueRisteasoniEagfiMity (K. et @hrik610) ¢ Hlowever, iagteleraied glegradationyofithei d cel | s
express [

rvent: oot P Rl GRNBAREhRARR sl | e BE AN SHIB R IBR FeraliE
admi ni st smlndgnoast ﬂl‘busa,pe:mamccaibloghmérftecf the éneamionrelafe ta acosthadifodt tabatiog i bed

herein. L.h cert referred e ncer .is.a hene-rel ated
di sor der .PYPRB %%W% §8T§‘é€‘ﬁﬂ§ Gﬁ?ﬁ%fﬁﬁﬁ“’@@a&y’ macul?rn‘hgleﬁ drtigty, some
cancers (dialgetic r&phﬂoﬂaﬁhynglbﬁl,enheﬁﬂhraﬂd, IgACKephERHALDY SirflRkls, BilibGi AR,
cervical carcihona smal] cell 1ung carcino appear to have down

regul at ecFOPﬁ?ﬁﬁ‘r’(Sﬁ‘F%‘?g%l%ﬁéc siemue; giapeyApdncgd tibrosisy andiyngdibreyy: 5420,

2001; - NedispdiBic ;ﬂlmahary@blrcsmscam@gen%&ular B5ude, sdRBRlosisemtdréttiatturl . J EXp
Med 177 265- 272 51993). This gP pears to be correlated wth deficient
=3

anti gen ph¥fasesand @xm'%hlyg gisordess)r dihediratiaent afpurm,vighims is ofien hpraperede
i mune  sWyVRblobidNhEs, i BErtdih @AbIBRer®d, tﬁ@ﬁnv@ﬁwﬁsreﬂtéﬂo e 1&P?11 g/s{elﬂqﬁce

i munopr ot easone expressi on. Therefore, certaln enbodi men

i nvéditi orﬁdrnémtfétlmbO@Hhéﬂtlwwomeat buras. H@Wr@me E@h@mm&mgeradﬁpﬂmt ering
to a subj y or
TOTNE- & HRe s B DR Bl Pt bR R AR My Xk el P KT LATRUBE oPflls

Adni ni st rBuispim certain emmmgumme preptioe delates thes oretliveldoh thegireveBtinn loe

adm ni ste [ forms, depending on the disorder to be treated and

t he age, %gﬁéfo |°\(§§CA'%%§ body wei ght of the pati ent, as is well known in the

art. For exa e_conpounds.are.to red raIIy,

A A i e i R T

or 1%r parecdser Wheadhe msattmgtmﬂmnmhﬁe:yomyvﬂeani demdhlé eranism, lys&ahld)ns

(i ntraveno t,] i ntranmuscul ar @i%y neou dr op i.nf usi P %eg rations,

or supposf 8'?‘F5‘§°rylfﬁsrp°5f)epﬁ>?lgm% PHAIS o P LR SEPSIR SAPR IR WBFA S ¢ out e,

they may ibdué e mifdctibed CR&ryeudtiog pF 1ipbp6lySacdhaide(LIPS)-iddiRe€ cftokineh at i ons
and if desjred, ive

can be prep 20 convenptional an t he ac

i ngr edi ent* °ﬁﬁ§/q'5‘g%‘rff SRFIE toat?ﬁ/ce&f”ﬁ FBF%‘ESSSBG?SPF\?&“O‘?““%W“& gﬂ?k such
as a bi ndest suprikisdl Nt OB alsh NGRS mcféalsélm:ilpécﬂﬁpo@n%forthegm—lG 12

sol ﬁbl lizing agent,, a suspension aid, an enulsif La%gnt a coating

agety, a RAYBHiEchuding th immynoprotraseras Suw't'ﬁ&d\éﬁ Addashmyietahr y

dependi n@NRS@%%%YW”@OO@Q?uﬁMQMt i@’éteggxtal@facééfﬁemﬁt' BB krstisp jRat ure
and severity of the di sorder to 25 be treated of prevented, the route of

adni ni st rthe peivating of kells oy kP dis ‘@‘ﬁé’“&ﬂ“@ﬁg"f Lﬁsg@chsﬁc mgmiiEine yeatoRsge of from
0.01 to 2800, 'mhdqf-sithfits SPRRWAL droteh AR BRAMRY nhoL bé?c'}\ la@lmfted%m patient,

and this % be adm nistered in a single dose or in divided doses. The
anount ofbig IPB@éOtFWQ,r%'GB%ﬁﬁmgmtéw EBPripduced signabangduetion way bé ek materi al

t d

Lo BSOS R bty BB b e s, ¥ ol

2007/ 14951 zmmpmus:@@ew 01:4423-15251 éPenefouss dm certesn subbdinents, giveprnaskmect i cs,
and bi oay; Jb?tghgcélg%o&fd h%re%‘”ag%léluggd PATRE t”il(#bltlgrtl] é?'I'RJIF(&qlo %?‘ ventO an%'/é I on of

t he pati en I sease
treat septic shock.

In another embodiment, the disclosed compositions are useful for the treatment
30 of a parasitic infection, such as infections caused by protozoan parasites. The
proteasome of these parasites is considered to be involved primarily in cell

differentiation and replication activities (Paugam et al., Trends Parasitol. 2003, 19(2):



stage, general physical condition, responsiveness to a given dosage, and
type of nedication), route of admnistration, etc. However, the above

gui del i newocasv/laesigsed 5 as the basis for fine-tuning trheuseeatonant, e.g.,
determ ning the optimumtinme and/ or aggount of administration, which wll
require no nore than routine experinmentation consisting of nonitoring the
subj ect and adjusting the dosage and/or tim ng. The phrase
"pharnmaceutically acceptable” is enployed herein to refer to those |igands,
mat eri al s, conpositions, and/or dosage forns which are, within the scope of
10sound nedi cal judgnent, suitable for use in contact with the tissues of
human bei ngs and animal s wi thout excessive toxicity, irritation, allergic

r esponse,309 o thivethepners| enamechagipsrics hevedieen shen i lasa escyatationLapeaonabl e
benefit/ry kO : Lcally cgpédlal ryer"” as
used her e‘ib}?\éﬂrr{axg%ééaam' gtre %ﬁiﬁﬁé@%ﬁ%@gfﬁ%ﬁd %chlé” al ,Reg'oqurjgg’s? i on, or
vehi cl e, SpeciNaad39- 14Dy uindceptairsich @nitelirhérds, thelploteanome endobiporent , sol vent or

bei ng. conBIHBIBeF L HE SSPHETon herereht & bar AR TeRyamatt it PR Bnd not

i nj us i ouscatisedihiea ptozeah paBeie sclxasp frem Rihsmadiam spks S(indtudihg Pafalsiparnag, as
phar maceti;i cally acceptabl e car ieLs i ncl ude: é sugars, suc?_ as | actose,
gl ucose, ‘and'&utrParnap.Apddi- ovaltewhich sapsemalag, Teypanosomp sps (gediiech,  and

substi t URGresi, Wwhi¢h Talel iChHdbRd distase) ah®@TEBtutEiNvhiCR baksel IAHi0sEsledpisly i t S
derivatives, such as sodium carboxynethyl cellul ose, ethyl cellul ose, and

cel | ul osei9@EE fesishmanip s éinekpdingdlyemaronesis, £) demevani, Igynfgetugtiln; (7)
talc; (8)m&Eiddl BRYSPnMdtyds SR a b tb LS anHHSwUBRAGL SHlmUMER AR 01 | s,

such as peanut oil, cottonSeed oil, safflower oil, sesane oil, olive oil,
cor W0 oi | ,andrpdhes dyumesennressed patigts)c HpxoplasmatgandiipEnfayioshe histglyiéda, (11)

pol yol s, : Fpoy i j: I gl ycol ;
(12) eot erRaEERyAIAE AR} Bkl RS Smbchifliy HELILSE )
buf f er i ngroagwsitons stecksefid fortha dsatoment ppamsitie irdacticpls umanuwmalhywt oxi de; (15)

alginic i.d. n-free er, Helsatoni c.salkine; .(18) Ringer's

sol uti on?l‘i:‘!(e g@)c{(gl%ﬁ?ﬁ%g%g‘% to ?S-{}é%?élg%sglséﬁ egtféo%%hs&ocaélg lﬂ‘tefjgér']nslj and (21)

ot her norCtyptasporidinmadps h [Eehisiobedcan gesubips, Bimdria renellay Sacatyisiic aturona,

formul ati o 30 In certain enmbodi nents,. pharmaceutical .conpaositions of

t hei%r es eq?pﬁ}]%‘ésrﬁof%ﬁaiﬁaeﬂ{gf’f-mli?d’g‘ﬁf psefplas protgasoms ‘"S}]Pdi?égpnst?'ﬁni ficant

t enper at ureatib@\ofipaeiRRicdissasadirt desribed th WD 88Q8Y7 7% Rhich Wincorporated

2007/ 149512PCT/ US2007/ 014427 58 The term "pharnaceutically acceptable salt”
refers td*THBP 8f SRy non-toxic, inorganic and organic acid addition

salts of the inhibitor(s). These salts can pe. prepared.in sjtu during the
final isolati oﬁ‘ cﬁﬁa‘“pwgl?%q‘@ﬁﬁsoﬁe(PFO‘F?Fé’"Ieerﬁ'EPtBB? rgl?‘,’s‘%?“st}?i”i‘épar ately
reacting proUsdrhé £divityhh Rigafis(ts withdut feeoVdre e RARE bic¥dBenk! Ih Serfalith halpl e
organi c or 5inorganic_acid, and jsolating the salt thus forned.

Repf@sentempbadimentsy the fong halslifarsf biged epblsamprarrovids dreJensest pratection with e
bi sul f at QeF&HQ(S BRR4[8s adaidst AcBrrimCeiRbGres ¥ADRANE 1PEER S emBadidnes, the

stearate, laurate, benzoate, |actate, phosphate, tosylate, citrate,
mal eat e, ArAteatomeinhibitoss descabed herenamay Proviiamgloaged prasegfionrveith regard

gl ucoheptgRat oprophylaxis against future infection.

Viral infections contribute to the pathology of many diseases. Heart conditions
25 such as ongoing myocarditis and dilated cardiomyopathy have been linked to the
coxsackievirus B3. In a comparative whole-genome microarray analyses of infected
mouse hearts, all three immunoproteasome subunits were uniformly up-regulated in
hearts of mice which developed chronic myocarditis (Szalay et al, Am J Pathol
168:1542-52, 2006). Some viruses utilize the ubiquitin-proteasome system in the viral
30 entry step where the virus is released from the endosome into the cytosol. The mouse
hepatitis virus (MHV) belongs to the Coronaviridae family, which also includes the

severe acute respiratory syndrome (SARS) coronvirus. Yu and Lai (J Virol 79:644-



| act obi onate, |auryl sul phonate salts, and amno acid salts, and the |ike.
(See, for 1l0exanple, Berge et al. (1977) "Pharnmaceutical Salts", .1. Pharm
Set. 66: Wo1807y149512 | n other cases, the inhibitors ugefruls2e0m0i4ae7 met hods
of the present invention nmay contain fgne or nore acidic functional groups
and, thus, are capable of form ng pharnmaceutically acceptable salts with
phar maceutical | y acceptabl e bases. The term "pharnaceutically acceptabl e
salts” in these instances refers to the relatively non-toxic 15inorganic
and organi c base addition salts of an inhibitor(s). These salts can

| i kewi se be prepared in situ during the final isolation and purification of
the inhibitor(s), or by separately reacting the purified inhibitor(s) in -
its free &8 aOQi)rdmminstmtad1:}1;'(tramnbaﬁmllssu@htedswitwwdhdn)d pteteasambonat e,
or bicar r L} cal I tabl e, netal..catio amoni a,
or wi ¢ ANRIr R GBEGK | 0, Bt i B i e 2]
tertiary cmmpaeed tlaebaxteffamrame&eelw I{H{a hMaralhdpahth \eﬂrst(HB%)L hﬁ‘ldmtﬁalr ofle t he

lithium assi.um cal cium ma Sium m num salts, and the
[ ko Re e SleHOLeb T ae R et BTl Pl eGP 87 base
addi §i on mapdgatd. nﬁhmgemmhpk@mame dbgﬁdhﬁbagxmefay%bsek ar@.eg,dméanﬂe

et hanol am ne, . di et hanol am ne, perazine, and the like (see, for exanple,

Berge et &fuctionipthg amczlg\}\é)tfp?qqgtegggvﬁlgpe erotaias (Simsek etahd Yireh1%R14- such

as sodi um2oagr 20053 Uuld &ideticHe MBY) 6k Aeski®id VtuSes AS AV indB) MBY 9fsb“9
agent S, rel ease agent S, coati ng agent S, Sweetenl ng tJ | avori ng, and

per f uni ng‘ltﬂ@éﬁ‘tesumﬁ\“%mfvtﬁﬁmd%@ﬂa@ﬁ?mm\@drﬁosS@aﬁlm gephwgenesivand i n t he
conposi tlrQi | es of pharnmaceutically acceptabl e antioxidants include:
(1) water 3050 ubl'e antioxi dants, such as ascorbic acid, cysteine

hydijgchl ori de, Togli kiR i ! wtéﬁ&ongﬁm &ﬁ@g §U$Jdlﬁ@rbk1?&gﬂa%1§7t'ls%ﬁé did & and

the like; (2) oil-soluble anti oxi ascor tate

but yl at edh@ yuniestatipnseif eviiehpnge tﬁlsmymalﬁe(dawwwtlog @adh diagiBed))to sevigde
2007/ 149%;%3 g(n%%?&ggrt%? ?12&311 %}m A quarRtt%tRye lsm%tf%ha\?geg hr? tocopherol ,

and the ITKe; and |ng agents has Ccrtric acid,
et hyl enediratzastand sthuaﬁ(cemposnaonde\(eEEHAbxat isfection of mld:miﬂatymp}mytﬂq
phosphori (h[ acid tions sy i.t abl r _or

a

Do ot 1SR M R et oBre Bapdies 184 5 3R afaes? cgﬁnpfée tabl ets,
| ozémges r@pllace‘tgerﬂ ofbavmnadzdeteasomlw 1|n)6‘n61ht§jfr6&6503xﬁﬁi A GClivier Within

aucous P ERqbEanetH BimnellofSssd e, Pl ErRaSiRRare phat®) T qui o

enul si on, equivaisht &nthe|ebkdlﬂyofbr Z(ISYISridt’bas&ﬁe ﬁ&'tll@ﬁ:s'[WHI@ﬂ\e(dﬁﬁhﬁlﬂc&ﬂpéd‘l%ﬁ offat i X,
such as qﬁl atin and &]gcerl n, @r ose and acaci a) and/or as nmut hwashes,
| ¢ S‘é“FﬁF‘é

and the [‘PRErokamyote afileny an thatphedkanyRiehit dass havthe ghilly tor (s)

as an actiiydeolygp&piide BondAincPsReat Haanermr%kéﬂpiaem%dﬁmbﬁmﬁt 8adSorft DOl US,
el ectuary, or paste. In solid dosagre forms for oral admnistration

(caplul eghe P%tdétbémd (Feryrs thigpgly thedhreggingaesidugypm e Ndermings efitke Bi ke), t he

active i nGbEAE MhusSaliB60iMehoOMEs 19(1er{m)rnereﬂt@.rtg§9§étﬁb&§t tr¥atidgCept abl e
carriers, such as sodiumcit rate or dical ci um phosphat
prokaryotlc infections, comprising administering to a subject an effectlve amount of a

proteasome inhibitor composition disclosed herein. Prokaryotic infections may include
diseases caused by either mycobacteria (such as tuberculosis, leprosy or Buruli Ulcer)

25 or archaebacteria.

Accordingly, in certain embodiments, the invention relates to a method for
treating infection (e.g., bacterial, parasitic or viral), including contacting a cell with (or

administering to a subject) an effective amount of a compound disclosed herein.

Ischemia and reperfusion injury results in hypoxia, a condition in which there is
30 a deficiency of oxygen reaching the tissues of the body. This condition causes
increased degradation of Ix-Ba, thereby resulting in the activation of NF-xB (Koong et

al., 1994). Interestingly, factors which have been identified as being able to enhance



15and/or any of the following: (1) fillers or extenders, such as starches,
cycl odextrins, |actose, sucrose, glucose, mannitol, and/or silicic acid;
(2) bi ndewe.,2osmabsias, for exanple, carboxynethyl cel | ul oper/ab@7naises,
gelatin, polyvinyl pyrrolidone, sucroge, and/or acacia; (3) hunmectants,
such as glycerol; (4) disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and
20sodi um car bonate; (5) solution retarding agents, such as paraffin; (6)
absorption accelerators, such as quatemary ammoni um conpounds; (7) wetting
agents, such as, for exanple, acetyl al cohol and gI ycerol nonostearate; (8)
absor bent s, such as kaolin and bentonite clay; | ubricants, such a talc,
cal ci um s@@&ﬁ%&@owﬁmﬁe@mmssqnew&rean%bpmlwpdeﬂdy; alsrestynylats NF-odi um

| auryl su a eyl t he
case of c%%@tﬁﬁ%% H?l ggbet S, %'ﬁt}g{eﬁ%at tﬁﬂ&"éﬁ%rorrfg@e g\n%gqgﬁgéﬁlfl g%'s may
al so conpb¢ rduend wish ithfgadalgemtlorSof a drontmpmsumhlbm;r (é?aoazt 8l. ,rﬁQOQ: Bagpe nay -

al so be enpl I |IIed el.ati Ies usi ng
such oxci Bra0PE el 20059, ReiRlsh, G Bhbadien S 85 RkicaiiRl: & et ghe
pol yét hyl mnmogqumhm;g amd;chémlcldohéltxoﬁ(bﬁ\ré;&bﬁu&bnﬁiig)dr)bﬁbmﬁh&n@y conpr essi on
or nol di ng |on th one .or re accessor redi ents. Conpressed
Cabl ot s niymBB R bl e PR sion e et ep ROV Q5

hydr oxyprmydaﬁdahby:{hxb‘x&iﬂ dehippand disdldsédRétin. Imampld;l dmaai eorpﬁ@&erotat ive, WO
2007/ 149512PCT/ US2007/ 014427 _60Q di si ntegrant (for exanp sodi um starch

gl ycol at ePPiriespeuds, bykarg r@bk}m&?fié%naﬁswrféemw@éq’mam&eﬁrablgmlaroale@ active
or di sper gdial 86@asive Mabaledcdrafak Sese tmépaepmdeaneﬁalrm.hwa@auaﬂb&hﬁwn%ﬁbl e
machine a m xture of the powdered inhibitor(s) noistened with an inert

i qdPd di pthemeclemgsisdrarpnary saleresis eprogary artedy disgesed.drferctionscheagtdaidyrggees,
capsul es, Qiclréaans%goamamy%mm QBhdsANahd YesosicOr €d or prepared with

si ;
coati ngs and shell's] such ds enteric coafi ngs ang ot her coatings well known

in the phar maceyti&sl ,sfa%wauoﬂ{e &ﬁraﬁ:'if teg%%ﬁax 8f sQidt rLQgcﬁg'%]s@E&gteﬁo as to

provi de slow or controll rel ease o e active | ngre ient therein using,
for exanpWih enlymcestpmtepiymrévmq the asbiquitirsprateasome patigvayo gnlwptingitbes t o

rovi de t Sones,
B or i PP sanaht ey FAREIAIS xR Ghe BANHRCICBLG s apd RS2
t hr d6gh anibragersisdeadetrakidneys drilivee(Taver ethy., I@btﬁmtﬁmmhg%ﬂe rinldachexdp,agent s

in the fo ter le solid Sltl _can i.n sterile
wat er orélg‘éaﬁr%dg rgérs S effpr‘é‘ﬂ| nj ec?'a’b‘iygqﬂ‘e ‘dﬁﬁ“ 6 tﬁé’?‘d&’é }hse
These conposulhiecaxpraspipn @if amapbpronakdnie s\ﬁtntrﬁls,rha%cbpactépyme@(zam and may

pr ef er ont fan . 1 78 3B 20045 el 3500 e &F sl B ozt Slevilge
opt i onal |l3&tesldfpaoté&1| degemaﬁaﬂmeeckeanaﬂrprast egrbedd| Pap4gomp@sict wastingWhi ch

can_he used .i.ncl ud nmer ubst ances and, waxes. The acti ve |ngr edi ent
canzgl S0 ’B@“Hf??tﬁﬁtie?fc‘g %ﬁﬁ%@éﬁ@ﬂtepﬁﬁgrﬂ‘sqaﬁesaﬁ‘\gfwg cAnger, §FRSI: 5@l or nore of
the abovefaflassg WIDSdfa@ﬁﬁg RieBivatior lebHy, dmdeﬁagﬁatfe%sn&s&watmpay and .
adm nistration,i g'tﬂa har maceytical ly accept abl e emul sio

m cr oenul SNgRYIvedirplitpil é’ﬂé’rﬁ’é’f‘d?ﬁ of the Wﬁ%"“%rf&'aeffsltRl“i‘%t'ethe%‘Bf tion to
the acti veacheghadd ﬁﬂisclet\b&tllrxg‘]lk'slegsegomﬁodsq{mﬁe R¥naNR uleful Rritrediihgient s
comonly used in the art, such as, for exanple, water or other solvents,

sol ubi | i ZFgitignsiuch aseancenghioniq isfestisue fiseases fener, mpscndisuse (stspplyy |

al cghol , ﬁHWéneF@aﬁQHrWetr@e nﬁ&r{s}y}asgégqa{a@tfalurbg%&atea'&.%19&@09?%&' benzoat e,
propyl ene glycol, 1,3-butylene gl ol |

hepatic failure. See eg., Goldberg, U.S. Patent No. 5,340,736.

Degradation of certain proteins by the proteasome effect signaling mechanisms
that, in turn, effect gene transcription, cell cycle and metabolic pathways. As noted
above, proteasome inhibitors block both degradation and processing of ubiquitinated

30 NF-kB in vitro and in vivo. Proteasome inhibitors also block IkB-A degradation and
NF-kB activation (Palombella, et al. Cell (1994) 78:773-785; and Traenckner, et al.,
EMBO J. (1994) 13:5433-5441). One embodiment of the invention is a method for



particul ar, cottonseed, groundnut, corn, germ olive, castor, and sesane
oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols, and fatty
aci d est ews 2067/30s1ki t an, and m xtures ther eof pBeaisd@s /ol 4327 t

di luents, the oral conpositions can af3so include adjuvants such as
30wetting agents, enul sifying and suspendi ng agents, sweetening, flavoring,
coloring, perfum ng, and preservative agents. WO

2007/ 149512PCT/ US2007/ 014427 61 Suspensions, in addition to the
active inhibitor(s) may contain suspending agents as, for exanple,

et hoxyl ated i sostearyl al cohols, polyoxyethyl ene sorbitol and sorbitan
esters, mcrocrystalline cellulose, alum num netahydroxide, bentonite,

agar - agarinhibitingrlaBax degriadataond invluding esntadtargabé celbvithradoatpomnd desaribedct al . or
vagi nal dgﬁnistration may be presented as a suppository, which may be

pr epar ed Dy ﬂixing one or nore inhibitor(s) with one or nore suitable

nonirritating excipients or carriers conprisi or, exanple, cocoa butter
pol yet hyl ene glﬁf(%%lm eglbsogb'BS%tls’tté? ATV n&@%&%ﬁ{bp% g’,r %Ft&g "f)??'gbl id at
room t enpdzpaideneeukatyotici alui oy chek, iholduintg@xpl esing urcﬁu@imob;itrb betedioopto aM | | el t
in the rectumor 10vaginal. cayjty. and rel ease the active. agent.

For ntll at i%ﬂ?am%‘ﬁgé’l‘%’ gl?FPéf#é""%’é‘r R 4T RIAIRT ‘QY?IH?‘?B’(\“@I sl ncl ude
pessari esontr8Pri¥profch SIS partiel pates PR BclfoerddaABR of 8YclfB! ExampledWrat i ons
contai ning such carriers as_are known in the art to be appropriate. Dosage

forms forcyches inglyde gitatic qyelins G pelinnand syein Br Ragrastatian of ayslisist or (s)
15i ncl udenaeNg g el tBlifYTe cdl «Wci@ﬁﬁg?; (eR25hRSsis)Hn@¥Mfer ah&hhﬁ@ggé, gel s,

sol utions, patches, and inhal ants. The active ‘conponent na m xed under
sterile chrigion).oliss believed al eaelinscee nssoaiateqd vaitle pPA°ED peoteiarkinase or eshatedi t h any
Presgr valyiNass. 'PHJ {n%fe%’lys% tap%egiﬂglsiégf & 18‘@1&&1 Wm&% dc d%WZE ed. The
RGN G N CH N L K IO L

i nhi bitor ] e jorsbd). dhens € il eonive o | s,

ol ool o o ilRebt Bt HRIASET bn P S B el s AR B R ERe s,
m xt ur es mhesie@@icchanover, ARl (O A93P+HY S Liidbitioamif #hdprotadasadel irhilsits t 0 an
i nhi bit : i, pi ent uch as Jactose, talc, silJicic gci.d, alum num
nydr oxi derShAPER EIem P PEEeloRinh Bt SR PRt ot ST R of these
subs$ anc eslatedpanyas (Riomadil dtiabNBidcyNa®dNA edd) SEUS$ISNTErowopeeeyl-aors). 1such as
chl or of  uorohydr.ocar bons and vql ati |l e unsubstituted hydrocarbons, such as

but ane arffrPrGEARgIments, the inveninp rel@ifs 19 3 Bethoy! feniteaswie Rieh gt el v
adm ni st efigfdsdin D8bE0(e.g. T Bdricet, psasHNTB tahadsiby d%ga&hg REmMAIsRAHE RS
aerosol, liposomal preparation, or solid particles 30containing the
conposi t i8R SubleH 3R ég‘a%‘(%am@%rg of afrofes9Es IBBIRItEF SPBPPANOD insdWBRRES| on
disclosed herein.’ The invention also relates to a method for treating cyclin-related
20 inflammation in a subject, comprising adminstering to a subject a therapeutically

effective amount of a proteasome inhibitor composition in a manner described herein.

In maturing reticulocytes and growing fibroblasts, cells deprived of insulin or
serum, the rate of proteolysis nearly doubles, suggesting a role for the proteasome in
cellular metabolism. In certain embodiments, the invention relates to methods for

25 reducing the rate of intracellular protein degradation in a cell. Each of these methods
comprises contacting a cell (in vivo or in vitro, e.g., a muscle in a subject) with an
effective amount of a pharmaceutical composition comprising a proteasome inhibitor

disclosed herein.

Alzheimer’s disease (AD) is a progressive neurodegenerative disease disorder
30 associated with a loss of higher cognitive function. Pathological hallmarks of the
~disease include senile amyloid plaques, neurofibrillary tangles, dystrophic neuritis and

significant neuronal loss in selected regions of the brain. Microglia, the resident



WO 2007/ 149512PCT/ US2007/ 014427 62 coul d be used Sonic nebulizers are
preferred because they m nim ze exposing the agent to shear, which can

result inyvdegéadaiibon of the conpound. O di nari | ycTAR260G14€A05
aerosol is made by fornulating an agugous sol ution or suspension of the

agent together with conventional pharmaceutically acceptable carriers 5and
stabilizers. The carriers and stabilizers vary with the requirenents of the
particul ar composition, but typically include nonionic surfactants (Tweens,
Pl uronics, sorbitan esters, lecithin, Crenophors), pharnaceutically
accept abl e co-sol vents such as pol yet hyl ene gl ycol, innocuous proteins |ike
serum al bunm n, oleic acid, amno acids such as glycine, buffers, salts,
sugars, dPaggpRkasesinthsdirain, iglaase pyrgegun prainflameatory gptokings.caclpdag i.sot oni c
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in a polyner jx_or gel. Phar maceutical conpositions of this

i nvent i on‘g&'li"‘?g%)[ﬂfs ¥ 8t S‘%ﬂ‘r’aé?ﬂ ap4z p%}ﬂ%ﬁf‘?ﬂlﬁﬁ‘ﬁ f%??pé@ﬂg’gféﬁaéﬁ%’ deerensf e
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i nj ect abl @nskdd 1063y Sduldi (MISHKLS iePAS Nebbidl'A Bhg ©9: 54S6s, 20bk)ch may contain
antioxidants, buffers, bacteriostats, solutes which render the fornulation

i sotonic W th phfenk) @Eal fdAeHURESRERT diRALPIIEDS, aRbthet 3RO R e five
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. IPMUuIoproteasome expression 1 3 triatum Trﬁsrﬁ @ 0o tbr
contain adlLyERF LeaRT QPISHRAp G Sty 3nd ironial cotter of brawng fremelID,, o
agent s, gratiedisspepsipagdagdniss frof ageemaiched abrmdladans {DiazMHermamteger gani sns
may be engured.hy -t i L ' f various gnt.i hacter,] al an‘g anti ftingal
agents, fof &Xa Ilé%g%'s}?g ﬁll,ogghﬁB?rb ﬁSV%yﬁﬁéﬁB’las disFoyege ttl,‘iﬁ‘{:lg,;heand t he
| i ke. |t dphyncement predominantly occurred in the degenerating neurons. Using a mouse
20 model of HD, the researchers noted a selective increase in both chymotrypsin- and

trypsin-like activities in the affected and aggregate-containing regions of the brain,

primarily the cortex and striatum (Diaz-Hernandez et al, J Neurosci 23:11653-1161,

2003).

Accordingly, certain embodiments of the invention relate to the use of
25 proteasome inhibitor compositions disclosed herein for the treatment of
neurodegenerative diseases. Neurodegenerative diseases and conditions includes, but
not limited to, stroke, ischemic damage to the nervous system, neural trauma (e.g.,
percussive brain damage, spinal cord injury, and traumatic damage to the nervous
system), multiple sclerosis and other immune-mediated neuropathies (e.g., Guillain-
30 Barre syndrome and its variants, acute motor axonal neuropathy, acute inflammatory
demyelinating polyneuropathy, and Fisher Syndrome), HIV/AIDS dementia complex

b

axonomy, diabetic neuropathy, Parkinson’s disease, Huntington's disease, multiple



5al so be desirable to include tonicity-adjusting agents, such as sugars,
sodiumchloride, and the like into the conpositions. In addition, prolonged
absor pt i owoebotfagsionj ect abl e pharmaceutical form may beporasght/oalout by
the inclusion of agents which delay agsorption such as al um num
nonostearate and gelatin. In sone cases, in order to prolong the effect of
a drug, it is desirable to slow the 10absorption of the drug from

subcut aneous or intranuscul ar injection. For exanple, delayed absorption of
a parenterally adm nistered drug formis acconplished by dissolving or
suspending the drug in an oil vehicle. Injectable depot fornms are nmade by
formng m croencapsule matrices of inhibitor(s) in biodegradabl e polyners
such as peleposis baeteriplopyrgsificofuingal, ambyical dneningiis rencéphatitis,i vasoflardr ug t o
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phar rmceue}ltlh%glgh the ratio can vary somewhat. Multiple myeloma is a hematologic disease
characterized by an excessive number of abnormal plasma cells in the bone marrow.

25 Plasma cells develop from B-cells, thus it is not surprising that other B-cell
malignancies would also express immunoproteasome to some extent. Except for two
chronic mylogenous leukemia cell lines, heme-related cancers (e.g., multiple myeloma,
leukemias and lymphomas) generally appear to express immunoproteasome (Figure 1).
Cancer cells originating from lymphoid cells express 30% or more immunoproteasome.

30 In certain embodiments, the invention relates to a method for the treatment of cancer,
comprising administering a therapeutically effective amount of a compound described

herein. In certain preferred embodiments, the cancer is a heme-related disorder.



15conpositions of this invention nmay be varied so as to obtain an anmount of
the active ingredient which is effective to achieve the desired therapeutic
response wohno@/Redibi cul ar patient, conposition, and nodec@fusasioni434rati on,
wi t hout being toxic to the patient. 54 The concentration of a disclosed
conpound in a pharmaceutically acceptable m xture will vary dependi ng on
several factors, including the dosage of the conpound 20to be adm ni stered,
t he pharnmacokinetic characteristics of the conpound(s) enpl oyed, and the
route of adm nistration. In general, the conpositions of this invention may
be provided in an aqueous sol ution containing about 0.1-10% w v of a
conpound di scl osed herein, anong ot her substances, for parenteral

admi ni strat i onntrigingly| sogeseanee 8., aelid tunenrs.disedand neck squampesiecls0 ng/ kg
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conjointly adm nistered with _a chenotherapeutic. Suitable chenotherapeutics
may 19 ncl UERIF-omand a priotesserae inhibitng sompaynd/piselsed hetkisi ds (i . e. vinbl asti ne,
vincristine, and vinorel bine), paclitaxel, epidipodophyllotoxins (i.e.

et oposi deAdminstEtionde) . anti bi otics (dacti nomycin (actinomycin D)

daunor ubi ci n, doxorubicin and idarubicin), anthracyclines, 10m toxantrone,
bl eonyci ns, pl Femrpends nrepared asrdeserihedhiraeinican by @fdminigtesed ip yarious forms,
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conventional additive or excipient, such as a binder, a disintegrating agent, a lubricant,
a corrigent, a solubilizing agent, a suspension aid, an emulsifying agent, a coating
agent, a cyclodextrin, and/or a buffer. Although the dosage will vary depending on the
symptoms, age and body weight of the patient, the nature and severity of the disorder to
25 be treated or prevented, the route of administration and the form of the drug, in general,
a daily dosage of from 0.01 to 2000 mg of the compound is recommended for an adult
human patient, and this may be administered in a single dose or in divided doses. The
amount of active ingredient which can be combined with a carrier material to produce a
single dosage form will generally be that amount of the compound which produces a

30 therapeutic effect.

The precise time of administration and/or amount of the composition that will

yield the most effective results in terms of efficacy of treatment in a given patient will



exenmestane, and |letrozole); and platinum coordination conplexes (cisplatin,
carbopl atin), procarbazine, hydroxyurea, mtotane, am nogl utethimde,
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pharmaceutically acceptable material, composmon or vehicle, such as a liquid or solid

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

20 unsubstituted B—cyc]odextrin; (3) cellulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose, and cellulose acetate; (4) powdered
tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter and
suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil,
olive oil, corn oil, and soybean oil; (10) glycols, such as propylene glycol; (11) polyols,

25 such as glycerin, sorbitol, mannitol, and polyethylene glycol; (12) esters, .such as ethyl
oleate and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide
and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic
saline; (18) Ringer’s solution; (19) ethyl alcohol; (20) phosphate buffer solutions; and
(21) other non-toxic compatible substances employed in pharmaceutical formulations.

30 In certain embodiments, pharmaceutical compositions of the present invention are non-

pyrogenic, i.e., do not induce significant temperature elevations when administered to a

patient.



Synt hesis of (A) To a solution of Cbz-Trp-OH (10 g, 29 mml) in DW
(150 m.) was added Me-Im (25.2 nlL, 458 mmol) drop-w se. The sol ution was
al | onwed twobéwi4dzae 10 mi nutes fol l owed by the additi onpof/URB®ED14428. 9

g, 158 nmol ). The resulting solution wgs 5allowed to stir overnight. Water
(100 m.) was then added and the m xture was extracted with Et0OAc (3 x 50
m.). The conbined organic | ayers were washed with water (3 x 50 nL) and
brine (50 m1), dried over MySO™4, filtered, and concentrated under reduced
pressure to yield an oil that was dissolved in 1:1 water/ THE (200 nL) and
K2C3 (440 ngy, 0.031 mmol) was added to the solution. The resulting
solution 10 was allowed to stir overnight. The organic solvent was then
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(20 nmL), dried over MgSO4, filtered and concentrated under reduced pressure
to yield an oiIn ¢that cases thruinhibiteds tlmpﬁﬂliastte whthodsno fthe ppisyntiisvengiopGnay 40%

Et OAc/ hexan the el ue o) t he To a
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eluent to yield (C). Synthesis of a solution (O (106 g,
635 2fnol ) sEcAndAsBHOr(tabiap Im g Rngpes@m@nm?lkah or alkaline earth salts mclude the

lithium, sodium, potassium, calcium, magnesium, and aluminum salts, and the like.
Representative organic amines useful for the formation of base addition salts include
ethylamine, diethylamine, ethylenediamine, ethanolamine, diethanolamine, piperazine,

and the like (see, for example, Berge et al., supra).

25 Wetting agents, emulsifiers, and lubricants, such as sodium lauryl sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents,
sweetening, flavoring, and perfuming agents, preservatives and antioxidants can also be

present in the compositions.

Examples of pharmaceutically acceptable antioxidants include: (1) water
30 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),
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allowed to stir until it becane honbgenous. The solution was then cooled to
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extracted with Et0OAc (3 x 10 nL). The conbi ned organic | ayers were washed
with water (3 x 10 nL) and brine (10 niL), dried over MpSO™4, filtered, and
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Synthesis of (F) and (G To a solution of (D) and (E) in DCM (90 nL) at 0 C
was addededi@incrropd gaﬂstezelpga-tcﬁbozaerm:mhyi thedlikes and 3 ymetacledating agentst es
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| ayers were washed with sat. NaHCO3 (3 x 20 nlL) and brine (20 nlL), dried
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MSH, filtered, concentr at ed under reduced pressure to provide an
m xt ure obOl(lﬂ)el@mm( lofr paste.l) that was purified by flash chromatography
using 15 to 40% 5Et OAc/ hexanes as the eluent to yield (H. Synthesis ofl
To a sol ution bfsofid)dosay fogmns ior@salrﬁmlylstrhtwlrmapsﬂm}a & paldsidmegeey. C (14

3 tor 2 TRRr BT B el (B SerRle iRiheh e Hhixea Y8R ©

filtered phmugﬂun@ellly ace:eﬁ(aﬁmcaam‘s tdueh ﬁs saddumeitkge mélcab;slmqthwpﬂlhteDCl\/l ( 10
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pressur e lactose anckobe, @hxco?dﬂ&ndr&@ﬂodlaadxt\ias:hpimﬁﬂ (2ybi@ders) ghh\aa,dbum for 2 hrs

to provi de almple carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose,
and/or acacia; (3) humectants, such as glycerol; (4) disintegrating agents, such as agar-
agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and

20 sodium carbonate; (5) solution retarding agents, such as paraffin; (6) absorption
accelerators, such as quatemary ammonium compounds; (7) wetting agents, such as, for
example, acetyl alcohol and glycerol monostearate; (8) absorbents, such as kaolin and
bentonite clay; (9) lubricants, such a talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof; and (10) coloring

25 agents. In the case of capsules, tablets, and pills, the pharmaceutical compositions may
also comprise buffering ag\ents. Solid compositions of a similar type may also be
employed as fillers in soft and hard-filled gelatin capsules using such excipients as
lactose or milk sugars, as well as high molecular weight polyethylene glycols, and the
like.

30 ' 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,
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Egpmggu'?gs.rmglhe biglm ansr?!é 8?%6 Itgnﬁolrsl\‘&b? aﬁehea ‘Eaﬁé‘ﬂ?g\é\@gs \tﬂﬁgsvv:sﬁedor

with DWVF grdﬁllﬁ,)nayl\d;ﬂidnéﬂﬁ b&kgoredbfipriopided %tHﬂo)athd’lduﬁdhleDW&dcﬁ 8s aiterielry, to

ld (L nt 0.08 s .added_5% TFA/ DCM
)(Hzem_) ( a)rﬁf % d)&tﬁ?rec‘\?ég/&%ﬁ”%\*é‘dw?&‘ g’ﬁﬂ‘é“?%ﬁ“ﬁ ﬂﬁm@ ting 9o TRE¥ 1 | on
was filt ehegales be forendl@ed 8o Waito PaFIHRAIAPW EdhtidTM diBastleX tHhetivel atil es were

renoved under reduced pressure and the resulti ng.. oil was diluted with DCM

(10 ni) dngredicgpbcsrinysing for srample; hydsexynrapdmedhy) celitogeip vasgng hesi s of

(N) 10 proportions to provide the desired release profile, other polymer matrices, liposomes,

and/or microspheres. They may be sterilized by, for example, filtration through a
bacteria-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved in sterile water, or some other sterile injectable
medium immediately before use. These compositions may also optionally contain

15 opacifying agents and may be of a composition that they release the active ingredient(s)
only, or preferentially, in a certain portion of the gastrointestinal tract, optionally, in a
delayed manner. Examples of embedding compositions which can be used include
polymeric substances and waxes. The active ingredient can also be in micro-

encapsulated form, if appropriate, with one or more of the above-described excipients.

20 Liquid dosage forms for oral administration include pharmaceutically
acceptable emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. In
addition to the active ingredient, the liquid dosage forms may contain inert diluents

‘commonly used in the art, such as, for example, water or other solvents, solubilizing
agents, and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl

25 acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (in
particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofuryl alcohol, polyethylene glycols, and fatty acid esters of sorbitan, and

mixtures thereof.

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

perfuming, and preservative agents.



To a stirred solution of (M (0.11 mmol, 0.019 g) in MeCN (4 nL) and DWF (1
25m.) was added (M (0.1 nmol), DIEA (2.9 mol, 0.5 ni), HOBT (0.2 nmol,

0. 032 g) ,wendo#1add42(0. 23 nmol, 0.087 g) and the m xturepgaasssorniqd; a room
tenperature overnight. The reaction wgs diluted with sat NaHCO3 (15 niL) and
extracted with EtOAc. The organic | ayer was washed with sat. NaHCO3 and
brine, dried over MgSO™4, and the volatiles renoved under reduced pressure.
The crude nmaterial was purified by 30flash chromat ography using 20 to 40%
Et 0Ac/ hexanes as the eluent to afford (N). WD 2007/ 149512PCT/ US2007/ 014427
73 Synthesis of 2 To a stirred solution of (N) (0.1 nmol) in
pyridine (1.5 nm.) and THF (3.0 nL) at OC was added a sol ution of

HF/ pyri di ne dr%\pmieméonST ieadslatian todhe aetivedhhibiter(st may containguspending s at 0C

rior to 5The
(F:)onbi ned a?éﬁg%ggio g’g{e}? re’w\}\a/até(gls% %ﬁggg?&é%%%&%\é%ﬁoﬁ% | ed over
My304, f |siodt|mnea5tem;mnbfmerys(ﬂlla’le ¢edalsldsem1umnhumdmtahydmmm1 bpntesiteragar-The
crude materi al i fi ash .chromat ography using 30 to 60%

Et OAo! heithandkageant %ﬁ?"‘%ﬁs i 2 (4.2 ng). WO i

2007/, 149512PCT. USZ 07/0 4427 74 Sche Synt hesi s, of | e 3 Synthesis
of (D) 5T a SEATREIn Fortstial 4 Ve SeRiniataiohaey DOPEEEToY 51 h DOV (20 1)

was addedsuwodlmrf Gav}ﬁcm&,be%ﬁﬁeem)) miMAgdnt BE nfoRt Hhikitbrid@ svithWiRgeNOUS,
MBNT (2.9 nmol 870, g, ). was added and the m xture was stirred unt|I t he

VBNT di sgepvéer'ta‘alﬁ nﬂmreﬁtlps FECIPIGPES-B9AT S PRMPOSiBE: fRBramalerpcgy buke: ¢ he

resul ti ngotadthy1eR YRS Q'HI flo HOEKE JIQ lafe WHisHis&8lid Hohfsi N was
oLy oq IR glRs B S O e L Aot T 7o )

MeOH ( 50 tmperalyeg, @@inq(lsbatﬁesly temeperpure ande thesefore, wald malt ipvbeiracimapr dry, to
yielg (0)vagnthif) shddkiebd the active agent.

Formulations which are suitable for vaginal administration also include
pessaries, tampons, creams, gels, pastes, foams, or spray formulations containing such

carriers as are known in the art to be appropriate.

Dosage forms for the topical or transdermal administratiqn of an inhibitor(s)
15 include powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches,
and inhalants. The active component may be mixed under sterile conditions with a
pharmaceutically acceptable carrier, and with any preservatives, buffers, or propellants

which may be required.

The ointments, pastes, creams, and gels may contain, in addition to inhibitor(s),
20 excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch, tragacanth,
cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc, and

zinc oxide, or mixtures thereof.

Powders and sprays can contain, in addition to an inhibitor(s), excipients such
as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates, and polyamide
25 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 aerosol, liposomal preparation, or solid particles

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



To (0) (0.40 mml, 0.62 g) was added 20% pi peridine/DMF (10 nL) and the
5resul ti ng het erogenous solution was allowed to shake for 20 m nutes. The

m xt ure wee 2bé7iues1ed and the resin was washed with DVF (pe@uskieroMrerH (20
m.), and DCM (20 nmL) and allowed to aj,r dry. The resin was then subjected

to the above reaction condition a second tine to yield (P). Synthesis of
(Q 10To (P) (0.40 nmmol) was added DMF (20 nlL), Cbz-D-Ala-OH (0.40 nmol ,
0.090 g), DIEA (1.6 nmol, 0.12 ni), HOBT (0.64 mvol, 0.062 ng), and BOP
(0.64 mol, 0.178 g) and the reaction mxture was allowed to shake for 45
m nutes. The reaction mxture was filtered and the resin was washed with
DMF (40 nmL), MeOH (40 nL), and DCM (40 nL), and allowed to air dry, to
yield (Qecouidisniede SogicarebuRyers are preferrgd beause thyy HinEINjZoRkeoSinE &t 5%

TEA DO (daefitth RBS, WARHUAKI R ¥Rl NP Or 8 SABEARJ.OT 20 M nutes. The

reaction was filtefed and the resiim was was (I 0 m). The

vol atiles wer Of]d}%%\l,ﬁ’ é%&cﬁ%oﬂ@ﬁ’%&s&l?Q}ﬁ%&@bﬁcﬁﬁﬁﬂtﬁgai&daﬁ&é &t drl &9 ol l

was diluted wit evaporated a tota ree timnes
20yi el d (smpperSiomtdfdbe sgqmt tc(g}her with conVentangt pharmdceaically accepfable (z@nm mol ,

0 01 EA (2.9
3 8 it e ofimaestis YB3 ARttt TROPEBR ana

Ei hle {n ét mrompvzsmomt butrtgplically i‘r&dliﬂetr&ifli]lﬁﬁd murfef[etaaﬁw(\mt hemgg,mluroﬁhs scﬁanzf;no(r:l Y\/:ser

iluted w nd extracte e or [

s vashed < R CogrepRerey shatienica §aegtptale Fonplieits PR pr ad. and

concentr aﬁcﬂyhthlyldﬁb’ gllyedll,l mcmm;&ufeals like&eruds bibluinig, dl&b&bidabmmaw ified by

flash chro y. usin 0 to 40% Et OAct hexanes as the el uent to afford

(S). §YE§§5‘1 SOWERG usygar/alcainly. nasrosolggepespilyarey sol uti on

of qlbrretl‘bfk: ﬂy&iﬁ@wﬂs&@h{@sdﬂ(ﬁ@phl oride (18.4 g, 226.3 mmol) in DCM (400
m.) at 0 C was added DI EA (25.8 nL, 282 mmol) dropw se. The resulting

sol uti on was aﬂaﬁﬁ@i‘r[r;g\)féi&hés H‘a% tHaddel 4l Pintage U pRovi@ingtdonftoRéd d1reRne- OH
(50 g, 169 nmol 400 at 0C was
of an mh1 itor(s) to the body. Such dosage forms can be made by dissolving or
dispersing the agent in the proper medium. Absorption enhancers can also be used to
increase the flux of the inhibitor(s) across the skin. The rate of such flux can be
15 controlled by either providing a rate controlling membrane or dispersing the inhibitor(s)

in a polymer matrix or gel.

Pharmaceutical compositions of this invention suitable for parenteral
administration comprise one or more inhibitors(s) in combination with one or more
pharmaceutically acceptable sterile aqueous or nonaqueous solutions, dispersions,

20 suspensions or emulsions, or sterile powders which may be reconstituted into sterile
injectable solutions or dispersions just prior to use, which may contain antioxidants,
buffers, bacteriostats, solutes which render the formulation isotonic with the blood of

the intended recipient or suspending or thickening agents.

Examples of suitable aqueous and nonaqueous carriers which may be employed
25 in the pharmaceutical compositions of the invention include water, ethanol, 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 in the case

30 of dispersions, and by the use of surfactants.



added 1BCF (24.4 nlL, 266 nmol) dropw se, followed by the dropw se addition
of NWM (201 niL, 293 mmol ). The resulting solution was allowed to stir for

10 m nut egot2bemqesided to the previously prepared di net hpthsdsxydsam ne
hydrochl ori de/ DI EA sol ution. The m xtgsre was allowed to stir for 3 hrs at 0O

C followed by the addition of 10water (250 nL). The | ayers were then
separated and the water |ayer washed with DCM (3 x 100 nL). The conbi ned
organic |l ayers were washed with IN HCl (3 x 100 nL) and brine (100 ni),
dried over MgSH4, filtered, and concentrated under reduced pressure to
yield an oil that was purified by flash chromatography using 20 to 40%

Et OAc/ hexanes as the eluent, to yield (U . 15Synthesis of (V) ~ To a
sol ution of (Ufh¢seTomposiiongmel plsorroptasmidjuyans sichpspr¢so@tings) wetting20C was

added & sgli, ilsSORLARAK! o TPHGESLHPLBEAN Fy E8AR, S Bufialdiin THE) while

keepi ng the 1 nterna erature e solution was allowed to
stir for Bidiosrgatis@Eniayl Hemmsarel pyttheinzticidn offivapiou$ AhtibacteriaPai avitifungahe

| uti filt d. 20t h lite,521 and the filt k hed with
Bt 0Ac  THED, ir ERERI< btk Rk enS ekt Seiduablpe RS 1RR ana "t he
r emabni ngalag|bie desirabld totincloden@ai cityt ddpastiag agenth, soch A€ sigarsy s@diimndhloride)e

conbi ned organic lLayers were. washed w.t.h satd. HCO3 (3 150.m.) .and
brine ( 15@%5‘— fh?(a 1718 dhecREmpP S s, Iy ?%B%cnwlaﬁa&fmamnﬁé%e RIS educed

pressur e farhedulicalNfolthmdysd bmgambmf betheiclhliag Bf éaniy ORRh ABlag§PY Uusi ng
20 to 40% Et OAc/ hexancs as the clucnt todyl eld (V). Synthesis of (W and

(X) absppptignsyrly as Yumimumn yonosigan: apd gatgi.mmol ) in MeOH (500 nl) and
THF (500 L) was added CeCl13' 7H20 $48.04 % 130 mml%) The resulting
sol uti on was alf WRRicases &t pideqtn prolqng the elipet Aferisusribisslesimable togilowith, was

t hengcool ﬁﬁo?iog JE RO %s%ﬁrlnlggum ingrgl%umir)inj@?ﬁorﬁdld&céx%ge a 10

m nute perio The solution was allowed to stir for hr follo by the

addi tion ‘éﬁlaﬁé@hs?woﬁ’efa@iﬂ@hte@dm admwjaistered drugnigrmas acegmplighed by
2007/ 1495&@5,3;%%%995 eg&iﬁgy Jrﬁ %Q#Bﬁ%ehiﬂke m xture was then concentrated
p {he Pesu Si

under reduce essure an ting residue diluted with water (400
m.) and extrac 1 . . ] | & | ayers were
washed with vva%ngérja%ﬂéi Be%géﬁ'{@gﬁ"aﬁjd g(r%l)’%)ﬂ?lf§8ﬁ lﬁi@g%lﬁge(fg %t\giggg S,

filter ed, inhitdtocShinerivdegratibiapdymesduckds polybetide polyglycelide. aDépehding xt ur e
of an )rmgs ' f Z To,a solution,of ( and
0o 1Ph Dok Bl ¥ e o Rimer g wesfike of shs ppetigih gt hhicHent e e,
stirring faty ofsdrog melt@se can Be €oiir¢lRA. rExanfplé\fi dihétdiadegyadable patideetsdr opwi se.
T et e bR B R B ¥ G RSP . e
filtrate prepared by entrapping the drug in liposomes or microemulsions which are compatible

with body tissue.

20 The preparations of agents may be given orally, parenterally, topically, or
rectally. They are, of course, given by forms suitable for each administration route.
For example, they are administered in tablets or capsule form, by injection, inhalation,
eye lotion, ointment, suppository, infusion; topically by lotion or ointment; and rectally

by suppositories. Oral administration is preferred.

25 The phrases “parenteral administration” and “administered parenterally” as used
herein means modes of administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous, intramuscular,
intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intrapeﬁtoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular,

30 subarachnoid, intraspinal and intrasternal injection, and infusion.



was then washed with satd. NaHCO3 (3 x 200 nL) and brine (200 nL), dried
over MgSM4, filtered, and concentrated under reduced pressure to yield a
5/1 m xt uwwe 2067/1@d12and (Z). Synthesis of (AA) 15To a solpariuspoosfoi4427
Dess-Martin periodinane (40g, 94.2 nm@l) in DCM (300 nL) at 0OC was added a
solution of (Y) and (2) in DCM (100 nL) dropw se. The solution was then
allowed to warmto roomtenperature and stir overnight. The reaction

m xture was then concentrated under reduced pressure and the residue
diluted with EtOAc (120 nL) and satd. NaHCO3 (120 niL). The resulting

m xture was filtered 20 through Celite 521 and the filter cake washed with
Et OAc (120 nL). The |l ayers were separated and the organic | ayer was washed
with water (3 ¥hephrasgs ‘sweteini¢ sdminGtratios,” “d&ﬂmenlstwéwsngs@mllm”l tered, and

concentr a‘tdpeegltpggr‘rlgia rﬁﬁﬁ’é&&%@n*@gﬁfsﬁjﬁgj %t %%%ﬁ:’éra‘?i > af Q?{ nF}H&{n tbgd by

flash chr p y using 1 exanes as 0 yield
(AA) . 25ydminésiasonbf 4 ligand, drug,'@rat}&oknatermﬂlotﬁer (baA)dikedOy ITQQ tHe étrahol ) i n

TFA (5 L) was added JThe resul ti ture was all owed
Lo st ir e e shitb et foniEhs s pabene SR HP it st "Bent (10 mt)
The & xt UfnGta‘haBsrﬁ lahdl ethedl lik b procgsseS bt &xanipld, sabéuthisdub alingisteaton. washed wi t h
DCM (10 nL). The filtrate was then concentrated under 30reduced pressure

and the resi dughebelibkhibitois(d) lindYBé {dihiniitered tchuindisaint ottt Anitisle for WO

2007/ 149512PCT/ USZOO?[ 4427 7 educed pressuyre a con The residue
was pl acetRerARY DY apy st Euﬂﬁ??gf‘é‘?’%srt?“? ]é‘HH‘gZPm AE %ang\}’rff’ﬁem s of

Exanpl e 5 i v (2
m_;irrpcgz %(_a?bp:{;{{ ﬂi‘fw‘@ $edi’§ll)(,§gz}a agmally, ﬁe[r)fI&E?l)(/ (()lthrg(gStgmﬁr%Im, %ﬁgggﬁgﬂf aVF

(0.102 mwBYP°Wd%Ti=O”P@')e“‘%1?FddrBEP “(’@“‘i‘é}ébﬁ?ﬁﬂ"}' apd syijingualliid t he react i on
mxtgre was allowed to shake for. 45 m nutes. 10The reacti on m Xture was

thedO il tered Brgardlcss pEtieovis of admigstrationseleatedy the inubater(s), which mayy pom ( 4

n), and gdlLuad atsﬁltﬁllé h%ﬂétedtférrw ﬁ{tﬂor(tﬁ@bharﬁ%e&hf'c%l Sorposifids of the To
(CC) (0.08 mol) was added 50% TFA/ DCM m.) and the m xture ,was all owed

to shake PEpep@vVenton.case formulated inte 9hmm§eutiqallﬁ aeeeptable dorage &arms byas washed
conventional methods known to those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical
15 compositions of this invention may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a particular

patient, composition, and mode of administration, without being toxic to the patient.

The concentration of a disclosed compound in a pharmaceutically acceptable

mixture will vary depending on several factors, including the dosage of the compound

20 to be administered, the pharmacokinetic characteristics of the compound(s) employed,
and the route of administration. In general, the compositions of this invention may be
provided in an aqueous solution containing about 0.1-10% w/v of a compound
disclosed herein, among other substances, for pérenteral administration. Typical dose
ranges are from about 0.01 to about 50 mg/kg of body weight per day, given in 1-4

25 divided doses. Each 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).

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

30 more other therapeutic agents are administered with the proteasome inhibitor. Such



15with DCM (10 nL). The solution was then under reduced pressure and the
resulting oil was diluted wwth DCM (10 nL) and evaporated a total of three
times to woebe/ud@p. Synthesis of 5 WD 2007/ 149512PCT/ P62Q37é0004427 80

To a stirred solution of 4 (0.11 mmlgs 0.019 g) in MeCN (4 nm.) and DWF (1
m.) was added (DD) (0.1 nmmol), DI1EA (2.9 mmol, 0.5 nli), HOBT (0.2 nmol,
0.032g), and HBTU (0.23 mml, 0.087 g) and the m xture was stirred at room
tenperature overnight. The reaction was then diluted with sat NaHCO3 (15
m.) and 5extracted with EtOAc. The organic | ayer was washed wi th satd.
NaHCO3 and brine, dried over MpSO4, filtered and concentrated under reduced
pressure. The resulting material was purified by flash chromatography using
25 t o 55%daEjdinctidatmentasaybe adigeveldibgnvay of thkfsondtdne(ds) séquendial, Gcdepamts:

t hesi f le.6 t hesi f.(E T BB 0.06 mmol) was added DWVF
L e S Sl P R S bpAETTRel e (%08 o)) g5 acted O
HOBT (0. 102 |, 0.01 ) d BOP 1 02 | ,.0.075 nd. t he
r eact |( on ni xt uleEEm eéﬁ’%ﬁmgga %%R%ur%f)&t&%‘%%?%gco?Jr?émB)e%‘ﬁ?‘in et ur e
was then with bfi¢ efmardothBcprotassmevadlititbright h DMF (4 nlL), MeOH (4 nl), and
DCM (4 nL), and allowed to air dry, to yield (EE). Synthesis of (FF) WO

2007614951 2PCTindésAath/éiBsiimént la compoundlef thEvehod} ddAlintlywEniactadd 50%
TFA/ DCM (Z_EL) and the m xture was allowed to shake for 20 mi nutes. The
reacti on WHR aichematherppgptic. ¢ itablesshempsagiareufics mapentleds navral Prediciol at i | es

were r endyRH a ViR alkbiLd. ePViabRuiife, dtbrishife, 288 Widdragine, lpatiiaxél | uted with
DCM (10 nL), _and evaporated a total of three tines to yield (FE). 5Synthesis
of 6 epidipodophyllotoxins (i.e. etoposide, teniposide), antibiotics (dactinomycin
(actinomycin D) daunorubicin, doxorubicin and idarubicin), anthracyclines,
10 mitoxantrone, bleomycins, plicamycin (mithramycin) and mitomycin, enzymes (L-
asparaginase which systemically metabolizes L-asparagine and deprives cells which do
not have the capacity to synthesize their own asparagine); antiplatelet agents;
antiproliferative/antimitotic alkylating agents such as nitrogen mustards
(mechlorethamine, cyclophosphamide and analogs, melphalan, chlorambucil),
15 ethylenimines and methylmelamines (hexamethylmelamine and thiotepa), alkyl
sulfonates (busulfan), nitrosouréas (carmustine (BCNU) and analogs, streptozocin),
trazenes - dacarbazinine (DTIC); antiproliferative/antimitotic antimetabolites such as
folic acid analogs (methotrexate), pyrimidine analogs (fluorouracil, floxuridine, and
cytarabine), purine analogs and related inhibitors (mercaptopurine, thioguanine,
20 pentostatin and 2-chlorodeoxyadenosine); aromatase inhibitors (anastrozole,
exemestane, and letrozole); and platinum coordination complexes (cisplatin,
carboplatin), procarbazine, hydroxyurea, mitotane, aminoglutethimide; hormones (i.e.
estrogen) and hormone agonists such as leutinizing hormone releasing hormone
(LHRH) agonists (goserelin, leuprolide and triptorelin). Other chemotherapeutic agents
25 may include mechlorethamine, camptothecin, ifosfamide, tamoxifen, raloxifene,

gemcitabine, navelbine, or any analog or derivative variant of the foregoing.

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

dexamethasone, diflorasone, diflucortolone, difuprednate, enoxolone, fluazacort,



To a stirred solution of 4 (OA 1 mmol, 0.019 g) in MeCN (4 nL) and DWF (1
m.) was added (FF) (0.1 rrunol), D EA (2.9 mol, 0.5 nL), HOBT (0.2 mol,
0. 0329), wDQodHlbs160. 23 Mol , 0.087 g) and the m xture pag/sharoed2at room
tenperature overnight. The reaction wgs then diluted with sat NaHCO3 (15
m.) and 1lOextracted with Et 0OAc. The organic | ayer was washed with satcl.
NaHCO3 and brine, dried over MgJSO4, filtered, and concentrated under
reduced pressure. The resulting material was then purified by flash

chr omat ography using 25 to 55% Et OAc/ hexanes as the eluent to afford 20
(14.0 ng). Schene 7: Synthesis of Exanple 7 Synt hesis of 7 To a
stirred solution of 4(0.11 mmol, 0.019 g) in MeCN (4 nL) and DMF (1 nl) was
added (R ﬂ'e@orpnrﬁmﬂymemame( flunisehds, ﬂu@c@omp acetomitle( uarinanide, flpocatig) |

20and 1| rfq;ﬂ?rll room

t enperat ure 6ver ni ght ‘Pﬁowetﬂ%lf)g?iq]v‘\gg%l %Eal? \tlm%aﬁl? nggf%&eNaHCCB (15
m.) and eﬂwpradmmiom,tﬂurﬁtcmmhdfhﬁutmagmﬁ propwyneue foamovarsd] cbhloinomidsat d.
NaHCO3 a ied. o flltered ncent.r at d under
reduced 9?"‘ e@gs ﬁ%gﬂ leonra tees]é Rate Sﬁ%? & éqco\%gh% epfeg oﬁﬁr}a‘?‘?

chr ofrat ogmazipyedoae,myedtpsdne, mbpretihiddne, meethylpredaolone, xabuﬁm‘soﬁe)ﬁﬂ&aéf ord

7(10.5 . 2007/ 149512PCT/ U .S2007/ 014427 82 e 8. .Synt hesi s of
Exanpl e HFeBie “‘Gf“% mreg?ﬁog’ngoﬂ’rﬁé?lﬁﬂoﬁ? gg' IéfFén}l?ﬂW“’H%j{‘B?tBB?yl am ne
hydr ochl 0;5ﬂedﬂsél3ﬁésdﬂium§m65m prédhidond drééhivhi) pRlnlidendesmarisiere,

triethylamne (343 4 mmol) dropw se, The resulting soluti on was
al | owed tté)x%cprtpl m@mggol@pﬁ,lfpé@cmolone acetonide, triamcinolone benetonide,

triamcinolone hexacetonide, and salts and/or derivatives thereof.

10 In certain embodiments, a compound of the invention is conjointly administered
with an immunotherapeutic agent. Suitable immunotherapeutic agents may include, but
are not limited to, cyclosporine, thalidomide, and monoclonal antibodies. The
monoclonal antibodies can be either naked or conjugated such as rituximab,
tositumomab, alemtuzumab, epratuzumab, ibritumomab tiuxetan, gemtuzumab

15 ozogamicin, bevacizumab, cetuximab, erlotinib and trastuzumab.



To a solution of Cbz-HonoPhe-OH (1.0 g,
added I BCF (460 ng, 3.35 mmol) dropwi se, follo
of 10NWMw@4sodes13. 4 Mol ). The resulting sol
10 m nutes and then added to the preyvjously pr
HC1/ TEA sol ution. WD 2007/ 149512PCT/ US2007/ 01

was stirred at 0 Cfor 3 hrs followed by the addition of water

3.2 mmol)
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To a solution of (JJ) and (KIK) in THF (50 nL)at OC was added VQ(acac)2 (18
ng, 0.066 mmol) and t-BuQOH (0.9 nL, 6.0Min decane) successively. The

resul ti nowgQs@iuds1on was stirred at roomtenperature fopctsbainsssbhen
filtered through Celite 521 and the f4gl ter cake was washed wi th Et OAc (100

mL). The conbined organic |ayers WD 2007/ 149512PCT/ US2007/ 014427 84 were
washed with satd. NaHCO3 (10 nL) and brine (10 nL), dried over MySO4,
filtered and concentrated under reduced pressure to give (LL) and (M) (585
ng) in ab5/1 ratio. Synthesis of (NN) 5To a solution of Dess-Martin
Periodinane (1.40 g, 3.3 mml) in DVMSO (20 nL) at OC was added (LL) and
(MM (585 ngz in DVMSO (10 nL). The solution was stirred at roomtenperature
for 6 houPwithesimp/fidén diluted with Et 0OAc (100 nL) and satd. NaHCO3 (50 nl),

t he agueous phase was then extracted with Et0OAc (2 x 50 nL), and the

combi ned or ganile a sjution ofgsbe-Bip-@H (60@1; 2%&2@@4 in DMF 6+3dnLawds sddrdent r at ed
10under r S ash
chr omat og?%p ygzusg? ﬁg‘ %tsg,&&‘ﬁﬂg %( : %\AIIIR h‘g%“&\eo%? tgw"l E&?g nﬁéﬂ{ﬂeg( 465

nmg) . Synt fedlomeddfy tBe addition oniBSCi (123.!9 gdrSSGflm()I\]NIho{ RB0lting ,soﬁltlﬂﬂ wasol ) in TFA

5 was,, add 1 109 e resulti m.xture was allowed to
gti pkzmde%“‘iwe‘f‘ﬁ'ms%" F’q‘é&n?“t’ 2({?’.? Eml‘%‘”‘ a"ﬁ ﬂg‘is]e%ﬁﬁ‘gﬁ‘%ﬂ"t}t‘%d‘”% th DCM (10
m_)h The echwdawmmcfmbt(weid) thhy. Gﬂt@ftgﬁ&;lnladd&)rﬁ&gc@d}fgrst\b&efwdshed wgtﬂkﬁ washed
wi th DCM was, con ated. un ed pressure and_.the

resi due d?(" g%g‘v\?lot b@wﬁtw (ﬁﬁ)m nﬂ“%ﬂ%"éﬁwgégegﬁlﬁﬁﬂgfm cerreatatslessur e.
The resul thdd rédiced pes¥@s 1o hREEsh SindRE Msansmwmfm&m&mﬂs (6@myhel d 8.
WO 2007/ 149512PCT/ U S2007/ 014427 85 Scheme 9: Synthesis of Exanple 9

Synt hesi st Ke©gy (Btgmes8-03 hmayplhivas 9&&&@&%@% The sepyltingpplutipny . OH
(0. 1§ mMDlyas Qll&%’d ﬂx)stlrlglv% Oél‘Q ﬁ@orﬁﬂﬂk soleft/Wadthbn rddied(hdéfraqi®ad . 0. 010

ng), and BOP ( and the reaction m xture was aIIovvedto
shake forpr&§sqwﬁ%ﬂﬁ@PH’h@W‘éé&?@ﬂthrﬁlee%@Svh@B splution wag extractedie resin

washed w &/“P?Y?S;(&AB%‘)S ghh gh‘k: %b@&%&g%]gﬁr%he REA el m}, oair

dry, to yie 10Synt hesi s
filtered, and concentrated under reduced pressure to yield (A).

Synthesis of (B)

15 To a solution of dimethyl hydroxylamine hydrochloride (3.6 g, 36.9mmol) in
DCM (20 mL) at 0 °C was added diisopropylethylamine (DIEA) (5 mL, 54.7 mmol)

dropwise. The resulting solution was allowed to stir for 20 minutes.

To a solution of (A) in DCM (20 mL) at 0 °C was added isobutylchlorformate
(IBCF) (5 mL, 51.5 mmol) dropwise, followed by the drop wise addition of N-

20 methylmorpholine (NMM) (4.0 mL, 56.7 mmol). The resulting solution was allowed to
stir for 10 minutes before adding it to the previously p.repared dimethyl hydroxylamine
hydrochloride/DIEA solution. The mixture was allowed to stir for 3 hrs at 0 °C,
followed by the addition of water (50 mL). The layers were separated and the water
layer was washed with DCM (3 x 15 mL). The combined organic layers were washed

25 with 1IN HCI (3 x 20 mL) and brine (20 mL), dried over MgSQ,, filtered and
concentrated under reduced pressure to yield an oil that was purified by flash

chromatography using 20 to 40% EtOAc/hexanes as the eluent to yield (B).
Synthesis of (C) '

To a solution of (B) (6.82 g, 14.4 mmol) in a solution of THF (40 mL) at -20 °C
30 was added a solution isopropenyl magnesium bromide (90 mL, 0.5 M in THF) while

keeping the internal temperature below -5 °C. The solution was allowed to stir for 3 hrs



To (00) (0.08 mmol) was added 50% TFA/DCM (2 nlL) and the m xture was

all owed to shake for 20 mnutes. The reaction was then filtered and the
resin wasgedoywiuhs1CM (10 nL). The vol atil es were renovedruRdayojiQduced
pressure and the resulting oil was didouted with DCM (10 nL) and evaporated
a total of three tinmes to 15yield (PP). Synthesis of 9 To a stirred
solution of 3(0.11 mol, 0.019 g) in MeCN (4 nL) and DMF (1 nlL) was added
(PP) (0.1 mmol), D1EA (2.9 mmol, 0.5 ni), HOBT (0.2 mol, 0.032 WO

21) 1) 7/ 149512PCT/ U52007/ 014427 86 g), and HBTU (0.23 mmol, 0.087 g) and the
m xture was stirred at roomtenperature overnight. The reaction was then
diluted with satd. NaHCOB (15 rrL% and extracted with EtOAc. The organic

| ayer wasattthénfollawed ythe pdditierof N LI 28 mel ) r Theesolwionedasfjigredfmough
filtered S ' mat eri al
5was puri ?%Sggygﬁ?g{seﬁﬁ'c r°g?r§t€’%%}¥e§§ﬁ§ﬁ§‘s%g Z"Eé ﬁ%%%%oﬁxg%hg%gnes as the
el uent, twemaivednodd ré¢ducgd prgssurScind ke kaiByg aipeous solfitif avas leatraded

10Synt hesj \ To, a solution of Chz-As t - Bu).-. 32 ol
T8 ) 1 R BRORS 20y ErE bl Ahai Gs ST i NS 5
mol 5 194(3xy) S md)dndbbAe (1S dL)yaried dve2 MES0,, Bitered; hiel coeuhtratadjundett ur e
becane a hqnogenous sol uti.qn, Phe- HWVPB- B esy 0.13 nrnol, 200 ) was
nddeq and EREABEFIe APTTUSE an 8 Tattds AN CR LI G5 SRIT RSP 08  B5 4457
87 was al o826 EtOA6Makaneats thedelbetVeyRID@). The resin was filtered off and
washed with DMF (3x 5 nL) and DCM (3 x 5 nL). The resin was allowed to air
dry to yisnndsidr(opynd fesis of (RR) To (QQ (0.13 mml) was added TFA/ DCM
(5 m., 5:95) and the m xture was 5 allowed to shake at 0-4 C for 30

m nutes. The reaatsbRfionas (CHE0E &) 6.25 aindl)th MROH @®i ALYashEHF@bMIDCM (3 X

1 . Th il re renmoved under reduced pressure at. OCto vyield
( ORR;TIO) Sy nwﬁ%gxf@ﬁeﬁ%’ng\fO ?3.64 g, 8.77 nELJmolF)}. The resultingpmixture was allowed to sfir

until it became homogenous. The solution was then cooled to 0 °C and NaBH; (369

mg, 9.75 mmol) was added over 10 miﬁutes. The solution was allowed to stir for 1 hr
followed by the addition of AcOH (5 mL) with continued stirring for 20 minutes. The
solvent was evaporated under reduced pressure and the resulting residue was diluted
15 with water (30 mL) and extracted with EtOAc (3 x 10 mL). The combined organic
layers were washed with water (3 x 10 mL) and brine (10 mL), dried over MgSOQ,,

filtered, and concentrated under reduced pressure to yield a 4/1 mixture of (D) and (E).
Synthesis of (F) and (G)

To a solution of (D) and (E) in DCM (90 mL) at 0 °C was added VO(acac), (63
20 mg, 0.23 mmol), after stirring for 5 minutes t-BuOOH (2.25 mL, 6.0M in decane) was
added dropwise. The resulting solution was allowed to stir for 2 hrs and was then
filtered through Celite 521, and the filter cake was washed with DCM (20 mL). The
combined organic layers were washed with sat. NaHCO; (3 x 20 mL) and brine (20
mL), dried over MgSOs,, filtered, and concentrated under reduced pressure to yield a
25 4/1 mixture of (F) and (G).

Synthesis of (H)

To a solution of Dess-Martin periodinane (6.75 g, 15.9 mmol) in DCM (75 mL)
at 0 °C was added a solution of (F) and (G) in DCM (35 mL) dropwise. The solution
was allowed to warm to room temperature and stir overnight. The solvent was then

30 concentrated under reduced pressure and the residue was diluted with EtOAc¢ (20 mL)

and sat. NaHCOj; (20 mL). The resulting mixture was filtered through Celite 521 and



To a 0C solution of (RR) (0.13 mml) and 4(0.12 nmol) in THF (5 nlL) was
10added HOBT (0.18 mmol, 31 ng), HBTU (0.18 mmol, 76 ng) and DI EA (0.6

mol , 0. wolhe7/@ansi2t he resulting reaction nixture was sticrnsdosatn1f24C
overnight. The reaction m xture was tfHen diluted with Et 0OAc (100 nm.) and
satd. NaHCO3, and the aqueous phase was extracted with Et0Ac. The conbi ned
organic |l ayers were dried over Na2SO4, filtered, and concentrated under
reduced pressure to give a yellow oil that 15was purifed by HPLC, eluting
with an MeCN aq. NH40Ac solution, to give (SS). Synthesis of 10 To a
OC solution of (SS) in DCM (5 nm.) was added TFA acid (5 nlL) dropw se and
the resulting solution was stirred for 3 hrs. The reaction m xture was then
concent r dhediltaneake wasdvashdd pritbde Ve @AdnLheThekyénsiweage smm@ﬁbanda@epur ified

2607 140t ont 0RE S PRI IR B RIUE) S Bhelto B Bt bl | O

Synt hesi sMgSOQ 'Iﬁl)eréd;cand cGn@nsaiedtlmder etucedAprassike (o(praﬁdm Irmxﬁli:e of(H) n DVF

((1I|2| g1d|)or ofrd meﬁé’v glp)'lﬂaﬁlzg ato%ﬁBgléyﬁ ’égiégj%%négﬁ ;T?Lr zmgecams

homgeno&oﬂmﬁﬂné%)ﬂle\éﬁﬂgﬂb@&élﬂ (@9. 13 nmol, 200 ng) was added and the
resulting reaction mxture was all owed to shake overnight. The resin was
then fil tgmeks@fdrr7and washed with DM (3 x 105 nL) and DCM (3 x 5 nL). The
resulting resin was allowed to air dry to yield (TT). Synthesis of (UU)

To (TT) (0. 13 1erlspruvies o (dEG0SR0 116\ (PTRA)(S M) Wheadded PUrE (MRS

all owed to shake for 30 mnutes. The reaction was then filtered and the

resin wadh&d e hT}EXNF‘(IE“& myxtugg yas aiiewedtoatir uaderleatmosehsss efiHa ffer 1 educed
pressure Hr@ fd‘llcﬁi'éd Bypditlidlon wirh b é’ﬁo alfL)lhzqn&nQQ“sae |ﬂ{'1‘él-éarthf2>fugﬁ Ydlitd 0. 13

was added T (0.18 nmol, 31 ny),

U))and 12 mmol) mTI-IEwé
HBTLP (0 1@1rﬁﬁ»§| the ﬁBernwem W3s w@hm (10gnk).nThe ﬁfmée waseancenfzatedact i on
m xture V@ﬁleﬁféd{lrz r@gsupe #5d \é%éﬁitg{;@t regl(dhl: W@E‘dllg%d?vg% bt f1o mLt) Bt OAC

(100 mL) and satd. . e aqueous phase was
concentrated under reduced pressure a second time. The r331due was placed under high

vacuum for 2 hrs to provide 1.



WO 2007/ 149512PCT/ US2007/ 014427 89 extracted with Et0Ac and the conbi ned

organic | ayers were dried over
reduced pwesssrasiie a yell ow oil

Na2SAH, filtered, and concentrated under

that was purified by Hpc@Gusedodlondag7 Wi t h an

MeCN ag. NH40Ac solution, to give 11.4Schene 12: Synthesis of Exanple 12
5(W) 12 Synthesis of 12 To a 0C solution of (VW) (0.18 mol, 50 ng)
in THF (5 nL) was added HOBT (0.18 mmol, 31 ng), HBTU

and 4 (0.12 mol)

(0.18 mmol

76 ngy) and DI EA 10(0.6mmol, 0.1 ml).

The resulting reaction

m xture was stirred at 0-4C overnight followed by dilution with Et0OAc (100

m.) and satd. NaHCO3. The aqueous | ayer was then extracted with EtOAc,
Na2SM4,

t he conbi ned organic |ayers were dried over

and

filtered, and

concent r afehemendidiynthedisof Expmpdsre to a yel low oil that was purified by

HPLC, eluting with an MeCN aq. NH40Ac sol uti on,

to provide 12. WO

2007/ 149512PCH US2007/ 014427 90 Schene 13: Synt hegi s of Exanple 13 ChNa
iy, F, LA aFJT\Iac g QQ\/I
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/
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Synthesis of (J)

To a solution of Fmoc-Trp (Boc)-OH (2.4 mmol,

1.0 g,) in DCM (20 mL) was

added Me-Im (6.7 mmol, 0.370 mL) and the mixure was stirred until the solution was

homogenous, at which time 1-(mesitylene-2-sulfonyl)-3

-nitro-1,2,4-triazole (MSNT)

(2.9 mmol, 0.870 g,) was added. Once the MSNT had dissolved, the reaction mixture



0 (YY) WO 2007/ 149512PCT/ US2007/ 014427 91 Synt hesis of (VWN To a
solution of Fnoc-Ot-butyl-L-tyrosine (6.4 mol, 2.94 g) in DCM (22 nlL) was
added 1- ngbhydi1mglazole (4.8 mmol, 0.380 nml) and t he m ygrng@s14abyrred
until the solution was honbgenous, atswhich tine

1- (mesityl ene-2-sul fonyl)-3-nitro- 51,2,4-triazole (MSNT) (6.4 mol, 1.9 Q)
was added. Once the MSNT had dissolved, the reaction m xture was added to
HVWPB-BHA resin (1.28 mol, 2 g) and the resulting m xture was allowed to
shake for 45 mnutes. The resin was filtered and washed with DVF (50 nli),
MeOH (50 nlL), and DCM (50 nL). The resin was then allowed to air dry to
provide (WN. 10Synt hesis of (XA) To (WN (0.40 nmol, 0.62 g) was
added 20%vp$ pideddo RBYIPRFBXIB0resinX0-§rmimphd K%ghﬂrﬁimgrwukmrseluﬁas vehs| owed to

shake for i . 4l r shed
ot Dve 504 B bR fal U8 pihificl” SndRSed jvod Bl 0 yhalicd Gth DR Tsd0 1S
before s LmnjLe,dVIh@@I (50 D), tahé D{IN\(80 nda)c tThenresin mhstthmnalla)vwao rad dry me. 15To

t he resultln ?)sm was added DMF (64 nmi), Fnoc-Ala-OH (32 mmol, 1.05 g),
DIEA(12 I 2.2 m), HOBT (5.12 nmmol, 692 ng), and HBTU (5.12 mol,
1.94 g) a%{ %he rf\e@gtion m xture was all owed to shake for 45 m nutes. The
reacti on ™YHUFL filtered and the resin was washed with DMF (40 nl)

T\ and" 20D 4B AP el 6 Siater el B g figtanF ang 8y "Lé\}'?ﬁ hgsH i
(YY) resulfiig h¥&rodedediBXolativn, w43 ﬂlogkdehﬂ&CiBHZQ gfiotef eThempghleVF (10

nm) and the resulting mxture wa wed to shake for 20 m nutes. The
mixt ure vt filtredaag S‘f‘H’éasr‘?%‘i%‘ﬁ‘? Wath INEHE -k Mg (€miny 3nd REMY (20

m), and EQYh{Pehdiioviditto22adry BeRRe kdbjddtingdt o 187866 £URiGCIdnaRidnta t O t he

above reaction condition a second tine. To the resulting resin was
addd8 DvPgeend Hine to xigldB)i no acetic acid (0.48 mol, 70 ng), DI EA (1.92
nmol , 334 uL HOBT (0.768 mmol, 104 ny), and HBTU (0 768 mmol , 291 ng) and
the react P8WaHsS@ (L was al l oned to shake for 45 ni nut es The reaction

m xture was flltered and the resin was washed with DVF (40 nL), DCM 30(40
n), MeOH (40 AR K (260 mupoliivps addast PMIDQmL Hﬁ’Z(QOMﬁT_ H(R/éélmmb nL), and
DCM (40 n, ?d)@A thrh&, 812 Sty HOBT Y0.84 ehhd1YD:062\EY), and BOP (0.64

2007/ 149512P US2007/ 014427

mmol, 0.178 g) and the reaction mixture was allowed to shake for 45 minutes. The
15 reaction mixture was filtered and the resin was washed with DMF (40 mL), MeOH (40
mL), and DCM (40 mL), and allowed to air dry, to yield (L).

Synthesis of (M)

To (L) (0.08 mmol) was added 5% TFA/DCM (2 mL) and the mixture was
allowed to shake for 20 minutes. The reaction was filtered and the resin was washed
20 with DCM (10 mL). The volatiles were removed under reduced pressure and the

resulting oil was diluted with DCM (10 mL) and evaporated a total of three times to
yield (M).

Synthesis of (N)

To a stirred solution of (M) (0.11 mmol, 0.019 g) in MeCN (4 mL) and DMF (1
25 mL) was added (M) (0.1 mmol), DIEA (2.9 mmol, 0.5 mL), HOBT (0.2 mmol, 0.032
g), and HBTU (0.23 mmol, 0.087 g) and the mixture was stirred at room temperature
overnight. The reaction was diluted with sat NaHCO3 (15 mL) and extracted with
EtOAc. The organic layer was washed with sat. NaHCO; and brine, dried over MgSOQy,
and the volatiles removed under reduced pressure. The crude material was purified by

30 flash chromatography using 20 to 40% EtOAc/hexanes as the eluent to afford (N).



92 Synthesis of (Z2) To (I'V) (0.192 mmol) was added 5% TFA/ DCM ( 10
m.) and the m xture was allowed to shake for 10 mnutes at 0 C. The

reacti on woxbemaowas filtered and the resin was washed wcirhusE¥ovo(dye7 ni) .
The vol atiles were renoved under reduged pressure 5and the resulting oil
was diluted wwth DCM (10 nL) and evaporated a total of three tinmes to yield
(ZZ). Synthesis of 13 To a stirred solution of (ZZ) (0.192 mml, 83 ng) in
MeCN (6 nmL) and DMF (2 nL) was added 4(0.384 mml, 79 ng), DIEA (0.768
mmol, 133 p.L), HOBT (0.3 10mmvl, 41 ng), and HBTU (0.3 mml, 116 ny) and
the m xture was stirred at OC for 2 hours. The reaction was diluted with
sat NaHCO3 (15 mL) and extracted with EtOAc (3 x). The organic |ayer was
washed wi Pmthests ofMaHCO8 and brine, dried over MySO4, filtered, and
concentrated under reduced pressure. The resulting crude material was
purified by fl48@ stifedsatubgnaply) @si mgnah Gmrtdn@'u(glEi A9 /ane THFTE0 (d9/ 1/ 1)

Lo e (LR Tk B iy AR PRIHE ARt PR ol MRG0 1o
BT, H BTUODRHursi4o 1T fiordel theSydithasoSwatkr (AAAL) and extraction with EtOAc.
5 The combined organic layers were washed with sat. NaHCOs and brine, dried over
MgSQ,, filetered and the volatiles removed under reduced pressure. The crude material
was purified by flash chromatography using 30 to 60% EtOAc/hexaﬁes as the eluent, to
afford 2 (4.2 mg).



5A suspensi on of Boc-Tyr(Me)-0OH (10 g) in anhydrous dichl ornethane (450 i)
was cooled to -5 Cin an ice/acetone bath. To this suspension was added
triethyl agoneodQed2nl, 67.8 nmol) and DVAP (600 ng). A selruisbenoefs2r

benzyl chl orof ormate (5.7 nlL, 40.6 mmoy) in dichloronethane (50 nmL) was then
added dropwi se. The resulting solution was allowed to stir at -5 C for
three hours, and then 10allowed to warmto roomtenperature. A solution of
sat urated aqueous sodi um WO 2007/ 149512PCT/ US2007/ 014427 94 bi carbonate
(200 nlL) was then added. The organic | ayer was separated and the aqueous

| ayer was washed with dichl oromethane (200 nL). The conbi ned organic |ayers
were washed with a saturated aqueous sodi um bi carbonate sol ution, dried
over sodib¢hems 3:ahmthepisjaf dxampledd concentrated under reduced pressure. The
resulting 5residue was purified by silica gel columm chromat ography using
80% hexanes/ m%ﬁhyl acetate to provide 11A3 g of a white solid. (88%

yi el d) whicgh gracterized by LG M5 (LCRS K%@J\ 386. 42).
Boc-Tyr(l\/E?’-%)Bn (2 g, 5.2 ravsBBHresiai ssoFmed |11 di @M or onpbéiame (15 nl)

and cooled to 0C ved L AWE sewaddi tion ¢ @ (151@\@—1‘% reaction

was 1lOall owed to to roomtenp and was stirredg 2 ho . The
solvents were renovéd Ut¥rer reduced pressure to yiekd XdgMd) as a clear oil
(1.4 g, 95% yield) which was characterized by LC/(db (LCRS (MH) mlz: 28642)
and was used wi thout further purification. Synthesis of (BBB) 15To a 0C
solution of Boc-Ala-OH (750 nmg, 3.9 mmol ), H Tyr(Me)-0Bn (950 ng, 3.3

mol ), HOBT (718 5.3 nunol) and HBTU (2.0g, 503mml) in acetonitrile
(60 L) u ) was added N, N-giisoprogply! ellhygim ne (2.3 nl)

dropwi se. The:nixPure was.stisbad at 0 Qifofjf2 Wour@~and was_t hen dil uted
wi th ethyl acetats SOOWshed wtha satu ed aqu.elﬁtﬁ_;odi um
bi car bonat e smz g}) , O,BT_) 20and brine (?0@\@1. The me\gani c | ayers
were dried over sédi wmesul fate, filtered and conce ok under reduced
pressure to yigpfd an opaque oil that was purifded by silica gel colum

chr omat ogr aphy usi ng 50% hexanes/ 50% et hyl acetate to yield 600 ng of
(BBB) as a white foam (40% yield) that was characterized by LG M5 (LCRS
(M) miz: 457.52). 25Synhthesis of (CCC) To a 0 C solution of (BBB)
(5.9 g, 12cezqqel) N t r ahydr of uran ll]_:g éﬂ'r) was added 10% Pd/C (1.2 g)
and the resul tH ngllm x3i ur &as al | oned ©risbme, metler 1 at nosphere of

hydr ogen for 2 hoflr s. xture \Nas—r‘he-rl—‘f-l-lgpgg-e'd t hrough Celite-545 and
S

the filter cake was wa with tetrahydro an.” The organic filtrate was
t hen 30concentrat eRunder” r e@Meed pressure d placed under high vacuumto
1

provide 4.53 g (95% yield) of (CCC) that sfoised wi t hout further

purification. HoN X
OTBS OH
coz. AN ° HF-Pyr Chz H\)OL °
\N - N —_— T . Z\N/\n/ g N
H o : H Pyridine H o : H

\©\O \©\o
OMe OMe
3

Synthesis of (O)

5 To a solution of Fmoc-Tyr(Me)-OH (1.9 mmol, 0.80 g,) in DCM (20 mL) was
added Me-Im (6.7 mmol, 0.370 mL). When the solution was homogenous, MSNT (2.9
mmol, 0.870 g,) was added and the mixture was stirred until the MSNT dissolved, at
which time HMPB-BHA resin (0.64 mmol, 1.00 g) and the resulting solution was
allowed to shake for 45 minutes. The resin was filtered and washed with DMF (50



WO 2007/ 149512PCT/ US2007/ 014427 95 Synt hesi s of ( DDD) To a 0C
solution of (CCC) (4 g, 10.9 mmol ), 4(2.23 g, 10.9 mmol), HOBT (2.36 g,
17. 4 mmvolwoaoner/ BB (6.6 g, 17.4 mol) in acetonitrile E2eMsndgoand7 DVF (5
m.) was added N, N-diisopropylethylatnisne (7.6 nL) and the m xture was
stirred at 0 5C for 2 hours. It was then diluted with ethyl acetate (400
m.) and washed with saturated aqueous sodi um bi carbonate (2 x 100 nL) and
brine (100 nL) The organic |ayers were dried over sodiumsulfate, filtered,
and concentrated under reduced pressure. The resulting residue was purified
by HPLC (aqueous anmoni um acetate (0.02 M and acetonitrile) to provide
(DDD) (4.47 g, 74%vyield) as characterized by 10LC M5 (LCRS (MJ) m z:
554.79) . BIhtMeOHs(S6mL); Rl DCM (50 millg) andQhén thelresin ovas afloyBXD9) aif drygto 3. 6
mol ) in di romet hane (32 nlL) was added trifluoroacetic acid (8 nL), and
t he resul’flle{r?gtlcgbl ution was stirred at that tenperature for another hour.
The sol ut%}or;u vvaslﬁ(? n concentrated under reduced 15pressure and pl aced
under hig "\/%\ecffflf provi de (EEE) as confirmed by L MS (LCRS (MJ) rn/z:

454.72) that S it hqut furt her Jfication. - si s, of 14

To a0 C sol ut ToOTTsmaothsp 58 ik naded 40% Slterihse XY HTGHD) §ha 92,

En"rDI b, ) H@gul(iﬂgﬁeﬁé(mgeﬁogsﬁsdlm%w&gujldvﬁ-ﬂgo(sBal&: ©Or 25.n7iﬁul|§ﬁ.01ﬂxe hﬁxtﬁﬁee\'rv@s;i trile
60 m.) a 2 3 nL) was e N-diisopro et am ne .5 nL

dr opwi se. gg%@{Qﬁrgsw,},ggastqsg?ggltglﬁlﬂlz@ G?E)Z“%ﬁéz‘iﬂﬁ“)mﬁ‘éi éﬁ%(%ﬁ | ut ed
Wi th ethyhijesd allewéBainty. aMd 1685 Red thé ubftidd BitRelarslieeeattionodi um

bi carbonate (2 x 100 and brine (100 nL). The organic |ayers were dried

) .
over sodi WRdginnateeond timedpyield Mg concentrated under reduced pressure. The
resulting_residue was purified by HPLC (aqueous anmoni um 25acetate (0.02 M
and acet cr?ﬁ"f’?ﬁsfsé?f(gé provide 14 (620 ngy, 29%yi el d) which was characterized
by LG/ M5 (LCRS_( nz: 581.83). WD 2007/ 149512PCT/ US2007/ 014427 96
Schéfe 15: Syn?ﬂzﬂg_? @.ﬂ}m%}wp@ad@d DMF (20 mL), Cbz-D-Ala-OH (0.40 mmol,

0.090 g), DIEA (1.6 mmol, 0.12 mL), HOBT (0.64 mmol, 0.062 mg), and BOP (0.64

mmol, 0.178 g) and the reaction mixture was allowed to shake for 45 minutes. The ~
reaction mixture was filtered and the resin was washed with DMF (40 mL), MeOH (40

mL), and DCM (40 mL), and allowed to air dry, to yield (Q).

15 Synthesis of (R)

To (Q) (0.08 mmol) was added 5% TFA/DCM (2 mL) and the mixture was
allowed to shake for 20 minutes. The reaction was filtered and the resin was washed
with DCM (10 mL). The volatiles were then removed under reduced pressure and the
resulting oil was diluted with DCM (10 mL) and evaporated a total of three times to

20 yield (R).

Synthesis of (S)

To a stirred solution of 1 (0.11 mmol, 0.019 g) in MeCN (4 mL) and DMF (1

mL) was added (R) (0.1 mmol), DIEA (2.9 mmol, 0.5 mL), HOBT (0.2 mmol, 0.032g),
and HBTU (0.23 mmol, 0.087 g) and the mixture was stirred at room temperature

25 overnight. The reaction was diluted with sat NaHCOs (15 mL) and extracted with
EtOAc. The organic layer was washed with sat. NaHCO3, and brine, dried over
MgSO;, filtered, and concentrated under reduced preséure. The resulting material was
purified by flash chromatography using 20 to 40% EtOAc/hexanes as the eluent to
afford (S).



To a 0C solution of (EEE) (65 ng, 0.144 mmol), (2R 6S)-2, 6-

5di net hyl nor phol i n-4-yl)acetic acid hydrochloride (FFF) (50 ng, 0.288

nmol ), HBO 2082149832 0. 23 mMmol ) and HBTU (88 ny, 0.23 nmpl/ushecdeeisonitrile
(15 m.) and DMF (1 L), was added N, Ngdii sopropyl et hyl am ne (100 pL)

dropwi se and the m xture was stirred at O C for 2 hours. It was then
diluted with ethyl acetate (30 nL) and washed with saturated aqueous sodi um
bi carbonate (2 x 15 nL) and brine (15 nlL). The organic 10l ayers were dried
over sodiumsulfate, filtered, and concentrated under reduced pressure to
give a residue that was purified by HPLC (aqueous ammoni um acetate (0.02 M
and acetonitrile) to provide 15 (32 ng, 36%yield) as characterized by

LC/ M5 (LCRItHesisofBn/ z: 609. 83). Scheme 16: Synthesis of Exanple 16 To a 0 C
solution of (EEE) (62 rTg1 0.14 mol ), (2-nethyl-1,3-thiazol-5- yl)acetic
acid (G35 (25Te stiged solption pf (DA me©hin pywidine thdmL)and THETG-Q 81l)ny,

0. 22 mmol ) d Ktrd & Hip . - N - di

i sopropylaettdhdﬁ g%f%@?%ﬁf?‘%‘f)“ﬁropmﬁ@qgn pt‘ﬁée'ﬁg%gpﬁlﬁgqﬂla%%lure vtvégmgti rred
at 0C f orfop 2thourssat 01°C falewed by thik additdn of whtee{h§ mlycat aktadt’d® with and

washegd wi atyr at ed .aqueous sodi um.hi.car,bo X nl).and brine (15
T e ERAG TGS BRIER tas TR B S SR 0 SoR SR oV, | g
over sodi MgSey) ﬁlﬁéred, ahil |cbﬁ¢@]§kategﬁgxdeﬁfwgﬁéd’ pressiire) TGS resldig ﬂfht&iaﬂwd(s E) eot2 0 "
give a resi t hat S purifi y HPL oUS ammoni um acet at e :

I acer oty sk Brosbatbiranhy s SRS SRR GIACh AT B0t SHRRL (4 CRS. ( VE)
in/z: 593affoill 3 (659aRge 17: Synthesis of Exanple 17 Synthesis of (lI11) To

a 0C solution of (HHH) (2 g, 5.9 mmol), 4 (2.44 g, 11.89 muol), HOBT

10( 1. 289, S¢hemd@rd@ynttasid ofBkeple # 9, 9.5 mmol) in acetonitrile (180 nm) and
DMF (10 nmL) was added N, N-diisopropylethylamne (4.14 nL) dropw se and the
m xture was stirrgthat O C for 2 hours. It was thensoiyl uted with ethyl
acetate (200 m) washed with a saturated aqueo bdi um bi car bonat e

solution (2 X and B5La6 a0y Hide Hel N CONDi pEd~0r gani c | isupepeny WBre
_ X .

dried overcbsgdiumsul f at e,— ongentr gte | 15under redfged
pressure to gi vella residue BEENMYEEAREN £ | ed Y NFPDY ueous
o)
M L)
CeCly 7H,0, NaBH, VO(acac),, t-BuOOH
- + -
Cbz. MeOH, THF Cbz Ccbz OCM
N N N -
H H
o) OH OH
v W) _ x)
5/1 Ratio
+ Dess Martin Periodinane
o) N =
Cbz . Cbz . o© DCM
OH OH
() . 2)
5/1 Ratio
PAIC, H,
————
CbZ\N © TFA o
H
H 2N
o} o]
10 (AA) 4
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acetonitrile) to provide (I11) (1.5 g, 50%vyield) as characterized by LC M

(LCRS (Myorh@r145944. 71) . Synthesis of (JJJ) To a 0 C solpgtriuapofordsbt |) (60
ng, OA mmol ) in dichloronethane (2 nmp was 5 added trifluoroacetic acid

(0.5 m), and the resulting solution was stirred at that tenperature for
anot her hour. The solution was then concentrated under reduced pressure and
pl aced under high vacuumto provide (JD) as confirmed by LC M5 (LCRS ( MH)
mz: 424.51) that was used without further purification. Synthesis of 17
10To a 0 C solution of (JJJ), (2,4-dinmethyl-1, 3-thiazol-5-yl-acetic acid
(40 ng, 0.23 nmmol), HOBT (25 ng, 0.183 mmol) and HBTU (70 ng, 0.183 mmol)

i n acet onprthebis of (UhL) and DMF (1 nL) was added N, N-dii sopropyl et hyl ani ne

(80 ula) dropwi se. The m xture was then stirred at 0 C for 2 hours. It was
t hen dil ut ed whe aselutign ofidieneihd hy§mxylamiaabydreshlodidgi(i H4 £a220-3rmudoldueous
sodi um bi o i ( tned organic

| ayers me?gf\lgﬁ%géﬁ%flérd(g%ﬁ%%@l@%egsﬁﬁg‘ é%g%%é%]&-ﬁg%r@gm%eed under
reduced pesdsng soltorgvasaldowebiodtie fort20 muwartespur i fi ed by HPLC (aqueous
ammoni um acetate (0.02 M and acetonitrile) to provide 17 (29 ng, 44%

yi el 8) whi ch Vs asblatian b€ CbzPheYH 5 QA qOLGRE]) iWH)CM @&005717) 86)°C wasanpl e
18: Assays, .t

i,ne Ihibitary Pref nce,20There are three types of
assays 1R HCE LoD AR A48 minoh e ARG S B o ine iR o e
pr ef er entiNsdM ¥20.7aa1hi 293 himel)CThé re3alting isbhitiofh viddalloordito bt fov €0 afinutes
i mrunopr of eas .. Enzyne, kinetic a ch as. thos i scl aged in U S
appl i cat itbﬁ“ §‘g{giaé? EW“@@/%W%%?‘“@E@E‘VE’%YQHH" F‘égr Cl_élf’“a?/.g,lhéi ochem
(1996), 3plutidR FhRIARNEVas20bAEE th AR FoPT BELCADTPIAMOMRE by thdadtifed 6f t han
90% constitutjve proteasone 25subunits or i mmunoproteasonme subunits. The

i nhilBi t orYyatpr @P8malk TRt l2yrs wegs Bsnseparaied aadh t}tfa‘g%tdr loprer washedmoth BEM, of

the chymbry o mi). ¥Re 86hbitel )br%%ﬁliélﬁﬁe& W2t WhstiddweitRi Rtgep@®16@mihat of

t he i nmunopr ot easone (20S rati o). Al ternati veléa/, the CT-L ECso of
a conpourkiddainef $0Q erle; diietbevan MeP berpdoandieaneentraied yadergedusgd of a cel |
| ysate. J; SRlfd gnfﬁ[ : i ther

pr edom n?r%tg% ;ﬂ/w;tg rlégggg)gﬁg%ﬁ%ﬁ/l ve p?) teasgtgfrlgorégetgg?.aﬁgiﬁ%bg ZEE@E“\)/%

2007/ 14953t2CThe38RVW the 4URTt, ®yielhiUDopr ot easone (e.g., THP1l). Again, the

inhibitory preference is then based on the EC50 ratio (Lysate ratio).
15 Synthesis of (V) '

To a solution of (U) (47 g, 145 mmol) in a solution of THF (400 mL) at -20 °C
was added a solution isopropenyl magnesium bromide (800 mL, 0.5 M in THF) while
keeping the internal temperature below -5 °C. The solution was allowed to stir for 3 hrs
at.O °C followed by the addition of 1IN HCI (200 mL). The solution was filtered

20 through Celite 521 and the filter cake washed with EtOAc. The organic solvent was
then removed under reduced pressure and the remaining aqueous solution was extracted
with EtOAc (3 x 200 mL). The combined organic layers were washed with satd.
NaHCO; (3 x 150 mL) and brine (150 mL), dried over MgSQ,, filtered, and
concentrated under reduced pressure to yield an oil that was purified by flash

25 chromatography using 20 to 40% EtOAc/hexanecs as the cluent to yield (V).
Synthesis of (W) and (X)

To a solution of (V) (30.03 g, 92.0 mmol) in MeOH (500 mL) and THF (500
mL) was added CeCl3"7H,0 (48.04 g, 130 mmol). The resulting solution was allowed
to stir until it became homogenous. The solution was then cooled to 0 °C and NaBH,
30 (4.90 mg, 129 mmol) was added over a 10 minute period. The solution was allowed to

stir for 1 hr followed by the addition of AcOH (70 mL) with continued stirring for 20



Lastly, a nore cell-based approach can be utilized. Cells expressing
approxi matel y equi val ent anounts of inmmune- and constitutive proteasone

(e.g., SRPYho@2A6312are treated with test conpound, foll eeedsby7iong2ret hod
for determning the activity of a profgeasone inhibitor as described in
application serial nunber 11/254541. The ratio of the EC50 generated in the
EL1SA- based assay using 135 anti body and LMP7 anti bodi es (ELI SA rati o)
provi des the basis for determning the inhibitory preference of the test
conmpound. In all instances, a ratio of one indicates that 10the nol ecul e
works equally well at inhibiting the CT-L activity of both fornms of
proteasone. In all three assays, a ratio of |ess than one denotes the

mol ecul e THATeS: (Ihermistury was than eancontited wades seriiced pressiue prétheaseitinget t er
than t hatreGlant ffudWHHARLEE CARGE) affPblifiR il o BIOADRIx Q38 nil Piinb! €S L he

mol ecul e inhibits chynotryp e activity o e I nmunopr ot easone better
t han t hatcosibin¢rborgenistlayens wers Washed tvatiswater (3= A3 nd.)@d biEine SA3Gied.dy

A suitable. B | SA y be found i .S, _Paten | icati rial No.
17 95454 SRR VIR R fnd QEadAled itor FOAER) pRR U A ST G 1
wer e5t r eaneduneidfifW0.ahdi(X)t o 1 uM of proteasone Inhibitor B. The sanpl es
were then washed with 20phosphate-buffered saline (PBS) and |ysed in

hypot oni cS)mthdsarof (BlandMZ)ris pH 8, 5 nM EDTA) (Tris-HCL and EDTA are

avai l able from Tel cnova, Inc., Hollister, CA). Cellular debris was renoved
by centrifii gaToenohitiodsf (B) and(X) in BOM (200hLY et § AC Gas hoded2VTi(acache
supemnmat an s transferred to. a fresh tube, sn 5{T{}ze j th id nitrogen
and store@oﬁﬁng’éﬁg’mﬂhé e‘tsﬁwgléoro{:mi"@’g?s tf}a‘é(%g) ﬁéﬁ ’(é’@ 1“%‘6’?“ ssays
run in 25kad maeaat@)ul/ilwrlahé fesaking sh&hitibn5&ﬁ alIth]vQE td &Wibi'lz(hlri]s mlemnteﬂemr at
roomtenperature. Followng treatment with Inhibhitor A the_|ysate was
dend ureo‘?‘fﬂ}’ggcfg‘?hﬁ? al vag @g\ﬁéﬁ‘fse}m%%waﬁheﬂ%l%%ﬁﬁmm})»( F0afiftiee from -

Bi o- Rad, wﬁehq&shmitaeﬂdhnaﬁtﬂ% (thﬁﬁ)rQL)’VéﬁJleﬁegﬁ?bgHﬁL)? Rkl BYed OF 5 m n.
The sanple was all owed to cool and two vol unes (60 AZ of 10% Triton X-100

(avai | abl MePPantiltsred.Rad copgangigtedundepyedyged prgsraie to gd 209 mizgms of (b
PCT/ US2004{{Q4}4427  Inhibitor A Inhibitor B

Synthesis of (AA)

15 To a solution of Dess-Martin periodinane (40 g, 94.2 mmol) in DCM (300 mL)
at 0 °C was added a solution of (Y) and (Z) in DCM (100 mL) dropwise. The solution
was then allowed to warm to room temperature and stir overnight. The reaction
mixture was then concentrated under reduced pressure and the residue diluted with
EtOAc (120 mL) and satd. NaHCO; (120 mL). The resulting mixture was filtered

20 through Celite 521 and the filter cake washed with EtOAc (120 mL). The layers were
separated and the organic layer was washed with water (3 x 60 mL) and brine (60 mL),
dried over MgSO; filtered, and concentrated under reduced pressure to give an oil that
was purified by flash chromatography using 15 to 40% EtOAc/hexanes as the eluent to
yield (AA).

25 Synthesis of 4

To a solution of (AA) (50 mg, 1.06 mmol) in TFA (5 mL) was added Pd/C (14
mg, 10%). The resulting mixture was allowed to stir under 1 atmosphere H; for 2 hrs,
and then diluted with DCM (10 mL). The mixture was filtered through Celite 521 and
the filter cake washed with DCM (10 mL). The filtrate was then concentrated under

30 reduced pressure and the residue diluted with DCM (10 mL) and concentrated under



Streptavidin sepharose beads (6.5 pl/well) (avail able from Anersham

Bi osci ences, Piscataway, NJ), were washed three tinmes with 1 m PBS

(avai | ablwwof@msbdedi at ech, I nc., Herndon, VA) in a tni ereagpéoioi4ioe tube.
The beads were resuspended in ELI SA wgsh/ bl ock buffer (PBS + 0.1% Tween 20
+ 1% bovi ne serum al bumn; 20 p.1/well) and transferred to the wells of a
96 well filter plate (BSA is available from Sigma, St. Louis, MO Tween is
avai |l abl e from Cal bi ochem San D ego, CA). Denatured whol e bl ood or PBMC

| ysates that were treated with Inhibitor 3 were added 10to the filter plate
wel I's containing the streptavidin sepharose beads (each sanple assayed in
triplicate) and incubated for 1 hr at roomtenperature wth shaki ng

(Mul ti Sc rrééwwr@mwesepbm amewiThi ré¢saguepwat placedoindgdr highducaypo fer 2vbrsbr ane;
avai | abl g f)&{i?] 4M I lipore, Billerica, MY). The unbound material was renpved
by gentle rati on and the beads were washed six tinmes with ELI-SA

wash/ bl o fer, . Primary anti body to human 20S
pr ot easocngéh?%uﬁisﬁ%glgg’?%%?@%%l ycl onal antibody; available from Bi onol,

Pl ymouth Meeting, PA) or human 20S inmmu r ot easone subunit LMP7 (rabbit
pol ycl onal, ant ||Q avai l able from Affinicty Bi oRgagegts, Gol den, CO was
diluted 1'% | SA wash/ bl ock b&#Zgr~adl he beads (100
M/well), andii ncubat ed dte-AbddH at room t eflper at ur e an oOfFkital shaker.
The beads wer ey-wg d squ With ELI SA Wash/ ffefmwith gentle
filtration. Sé&ondayy ansp a@ﬂreatm&*nt (1: 5000)// a shing are as

descri bed for p,ri mary anti body (goat anti-rabbit aqtl body- HRP conj ugat e;
avai | abl e fromecBi osource, Camarillo, CA). The beadsowere then resuspended
in 10011.1 cheggj unm nescent 25detection reageaty (Super Signal Pico

Chem | um nescent Substratem ; available from Pierce, Rockford, IL) and

| um nescence was read on a Tecan pl ate reader. WD
oy

2007/ 149512PCT/ US2007/ 014427 101 GCccupation of the active si

the proteasomewith t pepti de epoxyketone inhibitor results in bo

decr ease bn chyrmt ypt c li ke catalytic activity and a\decrease i ngbi ndi ng
of the bi 6t Wsr:g (I nhi bi tﬁg @gEBT‘Fﬁ%Ts‘b datg, sugges \F’I/& the

ELI SAbased assayousi g t Ri ont i accur 'b'%lgw/re- ecls ftjhe
inhibitory activity i tor B. An exerrpl ary g eat r/of @ he

ELI SA- based PD assay i it permt ifferentiation betwee NH
constitutive prot easorreHl nh| bition él 5) d i mmunopr ot easone Ibition
(LMP7) because it utilizes subunit fic antibodies. Utili a

different active ghdye probe (Inhibito# C) expands the utility of the
10ELL SA- based assay for neasuring the occupation of nmultiple constitutive
(135, p 1,132)

Synthesis of (CC)
To (BB) (0.06 mmol) was added DMF (2 mL), Cbz-D-Abu-OH (0.12 mmol,
0.032 g), DIEA (0.256 mmol, 0.075 mL), HOBT (0.102 mmol, 0.010 mg), and BOP
(0.102 mmol, 0.075 g) and the reaction mixture was allowed to shake for 45 minutes.
10 The reaction mixture was then filtered and the resin washed with DMF (4 mL), MeOH
(4 mL), and DCM (4 mL), and allowed to air dry, to yield (CC).

Synthesis of (DD)

To (CC) (0.08 mmol) was added 50% TFA/DCM (2 mL) and the mixture was
allowed to shake for 20 minutes. The reaction was filtered and the resin was washed
15 with DCM (10 mL). The solution was then under reduced pressure and the resulting oil

was diluted with DCM (10 mL) and evaporated a total of three times to yield (DD).

Synthesis of 5



and i mmunopr ot easone (LMP7, LMP2) active sites in 8226 nmultiple nmyel ona
cell line that co-expresses both forns of proteasone. The expanded active
site assayoceas/fagsipsed to neasure rel ative inhibitor selpegtisyedtmidaet h

bet ween the i muno- and constitutive gor ot easones as well as anong the three
active sites of each proteasone. In 15addition, the ELI SA-based assay is
able to determ ne the potency and selectivity of other classes of

prot easone inhibitors, including the peptide boronic acid-based inhibitors.
I nhi bitor C 20To conduct a pharmacodynam ¢ eval uati on of an i nhi bitor,

whol e bl ood and PBMC sanples are collected prior to dosing and at nultiple
time-points after dosing. Lysates are prepared and protein concentration
assays per f or mkd atstirmad solatipn of # ¢90.11 owrmdl, prodP ) in Me@hthmigand DMR€1| evel of

i nhi bi { i bur £ s i d_PRVORPM - 8226
col 15, 2B Bad iy e ] DRSO o b R R 00mpE EL T

descri bed.ab2g)candSHBAUR(OR T onmod S0.087 B) qmdr the indgtueowas stimiéd ataopinot easone and

i mmunopr ot easone are utilized tao ensure assay, | ipear.]t i ¢ .range and
o ConverETPRETTR YA o arebot Manarer s B SRR GRS R g o
subufii t bextradted With EEDAS. The biankk@afkrarizarahed with shtde NaHCGHY frissithe, VO
2007/ 149512PCT/ US2007/ 014427 102 assakl usi ng 135 anti body _and LMP7

ant i bodi e19eVes X304, Efterndand geucentiated urder reducesnressurhi Hep TeRetingni bi t ory
pref er enclia@lial Wes by RAN Vhro ABeABRY Gsinlsb 5%, ERIADRSef B e
greater than 20, thus, it is nmuch nore selective at inhibiting the
chynot r ypilpent to pEord§ (A%-Q P&ssoci ated with the i nmunoprot easone. 5To
determ ne the | evel of proteasone inhibition for a given patient, the
amount of Sclemes: Syptesigeafde@aple  t he post-dose sanple is conpared to the
pre-dose sanple. Proteasone inhibition is determ ned after a single dose or
after a cycle of dosing, or is used to nitor inhibition shortly after

dosing as wel | @ Q nonitor recovery ir ot easope activity after a course
of dosi ngHMQExXa &gy 20: Bi ol ogi cal Bg,_s\ul/tssﬁ;ﬂr uc ur@ 205 ratio (const:
i : N = 0
| muno) : Cbz-D-Leu-OH H : TFA
L o ——ee i
) DIEA, HOBT DCM
BOP, DMF /
N . N
/ \
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Synthesis of (EE)

To (BB) (0.06 mmol) was added DMF (2 mL), Cbz-D-Leu-OH (0.12 mmol,
0.032 g), DIEA (0.256 mmol, 0.075 mL), HOBT (0.102 mmol, 0.010 mg), and BOP
15 (0.102 mmol, 0.075 g) and the reaction mixture was allowed to shake for 45 minutes.
The reaction mixture was then filtered and the resin washed with DMF (4 mL), MeOH
(4 mL), and DCM (4 mL), and allowed to air dry, to yield (EE).

Synthesis of (FF)
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To (FF) (0.08 mmol) was added 50% TFA/DCM (2 mL) and the mixture was
allowed to shake for 20 minutes. The reaction was filtered and the resin washed with
DCM (10 mL). The volatiles were removed under reduced pressure and the resulting

oil was diluted with DCM (10 mL) and evaporated a total of three times to yield (FF).

5 - Synthesis of 6

To a stirred solution of 4 (0.11 mmol, 0.019 g) in MeCN (4 mL) and DMF (1
mL) was added (FF) (0.1 mmol), DIEA (2.9 mmol, 0.5 mL), HOBT (0.2 mmol,
0.032g), and HBTU (0.23 mmol, 0.087 g) and the mixture was stirred at room
temperature overnight. The reaction was then diluted with sat NaHCO; (15mL) and . .
10 extracted with EtOAc. The organic layer was washed with satd. NaHCO; and brine,
dried over MgSO, filtered, and concentrated under reduced pressure. The resulting

material was then purified by flash chromatography using 25 to 55% EtOAc/hexanes as
the eluent to afford 20 (14.0 mg).

Scheme 7: Synthesis of Example 7
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Synthesis of 7

To a stirred solution of 4 (0.11 mmol, 0.019 g) in MeCN (4 mL) and DMF (1
mL) was added (R) (0.1 mmol), DIEA (2.9 mmol, 0.5 mL), HOBT (0.2 mmol, 0.032g),
20 and HBTU (0.23 mmol, 0.087 g) and the mixture was stirred at room temperature
overnight. The reaction was then diluted with satd. NaHCO; (15 mL) and extracted
with EtOAc. The organic layer was washed with satd. NaHCO; and brine, dried over
MgSO, filtered, and concentrated under reduced pressure. The resulting mateﬁal was

purified by flash chromatography using 25 to 55% EtOAc/hexanes as the eluent to
25 afford 7 (10.5 mg).
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Scheme 8: Synthesis of Example 8
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Synthesis of (HH)
5 To a solution of dimethyl hydroxylamine hydrochloride (331 mg, 3.4 mmol) in

DCM (20 mL) at 0 °C was added triethylamine (343 mg, 3.4 mmol) dropwise. The

resulting solution was allowed to stir for 20 minutes.

To a solution of Cbz-HomoPhe-OH (1.0 g, 3.2 mmol) in DCM (100 mL) at 0 °C
was added IBCF (460 mg, 3.35 mmol) dropwise, followed by the dropwise addition of

10

NMM (343 mg, 3.4 mmol). The resulting solution was allowed to stir for 10 minutes

and then added to the previously prepared dimethyl hydroxylamine HCI/TEA solution.
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The resulting mixture was stirred at 0 °C for 3 hrs followed by the addition of water (50
mL). The layers were separated and the aqueous layer was extracted with DCM (3 x
100 mL). The combined organic layers were washed with 1N HCI1 (30 mL) and brine
(30 mL), dried over MgSQ,, filtered, and concentrated under reduced pressure. The

5 resulting material was then purified by flash chromatography using EtOAc/hexanes
(1:3) as the eluent to yield intermediate (HH) (0.92 g).

Synthesis of (11)

To a solution of (HH) (920 mg, 2.6 mmol) in THF (50 mL) at -20 °C was added
a solution of isopropenyl magnesium bromide (26 mL, 12.9 mmol, 0.5 M in THF). The
10 resulting solution was allowed to stir at 0 °C for 6 hours followed by the addition of IN
HCI1 (10 mL). The resulting mixture was filtered through Celite 521 and the filter cake
was washed with ethyl acetate. The layers were separated and aqueous phase was
extracted with ethyl acetate (3 x 20 mL). The combined organic layers were washed
with satd. NaHCOs3 (30 mL) and brine (30 mL), dried over MgSOQ,, filtered and
15 concentrated under reduced pressure. The resulting material was purified by flash

chromatography using EtOAc/hexanes (1:3) as the eluent to yield (II) (700 mg).
Synthesis of (JJ) and (KK)

To a solution of (II) (700 mg, 2.1 mmol) in DCM (50 mL) at 0 °C was added

CeCly7H;0 (942 mg, 2.52 mmol) and NaBH, (98 mg, 2.52 mmol) successively. The

20 solution was stirred at room temperature overnight followed by the addition of AcOH
(5 mL). The mixture was concentrated under reduced pressure and then diluted with
EtOAc (100 mL) and satd. NaHCO3; (50 mL). The aqueous layer was then extracted
with EtOAc (2 x 50 mL) and the combined organic layers were dried ovef Na;SOq,
filtered, and concentrated under reduced pressure to a yellow oil that was purification

25 by flash chromatography using EtOAc/hexanes (1:3) as the eluent to yield (JJ) and
(KK) in a 5/1 ratio.

Synthesis of (LL) and (MM)

To a solution of (JJ) and (KK) in THF (50 mL)at 0°C was added VO(acac); (18
mg, 0.066 mmol) and t-BuOOH (0.9 mL, 6.0M in decane) successively. The resulting
30 solution was stirred at room temperature for 10 hours then filtered through Celite 521

and the filter cake was washed with EtOAc (100 mL). The combined organic layers
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were washed with satd. NaHCO3 (10 mL) and brine (10 mL), dried over MgSOs,
filtered and concentrated under reduced pressure to give (LL) and (MM) (585 mg)ina
5/1 ratio.

Synthesis of (NN)

To a solution of Dess-Martin Periodinane (1.40 g, 3.3 mmol) in DMSO (20 mL)
at 0 °C was added (LL) and (MM) (585 mg) in DMSO (10 mL). The solution was
stirred at room temperature for 6 hours, and then diluted with EtOAc (100 mL) and
satd. NaHCO; (50 mL), the aqueous phase was then extracted with EtOAc (2 x S0 mL),
and the combined organic layers were dried over Na;SO;, filtered, and concentrated
under reduced pressure to give a yellow oil that was purified by flash chromatography
using EtOAc/hexanes (2:3) as the eluent to yield (NN) (465 mg).

Synthesis of 8

To a solution of (NN) (290 mg, 0.82 mmol) in TFA (5 mL) was added Pd/C (14
mg, 10%). The resulting mixture was allowed to stir under 1 atmosphere H for 2 hrs,
and was then diluted with DCM (10 mL). The mixture was filtered through Celite 521
and the filter cake washed with DCM (10 mL). The was concentrated under reduced
pressure and the residue diluted with DCM (10 mL) and concentrated under reduced

pressure. The resulting residue was placed under high vacuum for 2 hrs, to yield 8.
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Scheme 9: Synthesis of Example 9
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Synthesis of (OO)
5 To (K) (0.06 mmol) was added DMF (2 mL), Cbz-Ala-OH (0.12 mmol, 0.032

g), DIEA (0.256 mmol, 0.075 mL), HOBT (0.102 mmol, 0.010 mg), and BOP (0.102
mmol, 0.075 g) and the reaction mixture was allowed to shake for 45 minutes. The
reaction mixture was then filtered and the resin washed with DMF (4 mL), MeOH (4
mL), and DCM (4 mL), and allowed to air dry, to yield (OO).

10 Synthesis of (PP)

To (OO0) (0.08 mmol) was added 50% TFA/DCM (2 mL) and the mixture was
allowed to shake for 20 minutes. The reaction was then filtered and the resin washed
with DCM (10 mL). The volatiles were removed under reduced pressure and the
resulting oil was diluted with DCM (10 mL) and evaporated a total of three times to

15 yield (PP). ‘
Synthesis of 9

To a stirred solution of 8 (0.11 mmol, 0.019 g) in MeCN (4 mL) and DMF (1
mL) was added (PP) (0.1 mmol), DIEA (2.9 mmol, 0.5 mL), HOBT (0.2 mmol, 0.032
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g), and HBTU (0.23 mmol, 0.087 g) and the fnixture was stirred at room temperature
overnight. The reaction was then diluted with satd. NaHCO; (15 mL) and extracted
with EtOAc. The organic layer was then washed with satd. NaHCO; and brine, dried
over MgSQO,, filtered and concentrated under reduced pressure. The resulting material
was purified by flash chromatography using 25 to 55% EtOAc/hexanes as the eluent, to
afford 9 (7.8 mg).

Scheme 10: Synthesis of Example 10
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Synthesis of (QQ)
To a solution of Cbz-Asp (t-Bu)-OH (0.32 mmol, 108 mg) in DMF (2 mL) at 0
°C was added HOBT (0.51 mmol, 78 mg), HBTU (0.51 mmol, 194 mg), and DIEA (1.2

mmol, 0.2 mL). Once the resulting mixture became a homogenous solution, Phe-

HMPB-BHA resin (0.13 mmol, 200 mg) was added and the resulting reaction mixture

>3.0
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was allowed to shake at 0~4 °C overnight. The resin was filtered off and washed with
DMF (3x 5 mL) and DCM (3 x S mL). The resin was allowed to air dry to yield (QQ).

Synthesis of (RR)

To (QQ) (0.13 mmol) was added TFA/DCM (5 mL, 5:95) and the mixture was
allowed to shake at 0~4 °C for 30 minutes. The reaction was then filtered and the resin
washed with DCM (3 x 10 mL). The volatiles were removed under reduced pressure at
0 °C to yield (RR).

Synthesis of (SS)

'fo a 0 °C solution of (RR) (0.13 mmol) and 4 (0.12 mmol) in THF (5 mL) was
added HOBT (0.18 mmol, 31 mg), HBTU (0.18 mmol, 76 mg) and DIEA (0.6 mmol,
0.1 mL), and the resulting reaction mixture was stirred at 0~4 °C overnight. The
reaction mixture was then diluted with EtOAc (100 mL) and satd. NaHCO3, and the
aqueous phase was extracted with EtOAc. The combined organic layers were dried
over Na;SOq, filtered, and concentrated under reduced pressure to give a yellow oil that

was purifed by HPLC, eluting with an MeCN/aq. NH4OACc solution, to give (SS).
Synthesis of 10

To a 0 °C solution of (SS) in DCM (5 mL) was added TFA acid (5 mL)
dropwise and the resulting solution was stirred for 3 hrs. The reaction mixture was then
concentrated under reduced pressure and the resulting residue was purified by HPLC,

eluting with an MeCN/aq. NH4OACc solution, to give 10.

>5.0
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Scheme 11: Synthesis of Example 11

(4-MeO)Phe-Wang resin - Cbz\N '
Cbz\,\,J\n/OH DIEA, HOBT H

N HBTU, DMF

-
-

o}
0 L
HoN oM

(Uy) o 11

0
H
Cbz N\/U\ DIEA, HOBT" o]
N - OH HBTU, DMF, THF Cbz H \/u\ o
I
e

Synthesis of (TT)

5 To a 0 °C solution of Z-Ala-OH (0.32 mmol, 71 mg) in DMF (2 mL) was added
HOBT (0.51 mmol, 78 mg), HBTU (0.51 mmol, 194 mg) and diisopropylethylamine
(1.2 mmol, 0.2 mL). Once the resulting mixture became homogenous, Phe(4-MeO)-
Wang-resin (0.13 mmol, 200 mg) was added and the resulting reaction mixture was
allowed to shake overnight. The resin was then filtered off and washed with DMF (3 x
10 S mL) and DCM (3 x 5 mL). The resulting resin was allowed to air dry to yield (TT).

Synthesis of (UU)
To (TT) (0.13 mmol) was added 50% TFA/DCM (5 mL) and the mixture was

allowed to shake for 30 minutes. The reaction was then filtered and the resin washed

with DCM (3 x 10 mL). The volatiles were removed under reduced pressure to yield
15 (UL).

Synthesis of 11
To a 0 °C solution of (UU) (0.13 mmol) and 4 (0.12 mmol) in THF (5 mL) was
added HOBT (0.18 mmol, 31 mg), HBTU (0.18 mmol, 76 mg) and DIEA (0.6mmol,

0.1 mL). The resulting reaction mixture was stirred at 0~4 °C overnight followed by
20 dilution with EtOAc (100 mL) and satd. NaHCOs;. The aqueous phase was then
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extracted with EtOAc and the combined organic layers were dried over Na;SOy,
filtered, and concentrated under reduced pressure to a yellow oil that was purified by

HPLC, eluting with an MeCN/aq. NH4OAc solution, to give 11.

Scheme 12: Synthesis of Example 12

CbZ\N DIEA, HOBT

.
Lo

: o]
OH HBTU, DMF, THF : N o
» DMF . Cbz_ N
z N/\n/ \_)j\N
H I H
o] o}
i \@
H,N 4
5 (W) o) 12

Synthesis of 12

To a 0 °C solution of (VV) (0.18 mmol, 50 mg) and 4 (0.12 mmol) in THF (5
mL) was added HOBT (0.18 mmol, 31 mg), HBTU (0.18 mmol, 76 mg) and DIEA
10 (0.6mmol, 0.1 mL). The resulting reaction mixture was stirred at 0~4 °C overnight
followed by dilution with EtOAc (100 mL) and satd. NaHCO;. The aqueous layer was
then extracted with EtOAc, and the combined organic layers were dried over Na;SOs,
filtered, and concentrated under reduced pressure to a yellow oil that was purified by

HPLC, eluting with an MeCN/aq. NH4OAC solution, to provide 12.



>3.0 >5.0 O Oove Chz

WO 2007/149512 PCT/US2007/014427
90

Scheme 13: Synthesis of Example 13
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Synthesis of (WW)

To a solution of Fmoc-O-t-butyl-L-tyrosine (6.4 mmol, 2.94 g) in DCM (22
mL) was added 1-methylimidazole (4.8 mmol, 0.380 mL) and the mixture was stirred
until the solution was homogenous, at which time 1-(mesityléne-2-sulfonyl)-3-nitro-
1,2,4-triazole (MSNT) (6.4 mmol, 1.9 g) was added. Once the MSNT had dissolved,
the reaction mixture was added to HMPB-BHA resin (1.28 mmol, 2 g) and the resulting
mixture was allowed to shake for 45 minutes. The resin was filtered and washed with
DMF (50 mL), MeOH (50 mL), and DCM (50 mL). The resin was then allowed to air
dry to provide (WW).

Synthesis of (XX)
To (WW) (0.40 mmol, 0.62 g) was added 20% piperidine/DMF (50 mL) and the

resulting mixture was allowed to shake for 20 minutes. The mixture was filtered and
the resin was washed with DMF (20 mL), MeOH (20 mL), and DCM (20 mL) and

allowed to air dry before subjecting it to the above reaction condition a second time.

To the resulting resin was added DMF (64 mL), Fmoc-Ala-OH (32 mmol, 1.05
g), DIEA (12.8 mmol, 2.2 mL), HOBT (5.12 mmol, 692 mg), and HBTU (5.12 mmol,
1.94 g) and the reaction mixture was allowed to shake for 45 minutes. The reaction
mixture was filtered and the resin was washed with DMF (40 mL), DCM (40 mL),
MeOH (40 mL), H;O (40 mL) MeOH (40 mL), H,O (40 mL), MeOH (40 mL), and
DCM (40 mL), and allowed to air dry, to yield (XX).

Synthesis of (YY)

To (XX) (0.192 mmol, 0.3 g) was added 20% piperidine/DMF (10 mL) and the
resulting mixture was allowed to shake for 20 minutes. The mixture was filtered and
the resin was washed with DMF (20 mL), MeOH (20 mL), and DCM (20 mL) and

allowed to air dry before subjecting it to the above reaction condition a second time.

To the resulting resin was added DMF (12 mL), morpholino acetic acid (0.48
mmol, 70 mg), DIEA (1.92 mmol, 334 nL), HOBT (0.768 mmol, 104 mg), and HBTU
(0.768 mmol, 291 mg) and the reaction mixture was allowed to shake for 45 minutes.
The reaction mixture was filtered and the resin was washed with DMF (40 mL), DCM
(40 mL), MeOH (40 mL), H,O (40 mL), MeOH (40 mL) H,0O (40 mL), MeOH (40
mL), and DCM (40 mL), and allowed to air dry, to yield (YY).
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Synthesis of (Z2)

To (YY) (0.192 mmol) was added 5% TFA/DCM (10 mL) and the mixture was
allowed to shake for 10 minutes at 0 °C. The reaction mixture was filtered and the resin
was washed with DCM (10 mL). The volatiles were removed under reduced pressure
and the resulting oil was diluted with DCM (10 mL) and evaporated a total of three
times to yield (ZZ).

Synthesis of 13

To a stirred solution of (ZZ) (0.192 mmol, 83 mg) in MeCN (6 mL) and DMF
(2 mL) was added 4 (0.384 mmol, 79 mg), DIEA (0.768 mmol, 133 pL), HOBT (0.3
mmol, 41 mg), and HBTU (0.3 mmol, 116 mg) and the mixture was stirred at 0 °C for 2
hours. The reaction was diluted with sat NaHCO; (15 mL) and extracted with EtOAc
(3 x). The organic layer was washed with sat. NaHCO; and brine, dried over MgSO,,
filtered, and concentrated under reduced pressure. The resulting crude material was
purified by flash chromatography using EtOAc then EtOAc/MeOH/TEA (98/1/1) as the
eluent to afford 13 as a white solid that was characterized by LC/MS (LCRS (MH) m/z:
623.80).
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Scheme 14: Synthesis of Example 14
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Synthesis of (AAA)
5 A suspension of Boc-Tyr(Me)-OH (10 g) in anhydrous dichlormethane (450

mL) was cooled to -5 °C in an ice/acetone bath. To this suspension was added
triethylamine (9.4 mL, 67.8 mmol) and DMAP (600 mg). A solution of
benzylchloroformate (5.7 mL, 40.6 mmol) in dichloromethane (50 mL) was then added
dropwise. The resulting solution was allowed to stir at -5 °C for three hours, and then

10 allowed to warm to room temperature. A solution of saturated aqueous sodium
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bicarbonate (200 mL) was then added. The organic layer was separated and the
aqueous layer was washed with dichloromethane (200 mL). The combined organic
layers were washed with a saturated aqueous sodium bicarbonate solution, dried over
sodium sulfate, filtered, and concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography using 80% hexanes/ 20%
ethyl acetate to provide 11.43 g of a white solid. (88% yield) which was characterized
by LC/MS (LCRS (MH) m/z: 386.42).

Boc-Tyr(Me)-OBn (2 g, 5.2 mmol) was dissolved in dichloromethane (15 mL)
and cooled to 0 °C followed by dropwise addition of TFA (15 mL). The reaction was
allowed to warm to room temp and was stirred for 2 hours. The solvents were removed
under reduced pressure to yield (AAA) as a clear oil (1.4 g, 95% yield) which was
characterized by LC/MS (LCRS (MH) m/z: 286.42) and was used without further

purification.
Synthesis of (BBB)

To a 0 °C solution of Boc-Ala-OH (750 mg, 3.9 mmol), H-Tyr(Me)-OBn (950
mg, 3.3 mmol), HOBT (712 mg, 5.3 mmol) and HBTU (2.0g, 5.3mmol) in acetonitrile
(60 mL) and DMF (6 mL) was added N,N-diisopropylethylamine (2.3 mL) dropwise.
The mixture was stirred at 0 °C for 2 hours and was then diluted with ethyl acetate (300
mL) and washed with a saturated aqueous sodium bicarbonate solution (2 x 100 mL)
and brine (100 mL). The organic layers were dried over sodium sulfate, filtered and
concentrated under reduced pressure to yield an opaque oil that was purified by silica
gel column chromatography using 50% hexanes/ 50% ethyl acetate to yield 600 mg of
(BBB) as a white foam (40% yield) that was characterized by LC/MS (LCRS (MH)
m/z: 457.52).

Synthesis of (CCC)

To a 0 °C solution of (BBB) (5.9 g, 12.9 mmol) in tetrahydrofuran (120 mL)
was added 10 % Pd/C (1.2 g) and the resulting mixture was allowed to stir under 1
atmosphere of hydrogen for 2 hours. The mixture was then filtered through Celite-545
and the filter cake was washed with tetrahydrofuran. The organic filtrate was then
concentrated under reduced pressure and placed under high vacuum to provide 4.53 g

(95% yield) of (CCC) that was used without further purification.
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Synthesis of (DDD)

To a 0 °C solution of (CCC) (4 g, 10.9 mmol), 4 (2.23 g, 10.9 mmol), HOBT
(2.36 g, 17.4 mmol) and HBTU (6.6 g, 17.4 mmol) in acetonitrile (200 mL) and DMF
(5 mL) was added N,N-diisopropylethylamine (7.6 mL) and the mixture was stirred at 0
°C for 2 hours. It was then diluted with ethyl acetate (400 mL) and washed with
saturated aqueous sodium bicarbonate (2 x 100 mL) and brine (100 mL). The organic
layers were dried over sodium sulfate, filtered, and concentrated under reduced
pressure. The resulting residue was purified by HPLC (aqueous ammonium acetate
(0.02 M) and acetonitrile) to provide (DDD) (4.47 g, 74% yield) as characterized by
LC/MS (LCRS (MH) m/z: 554.79).

Synthesis of (EEE)

To a 0 °C solution of (DDD) (2 g, 3.6 mmol) in dichloromethane (32 mL) was
added trifluoroacetic acid (8 mL), and the resulting solution was stirred at that
temperature for another hour. The solution was then concentrated under reduced
pressure and placed under high vacuum to provide (EEE) as confirmed by LC/MS
(LCRS (MH) m/z: 454.72) that was used without further purification.

Synthesis of 14

To a 0 °C solution of (EEE), morpholin-4-yl-acetic acid (1.048 g, 7.22 mmol),
HOBT (780 mg, 5.76 mmol) and HBTU (2.2 g, 5.76 mmol) in acetonitrile (60 mL) and
DMF (3 mL) was added N,N-diisopropylethylamine (2.5 mL) dropwise. The mixture
wz.ls stirred at 0 °C for 2 hours and was then diluted with ethyl acetate (300 mL) and
washed with saturated aqueous sodium bicarbonate (2 x 100 mL) and brine (100 mL).
The organic layers were dried over sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting residue was purified by HPLC (aqueous ammonium
acetate (0.02 M) and acetonitrile) to provide 14 (620 mg, 29% yield) which was
characterized by LC/MS (LCRS (MH) m/z: 581.83).
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Scheme 15: Synthesis of Example 15
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To a 0 °C solution of (EEE) (65 mg, 0.144 mmol), (2R,6S)-2,6-

5 dimethylmorpholin-4-yl)acetic acid hydrochloride (FFF) (50 mg, 0.288 mmol), HOBT
(32 mg, 0.23 mmol) and HBTU (88 mg, 0.23 mmol) in acetonitrile (15 mL) and DMF
(1 mL), was added N,N-diisopropylethylamine (100 uL) dropwise and the mixture was
stirred at 0 °C for 2 hours. It was then diluted with ethyl acetate (30 mL) and washed
with saturated aqueous sodium bicarbonate (2 x 15 mL) and brine (15 mL). The organic

10 layers were dried over sodium sulfate, filtered, and concentrated under reduced

pressure to give a residue that was purified by HPLC (aqueous ammonium acetate
(0.02 M) and acetonitrile) to provide 15 (32 mg, 36% yield) as characterized by LC/MS
(LCRS (MH) m/z: 609.83).

Scheme 16: Synthesis of Example 16
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To a 0 °C solution of (EEE) (62 mg, 0.14 mmol), (2-methyl-1,3-thiazol-5-
yl)acetic acid (GGG) (25 mg, 0.15 mmol), HOBT (30 mg, 0.22 mmol) and HBTU (84
mg, 0.22 mmol) in acetonitrile (15 mL) and DMF (1 mL) was added N,N-
20 diisopropylethylamine (143 pL) dropwise and the resulting mixture was stirred at 0 °C
for 2 hours. It was then diluted with ethyl acetate (30 mL) and washed with saturated

aqueous sodium bicarbonate (2 x 15 mL) and brine (15 mL). The organic layers were
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- dried over sodium sulfate, filtered, and concentrated under reduced pressure to give a
residue that was purified by HPLC (aqueous ammonium acetate (0.02 M) and
acetonitrile) to provide 16 that was characterized by LC/MS (LCRS (MH) m/z:
593.72).

5 Scheme 17: Synthesis of Example 17
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Synthesis of (IIl)

To a 0 °C solution of (HHH) (2 g, 5.9 mmol), 4 (2.44 g, 11.89 mmol), HOBT
10 (1.28 g, 9.5 mmol) and HBTU (3.6 g, 9.5 mmol) in acetonitrile (180 mL) and DMF (10
mL) was added N,N-diisopropylethylamine (4.14 mL) dropwise and the mixture was
stirred at 0 °C for 2 hours. It was then diluted with ethyl acetate (200 mL) and washed
with a séturated aqueous sodium bicarbonate solution (2 x 50 mL) and brine (50 mL).
The combined organic layers were dried over sodium sulfate, filtered, and concentrated

15 under reduced pressure to give a residue that was purified by HPLC (aqueous
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ammonium acetate (0.02 M) and acetonitrile) to provide (III) (1.5 g, 50% yield) as
characterized by LC/MS (LCRS (MH) m/z: 524.71).

Synthesis of (JJJ)

To a 0 °C solution of (IIT) (60 mg, 0.1 mmol) in dichloromethane (2 mL) was
added trifluoroacetic acid (0.5 mL), and the resulting solution was stirred at that
temperature for another hour. The solution was then concentrated under reduced
pressure and placed under high vacuum to provide (JJJ) as confirmed by LC/MS
(LCRS (MH) mv/z: 424.51) that was .used without further purification.

Synthesis of 17

To a 0 °C solution of (J1J), (2,4-dimethyl-1,3-thiazol-5-yl-acetic acid (40 mg,
0.23 mmol), HOBT (25 mg, 0.183 mmol) and HBTU (70 mg, 0.183 mmol) in
acetonitrile (6 mL) and DMF (1 mL) was added N,N-diisopropylethylamine (80 puL)
dropwise. The mixture was then stirred at 0 °C for 2 hours. It was then diluted with
ethyl acetate (50 mL) and washed with saturated aqueous sodium bicarbonate (2 x 10
mL) and brine (10 mL). The combined organic layers were dried over sodium sulfate,
filtered, and concentrated under reduced pressure to give a residue that was purified by
HPLC (aqueous ammonium acetate (0.02 M) and acetonitrile) to provide 17 (29 mg,

44% yield) which was characterized by LC/MS (LCRS (MH) m/z: 577.86).
Example 18: Assays to Determine Inhibitory Preference

There are three types of assays that can be utilized when determining whether or
not a molecule preferentially inhibits the CT-L activity of the constitutive or
immunoproteasome. Enzyme kinetic assays such as those disclosed in U.S. application
serial number 09/569748, Example 2 and Stein et al., Biochem. (1996), 35, 3899-3908
use isolated 20S proteasome preps with greater than 90% constitutive proteasome
subunits or immunoproteasome subunits. The inhibitory preference of the molecule is
then based on the ECs ratio of the chymotryptic-like activity of the constitutive

proteasome to that of the immunoproteasome (20S ratio).

Alternatively, the CT-LECs of a compound can be determined using 26S
proteasome in the context of a cell lysate. Compound is added to lysate generated from

cells that either predominantly express constitutive proteasome (e.g., HT29) or
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immunoproteasome (e.g., THP1). Again, the inhibitory preference is then based on the

ECsp ratio (Lysate ratio).

Lastly, a more cell-based approach can be utilized. Cells expressing
approximately equivalent amounts of immuno- and constitutive proteasome {e.g.,
RPMI-8226) are treated with test compound, followed by the method for determining
the activity of a proteasome inhibitor as described in application serial number
11/254541. The ratio of the ECs generated in the ELISA-based assay using B5
antibody and LMP7 antibodies (ELISA ratio) provides the basis for determining the
inhibitory preference of the test compound. In all instances, a ratio of one indicates that
the molecule works equally well at inhibiting the CT-L activity of both forms of
proteasome. In all three assays, a ratio of less than one denotes the molecule inhibits
the CT-L activity of the constitutive proteasome better than that of the
immunoproteasome. Ratios greater than one signifies the molecule inhibits
chymotrypsin-like activity of the immunoproteasome better than that of the constitutive

proteasome.
Example 19: ELISA assay

A suitable ELISA assay may be found in U.S. Patent Application Serial No.
11/254541, incorporated herein in its entirety. Briefly, RPMI-8226 cells were treated
with 0.1 nM to 1 uM of proteasome Inhibitor B. The samples were then washed with
phosphate-buffered saline (PBS) and lysed in hypotonic buffer (20 mM Tris pH 8, 5
mM EDTA) (Tris-HCl and EDTA are available from Teknova, Inc., Hollister, CA).
Cellular debris was removed by centrifugation at 14,000 rpm in a microfuge (4 °C) for
2 min. The supernatant was transferred to a fresh tube, snap frozen in liquid nitrogen
and stored at -80 °C. After thawing on ice, the samples (30 ul for assays run in
triplicate) were treated with 500 nM of Inhibitor A for 1 hr at room temperature.
Following treatment with Inhibitor A, the lysate was denatured by addition of seven
volumes of 1% SDS (210 pl) (available from Bio-Rad, Hercules, CA) and heating at 99
°C with vigorous shaking for S min. The sample was allowed to cool and two volumes

(60 pl) of 10% Triton X-100 (available from Bio-Rad, Hercules, CA) was added.

*
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Inhibitor A Inhibitor B

Streptavidin sepharose beads (6.5 pl/well) (available from Amersham
Biosciences, Piscataway, NJ), were washed three times with 1 ml PBS (available from
Mediatech, Inc., Herndon, VA) in a microcentrifuge tube. The beads were resuspended
in ELISA wash/block buffer (PBS + 0.1% Tween 20 + 1% bovine serum albumin; 20
pl/well) and transferred to the wells of a 96 well filter plate (BSA is available from
Sigma, St. Louis, MO; Tween is available from Calbiochem, San Diego, CA).
Denatured whole blood or PBMC lysates that were treated with Inhibitor 3 were added
to the filter plate wells containing the streptavidin sepharose beads (each sample
assayed in triplicate) and incubated for 1 hr at room temperature with shaking
(MultiScreen-DV Opaque Plates with low protein binding durapore membrane;
available from Millipore, Billerica, MA). The unbound material was removed by
gentle filtration and the beads were washed six times with ELISA wash/block buffer
(200p1 each).

Primary antibody to human 20S proteasome subunit 5 (rabbit polyclonal
antibody; available from Biomol, Plymouth Meeting, PA) or human 20S
immunoproteasome subunit LMP7 (rabbit polyclonal antibody; available from Affinity
BioReagents, Golden, CO) was diluted 1:1000 in ELISA wash/block buffer, added to
the beads (100 pl/well), and incubated for 1 hr at room temperature on an orbital
shaker. The beads were washed six times with ELISA wash/block buffer with gentle
filtration. Secondary antibody treatment (1:5000) and washing are as described for
primary antibody (goat anti-rabbit antibody-HRP conjugate; available from Biosource,
Camarillo, CA). The beads were then resuspended in 100 pl chemiluminescent
detection reagent (Super Signal Pico Chemiluminescent Substrate™: available from

Pierce, Rockford, 1L) and luminescence was read on a Tecan plate reader.

, NH OH
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Occupation of the active sites of the proteasome with the peptide epoxyketone
inhibitor results in both a decrease in chymotryptic-like catalytic activity and a decrease
in binding of the biotinylated probe (Inhibitor A). These data suggest that the ELISA-
based assay using the biontinylated probe accurately reflects the inhibitory activity of

5 Inhibitor B.

An exemplary feature of the ELISA-based PD assay is that it permits
differentiation between constitutive proteasome inhibition (5) and immunoproteasome

inhibition (LMP7) because it utilizes subunit-specific antibodies.

Utilizing a different active site probe (Inhibitor C) expands the utility of the
10 ELISA-based assay for measuring the occupation of multiple constitutive (85, B1, p2)
and immunoproteasome (LMP7, LMP2) active sites in 8226 multiple inyeloma’cell line
that co-expresses both forms of proteasome. The expanded active site assay can be
used to measure relative inhibitor selectivity both between the immuno- and

constitutive proteasomes as well as among the three active sites of each proteasome. In

15 addition, the ELISA-based assay is able to determine the pbtency and selectivity of
other classes of proteasome inhibitors, including the peptide boronic acid-based
inhibitors.

R ARt ¢ \)J\ 0
X7 i
Inhibitor C
20 To conduct a pharmacodynamic evaluation of an inhibitor, whole blood and

PBMC samples are collected prior to dosing and at multiple time-points after dosing.
Lysates are prepared and protein concentration assays performed to normalize for total
protein in each lysate. The level of inhibitor binding to 35 and LMP7 subunits in
whole blood and PBMCRPMI-8226 cells, respectively, is determined by the

25 streptavidin-capture ELISA described above. Standard curves with purified
constitutive proteasome and immunoproteasome are utilized to ensure assay
linearity/dynamic range and to convert the chemiluminescence signal to an absolute

amount (pg) of subunit bound. The ratio of the EC50 generéted in the ELISA-based
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assay using B5 antibody and LMP7 antibodies (ELISA ratio) provides the basis for

determining the inhibitory preference of the test compound. The above inhibitor (B)

has a ratio greater than 20, thus, it is much more selective at inhibiting the

chymotryptic-like activity associated with the immunoproteasome.

To determine the level of proteasome inhibition for a given patient, the amount
of B5 or LMP7 detected in the post-dose sample is compared to the pre-dose sample.

Proteasome inhibition is determined after a single dose or after a cycle of dosing, or is

used to monitor inhibition shortly after dosing as well as to monitor recovery of

proteasome activity after a course of dosing. .

Example 20: Biological Results

>3.0

20S ratio Lysate ratio ) i
Elisa ratio
Structure (const: (HT29:
(beta5:LMP7)
immuno) Sultan/Thpl)
0= NH2
X
Cbz N
N N >1.0 >3.0 >1.0
0 o
NH
oo o
CbZ\N N\)LN
H E >2.0 >2.0 >3.0
o o
NH
N
)
\ N
(o] S
H o < <
ooty N\/U\u <1.0 1.0 1.0
o I o




1. NOlik >5.0 >2.0 >2.0 Cbz ,NH 411 . CF, >5.0 >2.0 >1.0 WO
2007/ 149512PCT/ US2007/ 014427 110 Cbz . NH,_..- z
WO 2007/149512 PCT/US2007/014427
103

o
o9 o]
Chz~ NNy >2.0 >3.0 >S50
H E

N >1.0 >2.0 >50

(o) (o] (o]
H (o]

K/N\)\H N\)\H <0.5 <0.5 <0.5

o N\ (o}

|

peBVeS.
H o]

EJ\ﬁ N\)L” <05

N Y N > 1.0 >3.0 >2.0




It

NH >5.0 >5.0 >5.0 Moo, NHNH* 0 <0.5 NH Chz . *
WO 2007/149512 PCT/US2007/014427
104
Cbz < /H(n\j\ ° ~. .
N = N i >1.0 >1.0 " >3.0
R o] o] o )
N‘Me
>2.0 >5.0 >3.0
OH
Coz. S H\JL ° > 5.0 >3.0 >3.0
o H
0 <0.5 <1.0 <0.5
(o]
>3.0 >5.0 >2.0
fo)
>5.0 >3.0 >2.0




* >2.0>3.0>3.0Cz . NH OHN* >1.0>5.0>.00¢6C61i . NH * H

WO 2007/149512 PCT/US2007/014427
105
7
Chz : ﬁ\/ﬁ\ ° 5.0 5.0 3.0

< > 5. > 5. > 3.

YUY

(o} \ (o]
XA K L ke
N

I z H <05

cbZ\NJﬁ‘/N < 1.0 < 1.0 <0-5
H o O

H
o~ N
H
o
CO,H
H
Coz N\:/ﬁ\N ° >3.0 >3.0 >2.0
H L H o
OH
W § (o)
Coz~ | N\:/U\N >50 >2.0 > 5.0
H = H o
OMe

= (@]} ‘
= H (e}
C"Z‘Q/TN\_-)LN >5.0 >3.0 >5.0




NH

>1.0>2.0>5.0 NHO
2007/ 149512PCT/ US2007/ 014427 111 Cbz.

<0.5 <0.5 <0.5 WO

NH* S/ >2.0

WO 2007/149512 PCT/US2007/014427
106
OH
(o}
Cbz < /\n, \_/ﬁ\ >5.0 >3.0 >5.0
<05 <0.5 <0.5
Cbz\ N\/u\ /aan < 05 < 0.5 - < 1.0
JYHJLNJ\H/Q
: H
© = ° <0.5
NH
o
H o
Cbz\NJ\‘rN g N
H o B /H o < 05
F NH
o @
CDZ\N/waN\’)LN ° )
o9 L <0.5 <0.5 <1.0
—_NH




>2.0 >3.0 HCGINL , NCH* 0 H hl
*NH >2.0

NH >3.0 >3.0 >5.0 Cbz .

HNO* HNoO

WO 2007/149512 PCT/US2007/014427
107
I H o
Cbz < N\/B\
YUY N H g >5.0 >5.0 >5.0
(e} o]
NH
Cbz « & n\/ﬁ\ °
N 3I A I; ' >3.0 >3.0 >1.0
(e} (o]
NH
H ? (o]
CbZ\NJ\n/N\E)LN >2.0 >5.0 >5.0
H o = H o
o] H (o] o
N N\)l\g <05
o] N (o)
H 9 O
Y "\)J\u <0.5 <05 <0.5
(o] EN (0]
OH
a9 o
Cbz\u/\n,N\g/u\” >50 >5.0 >3.0
0 (o]
NH




>3.0 >1.0 Ctaz . r4 H - >1L0>1.0 >3.0 Exanple 21: Use of

| mmunopr ot easone I nhibitor in Rheumatoid Arthritis Model The effect
of Conpowwd 28¢t/ams1di sease progressi on was assessed in 2poouseonbiabs of
rheumatoid arthritis (Figure 2). In tilge arthrogenic anti body nodel, in

whi ch 5di sease is induced by the adm nistration of anti-collagen antibodies
and | i popol ysaccharide (LPS) (Terato et al., J Imrunol 148:2103-2108,

1992), Conpound 14 inhibited di sease progression in a dose dependent manner
(Figure 2A). Rhematoid arthritis was induced on Day O in fermale Balb/c mce
by 'V adm nistration of anti-type 11 collagen anti bodies followed 3 days

| ater by LPS. Conpound X was adm nistered 101V 3 tines/week for 2 weeks

begi nning on Day 4 e fir ay an|mals showed WO
2007/ 149512PCT/ US2 01442 2 evi fence of dj sease. Per nobyse, each paw
was neaspured for |saa ﬁ ui ngs@ scale of 0 -4 and a total cl|inical score

was assigned F%rN X scpre>=5.06) .| Adm rt 80ration of 6> kg of
Compound| 14 reddtedodlsea e geverity| by -50% while the 20 ng/lkg dose | evel

inhibited the disease b eater thap 75% 5The effect adm ni|stration of
Compoundj 14 on di sease gress was pl so assesised in an alterjnative nouse
nodel for—RA—T T which diseass
bovi ne tlype Il collpgen (Ka
Adm ni styration o ~or

di sease j nhi bédzed. Qgﬁe
(Figure R B). N

Cbz /é:ﬁ\i /( EO <0.5 <05 <0.5
N N
o (e}

devetpps 21 —=30days—after—mmunirzation—wt+
P et aj., J Inmupol 169: 1459- 1466, 2002). <.
Conppund 14 beginning after fjirst signs of
)®ssiop as conpafed to vehicle|contro

>50 >30 >5.0

=t

>35.0 >3.0 >5.0




10Agai n, di sease progression was neasured using a total clinical score of
paw condition per nouse. As seen previously, increasing amounts of Conpound
14 resul two 200v/@phanced reduction of di sease severity. Bguwivsademisi2i5Those
skilled in the art will recognize, onope able to ascertain using no nore
than routine experinentation, nunerous equivalents to the conpounds and

nmet hods of use thereof described herein. Such equivalents are considered to
be within the scope of this invention and are covered by the foll ow ng

cl ai ns. Al'l of the above-cited references and publications
are hereby incorporated by 20reference. 5W claim 1. A conpound which is
150r a pharmaceutically acceptable salt thereof 2. A conpound of claim1 or
a pharmafeutical | y,accept ab salt thereof, wherein an EC50 ratio of the
conmpound| i n an ass of cong utive|proteasone activity as gonpared to the
EC50 of fhe cggpoandgin of | mrunoprotleasone activity is greater
than 1.0] 20 NANEOhpOoWwTd claim2 aqr phar maceut jycal | y [accep e
salt thefeof, mHé:;fn' hé*EAhO ratio isgb%gater thagfgbo. 4. %395
phar macepti cal conpositj ok, conprisiphg a pharnaceutically acgeptable
carrier pr 25diluent a conpound of claim ) or a pharmaceytically
acceptabl e salt there

o]
- H o] '
Cbz‘gJ\n/N\;)\g‘ 7(]’ S\ >2.0 >2.0 >5.0
o} N (o]

OMe

N <1.0
H
8]
H 2 (o]
Cbz < N\)J\
N : N >3.0 >3.0 >2.0
[0} o]
NH
N
che. A E_J\N ° > 5.0 >2.0 >2.0
H < H

H [o]
C"“y,/\n’"\)\rﬂ T >5.0 >2.0 >1.0




WO 2007/149512 PCT/US2007/014427
110
§ H o
Cbz < N\/ﬁ\
/ﬁf T >5.0 >5.0 >5.0
" W
MeO
T L x
N
NN = N <0.5
o 3 )
0
Cbz\NJ\n/n\)J\ ° >2.0 >3.0 >3.0
N :
C"z‘ﬁ >1.0 >5.0 >1.0
Chz ﬁ\iN ©
H : H >1.0 >20 >50
o o ‘
NH
PR o
Cbz. N\_)LN <0.5 <0.5 <0.5
H z H
(o] Y (o]




10

WO 2007/149512 PCT/US2007/014427
111

I
;O
(o)

y >2.0 >2.0 >3.0
H

Cbz « J\[rN
N
(o}
o

OH
H o] o .
°°Z\uJ\n/N\;)\u | >3.0 >3.0 >5.0
o 3 (o]

NH
s
H ' (o}
Cbz\NL"/N\:)CLN >2.0 >3.0 >1.0
H o = H o
NH

Cbz « /l\n/“\j\ N
N I N oll >1.0 >1.0 >3.0

S

Example 21: Use of Imrﬁunoproteasome Inhibitor in Rheumatoid Arthritis Model

The effect of Compound 14 on disease progression was assessed in 2 mouse
models of rheumatoid arthritis (Figure 2). In the arthrogenic antibody model, in which
disease is induced by the administration of anti-collagen antibodies and
lipopolysaccharide (LPS) (Terato et al., J Immunol 148:2103-2108, 1992), Compound
14 inhibited disease progression in a dose dependent manner (Figure 2A). Rhematoid
arthritis was induced on Day 0 in female Balb/c mice by IV administration of anti-type
IT collagen antibodies followed 3 days later by LPS. Compound X was administered

IV 3 times/week for 2 weeks beginning on Day 4, the first day animals showed
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evidence of disease. Per mouse, each paw was measured for disease using a scale of 0
—4 and a total clinical score was assigned for each animal (max score = 16).
Administration of 6 mg/kg of Compound 14 reduced disease severity by ~50% while
the 20 mg/kg dose level inhibited the disease by greater than 75%.

The effect administration of Compound 14 on disease progress was also
assessed in an alternative mouse model for RA, in which disease develops 21 — 30 days
after immunization with bovine type II collagen (Kagari et al., J Immunol 169:1459-
1466, 2002). Administration of 6 or 20 mg/kg Compound 14 beginning after first signs
of disease inhibited disease progression as compared to vehicle control (Figure 2 B).
Again, disease progression was measured using a total clinical score of paw condition
per mouse. As seen previously, increasing amounts of Compound 14 resulted in

enhanced reduction of disease severity.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, numerous equivalents to the compounds and methods of
use thereof described herein. Such equivalents are considered to be within the scope of

this invention and are covered by the following claims.

All of the above-cited references and publications are hereby incorporated by

reference.
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We claim:

1. A compound which is

jog

O

or a pharmaceutically acceptable salt thereof.

2. A compound of claim 1 or a pharmaceutically acceptable salt thereof, wherein an ECsg
ratio of the compound in an assay of constitutive proteasome activity as compared to the

ECs of the compound in an assay of immunoproteasome activity is greater than 1.0.

3. A compound of claim 2 or a pharmaceutically acceptable salt thereof, wherein the ECso

ratio is greater than 3.0.

4. A pharmaceutical composition, comprising a pharmaceutically acceptable carrier or

diluent and a compound of claim 1 or a pharmaceutically acceptable salt thereof.
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