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WO 2007/ 149512 PCT/ US2007/ 014427 COVPOUNDS FOR ENZYME
I NHI BI TI ON Background of the Invention In eukaryotes,
w@e@aissitegr adati on i s predom nately nedi at edp¢tvuszoghoi4427
the wubiquitin pathway in which proteins targeted for
destruction are ligated to the 76 amno 5 acid
pol ypepti de ubiquitin. Once targeted, ubiquitinated
proteins then serve as substrates for the 26S
proteasonme, a nulticatal ytic protease, which cleaves
proteins into short peptides through the action of
its three major proteolytic activities. Wile having
a general fUAOMBOUNDS FORENZYME INHIBITAONr nover ,
pr ot easonme- nedi at ed degradation also plays a key role
Backenound off thednwentienich as nmj or hi stoconpatibility
conplex 10 (MHC) class | presentation, apoptosis and
cel |Ineukdrybies ygroairt degradatioo depsidagynaiply Kidiated tlvamgilmhp

ubgﬁjgttixli g%g%gy I%L {’Vgl“?‘(}’d"";%t?% tI nf ﬁngé ﬁli%gﬁ%‘gnalhs gatedqo the ’?6 amino

acidupdl ymeptide ubiqaitir. dbmagetednpblqmtmmdrprsemsaﬁen?&rve as

bunits | assified as a- and
S@#{ﬁﬁ?«“’g‘[sa the 763 Prajeasomss aﬁ’é‘b‘f‘ﬁ‘i‘félr %%@35 wtﬁw%@%agfs Brpgeins into
shoxt peptidugkinoygh afe actiodlof ftetipad nﬁj&%&t@btyﬁcfa@ﬁm@@ WikSle having
ou%%ﬁ rings.and 7 different R subunits conprise the

a geRfral fynchge in mfracelluanipieistusaurs Pralasamrimegiated dagradation
alsfo‘}ﬂais@k%le{lﬁ%ﬁ@ prébétsds sldc§ ak mhd‘st@%?&tﬁﬁﬂtg complex

ng exes, as well ‘as a physical "barrier
?laﬁrlcﬂrwpwlpé, wtﬁ@@rmﬂcﬂeﬁwamw AetigaprpeessinBuNF 1<B

acﬁ%ﬁ% andT&IH?sguétfandt\ﬂ? _ut, %g%&g is believed to

exi st as a Spartlc proteasone"). In
vi vwmr;sre&ggoﬁnm\aeymcﬁmcw J}ge& ROk @h@ l%QeSase
formof the 20 proteasone can be readily corr? B
comphxptompsised of 28 supinits eclsssificd as@-endfigbyposfthat are arranged in 4
r ni,t
sta@ﬂ@ﬂcﬁtﬁﬁ%@ﬂh%so gﬁ?%g?%gig&g?ﬁf %%af}b?%f z éi?ffe? Errrlﬁe({]oglbumts form
ther ewenegss, anghi d:lﬁfesaalt ﬂesuhmntsrwmmtsaltlye inner mings. €Cheht Suwbminits serve

as H]n%[x n| t S ESZ@ZQ@ giolrl gn@ﬁ?%{t&lzg% ‘S\'Ityl é{)irrtu}ie)i{eg, as well as a

phymc:ilemph‘erl fot:theemaﬂ qutedly'dc bhaﬁﬁer%hﬁed bg tliz:etkv@rmsﬂbﬁmtthﬁlgs.

fani | f N2 hi |
Tkt v e oA HetieRE oyt 5,268 rabisly ¢ e 5§
pré&EasTRie?). @/\ayo quenﬂéms hamo!shemethatnuﬁibﬁaﬂiw th@ 20S form of the

noi eti es) am |y includes, for exanp

e Fhipectlin g %I%‘?’ﬁﬁbmhﬁ’éﬁ'ﬁ‘b?ﬁq%mvte&éw&se
| ut am ne PRPP am dotrans ase

bact Prvpee Q?%‘b%%/?"ggﬂﬂ? BESRa@cey ?fe éaldwrta Huwag P‘H@Cle
fomliatﬂiﬁl éxPUsd amMSRERHRAGhLoRIHUBE HEes, MhidleervetstBR EaAbRSic

a]ﬁ oss ss three interferon- }/ 30 i.nduci ble (3
nuglgp € jBhunisyesponsif laiercatplytigisctwity Bpprateasqmme fius possess
an Qﬂﬁﬁ@temﬁr@&l‘ ALEEORHiLiS res{dire, arﬁlth@@s&%mﬁ 5aBREtd thelf¥mily of N-

When all three I'FN- y-induci bl e subunits are
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-
inducible B subunits (LMP7, LMP2 and MECLI), which replace their normal
counterparts, B5, Bl and B2, respectively. When all three IFN- y-inducible subunits are
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WO 2007/ 149512 PCT/ US2007/ 014427 2 present, the

proteasone is referred to as an "i nmunopr ot easone".
wObes4msukaryotic cells can possess two for nBPOf/US2007/014427

prot easomes in varying ratips. Through the use of

di fferent peptide substrates, three major proteolytic

activities have been defined for the eukaryote 20S

prot easomes: chynotrypsin-like activity (CT- 5 L),

whi ch cl eaves after |arge hydrophobic residues;

trypsin-like activity (T-L), which cleaves after basic

residues; and peptidyl gl utamyl peptide hydrolyzing )
pPregepts 3?"( Rf°tq§§¥P§ Isre eéiﬂoéls éanzggmamlgpteai%? c Thus; epkagyotic

ceﬁy«ema%&gédswalfoﬁﬁssesf&%&rag&hgg.h%agwt%gtI es have

al so been ascribed to the proteasone: BrAAP activity,

Whi cfhrbh RSis@b¥ efffel?érﬁ %Bﬁ&’e sub@AtBs, Ql‘f?e@ ChaGH &%teoﬁ@iq; activities

SNAAP activity, cleaves after 'smal |l neutr al
hayerbern defingd foq@emnkmg@ﬁqsmrhteﬁm shymtrypsinilikgsctieity (CT-
UPERRETAH o TR, b L LURIECE). i
cleavenaftir Dasic lresidinss antl pcptxds(mamyb pepttdethydtdgzingactivigt (PGPH),

. [ol¥ , the easone
w8 sl BF 4B RSAREE D TR R BB i have
als Heker nsmrtbed ad aiey;brbteammeSBMAl?l agtitieg vﬂﬁ&h cleaves. afteb branched-

et B oS TUARKEHM» i AEesALee g il amino acids.

Aldoirgh ®oth fohas of i proteasting poes! dfiveddicyilatic activities,
di $e0|f|0|tyto el ineate hbetween the two forns_ of t

TEReEI B thE exieti of theretiypiesibepveey ths farBisdays aeerb@&smaquebased

ontspecifiesastidtese FoR bsEfohs 6F ﬂfe%&@m HRAhRE pkﬁ@asome
cel lular and nol ecul ar |evel “has not been possible

proteRivEF aftivitiesepReaptet heorpngbuedby diffsrent gpialytieiitss wathinsthe 20S
cotdrat 20 preferentially inhibit a single formof the
prot easonme is needed to allow the exploration of the

r ol efhepd aR@elerdl &aﬁﬁﬁ&n@f lf?ﬁ@fec&g?wﬁ%hl eﬁ'i)e@lp gsed to inhibit

nmol ecul ar | evel. Surmmary of the Invention e aspect
prefeasome achiy dit haweven| thesssconpounds gineoilly ladiathe specificity to
deHﬁSJt«?B&WeEﬁ'tﬂthvJo”@hQE 'i)f tl‘l 2[%}?{/%9{%% eﬂﬁg e%% 11 t§ éé Xqugreerand

constitutive proteasone a
explotghe mdes of eachepéafie ptqtcﬁsomlfam gt tlhe celﬂndat m&hmmnlaofevel
d e r|S|n adm ni ster.in
nal R o810 80 1R hc cr SRR o Sl RLERRL P g
prq:fnmnhhlwmhnlnt atimgle fortbuf the mtamnhe of needed &1 allow the exploration
und of

| Si d { t
of ARl R D RsSinR e R ER ?re@daaolasﬁﬂdfwéﬁ” o

havi n structure of formula 30 (I) or a
§%ﬂ%§¥éﬁ£§%ﬁ$¥?¥§g%cceptabIe salt thereof,

One aspect of the invention relates to inhibitors that preferentially inhibit

immunoproteasome activity over constitutive proteasome activity. In certain
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

(I) or a pharmaceutically acceptable salt thereof,
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WD 2007/ 149512 PCT/ US2007/014427 3 R R7T 0O R31 X R4
NNRLIS5 OR R8O (lI) wherein each Ar is

wo peepessdent |y an aromatic or heteroaromati C grODPS2007/014427
optionally 5 substituted wsth 1 to 4 substituents;
each A is independently selected fromC=0 C=S, and
SQ2, preferably C=O, or A is optionally a coval ent
bond when adjacent to an occurrence of Z; B is absent
or is N(RO)RL1O, preferably absent; L is absent or is
selected from C=0 C=S, and SC2, preferably SO or
C0O 10 Mis absent or is G _12al kyl, preferably
G galkyl; Qis abRht Bf i ©selRéted~fromO0, NH and
N-Cl_6al kyl; X is sklecged flkom @, , and

N-CI_6aIkyI, preRér a y , Ns a entR®r is sel ected
from C=0 and SO2; ea h? ently sel ected
fromO, S, NH, and N Cl1_6al kyl, preferably 0; 15 or Z

is optionally a coval ent bo when adj acent to an
occurrence of AA° R is selected fromH, -C 1-6alkyl -
%&oxyalkyl C 1. 6al koxyal kyl, aryl, and

Cl 6ara R2 and R3 are each independently sel ected

f r orgagh Wris frh ‘L"N?‘& O Y i pti
oot erb A i1 POt an el ftedF flero@Bitand o optionally
substfuted avith O, 4 SibsGareatskyl , and Cl-6al kyl, preferably
hydrogen; R6 is selected from hydrogen, Cl.6alkyl,
Cl_ Gatk dniglindeGéndeatllrsaletted Arony C= <R abd SPa) pieferably C=0; or
het erocyclyl, an N-term nal protecting group, aryl,
Cl- 6aisdmionally etcevalemtyiond WheRGdjdctAtdd b occurrence of Z;
PCT/ US2007/ 014427 4
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;
Mis abscnt 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;

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
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-,
carbocyclyl, heterocyclyl, an N-terminal protecting group, aryl, C,.saralkyl, heteroaryl,
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C -6heteroaral kyl, RZAZ-C 1 _galkyl-, R 4Z-C

1.8alkyl-, (R'O(R 120)P(=0 O C 1. 8al kyl -
wQ@7a1958al kyl -, R'ZAZ- C1_8al kyl - ZAZ- C, _gal kyl PCT/US2007/014427

het er ocycl yl MZAZ- C1_8al kyl -4

(R'O (R120) P(=0) O Cl1. gal kyl -, (R1")2NC1 12al kyl -,

(R13) 3N+- C, _, 2al kyl - het erocycl yl M, carbocyclyl M,

R14SQ2C1. 8a|ky| , and R14SO2NH;, preferably an N 5

cappi ng group; or R5 and RB together are C

,.6alkyl-Y-C 1 6a|ky| . 6al kyl - ZAZ- C, -6al kyl,

ZAZ-C 1 63l kyl - ZAZ- ‘Salkl ZAZ-C 1 6a|kyI-ZAZ

Cigheteroprallgd) Ry ZAK - Chh@knlb,ﬁ ZrGisnlkyk, (R Q) REOMKHONG-C salkyl-

ZRER é@ﬂgg dgﬁ}d ¥, 58 &gl rggmahyﬂ&&%%%y@zﬁ% &Y Latkyl-,

(Ré‘@)@&?@b?(ﬁﬂ)m@ymmem oY - szall@l- (ﬁf kIN':Cppakgk-abl y

hefetoc Vs R ol ey et 1 7 ot B SRS ey B -

cappihglgraagt oon, Cl-6al kyl, C, -6al kenyl, Cl_6al kynyl,
aryl, heteroaryl, Cl_6ar al kyl, and Cl. 6het er oar al kyl ,
pr efferandIRP toféthen diy d:r. qg&m-mt@nkwact.i Qlkyl-axiz- CH;alkyl ZAZ-C,.

631%%23%5' 1%{11152‘%(‘3 AT A ﬁdgwé%aef%wg aring;

sel dro and Cl. - 6al refer

6al ﬁgaﬂ%&{mﬁrﬁi epgnf? ¥ seleaien fiom 5&#@5 'b(ﬁ:'fﬁi“gbfl’ ind € Ci.earalkyl,
prmﬁbggmm%nﬁal kyl, C1.6al kenyl, C1_6al kynyl,

car bocycly het erocyclyl, aryl, heteroaryl,

C, _Geftiakiibicd &oth Ky drblal, @9 anal diyhikyR GrE¥bBnl BCSQIBAL S5k
from hlydrogt(een Cliql& 6§éﬂkyl C d('bphygllr%xya ky}'lS $%,]%ﬂ

_6ali8Xyan N-t6kih@prbteahk gloup; (O NHC 1. 6al kyi , and C
1. 6aral kyl; provided that in any occurrence of the

sequethagd i%eaﬁddpea@énﬂ%eleaﬁahﬁ{m A droBe MaaL@nios, c, salkyl,
be other than a coval ent bond. Angt her aspect of

Clﬁh@@?ﬂv@hﬁ"@ﬁw}:@% beterqardpfperiplil, Aad Creheserepmallep.cprgferably
froth hy&%ﬁérp rn%ﬂalacaélbh) arﬂr(gga(,anm r(ﬂ@e Hﬁd f{aﬂ tloéetﬂglcff‘r@t@}lglalﬁyl

salt thereof,

thereleyr f OIMQHPET/ uszoo7/ 014427 5

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;

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

formula (II) or a pharmaceutically acceptable salt thereof,

3

O R
R4 X
N

RZ R8 O

(I
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each Ar is independently an aromatic or heteroaromatic
group optionally substituted with |l to 4
wehstigdsuent s; each A is independently sel ect eBcT/uszm07/014427
C=0 C=S, and S2, preferabldy C=O or A is optionally
a coval ent bond when adjacent to an occurrence of Z; 5
B is absent or is N(RO)RLO, preferably absent; L is
absent or is selected fromC=0O C=S, and SQ2,
preferably SO2 or C=O Mis absent or is Cl_12alkyl,
preferably Cl.8alkyl; Qis absent or is selected from
0, NH, and N-Cl I l; Xis selected fromO0, S,
and SRERCAT esazrlﬂsneﬂ } YRMptig or he§roaromatigroyp oaﬁomaély
substitged Q4thf1r e gbglt%@gtssoz each Z is independently
selected fromO0, S, NH and N-Cl_6al kyl, preferably 0;

or %aaﬁAqmﬂd@BéLdem@ saey@h $din £200] oMgean@Q CeBferdty @20; or

occurrence of A, and R3 are each |ndepetgent Iy

sel g¢ is%tlfoﬁﬁ%ﬁl Eéf%lex@boﬁé Wek%hbcgﬁttg RAYHhrrerRBYf 715 C

1. 6het er oar al is N(R is selected

from ﬁ%gaﬂ%ms1@11&9)1@10-%%%&!;1&&'%@11 Cl_s6al kyl ,

preferably hydrogen; I's sel ected fron1hydrogen

A - qaisk¥kent 61163l deRAYom %l:& %J{g Wl SAY x)é'feralgl SQZ or C=0;

carbocyel yl, heterocyclyl, an N-tern1naF protécting

gr OWA is As¥ht orG CH: ?{aﬂ&%&fepﬁﬂf 9 §£1)é§

Cl - 6het er oar al kyl', I kyl -7 "R14Z- Cl- 8al kyl -,
(R Q)&%b%&h%@r@e@c@édﬁ&h‘@hwz%ﬁ ér (i%ﬂl Wyl-, R ZAZ-C
| -8al kyl -ZAz-C 1.8al kyl -’, heterocyc yINEAZ-

8alxki sele €
SR TR TR sy o

het &F QCeLiloMs sebdiRPEdh! OLdland BES02CL_8al kyl -, and
R14SO2NH, preferably an N 25 cappi‘hg group; or R5 and

R6 teﬁ&ﬁ%'?@fz &d@hﬂf%}&,&dz ﬁggClOGS‘l I&?‘lk aTd N-C.. ?%llkyé [Trﬁferably O;

orZAZ C _6al kyl -ZAZ, or Cl. 6al kyl - A, thereby formng a
rin%g R8 is selected from hydrogen, Cl1_6al kyl, and
is@pkignally edvatea bondyiien géiacent 20 OTUITEDEA Of A;
PCT/ US2007/ 014427 6 R9 is selected from hydrogen, OH,
and Reand R’lap¢ eaghrindenendent! yGEl@tadkiyom amyldC, Riralkiyk hatgroaryl, and

(Lgh&g&ghﬁgm,protectlng gr oup;
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-,
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-
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;
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R11 and R12 are independently sel ected from hydrogen,

metal cation, Cl_6al kyl, d-6alkenyl; Cl_6al kynyl,
wa@regl7495et er oaryl, Cl_6aral kyl, and Cl_6het er or€BIUR3007/014427

preferably 5 from hydrogeng netal cation, and

Cl_6al kyl, or R11 and R12 together are Cl.6al kyl,

thereby formng a ring; each R13 is independently

sel ected from hydrogen and C -6al kyl, preferably Cl1_

6al kyl ; and R14 is independently selected from

hydr ogen, Cl1_6al kyl, C1-6al kenyl, CI1. 6a|kyny| 10

car bogycl heterocyclyl aryl, heteroary

C1- 6Br il S@chtedafrmn trydrogem <O y ot Gl-saldgyl; erfpsablx G etlksil; @nd

from hydrogen, CI1.6alkyl, Cl.6hydroxyal kyl,

C1_6R!’kezy N-termjre) e@tqctmearww (O NHC1_6al kyl , and

Cl_ 6aral kyl . provided that in any occurrence of the

soqUR Head B arevindsendentinslastasbeomaty dragoes, et estisw, Ci-salkyl

Cf%ﬂﬁzeﬁgﬁ I(p %ﬁ%ﬂ hgr&lélqigfb %le%% 88’9”(3/ L &i‘ng \?Rétgx%rarazﬁﬁeﬁlteferably

frghhydtages, metal E€aiomhad Ci tdll;yloor R''phdRlh tngcthec atel @_¢alkyl,
th& 8e?table salt thereof, RLR7T 0O R3 RA NN ~W 0 R2
RS E3MBi n 20 each A is i ndependently sel ected

from

opt | oaﬁg% oy “%%R%‘ﬂ%‘ﬁ? ﬂoeb%&e%%rﬂqﬁ'éfoa%g ﬁf‘g Cdéﬁll?y £ preferably C,.
6ah@twmﬁence of Z;, B is absent or is N(R9)RILO,

preferably absent; L is absent or is selected from

C=0 quSmd&pdn(ﬁmy sgleetbe frokl YydwoRem C.ga@l OVlsalkePs€ndalkynyl,

2al k bly Cl1 8
°a§%ﬂ°§8kygéf#ﬁf§?ﬁc¥mﬂlﬁaer%{&clﬁﬂ*zﬁwg i Cagheiroseiyts
| ectsed fr , , Cl . 6al ky 7/,149512
b B30T o hysr G By sl Ch imsceonsfiod Cueicam
-OesDankIR-C@HBIHC, ¢akkyl, RdaEgRantly sel ected from O,
S, NH, and N-Cl-6al kyl, preferably 0; or Zis

opt i progidey titat GO WRY ecdurienaslofihe Behd€ EALZ, hpleast one member of
occurrence

- the sequence mustobe (ﬁher than a covalent bond.

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

formula (IIT) or a pharmaceutically acceptable salt thereof,

R 37 (o) R3
ISR
O R? R
(1
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;
B is absent or is N(R*)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;

W is selected from —CHO and ——B(OR' l)z;

Q is absent or is selected from O, NH, and N-C,_galkyl;
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5 R is selected fromH, -G -6alkyl-B,
C, - 6hydr oxyal kyl , Cl al koxyal kyl, aryl, and C,
wo beraldsyt ; R2 and R3 are each independently setEROUS®U7/014427
fromaryl, C _6aral kyl, heteroaryl, and
C, -6heteroaralkyl; R4 is N(R5)L-Q R6; 10 R5 is
sel ected from hydrogen, OH, Cl-6aral kyl, and Cl4al kyl,
preferably hydrogen; R6 is selected from hydrogen,
Cl_6al kyl, Cl_6al kenyl, Cl1_6al kynyl, Ar-Y-,
car bocycl yI het er ocycl yI an N-term nal protecting
group,. ar ar al het eroaryl,
C -gﬁéi %?%atr%ﬂlﬁ?lwﬁé &Z’@ OandiSQ4. R 14 zC 1
- 8al kyL (R RlZO? P( O C1.8al kyl 15
ZAZ-¢8gh gaqs ng;}epen {ly golegjed rRQ,_ 7 INFL, @pd %pk?qlkyl preferably O;
orhet erocycl yl MZAZ- Cl _8all kyI (R
10) (R120) P(=O) O C, _8al kyl -, (R13) 2N- C, _12al kyl -

(R13z Wptgnallgﬁlcg‘yz{lent botﬂgtvﬁ{e‘ﬂca)ﬂﬁcﬂx% ’an%[:m&)fzelo\f lAM'
R14S02CI. 8al kyl -, and RL4SO2NH; " pref erably an

capprNg sgleLidl fr HR G
Ol oal Bl fran %mcﬁg‘%\}(%%&%y%m C'ﬁalk(’xyalky] aryl, and

Czamlicon; © 20 6al kyl - ZAZ C, al kyI ZAZ- C1. 6al kyI ZAZ, or
Cl.6al kyl -A, thereby formng a ring; R7 and R8 are
i ndePefnfit arp eaeh @@pwdtemmﬁym@&em argl, GGahnaiiy], hetegoaryl, and

& I preferably hydrogen; RO is selected from
%hgrg%agégk ]O—I and C1. 6al kyl, preferably Cl1_6al kyl; and

R10 R‘Sl I&5 qunal protecting group; 25 R11 and R12
are |n<§epe o{“e y selected from hydrogen, netal

o7 bl e il Ly s

hygdregent ably from hydrogen, netal cation, and
ClL. 6a%ky| or R11 and R12 together are Cl.6al kyl,
t herRbig selsetei ﬁ@rmhydmgs:n\matk@w(lzksl&myl Ci.alkynyl, Ar-Y-,

ST BETA S  § RTh Srk BIRTRIF pron

Cfs@btemrammmzc.mamgpena‘mi Jallodd, ¢R é)d(K'F@}B( 0)0-C, 3alky1-

o 0 S5 e, Sl .

(Rchoﬁafzﬂ)kwmoacdsmyl@r(m‘ Yo akdivyl;, (R 9aChCRLGIKYS,

n ERIDET Haf B A R O P9 S E%wy -

cappigehyug; @k M ng a ring together with the

R’ and R® together are C)_alkyl-Y-C,_galkyl, C,¢alkyl-ZAZ-C; galkyl, ZAZ-C,.
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;

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;
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i nterveni ng boron and oxygen atons to which they are

attached; provided that in any occurrence of the
wgeequamse2 ZAZ, at | east one nmenber of the seqPenUS2007/014427

nmust be ot her than a coval et bond. 10 Anot her aspect

of the invention relates to conpounds having a

structure of fornmula (IV) or a pharmaceutically

acceptable salt thereof, OR3 a RNW R2 R8 (1V)

wherein 15 each A is independently selected from C=0

C=S, and SO2, preferably C=O, or A is optionally a

coval ent bond when adjacent to an occurrence of Z; L

i s a#8skRt windependdntlytselgcted dranCh@irogesandi Qo ¢k, preferably C,.
5MR&F%ﬁﬁably S22 or CO Mis absent or is Cl_12alkyl,

préferably Cl galkyl; Wis selected from-CHO and

- B( QR4) 2 ] [ ..5.sel ect ed, fir am NH,

andcﬁ gingggin% };ﬁy %eqigcgg&ags%ln}{y B?gﬁnseé%a[qlé%lt gb’ 63?‘?%‘%t|(§-—'(ﬁalkynyl’
cadody3¢R heeamdyclylj ayl, hetepande@f dayalkgl, and Sqlgliateroufalkys,

NH, and N-Cl _6al kyl, preferably O; or Zis optionally

a caach 81t ishndependianiyadjeated ftorh bydmogers and Cepaleylobr o

océ%?%%e%gg %ﬁgg%gg?rer%%g?eié&ggﬁlgﬁg &1%};%1\3/' %%Lgl%taexgngf tro%gt]her with the
intérvehRigcran ahkykygeWQtRAROM KO e YT hlUSARA7/ 014427 9
R4 is N(RS)L-Q R6; R5 is selected from hydrogen, OH,

Cl_Gibaildky that anshydochabiasl of the sdeadd ZA Zhydeagene mmber of
this sel ect ed frongMdro en, Cl 6al kyl, Cl.6al kenyl,
CEIBENIERYSE begtbey thansa coxalsat band)| |~ het erocycl yl, an
N-term pal protectin roup, aryl, Cl 6aral kyl,
het e‘%;rb%{ff?ﬂ ésgeﬁo?mg?fgm{mﬂs 10 ROPROTRSS hayjrig A structure of
fofthl £ (I84) oral fhidrmacduchl RESMIBISEN thdedoBal Ky -
R4
H)\N w
R?Z RS
av)
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;
M is absent or is C).j2alkyl, preferably C,.galkyl;
W is selected from —-CHO and —B(ORl Y
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;

R? and R? are each independently selected from aryl, C,.¢aralkyl, heteroaryl, and
C,.¢heteroaralkyl;
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ZAZ- C1_8al kyl -, R11ZAZ-Cl. 8al kyl - ZAZ- C1. 8al kyl -,
het erocycl yl MZAZ- C1. 8al kyl -,

W@ RibT@y¢sR1L20) P(=0) O Cl_sal kyl -, (R13) 2N C1_12aP&y/lus2007/014427
(R13) 3N+- C1_12al kyl -, hetegocyclyl M, carbocyclyl M,
R14SO2C1. 8al kyl -, and R14SO2NH, preferably an N 10
cappi ng group; or R5 and R6 together are
Cl_6al kyl -Y-C1_6al kyl, Ct.6al kyl - ZAZ- C1_6al kyl ,

ZAZ-Cl. 6al kyl-zZAzZ-C 1 6al kyl, ZAZ-C 1 al kyl -ZAZ, or

C 1.6al kyl-A, thereby forming a ring; R8 is selected

from hydrogen, Cl_6al kyl, and Cl-6aral kyl, preferably

hydrigeNR)ROQ-R;sel ect ed from hydrogen, OH and

Cl_6al kyl, preferably C alkyl; and 15 R10 is an

N- t i sellected dosrhydrgge. G, CRaralkyl, sadCasadkyl, preferably
hyhﬂg%gendent |y selected from hydrogen, netal cation,
~“Cl.bal kyl.,, C1.6al kenyl, Ci-6alkynyl, aryl,

het gga@ar, - n h al kvl

pr e%rlgg%(l)%meﬁ}gm Jrg%%nén,“?rlé(%l{gifg@(%ﬂ?ééﬁalf yriyl, Ac-Y-,
catbbegellyk hkterapycipl, and¥derRiiRalt ppgectieg goue, €11, 82 lsksalkyl, heteroaryl,

i i ng; 14 h ISt
CBBEERHIT B2 2k R 2 Bl (R pIAERGEBAYC et
Z/H%"ck%hlk)’hﬂml lgﬁ-ﬁﬁlsa]m@&ﬂldem“?yl-s gkite%ic?ﬁlnyisz-C,-g alkyl-,
[ , enyl al kynyl ,
RO OIonGr ety SR P-Shgratkota (Bl oY Yo ik
hefeto &AMy tarb@dydlyiil- R @B%Qﬁﬁa@l&hwmd eSO RIS, 6ﬂ)r§ferably an N-
i ndependently selected from hydrogen and Cl. 6al kyl ;" or

CapPRIBE BEOWe €Ur r ences of R' together may be Cl. 6al kyl,
thereby formng a ring together wt i ntervenin

h th
bor b SR GRETEF aiE Sirsakyh XnE oitIEYeS -yl A fetheakyl, ZAZ-C..
calRypyiaged, tamah, ZRZ@&a?@y@lﬂA ENrec b1y, HRALR Pt a ring;

at | east one nenber o t he sequencé nust be ot her

t harg s gaéate® om0 g MO QKA L 488 Qﬁ?gﬁﬁ%yﬁwﬁﬁé gen;

10 Brief Description of the Figures shovis

| MR kElkEres Bt BYdIb &S ICH, drRVE/ 4af y},gﬁé&auw e¢ldikyl; and
lines and patient sanples, including nmultiple

ny el p'ftes ar{ﬁl-tkﬁﬂiinaﬁproie\éﬂﬁggmi%; and solid tunors.
Fi gure 2A shows the effect of Conmpound 14 on di sease

Pr ocr '@ and /M ire indipeRdtINRER R dGtorh RGUARER) Hetdl EdMoht £S5 alkyl,
(RA) where dosing began when aninmal s first showed
Cigplkfaylof - ehlloansearyl heferoardeChyaraliybagy Canlerteraetlistontrferably
frdn® hPdREAYendhISRRSE, AIAE .@sa(ﬁgl,ﬁﬁ"ﬁ' ! ahl ﬁ'ﬂ{ogémupare@%aw,
representative of three I ndependent experinents.
therely fasmpng aHpgs t he ef fect of Conpound 14 on di sease
progressipn i n nouse
each R’ is independently selected from hydrogen and C,.¢alkyl, 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
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.
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nodel s of RA where RA was induced on Day O in ferale

DBA/1 mce by 10 inmuni zation with bovine type |
waoebd7agemn2 i n CFA where dosi ng began when ani maPeT/ub200%014427

showed signs of disease (indicated by arrows) and data

shown is average disease score ( SEM N = 10/group).

Detail ed Description of the Invention The invention

i nvol ves conpounds useful as enzyne inhibitors. These

15 conpounds are generally useful to inhibit enzynes

havi ng a nucl eophilic group at the N-termnus. For

exanple, activities of enzynmes or enzyne subunits
Brjief\Desgription ofithe Figwres no aci ds with nucl eophiles in

their side chains, such as threonine, serine, or _

cystfagere 1 shawstiee snmpnenrpighsome expressiandepgd afleertainoghdines and

nhi S; C . e z -af,
R R

gr Olﬂ%ntn%tZAt Q’Fd.v&s tNe %ﬁ’e&t%rf '&oﬁﬁ)}n rugi? g? o@lsdiséag% g%?%éé@ioﬁ’in mouse

protetting groups or carbo can a
madetrefrbturhhtpid arthitist @\ )byherb doging began whérbartiomis first showed

. descr,i bed her.ein,, Wil e .not und by. an anticul ar
s 0 P2t GRLFAR pharp b i ouds ApraBE fisesd Bire - sEM;
N N-¥gonpnaid is uegressnbitive of eredNindepaidehcenpetigivhtsadduct s
Wi th the epoxide, aziridine, aldehyde, or borate
f undigwe@B gfoswsthe tffedtef Gompvand NRidn disgase frpedssivfdn mouse
her ei Faor 25 exanmple, jn the 05/ Pre2 nit qf 20S
mafi R ndiert KA Biibscdoh DAY 00R forbste SERA nissdty o
iminfur@xaeion vt béahetype TDERRAGER ROCPA Whdte dagihp Be@dWRén animals
upon reaction with a  peptide epoxide or aziridine
firg{ B S1E 08 SHERE MGl SRIHEOVRI A SR RO WG AuFtRB disease
scoRESEMYRI=Y e0/idigh).openi ng cl eavage of the epoxide or
aziridine. Regarding the stereochem stry, the

Ddeaikdt beaqtstidil 61 @@ 1hvVefsod OF determ ning 30 absolute
stereochem stry are folTowed. These rules are

des criigdentiolin 6X138PEEnpduds XdesCenZPRlitibiorsFPheand
Whitesell; Jones and Bartl ett Publishers, Boston,

copypopndrrare g9zl pesyfudeautiby enaymes having ogugleopbilic Browp at the
N-BsrBrindd il - f ' d. .

i Tt A e el & AR b B R ermial
amjne aeidy wathyuckeophides inb¢insidexhaingisnch &y bmeanyee, serine, or cysteine

i . | . ( i S T
call B ERORE AR b G A o b B R Uk lvities of
eng@aBesor grizgmsisybumitsiavingsnan-diytoagahmed enphilingrotpeat their N-
' t . ' an

e FIRESHAPAL, For ol PGB GG oy IBResEEn ggo be
suegesfullp snhibitedompthedazyne inhibires desavibed heretr. nor e

backbone units. In sone enbodi nents useful for

i nhiWhile ngt kdynddiyr amygiantidul kreh¢dTy off pperatipn,iit is edietdikthat such

NJPérpntir?zﬁ Sn%rgfnébpl%?etsmcﬁ'%ntf% g(r)]\galent adducts with the epoxide, aziridine,
aldehyde, or borate functional group of the enzyme inhibitors described herein. For
example, in the B5/Pre2 subunit of 20S proteasome, the N-terminal threonine is
believed to irreversibly form a morpholino or piperazino adduct upon reaction with a
peptide 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
absolute stereochemistry are followed. These rules are described, for example, in

Organic Chemistry, Fox and Whitesell; Jones and Bartlett Publishers, Boston, MA
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ei ght backbone units are present, and in sone
preferred enbodi nents for CT-L inhibition, between two
wa@pah7aivsibackbone units are present. 10 The siBeT/wRmon614427
extendi ng from the backbongqiunits can include natura
aliphatic or aromatic amno acid side chains, such as
hydr ogen (gl ycine), nethyl (alanine), isopropyl
(valine), sec-butyl (isoleucine), isobutyl (Ieucine),
phenyl met hyl (phenyl al ani ne), and the side chain
constituting the am no acid proline. The side chains
can al so be other branched or unbranched aliphatic or
(1% 9n2gstiongroums! Fok . adigh spgtion is heselyy @sworqﬁedom gaference.
P tlg’éktdéh ha@@g ré}femmé Um&xbhé‘ Et‘?@ctgﬁrdﬂ‘t’lﬁkﬂt\! ER 155 ﬁﬁng from the
phenyl et 2- phenyl et hyl hthyﬂ ﬁ
bae]@qqlgpﬁttﬁyﬁ);{mﬂy |eacl) bagkbong, gpﬁ §/a );ldp lehain as_scha.ted with it,

S Rk o SRR AN A o, g her rbogmps, no

eVgryquglsb@mrmdla‘s wntahmcmubsﬂe thdied Peptides usefobingubptide epoxides

nbranch Gal or s i tuted I
e tllJ pesam 18?%‘?“ ﬁgxtoﬁ gnqrf: ﬁgékbé)lne ].uai%f ‘h sog}eyefm%q,dg%}ﬁgts useful
foDmhﬂmlﬁ)n‘ag cﬂ}uﬁcﬁﬁypgﬁl Ake/{CTHLY uﬂﬁ\(lt)sblﬁthe @ﬁotéﬁﬁﬁﬁyb%ﬁ'@% tweand
t erpar roups.can al so _be used as si
cighh SR K5 ST e enbBre I3 PRI TRskembrdipgats for CT-L
inliibitioBgBdtweeR ¥y @ Bt six daskboeuits R Pradent.ng aryl groups
such as thienyl, benzothienyl, naphthothienyl,

t hi aTHefﬁiWamsfdﬂéﬂdm@ﬁ‘élﬂrtMé bacldb‘éﬁ@ﬁﬂll@édﬁrlﬁﬂﬁhe natura] aliphatic
chronmenyl, pyrrolyl, 1mdazolyl, pyrazolyl

or giamaticAMine acid s thains, uahyas hydinassi(glycingh dnﬁtt%)éll (P!yara@e),
lso%‘éoﬂﬂ (PAIR), %e&lgdtw@e&%umasy HobBfyl ﬁ@@élﬂ«%dpﬁé?ﬁhﬁaﬁﬁ can

be introduced into th pept i de epoxi des’ or Peptlde
(phenyialyingsandihe Sé%@aahmneconﬁ'awﬂalth%/arem@md prglingri e side chains

cafGlsH be ot bravnby 8f Wa& H%ﬁlghﬁg;b&-g%mat}-é/ %roC g@gt)choars ethyl, n-

sul fur-containing (M
premil) n-hutyhdrbubd samt aryl Slmstmmech@&rd@;lvesmucmaarmihenylethyl 2-

e T

napithiyDetBol, Qt(bsrtalphﬂtyibbﬁly\l(uz-(ﬁ -gdphtigdyetioy], oal sunilaéahpamds. The

e I G T

or stlmstituted a]ikyl gdohpx)&petyl;aﬂ(f thddike} bui farthewdrpDrplps, @8 bestituted

or St Don gt Akl ey Hhirs o) B S s B i 1 side

chmﬁ&ubftltﬁﬁftﬁ Hadeﬁgﬁyl @bopSinclude $@f6zeR!, ®k@gdre dand sulfur-containing
zuﬁnbOd'nE t he east . one ary group. present

rPrAURSI SHEN B “vKEyrebePﬁ%th&eesL Pgehthpifgny ], thignbssl, furyl, pyranyl,
isobehasturmpl, Shronhyh 3skd0N SinAhicty IR p fradély @yHAVE Byrazinyl,
in which Ris the side chain. Such

mif’lgegﬁ‘@??ﬂ%‘ﬂﬂ%léd)@dﬁ}b‘ih@cl ude the naturally 5

occ rrin o acid ollne or ot her non- naturall¥
oce prspwg E{]F}@H!'Ee%%d’& &r)g aoﬁ&Fﬁil 6651dues can be introduced info 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
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
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acids, which will be recognized by those of skill in

the art. In other enbodi nents, the backbone units are
wobalkydsaz ed amide units (for exanple, N nethpeT/@RIho7/014427

the like), olefinic analog32(in which one or nore

am de bonds are replaced by ol efinic bonds),

tetrazole analogs (in which a tetrazole ring inposes a

10 cis-configuration on the backbone), or conbinations

of such backbone linkages. In still other

enbodi nents, the am no acid a-carbon is nodified by
Sug al kyl substltutlon for exanple, an1n0|sobutyr|

atitted s QRO TP RISl BSRBIA Ty oAt SO e TBETef smbedipants, there is

at lQ@eednYarylBdip bRlentliRk sﬁi&adﬁﬁlneof th¥p @ﬁldy‘ mé¥rydehydro
nodi fication, in which a double bond is présent

bet Vﬁ%anlefb%tfbdﬂﬂéné %hébmoﬁé uﬁll?searé 'agﬁd&{?ﬁ'tsn[’-NW ch‘l’{r _C(=0)],
exanpl e by or AZ1 du§= opropyl nodification,

mMI@hRas éycqr@pcrf@pyl Slgvh sigpatipredegstno emleémthemnaalbmd
oc@{n‘?ﬂ% a%m& Qadﬁ%‘ g & g?bﬁ]ler héh- ﬁ{.é.\l’éll f&&%&#ﬁ{ ?gtgcg gédgﬁ@&& amino

ac e
acubewhwﬁumﬂlﬁmrreeqmmdqdlm'rthese(ﬁrsknlhml thel arts i de

chai n-t o- backbone cyclization, disulfide bond

for nhtdtm,emlwdtramtﬁ,ohﬂ:r’aadkbnne azis dre iNcalfglatahamide vaits (for

bt . . " Pept | d M
BB BB SRS SR QR gt v
aramj)l&d by w]efimic bobttdsb?,aeliraroldilml@)(uﬁwﬂlc&aabeﬁdm@hﬂg andkes a

T IG G EE IS P T

othmuwnaexﬁd thy aibforicaN6 & arbonds ARREREd 9 alah§/1 sibsERitioAN for
havi ng. a structure of formula

I
exr("i%? %%@WE’P%‘? chay sopnefurthen epbedimgnts, tife Flains arRjocally

m&ified,H3r &kaniple, by RSP AZZR:H dx%zm%f@a&(;f) m WE%P?A 80U bond is
2007/149512 PCT/ US2007/ 014427 13 each

Pressaebgenthey and Biatomstafcheside ebeen,darfgﬁa’tar@lg Py or AZ

AL ML M B ot

atgypepEthglside ahaim. Ipstill Auither gpttiodita¢nty empbying aninozeivbigroups, -
an}NQS %c(lggjf%‘iggﬁsgpg nglr agllc i a%(glgl%ﬁt’s%gn %mléde 51369 cl%k?é-‘?orlga&rbone
cyclization, disulfide bond formation, lactam formation, azo linkage, and other
modifications discussed in “Peptides and Mimics, Design of Conformationally
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

wherein
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L is absent or is selected fromC=0 C=S, and SQO2,
preferably SO2 or C=O, Mis absent or is Cl1_12al kyl,
woe@arehbt y Cl_8al kyl; Q is absent or is sel eceenubzoonni4427

0, NH, and N-Cl.6al kyl; X i13 selected fromO, S, NH,
and N-Cl_6al kyl, preferably O; 10 Y is absent or is
sel ected from C=0 and SO2; each Z is independently
selected fromO, S, NH, and N-Cl.6al kyl, preferably O;
or Zis optionally a coval ent bond when adjacent to an
occurrence of A R is selected fromH, -C 1.6alkyl -

C 1. 6hydroxyal kyl, C 1. 6al koxyal kyl, aryl, and 15 C
1- 6&aeh Aylis indopendgnthpam promatictor hgiseqrspmatic Expupeptienally

. het eroaryl, and
sugsrt h‘g%rholag?‘ga{sal‘%ﬁ fs N RS)L QR6 R5 is sel ected

L;Z?S%&lgg&%g %ﬂgsgﬂe@%@l S se ect éa}'?S%al ‘ﬁ'%{(hﬁrabl C O; or
Cl %y%tmln%)ﬁgéhgﬁgryt onﬁ” %ﬁla@/ ¥1llt’ to%'f\ oXcum%nce of Z;

car bo eterocyc er m nal protecting

?:rlo gtag%%'lér"é%blﬁ@)ﬁl éﬁe‘%ﬁ&%? . " Riaz. C, . 8al kyl -
g%(ag%&g)of i Q%@f&%ﬁ Bd@%?%%&, ldf¥ably SO, or c—o

het %Q%%& ({,\D{Kéé; &Ws&?ét“?b'% (RYYN 1 I zal kyl -,
SR S Sk %ddffﬂﬁu@(ﬁﬁrﬁ’%ﬂ@aﬁﬁf5’"2%%' "

BZE% oS M HO0 T A SNEEPNO0Y ) a2

B e fen g

ooty 2306 oA ot B GL3ESTE U By

orfrom hydr ogen, d -6al kyl, and d - 6ar al kyI preferably
hydrogen; 5 RO is sel ect ed from hydr ogen, OH, and
Cl. Gaisloptionglhed eowdbdént behd edick pHjacemtdo aRbOcursenan of A;
N-term nal protecting group; R' and RE2 are
i nddpansenttey frost Het@katkybi, 6y dhydyexyalkgt 6l saledsiyatkyl, aryl, and
;Ta 1kyI Cl . 6al kenyl, C1-6al kynyl, aryl,
Ket'ercar yI Cl-6aral kyl, and C1. 6het er oar aI kyl ,

pr efl?r a%lalﬁj are each independently selected from aryl, C,.garalkyl, heteroaryl, and
C.gheteroaralkyl;

R*is N(R’)L-Q-R%;

R’ is selected from hydrogen, OH, C,.¢aralkyl, and C,salkyl, preferably
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-,
(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
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from hydrogen, netal cation, and C 1 -6alkyl, or R 11

and R 2 together are C 1 -6alkyl, 10 thereby form ng
wa@2eo7nggsieach R13 is independently sel ected frpor/us2007/014427

hydrogen and Cl. 6al kyl, praferably C _ 6al kyl; and

R14 is independently selected from hydrogen, Cl al kyl,

Cl al kenyl, C-6al kynyl, carbocyclyl, heterocyclyl,

aryl, heteroaryl, Cl.6aralkyl, and Cl heteroaral kyl;

15 R15 is sel ected from hydrogen C1_6al kyl ,

Cl _6hydr oxyal kyI Cl_6al koxy, -C(0O OCl_sal kyI

6%{\IHCIKgaI kyl, and Cl_6aral kyl , ngrefe ab[é
iy r are §hysalkgkYaCkslkylnSr-eallol A AZ Sblsglkyl, ZAZ-C).
6a to\Z g?%epl%{l andéo tiﬂi or%fld ﬁ()/?jl drt ﬁ)Y-llmn a ring;
ovi d I n any occurrence 'S Phe sequence ,
at |lgn f '?i?d% SUIR t
thanﬁa%do}re/a ent cf% ftli’()sglgﬁwc?:lert a;ﬂg&gguﬁ Mglk?’i 6 C“aralkyl
preferabty bydrogenn - C1_6al kyl -B and C -6aral kyl. In
certar n such enbodi ments, R is substituted with one
or it is selebtediftomehydrogert, @Itl,eandffrlmaikyrh,mc&xgbly Eakagdnand
am de am ne, carboxylic acid (or a salt thereof),
est R (i$ nlcl\h@nngxauroteoaaglgycbupester Cl_5al kyl ester,
and aryl ester) thiol, or thioether. In certain
pr efR'raed Ritiete indepsodéntiyrictectad from hs'db@en,t mtleblcaruqnhcr -salkyl,
stl e cte C 125
CigafkgRl, R BRIt NEH e gkl P L ABDAd gty
frdm rhlydngbh,ylhetabcdmph aridsOpgatingd] or R anb &% topiethygt areaBicialkyl,
th ez ﬁ n certain enbodinents R is -Cl_6al kyl -B and
CEORLPHIRER NG b certain preferred such enbodi ments, B

S s R A A

catkyhagdnments, R2 is selected from Cl. 6alkyl- phenyl,
Cl . 6al kyl -indolyl, 30 C1.6al kyl -thienyl,
Cl1. 6ml*ky indepérmiznily keleaed from Wadrisyén, iCs QilRi/RTokatkenyl, C,salkynyl,

er e| t he al 2007/ 149512 PCI/ U 007/ 014427 15
R LIt S e R AR ek U e
car n.a r ef.er abl ert in_such

oo e s Bopdieaah i B ST
cwsct:r Laveylf 33(C§N|I-E'Qt6§lltyf raﬂﬂ'\(ﬂ)éﬁirraﬂéyy,,prhﬁl'élﬂlﬁ(tq G;ﬁla}'l%d Ci.

am ne, carboxylic acid &or a salt thereof),
6h(‘i’fﬁcl>’%r‘5iyh grare Prsderrbly racthyh ethy, *eérwrmfé%xlernd %rhudrarwhyl
eStSH) Br ol, or thioether, In certain 5 such
oiidet that gpansocyFEnse oft B SsAUCACHZ4dh 8t Ieptjerp member of

theeécﬁeh@&mhawecah&uhanirzwhmd:rwohul al koxy, hydroxy,
or cyano. In certain such enbodinents, R2 is sel ected

f r oninGerta diitbodiMbBRBYR ' RRd1eCled Grdrk LTy kaﬂﬁﬂLB land O} saralkyl. In

certain preferred s,uch enbodi nents, R2 is sel ected
ceftaigsuch 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
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,
C,.salkyl-thienyl, C;_salkyl-thiazolyl, and C,_salkyl-isothiazolyl, wherein the alkyl
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N~N DANSDDrS DDDS S/ and SA_ ~[ om NN
N~ R =Hor any suitable protecting group 10
woberaissiD i s selected fromH Ove, OBu', COH PEN/USH8B7/014427
and CH3. In certain enboditpents D is selected fromH,
Ove, OH, CN, CF3 and CH3. In certain preferred such
enbodi nents where Dis attached to a six-nenbered
ring, Dis attached at the 4-position relative to the
poi nt of attachment, preferably excluding enbodi nents
where the 4-position of the ring is occupied by the
nitrogen of 15 a pyridine ring. In certain
meigiyguayeantain spg fivs, é@r,éblteedwf% ONPIE]cBROBARYIS, pigferably one or

twg’| lr@ b&'ta%rl %h%lynldxmlgmeﬁelsrgufaaﬁut@h W{h (EH%' oq'tr}{ortéas bstltuents

ontain sIx one ca
sehttochﬁ;om bydrbry disllggeanamate, smine, d:arbme;ﬂtca:ctd (smarsalt thereof), ester

nt.s i s sybstitute i th . or I e )
Gt ChaiR B Rl bt sl e dhighiar Ricihge, In certain
suélienBodiaRnBORY kv substiuted(With a sedtituedDsdléte abin auaﬁ; ﬁ‘fhaloalkyl
a“éw {lvj rg?mlogéyga k%t%%g’té‘g\‘é}i’ Sy %Qﬁsd%ﬁﬂg & Wtedd o C, alky-

ph@lﬁm%id G RAIKy!- ﬁﬁolﬁ $ B&rtdin Prefétred dubh dmbYBithérts! §Mis selected
sel ected fromalkyl, trihaloalkyl, alkoxy, hydr oxy,

frqzp cyano. In certain such enbodlnents R3is WO
2007/ 149512 PCT/ USZOO?/ 014427 16 sel ected from

Cl. 6al kyl - phenyl G 6alkx doly rtain
preferred su%\/g@lmns h;c/tﬂ'g\éﬁ]romD D
and DN R =7H Suit tect p wherein
Dis selected fr H Owe, OBu, OH CN CF3 or

In certain 5 e ﬁents Dsis Be|eCtedDQtﬂﬂlH, ONE,
CH ON CF3 of CHp. AN SR

D

/ D—s
”K\;Q y,r\/( ) ond £ A D
D~y

\

R

R = H or any suitable protecting group

wherein D is selected from H, OMe, OBu', OH, CN, CF3 and CHj. 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

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
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
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In certain enbodi nents, R5 is hydrogen, L is C=0 or

S2, R6 is Ar-Y-, and each Ar is independently
waedeatwd2 f rom phenyl, indolyl, benzofuranyl, papbsivghgi4427

qui nolinyl, quinolonyl, thsenyl, pyridyl, pyrazyl,

and the like. In certain such enbodi nents, Ar may be

substituted with Ar-E-, where Eis selected froma

direct bond, -0-, and Cl. 10 6alkyl. In certain other

such enbodi nents where Qis Cl.6al kyl, Q may be

substituted, preferably with Ar, e.g., phenyl. In

certain enbodi nents, R5 is hydro Qis absent, L is

seleeied drons62-sallsyidpReYl 2nd Gefaliodrd %Ylo rin Aertaingpreferred such
nﬂﬁ, 99¥9i:+sd%&e& Lhain preferred such enbodi ments,
ter

ocycl 'S se ected from chrononyl, chromanyl,
nmor phol i no, and pi peridinyl. In 15 certajn ot her
preferred such enbodi nents, is sel ed from

phenyl, indolyl, ben ranXI yV, qui nol i nyl,
qui nol onyl , thleqy x/de %yra' I nd the I|ike.
In certain enbodi IS hyd?égun Lis COor
S2, Qis absent, and R6 |s Cl_6al kenRl , where

Cl_6al kenyl is a sgbgt é,l;y%@mevdr&g&ngggg‘p where the
substituent is preferably an aryl of heteroaryl

| Wi GHID iRl Rt iR TR IDOMe 2OBHE B, @Y oep, SREHONR deVtain?

substituted with one to fouf substituents. In certaln

emhodiaented? ¢s selectgddfran &1, OMsOH: GhCReriHsel ect ed
from Cl-6al kyl, =~ Cl.6al kenyl, .Cl. 6al kynyl ,
C1. darcartripl embadiments.dhidis éyéravxgam Kyis C+@ o &QuaRfissAke -, and each

I r

S?Q%@pgﬁ(ﬁnﬁ? sgg?t'gﬁ 5{(%1;/ 1994 ﬁﬁré%& 1 %@ﬁiq%msag&le %ﬁﬁﬂ ﬁl %ohnyl
quglqéwyld}hien)'h woridylppyiagyl, and@hellikeotlh ecmamsodl erebodiments, Ar
még’stFS%S 18&%(13 Wﬁgaea h f ul% ﬁGS rPSFC&?C%l fecr%eaddﬁaecpg&rgiér@gltag%
6alﬂc|yb nllnmerthyi otherdsuph empbdimdt2@Bere 13 850 Pealkyl, Q may be substituted,

. SZQ@? 01442 %7 In certain enbodinents, L is C=0
pe Ve Yo FEePE§™¥r om Cc1_6al kyl, C1_ 6a|keny|
r oar

et%é?%;%trqg){wémﬁ'l{ k?l%‘%é&%,l (E)ﬁ absent, ¥_, 15 C=0 or SO,, and RCis
seEil:t@E 43 @al K yhd hetéBcSD}l&RlEO:)e%ﬁ@ﬁeﬁﬂedg;ablk ¥inbodiments,

heE??sd E i nglg%e%gng%nr%g{)rt 10120@3_1“ awh(}{mo and piperidinyl. In

ceffaid/dvthek. pﬁ&ﬂekﬁéh séAerbbEdlm8AE KX s, selected from henyl mdoly]
(R3)2,NC1. g)

het er ocyc Cl1_8al kyl -
be f§ "eé ‘gz (% 1n°Tny1h@w§P(98yb |ﬂ9ﬂmw1 pvamo@gremh apd the like.
02C 8a| wherein each
occ Prcgﬁf'l‘é‘ Of"ﬁﬁ'&s AR @E%éﬁ%ﬂd SETQ A5 Qipapseat, and R® is

c.csamhﬁn whefO;. GaII&nﬁﬁﬂ’s tadluBsti R QM TR WD wHer‘eShé%t@stthehﬁs

sent, and In certain enpodi nents,
preteraRly y ary! pesheteroany! gxqupy morgpreferablyaiphenyhgropp ogtionally
substituted with one to four substituents.

In certain embodiments, L and Q are absent and R° is selected from C,.galkyl,
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.

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.
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10 GO In certain such enbodi nents, R6 is ethyl,
i sopropyl, 2,2,2-trifluoroethyl, or 2- (nethyl su
wo oowhyesthyl . I n other enbodinents, L is C=0O PBL1/852007/014427
absent, and R6 is Cl.6aral kyl. In certain such
enbodi nents, R6 is selected from 2-phenyl et hyl,
phenyl net hyl , (4- net hoxyphenyl) net hyl,
(4-chl orophenyl ) net hyl , and (4-fluorophenyl)nethyl. 15
In other enbodinents, Lis CzO Qis absent, R5 is
A -6alkyl, and R6 is aryl. In certain such
enbodi nents, R6 is substituted Qr unsubstituted

pherlperein SygermeniSrbbirdand R3jis sedeceitiron Cesalipdeit

|
RS LOTPAHC: A DERRSER Ml -y
'?%Cemd&]?}y‘l (R'@)(B&caa(#cmnq@yalm,em tax®Hi O)P(ﬁ@}ﬂréhealkyl-

ZABTERE: R ORI O k2 BB eR A -Capaliyi-ZAz-

Cipyikaiz| nateropycliyiMZATeC agatkydy (Rlﬁ)zm @esalkym, (Rég;m Q. galkyl-

| ter uch la 14 roaral.k
oo PaM-1 RS EYIVGI 51 NEEh IOt PR A Y-: wherein bach
octiitr&@iy loff 2t dndl A id muépembtythmb:yihan la20¥& &0 Bonde 1 krtain
zol yl met hyl . oxadi azol yl net hyl , thiazol yl met hyl,
e“t%?g"a%nt%zzlms éy/Tq)n Qi glpsent, ?Fﬁi g‘zdﬂ | met hyl
pyrazol yl met hyl . pyri dyl net RYrazi nyl meth
B o Ao N S A s R, 1 AU .1 Fent, and L is

C=€®r Rt atTORMN et diments,] R eyl Qsd)p? Cg\}lsz?atz -RIffdrodR, or 2-
i s carbocyclyl M, whereinMis I n
(“@E!T)ﬂ%ﬁlﬁﬁ’nm%thylenbodl ments, R6 is cycl opr opyI or

cycl ohexyl. In certain enbodl ments, L and A are C=0

Qi slnaﬁseéﬁmbozlm@te L 91G<OR isahtsryt, and Br é5 Greapplipyl. In certain

T e e

m‘itm’mpbmﬂD)lﬁtb;:b)(@cmpr@dienyl)mEMI,@nd%mpyrophenyl)methyl
er)(8120)F>( =0 O Ct. 8al kyl - z- Cl. 8al kyl -, and .
het nogher leyibodtisgenty, I8k GyD, Q ivwbseaQ R’ 11G54akyl, and R® is aryl. In

ceft /SU%%QZ ?%Ae% 7R6Jr$ AR o gb?s?%%g%&ﬁ%]ﬁﬁic()f .

I haepenae an a COV& ertaln

suc hn%@pgﬂ' e[i%l)td?mfzrﬁ@ ﬁ B @ebebqg X&%}{{ S%sé@ét&y hf m

where heterocycly substtuted &r unsubstitut
hetsxentiybarsl @nqhetmar&l((m 6n(dRitAin, sugh embpdinkhgs, Rids RefFroaryl
SefégggaT %;/ y%{)l%l%a s 0}5{1? eélrl’l'ellggZ?l lsdxa%cr) e:f cenr(a%oié/ gx:ildlazole
thiamlteauhiadinzefee triazdlee pbmdolmamrsdmd;, pysazﬁhaOpriazsnea&u&bmtnmndme.

t
in el et Bl sy Beaiepsp @, Rt ity el fed from
py(‘rlal)abxﬁmiy{}]ﬁlﬁmlykyéthyl tia ety lnettsl, dayddzpl yiddethyl, ﬁs@ﬁtb@h’ﬁethyl
h di R6 i 3
Ox(‘fé I’g"g{] yl','“e%d%'i'rté‘ %?Tgt%ﬁl%%\‘{%ﬂth’?%h%lert ain
tr1@i&ﬁmdﬁmhpﬁﬁfﬂ]ﬁhﬁﬁiﬁ}@pyxﬂfyﬂn&thﬂ pyrazinylmethyl, pyridazinylmethyl
and pyrimidinylmethyl.

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—,
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-,
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het erocycl yl M, where heterocyclyl is selected from

nmor phol i no, piperidino, 10 piperazino, and
w@yoorakdsdt no. I n certain enbodinents, L is C=QPCRES2087/014427

Cl 6alkyl, Qis selected fre@m 0O and NH and R6 is

sel ected from d -6al kyl, cycloal kyl-M 0 -6aral kyl,

and Cl -6heteroaralkyl. In other enbodinents, L is

CO R5 is Cl 6alkyl, Qis selected fromO and NH, and

R6 is Cl.6alkyl, where Cl-6al kyl is selected from

met hyl, ethyl, and isopropyl. In further 15

enbodlnents L is CO R5is Cl-6alkyl, Qis selected
whereipreacheREUNENGaRf 46 nderendenthethgr thappsoyalgnthaed) In sertain

su&hf‘rﬁ%d]ﬁkh%l RS lsrhe%g r Om.gz e Ogtaﬁzl'l wa\eé— ggQrocBélyi g C

'S selecte
sul@lmshépeumbamtnsdd omﬂ@melehyt arN& 5)(Ry ), wherein R'® and R'” together

are(é {&Yﬁ)}&_‘%c) nglghlégrefer 't 3B ké'h??o lgelch-lei‘ebél oxsml%késaer%g.

0 B oy St A o

is sammbfndmr(m' So)(m IH@u)P(c=l¢?n)-e. mkﬁl an)mo fsalltyh e(nzébw C.salkyl-,
n certaln retrer O

anf Seigtay oy M 4o oS St oo Bienis Koy g Nowetkdrorar o

(RECLN* R 3d1kyIL - whépd R3aisl@’16alk|yﬂ ﬂm&ﬁﬁ{oﬁﬂéﬁ§&hreﬁd)odlments R®is

enbodj nent, L and are absent, and R5 and

hetegrpaehydM- ,a\w’@ereile@sﬂ%lyl is selected) kg merphaling, mendmo,

piptr£4igs, la8d poBRGingENt, L is CO Qis 25 absent, Y is
sel ect’ed PronmNH and N-Cl.6al kyl, and R5 and R6

t 093?1 RErtaifletbodimad HYls-O0 Cﬂiﬁ@ yﬂs)dkyl (¢ 1535‘%%&@%0% O and NH

ferred enbodlnent Lis C= bsent, and

amé irerleqtesomds @b, @ycls)allqwa NCwgaratisylkgnd C.shetanepralisyl. In
ot ehr®bifseR R odi Iczrgﬁtns is carggikﬁ aﬁg sEieQed UM oﬁﬁmﬁ B RS is

toget her aré Cl Kyl - ZAS I n anot
Cprléyle whete € sl n%ﬁftlecw_d framdnﬂhalr @twi;@ndnsbnﬂép)dnéh fegther

It
IR O R itk iR SFIRPEHERI s .
saratkyl, dhefe hialkyl id phenghnethyl dn @ﬂmr reﬁfboﬂunéntarﬁ)mdt#mmssls C..

sl P85 6B R0 ok & BT R CrbfieRgram iy gpmperoaratont is

(44petilyl)methyl.nore preferred such enbodi nents, R7 and R8
are both hydrogen. In certain enbodinments, Xis 0, R2
and IRBeniia eeﬂmhlmﬂﬂgﬂemd!bmm yr G1C601 atkRf and RAebgXthei sre C;.

sl E o -ty o SR A Sy ey sigh onsprpee of
Z irfil APg indepdrdynthy bt thah @cowhleht B, Q{eréﬁyﬁnafngamldge In certain
or T bR L S D TS St Ao B b g e ..
;alR$IL¥LQ . 3alKYil.OIn arfthdripréeirb@ embU@iFhdnt, Ue BAS Q are absent, and R® and
R® together are Ci.;alkyl-Y-C,.zalkyl. 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-
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.

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

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



10

15

20

25

30

Suitable N-term nal protecting groups known in the art
of peptide syntheses, include t-butoxy carbonyl
w@ Baaji49sbenzoyl (Bz), fluoren-9-yl met hoxycar borgt/us2007/014427
(Frnoc), 10 triphenyl nethylio(trityl) and
trichl oroet hoxycarbonyl (Troc) and the |ike. The use
of various N-protecting groups, e.g., the benzyl oxy
carbonyl group or the t butyl oxycarbonyl group (Boc),
various coupling reagents, e.g.,
di cycl ohexyl car bodi i m de (DCC),
1, 3- d||sopropylcarbod||n1de (DO, 1-(3- , g
selertedtram Axfirogen apg methyl e hiporeprstted sgle epbpdiments; R and R
an@bg%qﬁ@ﬁﬁgéabenzotrlazole 15 (HATU),

car bo m dazol e, or I-hydroxybenzotriazole

”D n qlﬂyc%éfneerﬁﬁérq:ﬁ}%ms 2R oVRE 51%13 %{FF‘%;éﬁ‘ ﬂﬁéﬁ%ﬁ%h& U3aralkyl,

exanpl e uoracetic aci
aﬂd |1bxaﬁdecte¢1ﬁvnb§emityl,dan dhydrayalkiyh Ghrsglinkyalkyl| anyhtasd C,.
0 r h e ). BOr on
soleBF D gr R OS Mo Bpatly Wi REEEFUE bne BF Pt i, amine
carb&nghc acndl(ur a;edluﬁuefmf);veitbr (isdhdihg @ ¢aikyll espas) Cf iatiafl iester, and
known in the art of peptide

teg)egl?lgls g%P%rsg‘B étﬂffé{f‘l y applicable to the

f it subj.ect conmpounds
Bﬁ o PRl i rRtEphiSE Bronet RRg o R biE AT b eRlidp syptheses,
indladatibutory cerbahiyll Boc), BefEHE(Bz), _ﬂuWen-WIrﬁetho c@%y] (Fmoc),

S el AT B OGO HBHTH 1 95) ad fhe ke, The use of

variBaONSSotREnSr3tps, 6. g%ﬁﬁnﬂ}lb?ﬁ@ar\f@ﬁ&l@ouﬂ@% dJn
certain embodiments, the stereochenical” configuration
buyloxyrarkonyhareupKBage), Narioussopplingreagents,ee.ar e

dléy%ﬂﬁféﬁpﬁﬁmohﬁm@d@(mém Irs. ﬁé&p% 1046 §<ﬁ{nﬁlﬁg (PIC), 1.3~

nbodi nent s, ster GOC emc conti1 gurati on of
dlme@s’larmnepr@pyk)%etbahcbmdnm GEE@CRN-hmoxmdbmomazole

g s
vaganhdravagaconditiegs:ifer @(amme ¢sflhabapetguasid eTﬁmn |H@nt1 Shoxane
e r n_of .the, car
hyéﬁ)%eﬂ%ﬁ&{@'?ﬁg e(g] (%ﬁ 1g 50 lglgr# sucE ag Bwél}%lgbo tﬁ lnace aﬁeg boron
tns(treﬁmnohxmuate)a hnd oya‘nogen btontide,aihdtrbsctioarih edsiutieﬂwuhgsc%tnon and
ts .t e st efeoc

repfspiopt EinfSiedtes Ry waLEROYS i % 1t SEEIR SV Besir-ang are
eqtil]y &fhlicabld tiRéhe meparationyef the isebjEt dofhpoahdar®iit®le protecting N-

referred.enbodi nent 007/ 149512
B 05 7 ey sy st BORh R £ BrifiQFEFR oW oW uts,
P.GIM. mbeaenoé Grbepsaa 0rgasic 89athiesig”, Brd 2 Wiy N York, 1999 or
espE i}l i s D. Another aspect of t he invention
Kqeignskis %%%Hﬁ@oh%ﬁn ﬁ@or& E‘i‘?lﬂét\{ﬁﬂégow%f ormul a
( ! )In certam err]na\)ror(ri?r(rzlgrgjtts ! tﬁal tleryeo%}(igrﬁﬁ:talagoln%g?l?laltltontor%%rleegafrfnonos bearing
R', R?, or R? 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
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
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RA\ X ~N5 R2R8 0 (Il) each Ar is independently an
aromati c or heteroaromatic group optionally
waondstiugsut ed with 1 to 4 substituents; each A PGT/US2007/014427
i ndependently selected fromC=0, C=S, and SQ2,
preferably C=O, or 10 Ais optionally a coval ent bond
when adj acent to an occurrence of Z;, B is absent or is
N(R9) R10, preferably absent; L is absent or is
selected from C=O C=S, and SO2, preferably SO2 or
C=O Mis absent or is C, _12al kyl, preferably
Clq_g%al kyl ; is absent or is selected fromQ, NH and
stqeauhemigdak gonti gusatignsofadl thraead the earbons IwaringiR aRd and R

: ?2 |, preferably O; Y is absent or is selected
re%}kreogllm and S2; each Z is independently sel ected

fro , . - , I ; ]

opt 1-5rpfiesBis P sy yichetsto GhRbELAR Hhylhe o Huctord B¢
foouda(HeoceplHErmAceiitalRy acceptaibe salittheeofy | ndependent |y

selected fromaryl, C.6aral kyl, heteroaryl, and C

1. 6heteroaral kyl; R4 is NORS) R3Q RR; R5 is sel ected
from hydrogen, OH, 6arpl kyl], ang &l . 6al kyl,
preferably hydrogen, 20N PCT/ US2007/ 014427
21 R6 is selected fromydr gen,OC1- 6al kyl ,

Cl- 6al kenyl, C1.6al kynyl, -Y-,~ carbocycl yl,

het erocyclyl, an N-term nal Hé(’t ecting group, aryl,

Cl- 6aral kyl, heteroaryl, Cf— het er oaral kyl, R

(R GreRS0) isesnd el phmiepraiShrbeiouapays grow optionally
sub¥titdidd -wWalhr Bad K yhbstifiénfs] - 8al kyl -,
het er ocycl yl MZAZ- C1- 8al kyl -, 5 (R1

0) ( Rh2P ARsitdepehdentlyl skiekted f{dMl 8)=ENCES, ianaSKy) preferably C=0; or
(R13) 3N+- C1- 12al kyl -, heterocyclyl M, carbocyclyl M,

R14 02 dptimbly hcovaleat Hahd SHENHdjqeerf terap@cyudén ddtof Z;

cappi ng group, nore preferably t-butoxycarbonyl or

benzy isabsedrdd anN(R%)RI'C, PeefarablyRibstinget her ar e

Cl. al kyl -Y-C1-6al kyl, Ci-6al kyl -ZAZ-C1-6al kyl, ZAZ-C, _
L is absent or is selected from C=0, C=S, and SO,, preferably SO; or C=0;
M is absent or is Cy.j2alkyl, preferably C,.zalkyl;
Q is absent or is selected from O, NH, and N-C,_galkyl;
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;

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.saralkyl, and C,ealkyl, preferably
hydrogen;
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6al kyl - ZAZ- C1. 6al kyl , ZAZ- Cl1- 6al kyl - ZAZ, or
Cl-6al kyl -A, thereby formng a ring; 10 R8 is selected
wo c@milmsadz ogen, Cl-6al kyl, and Ci1-6aral kyl, predeusioyo14427
hydrogen; RO is selected fjom hydrogen, OH, and C 1
-6al kyl, preferably C 1.6alkyl; and R10 is an
N-term nal protecting group; Rl1 and R12 are
i ndependently sel ected from hydrogen, netal cation,
Cl-6al kyl, C, -6al kenyl, Ci1-6al kynyl, aryl,
het eroaryl, Cl-6aral kyl, and C1- 6heteroaralky|
preferably 15 fron1hydro nmetal cation,

Cl- é’al igyplectsd fiom hydrazem p@i&g& Gewsalkeny] (ﬁ:L@HﬂRW Ar-Y-,
caiﬂaeyapv hEQFd'ByEQ'l aanan&!mﬁzﬂ‘iﬂotBé@niéth dgpe @lg&falm heteroary,

sel ec drogen and Cl pre Fer
lﬁhﬁtkwaralbﬂdR Z-§Hs¢ﬂ§}§1p,€lﬁ aé'rﬁmlks'él, Rt ONR' r@)ﬂ( 0)0 -C.salkyl-

ZAZ SR A% gau;ﬁ]z&?' o, SRR M2

(R D)Gﬁrz@DR(y#O)OaﬁdsatIKylﬁlﬂR exl\bﬁfmlaldwl , (RP%N*sCsealegt-gd

O3By L A ety n -

cafifling gr@ips ylore preférablytitbutdlycidbliyl ordetizddxycarbonyl; or
6hydr oxyal kyl, nore preferably nmethyl, ethyl,

hydrMmHleethaﬂﬂeZZ Rytityoxyet awyl, @{@wﬂmzmgamw ZAZ-C,.

il p82G i 7 Re Lo E Csdiofhett eqeggé,nfgggmg aing;
b I d
£ ot C1 SERER 5o BYToE Giveb BY baPA kgiralklpretaabl ydrogens
Sucg% lﬁﬁggéﬁgﬁéﬂ% h os%ﬂ echggw kyinpreferably Ci.salkyl; and

ggbk h|en Cl 6 Kk I-thlazolyl and
T" SSFH @PfF'“ Bin the al kyl noiety may

Cont ihn re or one C
at o l e?rgﬁ’i"&%ﬂ&“&?’ SEG 'Falfml%ll\ﬁ)'ér&gﬁx&i rﬂetgﬁqfaﬁnon, C1.salkyl,
C.Qﬁﬂkedylnengeﬂkyﬂ?@, ar§l, ﬁHtBﬁiatilyC?ghrMIh af €, GietéfBhRIkyl, preferably
Pl ituents WO 2007/ 1495il PCT/,US2007/ 014427 22
R xdegen- el (yarosid Crafkader R aandiB,~ @epther are Ciealkyl,

th&@wpﬂ%yﬁﬁ agapd (or a salt thereof), ester (including
Cl_6al kyl ester, Cl_5al kyl ester, and aryl ester),

t hi Qlach R s hhd&kh@éﬂtlﬂ s8leeRl tiRyri hy&%%@n ﬁﬂ@@({i%m@ﬂt ﬁrefé_?)zb]y C.
is substituted with a substituent selected trom al kyl,
salkyl gad oal kyl | alkoxy, hydr oxy, or cyano. In certaln

such_, nbodlnents s selected from Cl1- 6alﬁi
pherfy| l%w&elszdsa“l“mleqt?ﬂj@ww hydregenet-1-salkylpFesdianyl Cisalkynyl,

ca%ié@%cl?lm@@fd@@tﬂ , ar2 heRroafy)16C1 afalk i 9RA ¥NhetedaraldiN

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

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

two. In certain such embodiments, R? is substituted with one or more substituents
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D~~DDS\\ / ~~8 and sl'r~N D~-NNR R=Hor
any suitable protecting group wherein Dis selected

wo camigsiOve, OBut, OH, CN, CF3 and CH3. |n cePCBUR2007/014427
enmbodi nents D is selected 2pomH OWwe, OH CN, CF3 and
CH3: 10 In certain preferred such enbodi nrents where D
is attached to a six-nenbered ring, Dis attached at
the 4-position relative to the point of attachnent,
preferably excluding enbodi nents where the 4-position
of the ring is occupied by the nitrogen of a pyridine
ring. In certain enbodinents, R3 is selected from

selgrteg dvom hydroxndalpgephemisieoamiiek garboxyis acid @emtsalt tharees), ester
(1&1&83’11[1? @ggr A r?&g%/ OC%B Qltl&i Qst é%%{nl)yy gsﬁcéxf),gy{oil, \A%.hfn‘l‘?)ﬁthe}.\’\ﬂf certain
sudeembodimentshRe rmusmtsmdsyltlﬁea sitlsstisudns séleared fromi dlkylotréhaloalkyl,

substituents sel ected.from hydrox ha e
iy By i 8 Sl LSRR S0 EpBP AR ¥ Ve BB v catior
phesyland @, RalkydindglyCl 116 edriaih p&ﬁtxeéd such_ehlolitherats (Reris selacted
fraryI ester), thiol, or thioether. In certain such

®Mrbodi nents, R3 is substituted with a substituent
sel ected 20 from al k I, trihaloglkyl, al koxy hydr oxy,

or cyano. In cert such en‘R' odjrent s, sel ect ed
from C1_6al ky}\g@ andy Cl1 !|6al ky! - r;]dollyl

certain pref nts, eI ect ed
from WD 2007/ 149512 PCT/ US2007/ 014427 23 D Drill
and R = H, any su\(éagl e prot )ﬁg grogg\%gl nDis
sel ect ed frorprd:étr{/‘ CN, . In
certain enbodrifents, D is selected fromH Owe, OH,
CN, CF3 or CH3. In ce/'Pal n enbodj nents, R5 is
hydrogen, L is C=O/6r/$™®, R6siA Ar- Y- Brd-gach 5 Ar
i s i ndepende eglr'{r/o@/&ﬁ 3

benzof ur anyl , , qui nol Nnyl , qU| nol“bnyl
thienyl, pyridyl, pgrazyl, and the like. In certai n

such enbodi nents, Ar
R = H or any suitable protecting group

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

a pyridine ring.

In certain embodiments, R? is selected from C,.¢aralkyl and C,.gheteroaralkyl.
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
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
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may be substituted wth Ar-E-, where E is sel ected
froma direct bond, -0-, and C1_ 6alkyl. In certain

wotdenssurh enbodi ments where Qi s C -6al kyl, PrIvEg2002014427

substituted, preferably wa2h Ar, e.g., phenyl. 10 In
certain enbodi nents, R5 is hydrogen, Qis absent, L is
C=0O or S02, and R6 is selected fromAr-Y and

het erocyclyl _In certain preferred such enbodi nents,
heterocyclyl is selected from chrononyl, chromanyl,
nmor phol i no, and piperidinyl. In certain other

preferred such enbodi nents, Ar is selected from
phenyl , indolyl, benzofuranyl, napht }'? qui nol i nyl,

qui nol onyl, thienyl, pwpPdyl, pyrazy), d the |like.
15 In certain emo\g;@, alRb
S2, Qis absent o is Cl_pakkehyl,

n, Lis C=0 or
wher e

G _6al kenyl is a substituted vinyl grQup where the

substituent is preferably an aryl or heteroaryl

group, nore preferfabHyany spiReisProfRpiegrodpt i onal |y

substituted with one to four substituents. In certain

whergip & insglested from . OMpOBps OF, hClReriGHy e‘l“é‘@f‘é'@
enfbﬁ)ﬁmx&ls,@is@éiected@orﬁ:}i ¥k k@ﬂ%’bN €F- BBy Ny i

paral kyl, and Ci _6héeteroaralk I'n certain such

eang 'c%ﬁh%mﬂ?)élrhémtgz]&sﬁ@ Ihgarlogérpq. fs{(t"' or g'(ﬁ CRG% Af-9Mand each

buty allyl, proparg

Ar3s mdep@adentlaﬁdeqteéﬁqndyhenyf nndﬂlh\ebermmdnyﬂemr@tgﬂ qyjnolinyl,
auifony thfenfR pefly, Bl SnB " L erdiiffhittcinBidihents, Ar

mdyrterulretitoyed ithl Apﬂ*eny/herezsislsnlecedtfmrn aglhtsotiboreln t@;, ahd C,.

B L Y N —

préﬁefhbrywtthmae gl, ijabqle 1 | ZA— C 1. 8al kyl -
R14Z-C, sal kyl -, (R110) (R120)P(=0 O C1. 8a| kyl-, (R
0) ( Bn\A6t26CHbDABDBAIRs, FCTIA bdR0ge, 01 f4ibient2ll is C=0O or SO, and RS is

selzé)%(e %f?b?\ﬁl‘y @@éiroggflkzbl feEfnng)éFfa;rcd suﬂ-r embodiments,

heteZdtyClly] Badellacted’®adm dhiorfién i ydhromanyl, morpholino, and piperidinyl. In

RPN ek MO PN S e B

beiATER AL n8pttiyl, quinalflylR44ineIdhlt, thivhia! Syritly8 gazyl, and the like.

occurrence of Z and A is independently other t han a

c oV gh eBttai @Athodirerts, R ik hy8rog el AdisMEAd Br SI0,| § i€abdenfand R® is
i s abse and n certain enbodi ments, R5 is

C'@alkavﬁyw engdC ‘rﬁé‘{% zy'e'a@k*yf)stlfeﬁeﬂ yiny) geap Whrg the substitpest is
préf@raﬁ%" irﬂér?l §M1€é%ex%ﬂﬁ@ GHdpNinore B@férﬁb@tamﬂenyi éetag QPMJ)nally

trifluoroethyl, or 2- (‘methylSulfonyl
subtiged é‘ﬂﬁ’dﬂ}eﬁéﬁ?%rsuEs‘i‘%‘e@O Qis absent, and R6 is
Cl-6aral kyl. In. certain

In certain embodiments, L and Q are absent and R® is selected from C, ealkyl,
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.

In certain embodiments, L is C=0 and RS 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-
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10 such enbodi nents, R6 is selected from
2- phenyl et hyl , phenyl net hyl, (4- nethoxyphenyl) nethyl,
w@ 4e0chessaphenyl ) met hyl , and (4-fl uorophenyl ) mep&iyus200m014427
ot her enbodinents, L is C@ Qis absent, R5 is
Cl.6alkyl, and R6 is aryl. In certain such
enbodi nents, R6 is substituted or unsubstituted
phenyl . In certain enbodinents, L is CO Qis absent,
and R6 is selected from 15 heteroaryl and
Cl . 6heteroaral kyl. In certain such enbodinents, R6 is

2AZ G, o ST Ol b Einealialer’ nFasdk-zaz-

C tgbn@ﬂl ﬁételloeyclym@AzL@. 8amwlam“§2N-m{rMHyln QR 'Hyrad fakyl-,
yrlda2|ne and Yr|n1 In certain alternative
iegycbibdrareeryslylids, RS S@lceﬁélf)ér, o R 180:NIt, sdersin each
v, I

°°E""9§*a°§2%f 7 8lo/A SR ¥endbHEPONLTBRIY col AT Blkaty
enmoaunamuyis@fqaw is thsenz ehg RYig Hyl , t hadi azol yl net hyI

triazolylnmethyl, pyrazolyl nethyl, pyridylnethyl,

pyr dzlicnyhimﬂmhddjmp}ts,ilh‘s ] iChy.hllkyI, Ry lis Casedkyl, Q is absent, and L is

r th
i R e SR e e
(mEthy)ailfonlyl)ethypl.cert ai n such enbodlnents R6 i's
cycl opropyl or cyclohexyl. 25 In certain enbodinents,

L arId themembﬁdﬁler@ iLsisalys@)N is ibSeﬁt @nd RP issC Ghrdkylk h certain

Flz Eoc?‘ q\ﬁ n?khélﬁé‘%édcﬁmd le%el eche%gln];etgw 51

métﬂ&ﬁheﬁﬂbﬁyﬂh Z&Z-cﬁ]br&iﬁehyi)mcﬂ'(yﬂ and (4-fluorophenyl)methyl.
10 (R 20 P(=0 O CL. 8al kyl - ZAZ- C1. 8al kyl -, = (R

10) (IRL2KSr RO hésits, &aisl@*OZQG‘dalfs%hkNS is C{:L{liﬂ(yl and R®is aryl. In

het er oc |, MZAZ- 8a|k wherein e occurrence
ces?m&urﬂggwhé %I‘i/s‘lhs jed ?fa}wsab%waq? eﬂ% ond. In

t 30 h nmbodi
ﬁgtr e‘glfggreanﬁsﬂﬂwﬂz%eﬂfgé;?enfé QH% a'éseﬂbtaéé&ymwc%frm

hetOuty [L4RA 2 hiefeo ok 9N TInQbAdi suck 5m%HB§ﬁérﬁé“Rég|s Réteroary]

unsubstituted oxodi oxol enyl or N(R16) (Rl . wher €i n
selogigd £rrmn RYrTolep flsamdhiophens, midgaglryisoxazele, e’aqzreiﬂ oxadiazole,

thiag &1k Sthfaiatofel tradbley byriz6it; pididd, pytd¥she B%mﬁ&ﬂﬁc';@: %ﬁ %n_mxdme.

ring. In certain preferre odi ments, ) 'S
In gpdaipalterpative eichgeamtmlmemdfl anbetsmaeaik)é@ekep@mfrom

PUEATL SE IR SR, e ke
oxgylh r@bﬂdpm@lﬂmthy& thirzalyhnehyl ghnk@ahzqiylmethyl

T N e

and gpyemadiylngéthyls sel ect ed from norpholino, piperidino,
pi perazino, and pyrrolidino. In certain enmbodinents, L
i s (OnEert@n embadimeats Ky is C€D| Q is ebseat edOf armiﬁ?)ls@awohwblylM-

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

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

such embodiments, R® is heterocyclyIMZAZ-C, salkyl- where heterocyclyl is
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10 and R6 is selected from CL. 6al kyl, cycloal kyl -M

Cl-6aral kyl, and Cl1. 6heteroaral kyl. In other
weptodissents, L is C=0, R5 is Cl 6al kyl, Q is Bet/esiodo14427

fromO and NH, and R6 is @Qi.6al kyl, where Cl-6al kyl

Is selected frommethyl, ethyl, and isopropyl. In

further enbodinents, Lis CCO R5 is Cl-6alkyl, Qis

selected fromO and NH and R6 is Cl_ 6aral kyl, where

aral kyl is phenylnmethyl. In other enbodinments, L is

CO R5 is Cl1_ 15 6al kyl, Qis sel ected fromO and NH,

and R6 i s Cl-6heteroaral kyI re heteroaral kyl is .,
subsiityiod ppRSIRERIAd oxodiaxeleny] oF @&FboHBnénwéerem R agdidhtogether

ar®C gl;eﬁk)ﬁ:‘p-c é%Qﬂ%R%réi”Qﬁbﬁﬁ% 3%9%2@@ %lﬁylciherelga#olﬁ’ﬁng% fng.

al kyl'-Z I kyl I kyl -
mer}ﬁ'c@ﬂﬁﬁ‘iﬁet@{-‘r‘é&‘ %%B&ﬁné?lfts 14s @"b Xo) issaHsqueWﬁQ?ﬂtaikXd and R®
ot her than a cov% ent bond, ther eb){ formng a ring I'n

is sadeated fromQ(Ry f@RXBr OB Ei-skyls, (R hMCCﬂXYIQlﬁMNT: salkyl-,
1
TR R IR i, |

(Ré’th Q.aalkyhbwba’e R! mlcaml@mdm &G’taimgihbhsarch&mdaodlments R®is
Y; Cl1.3 t pr ef
neleho PV WhiesERetheiy iR RmBSipBO RS, ipcisie o
pipdrazinel aNd ynGitinyl , and RS and R6 toget her are
Cl_3al kyl - Y- C1_3al kyl. In another preferred

enbadicersin, enibddSm@;tQ L ¥ CS0pRSBT, salkiyt] (REs Rhttddofréh O and NH

ang M5 el ci o FraBHE oL, drviagliok My o -caratfiy” Bt Creheserperaticyl. In

oth@@aitdaImeits 1Gk. (2=a® kBH rsZZ“r 6@1@2@1 le¥elected fedintdnaid NH and RS is
preferred enbodi me A are C=0 and R5 and

Creglil: n@}er%ﬁes@zylsamwe%ﬁowe@w{ &thylemddernrepyls In rfegther
enbbdRRERSICH ¢£0 nRhﬁéQf&Qﬁk?l f@f& defecRAl f¥oth O hitl REL 4 RS is C,.

preferred such enbodi men is selected from

satgleyl. oulesre aradk yhds penylmethyrle oghﬁrmréxoérm@us,sluaﬁ =0,R%is C.

RSS90 L CABAITRIE ot

(4pgridwbimRByhr e each i ndependently C,-6aral kyl, and R
is selected from Cl1. 6al kyl, C1.6hydr oxyal kyl ,
C1- dalkdsipznmbadimenty, L iscabgenT, or iGEFE) kyd R’ ang RS togetties bre C,.

P t e
Gafg%l 2’2&.-6 1KY bok@s#gﬁl 1 2&% :d',t %kyf Bpggpcﬁk?h%,pg' ? efH ea%ﬁloggmrence of
z éIilmAliSI ﬂideger(dbnﬁabmek tlemtacrovaleht h@ddgyﬂerei&t bﬂmx@’njnng In certain
er, hi al hi her I, tient
prffele ERbEmeR Tl SN Aad & S P R R o etpegore 1
salidyl-Yhe | _gadleyd o s a:limhésn mgferﬂaa eaiboBBnat el and oardbsdnltyand R® and
rt 0 odi ts, the.. o .

RObarthaite reaREY R plivhe P fegie sreiPusd enBgingstylyjs =0, Qis
absa@itpy rilssdmﬁed ﬁgmmﬂamd MRE, cilkghand RYahy Ri6$o@thdrl’are Ci.;alkyl-Y-
C'C’ah(fy?gﬁ\‘ pg;} 8:?" enqgodlmterr]lte letse(g egc\p 1s absent and R® and R®
together are C, 3alky1 -Y-Cj.3alkyl. 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

preferred such embodiments, R? is hydrogen.
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10 carbon bearing R2 is D. In such enbodi nents, the
stereochem cal configuration of the carbon bearing R3
WO s00Bx149sm2 cert ai n enbodi nents, the stereochem eat/us2007/014427
configuration of both of the carbons bearing R2 and
R3 respectively is D. Another aspect of the invention
relates to conpounds having a structure of formula
(I'1'l) or a pharmaceutically acceptable salt thereof,
R RTORZI RANYKN ' W 150 R2R8 (Ill) wherein

each A is independently sel ect ed fromC0O C=S, and

S2, preferahly. C=O or ggl onal I y a coval ent
bond? SRR smbediments, X asnoo%cmdr nek s3fh independgnily C,earalkyl,

an@ RS §del&ted me(cB) P3| @r&.@oa%myﬁ %ﬁkox}alkﬁ aﬁ?ﬁ and 4c:

or is selected fromC= prefer
sargikyGagy of mhich isippainnally substitgiedwith Ry or moes @ﬁzmdy amme

t
calkB DL Ak (orld L BLeB! Bl CRMaiE e, AR BLRLEA Qg ana
aryy estsr)aﬁs@lnpr thiodthersgbsttoads.f r om C=0 and SO2; V\D
2007/ 149512 PCT/ US2007/ 014427 27 each Z is

i nddpeed@intempodigheds.dhic stemorigmisal mﬁgaraﬂiomoclheaairlkqu,bearing
Rz%%%%["@m %%Q}de?tly b o% L Sn c@rttalgg)?tlaf:p%&g embo 3 Jmeg?l'i ka\

en adj a an occurrenc S ¥ &% ed
stei‘e‘o@heml;cal @ nffaration & at Ghsbnedsfaky edrksyhs bearmg R2 and R?

resgf%t?vai)z%x[%/. %%&q&#kfnﬁgg%?%a tk? 8%%&?:%1%031 conﬁgu%tlic_\:r?; of the

cafbon baadkRF is helieqrArelbodanéhts, thd stehetidmiailaddafigiraién of the

i, S QR6; RS is seetedfromhydro
caibpn g é'?'w is By I RertagLFRppdimstsy testsrgoch f@‘?ﬂ}&%@@ﬁam@f
bofofi thie 6abBA Béhrin A dCagssben (ely6abkyl ,  Cl. 6al kenyl

d - 6al kynyl, Ar-Y-, carbocyclyl, heterocyclyl an

El' t Q’(dﬂtm:asﬁé&beﬁ{d iRGed#ionayBlated ity lcom&urﬁﬁr}ﬁlvmgl a structure of
et
formula (III) o¥ a'pharmaceutically acceptable salt thereof,

%r%

R? RS
(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;
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;

Y is absent or is selected from C=0 and SO,;
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Cl heteroaral kyl, R11ZAZ-C, _8al kyl -, R14Z-Cl_8al kyl -
(R110) (R120) P( O) O Cl. 8al kyl - ZAZ- C1_8al kyl -

WOLIMZADHSPA . Bal kyl - ZAZ- C1. 8al kyl -, PCT/US2007/014427
het er ocycl yl MZAZ- C1. 8al kyl 27 15
(Rt 10 (R120) P(=0O O C1-8al kyl -, (R13) 2N Cl1-12al kyl -,
(R13) 3N+- C1_12al kyl - het erocycl yl M, carbocyclyl M,
R14SC2C1_8al kyl -, and R14SO2NH;, preferably an N
cappi ng group, nore preferably t-butoxycarbonyl or
benzyl oxycarbonyl; or R5 and R6 together are
Cl 6al kyl -Y-C1 6a| kyl, Cl_6al kyl - ZAZ- C1_6al kyl
ZAZ-®@th Z léarlldéypndyxzy clsated from. ,@AZ, NH, ead RN Cq @d\zyl preferably O;
orCt _6al kyl -A, thereby forming a ring; 20 R7 and R8 are
i ndependently sel ected from hydr ogen Cl- 6al kyl , and

hydroéﬁ‘#‘”aﬂ‘ygﬁﬁéﬁ?%%% L A
R10 f{sls Blebtelt ﬁalcg‘ga?{)g- ghg% g%yal@lél.?an )&énﬁ(’yﬁra‘f‘yl, and

i ndependently se ette
Cearadlgylkyl , 25 O - 6al kenyl, Cl 6al kynyl , aryl,
heteroaryl Cl - 6ar al kyl and CL. 6het er oar al kyI
pr ef R as 13( arereach imyldp@gemly seieaed fratn ayl, Caraa*alkyl heteroaryl, and
%eggl kyd( or R'" and R12 together are Cl_6al kyl,
Xlrm ng a ring; each R13 is independently

sel Ie girogen and Cl. 6al kyl, preferably Cl_
6al k %@%W%OOW 149512 PCT/ US2007/ 014427 28 Rl14
s ipd ent.l el ecte r.0 al kyl .. .Cl
al kelgyﬁ%%%fgaﬁ yﬁ%r’o gerbq?%’o y@f%jgyl %’é‘?&ﬁ%’?& Vle,}(erébly
hydrogen; het eroaryl, C . 6aral kyl, and Cl_6het eroaral kyl ;

each R16 is i ndependent |y selected from hydrogen and
C1- 6Rf issklected ftomnhydmgm 1@ Rakyl, eakanylpgegdn@nm Be,

cae R Y el TE PN B Getolge e B Py Iy I Ay rrstctoaryl

,aéhmemdkylpnékzmltsmyl -J n"‘zranb@ucylu (RPEZ(WFOWQO)O -C,.galkyl-
e ne er

2R lSh Rz At et A st b P e IMPAZC rslkyl-

Réitbwﬂiz@n@:%)o?c, balksAglREY AL, .Mylﬂekﬁ’%w*c hﬁal@&ﬂ

Cl.6aralkyl. In certaln such

eGP LN, B St o one TS GANUR: Brefsbly an N-
caf)ﬁlﬂg‘ grédh, ysie ?Yéferab@l QRO y ST 0N Slox FEIBSR] (? Ky|

acid (or a salt thereof), "ester (1 ncluding C

est er? afdlR ORlgkihkr HSICET, an@rl@ éwdlkﬁsé?ga)kylli)@'c. 65’1‘i<y1 ZAZ-C,.
thioether. In certain préferred such " erbodi nen R

satkyl-ZdvZs Ci salkdd Z W G mH@/'rﬁAZrmréZnsaaB@iﬁ teareby %)ennertgtaaung,

fromcarboxylic acid and ester. In certain

enbodi sarefindgpgndeatly seleatet feam hudiogen, @rially], and C,aralkyl,
prefePibi P RYdrogen;

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,
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 ’
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car boxynet hyl, and benzyl. In certain enbodi nents R

is -Cl _6alkyl-B and d-6aralkyl. 15 In certain
w@eeransserl such enbodi nents, B is absent. | n cPCT/@BZ007/014427

enbodi nents, R2 is sel ectedsgfrom Cl_6aral kyl and

Cl _6heteroaral kyl. In certain such enbodinments, R2 is

sel ected from Cl. 6al kyl - phenyl, C1.6al kyl -i ndol ylI,

Cl . 6al kyl -thi enyl, Cl1_6al kyl -thiazolyl, and

Cf _6al kyl -i sot hi azolyl, wherein the alkyl noiety may

contain six, five, four, three, two, or one carbon

at oms,, preferably one or 20 two. In certain such

enbdili aeindeperdently S@%Q@ fromt herdragenhCosadk s Cmiﬁ‘“eenyl Ciealkynyl,
S TS S L, L

é's?géa)w ktmgls(l?r %ﬁﬁlyes%[e%{ed f%'mﬁgé&%«kn Gd %r &zﬁﬁ\ﬂd OWO
ocewerdiesrefiR &' togahexsmsyl be O;kalkyidth&rdbly farrnmgsatmxtg,lmghther with the
ingFiETEro] A gw%ewt e AR Boviane BLRE SVl et e

22?{%?#65‘? i 8 SESR s fatencgA potdedse ppe frember of

thésmeﬂ@rﬂﬁﬁﬂelﬁ%lﬁaﬁﬂé\uﬁﬁﬁﬁaﬁcﬂl4427 29 NI N~ D
DNSDDgS D~~DDS / S&S ~and N D~-NNR R=H
or aln;peﬂamtmhﬂoehmemts Rt isnglegred fipmvber.gilkyl B hsd Selesiked In

In certain

ce B eSS R T S Rone Aot Fubeh e elgrfgd from

hydtéky, hﬂogﬁf Taﬁrhdle Rnghe rcaﬂﬂ;xw@ hble miaﬂ'i&ﬁér%om@s&& (Dxdl@dmg Ci.
@wLacheg ? g i Xx- menber ed ..Dis attached

safybesterpts sk pstes and;any estsr), H@% 81 fhiosshera db serdE meferred such

enﬂicﬂﬁrﬂéﬁgﬂﬁfl is Qubdtincted i@t Ur TG SubMitictd st&‘fecﬂe(p@&htda%x lic

of the ring is occupied by the nitrogen of a pyridine

acjd g1l estef. Beeeridin cabpdimantsh Rs is iected Eemnarethyl, ﬁﬂwinlsopropyl
ca@ox@ﬁ{efnﬂg}fydnd%qzﬁ Iﬁ Q@rttzﬁﬁ Qb @h#ﬂ( nts RI i3 %er;;lﬁ#'lnBtagg CH;aralkyl

ontain siXx four
In@prt@n@r@'gqrg@ ﬁucat emigodiments, B is absent

In certain embodiments, R? is selected from Ciearalkyl and C, gheteroaralkyl.
In certain such embodiments, R? is selected from C;.salkyl-phenyl, C.salkyl-indolyl,
Ci.salkyl-thienyl, C,_ealkyl-thiazolyl, aﬁd Ci.salkyl-isothiazolyl, 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 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-
phenyl and C, alkyl-indolyl. In certain preferred such embodiments, R? is selected

from
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10 preferably one or two. In certain such enbodi nents,

R3 is substituted with one or nore substituents
waeleatsad f rom hydr oxy, hal ogen, am de, ani ne, PCT/US2007/014427

carboxylic acid (or a salt a9thereof), ester (including

Cl_6al kyl ester, G _salkyl ester, and aryl ester),

thiol, or thioether. In certain such enbodi nents, R3

is substituted with a substituent selected from

al kyl, trihal oal kyl, al koxy, hydroxy, or cyano. In

certain such enbodinents, R3 is 15 selected from

Cl_6al kyl - phenyl and C,-6a|ky|-i dolyl. In certain

preferred such di ment s, s sel ect /PFOH]D D
rill and D Nrﬁ | lany UI| t pgggectlng group
wherein Dis”s d fr CN, CF3
or CH3. In certaky enbodlnents Dis selected fromH,
Ove, OH, CN, CF3 . WO 86Q7b149512 D ;~s

PCT/ US2007/ 014427 3 r}r‘w(\\aﬁ enbogh ERYSS RS 'S
hydrogen, L i’s r SCQ R6 is Ar-Y-, and each Ar

i s independently selecDed from phenyl, indolyl,

benzof uranyl, napht gui no ~qui
t hi enyl , pyrlwr}(@ \bgé/? ﬁ)g\/jiert ain
such enbodi ment g, SN stltuted mnNh Ar-E-,

where E is selected‘fron1a direct bond, -0-, and Cl 5

6al kyl. In certain Bt her such embodi ments wher e Qis

G _6al kyl , Q meyH beany sliible tpttiteting grpief er ably with Ar,

e.g., phenyl In certain enbodi nents, R5 is hydrogen
wi@reig Iaimtdctedemm H-6Mey OBGR OHCINRBFi and €Hk.ebt @dtafir om

erlogimPL RS ocieney St e PPN CER BEGa™4 FBfs chr ooyt

o S PR e ﬁ%@ﬁ?@ﬁi@y i gl do By Pigfpbered
rirf) Bnig |atta¢}’red@|t We, 4—pd$>§i‘fﬂdx0fdlu’tﬁr¢yb thépgint blﬁ/dttacﬂmembﬁemthbly

nol o . thie pyr azyl, and t
exPhiaitis ellodimals e 8 A-pestidn G Aes SEopieduhe pitogen of
a pylin€}ihg absent, and R6 is Ci _6alkenyl, where C i
-6al kenyl is a substituted vinyl group where t he
s u bsml detteitenSodifemt gt ablsyleaRd @fo}‘x'x CQkarBRYLARPC Y Jheteroaralkyl.
nor e preferably a. phen roup optionally 15
In §EB%‘P|”P‘U?‘§M‘ Wty DAY C%taf"cﬁlﬂ‘a fg‘@@ g‘?‘irt PR §w0,| f o@E CaRR atoms,
m?é‘&stwoL 18€rt4n306h &RBEMIM AT RRGs bibsaRk&IW R one or more

pr
fromGi - 6al X
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
selected from C,_galkyl-pheny! and C,alkyl-indolyl. In certain preferred such

embodiments, R? is selected from

D
D //
| \/ and /\‘./gy
P’J = 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.
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d - 6al kenyl, C, _6al kynyl, d -6aral kyl, and

C, -6heteroaral kyl. In certain such enbodinents, R5 is
w@1e08akdsyt and R6 is selected frombutyl, allybP¢T/US2007/014427

propargyl, phenylnethyl, 3J3e¢pyridyl, 3-pyridyl, and

4-pyridyl. 20 In other enbodinents, Lis SO2, Qis

absent, and R6 is selected from Cl_6al kyl and aryl.

In certain such enbodinents, R6 is selected from

met hyl and phenyl. In certain enmbodi ments, L is C=0

and R6 is selected from G _6al kyI Cl_ 6al kenyl, C

kn.I, ryl, C ar al. kyl , het aryl ., .

e bnientiefiment. BAS Bodrohgidy PO R §E o isyr. and each
Ar(lerQ)e 1N Peeiedtet Ebndphdivd -indolyl, benzofuran 1, naphthyl, quinolinyl,

O (R120) P(=0 O C1. 8al Kyl 25 ZAZ-Cl ?’y
qum@_q_ (tm pyn@)/ gpn'fzglapxp@jthezucel Iy gq:rka}m such embodnments Ar
md3IeZAin st tu&ﬂl \51'\.’1'1 W wﬁ&e&’?isks)élected from a direc l&ond -O-, and C,.

het erocyclyl 8al kyl -, (R13)2N-C1 8a
salkpll Ip3rptaig) otlaqlsnyln embogisentowhere(d WG elybd? yrualy;hel\aubsmuted
pré%@r‘bmﬁh %% e@ﬁ.d R14SO2NH, wherei n each
an

occurrence Ais i ndependent ly other than a

Coush b BB B, b7 s

sel@dted firome Al ancbhtleﬁhcmiyt sin deétainspréferred siigh emBBdiireents,
he%e%calgiyﬁ%%eée%eﬁéfrabs &m?nﬁf’ %I%Brbqgwt morpho'ilmg ez[r}da pxpencﬁnjl'/]l In
ceﬁalﬂ ofhdrpréfetted aedhymhbodiments, Aﬂ&tshwcfewﬁd?ﬂ)&hérgﬂhhﬂolyl n

sent, an

| S
begaolgErs, RgphYnagiap iayinavigolsysh TIABO P TR 4nd th like

ot asareTRoREBT. s WiogPan eI BESipt i ent, and s

leéﬂrﬂcéhjdofvﬁ&'%@\%hm 1Y la.subsiit@ieh Q'in v BRAag \m%ﬂz $he dubstuent is
is absent, R5 is Cl-6alk and is aryl. In

pr%félfabbf 31 AYLer heteroanyherRup, mrge pi ¥%ralﬂgta| Rhep¥EreRp optionally
sublhtuted WithbrRdo RE& BibstithBnes er t @i N enbodi ments, L is

CO Qis absent, and R6 is selected from 10

het L Qafih eﬂ%dgerﬁbi %@Qr&% kivdent 4dll R€ists@ieBtedUfdin C.alkyl,
enbodi nents, R6 is heteroaryl selected frompyrrole,

Cifspilkgnyl, Chc%bnwhgﬁmafﬁlbhdz@? 1-shstexearalkyl. laxagrainsuch
enﬂ%ﬁ%éﬁ?llg is d. lﬁ§1°4n% R¢ 1|§ sélgbt%& (ﬁlo?n bt Piﬁ gﬁgiﬁ gropargyl

pyrazo pyridi ne, pyrazine, pyridaz
phply)rlmld‘ll,rﬂepynd)ﬁ, Tevtidylnand d@yndyl.ve such enbodi nents,
R6 is O -6heteroaral kyl selected from pyrrol yl met hyI
f ur dnyithesempodinerits dyisfih @ is absantiand R/l iseelegted from C, salkyl

anH a4 L:%(ljt;{n? % ?mg'%qr?l)aé%?ky ls’E%t?@féd from methyl and phenyl.

| azo | net
t h| afic %%lnfﬂi |@z@I
pyr i gyl nmet h h%%“é%l%% | met ﬁ%ﬂj Wtﬁ%%/‘%]ec%ézq/ %oé{ﬁ“&w
galbymylnCdngnybtdwll, Ciearalkyl, heteroaryl, C, ¢heteroaralkyl, R ZA C,. galkyl-
R"Z-C/salkyl-, (R''O)R'?0)P(=0)O-C,) salkyl-, (R''0)(R'?0)P(=0)0-C, salkyl-
ZAZ-C, alkyl-, (R''O)}R '?0)P(=0)O-C, salkyl-Z-C, salkyl-, R"'ZA-C, salkyl-ZAZ-

C.salkyl-, hetérocyclylMZAZ-C|_8alky1-, (R");N-C, salkyl-, (R" »;N*-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.
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In certain enbodinents, L is CO Qis absent or O,

and R6 is carbocyclylM, wherein Mis Co_lalkyl. In
waeesraigsisuch enbodi ments, R6 is cycl opropyl orPCT/US2007/014427

cycl ohexyl. 20 In certainzenbodiments, L and A are

CO Qis absent, Zis 0, Mis Cl.8alkyl, preferably

nmet hyl ene, and R6 is selected from Rl |ZA-Cl _8al kyl -,

R14Z-d . gal kyl -, R'ZA-Cl1 -al kyl - ZAZ-Cl. gal kyl -, (Rl

0) (R120) P(=0) O C1. 8al kyl - ZAZ-Cl _8al kyl -, (Rl

10) (R120) P(=0) O C1_8al kyl - Z-Cl _gal kyl -, and

het ey ocyc| yl -Cl. 8al kyl -, ~ wherein each occurrence_
o AR Rk o rerca bt s CorlkEnE baRens oRd L is
CLO! Rbétat® st bolRehERT S.eti3D, is roFyl, 2,2,2-trifluoroethyl, or 2-
e

het erocycl yl MZAZ- C1. 8al kyl - wher e erocyclyl is

(metrdsylfonybathyl unsubstituted oxodi oxol enyl or
N(RL16) (R17), wherein R16 and R1l7 together are
Cl_6al qgl}cyr_eml(gg_ltggm(,ﬂ is Gr@f Qriziplsgnt, and R is C,.garalkyl. In certain

A LR R R T

méthpsypbenginktlyl, (dsctiloRGphengl)methyd,tand (#+fbrorophenyl)methyl.
(R110) (R120) P(=0) O- C1. Bal kyl -, (R13) 2NCl1_gal kyl ,
( R13n3itheengwidiments, L B0Cs@0Qhe tlesent RCliy C; Alkyl] and R® is aryl. In

TR R B S BB ol
| i § .\ 2007/ 149512
T DBHER SIEHERELE 1 ROl Qb g Setected from

hetarb@ybarytCydhetsoaalkgL t Incbet taimnsuch epibolirnents, R e héteioany]

sefeg R R e ahphénecinido Qbbb B0 B e et

th'ﬁlﬂdllelk%idcﬁazﬁ)aﬁ, ggi-dzﬁlét, byﬁﬁb@} pkﬁfﬂikw pyr%}iﬁei, @3H8¥4inddndPyrimidine.
ar al . ,an eteroara : n ot ner

Inéﬁﬁ@aiyaullfemag,ve BuGhsCrpaRgimeRs; £ ol nesgﬁqswa,rﬂlsvli lestaddiamd

pyrfol Tt crubiry RSy Rehibdy1fabifal igM!iazomﬁ{eﬁ?y@,]i[s?@?&)ﬂnllqétﬁyl,

sel ected from nmethyl, ethyl, "and i sopropyl . urt her

oxazplybmetayls gxadiazolylmethyl hiazalybmetby), iRipdiazplyknetylect ed
. d i s ¢ . d
ik PR W PRy PyridyimeiR] B tliny HRAHE Bl imertyl

angjpyringdingimethg).i s sel ected from0 and NH, and R6 is

G -6heteroaral kyl, where heteroaral kyl is 10
(4- plyqueﬁwn)qmb%gm?msm e Ti R 1eabisot peoht and R’ isscagioseelyIM-,
: = ree
o BEPh YIS g8, 1728 B PRI B2y ongot o cvtohns
CL 08 ceithin bmBUMEHENS, LN AUE LIS & Msent?72308, B 15T salky),
n on t hereby

i ndependent |y other than a coval \ 2
prefsrabilnmethyl¢negand R° iseelegted from & a2 A <Ch-seiybd RmEn€ssalkyl-,
RUSAE QallI F Kz Fh1Ry R 2 0) o1 OGR! oALE

ol 1§a3al kyl =Y %im@b% WF‘S’@E@E? %ﬂggkgfgg‘gt@”aﬁm :

(Re iR “BNE0)O-EnehlKyleZ-€1 atlk plat andarederBEy dylMZ ARB-C, salkyl-,

wltbér?gi teelrarg}é 8%%%%?%@%5%4 _d!i)é%ll@ede_g@l?' %@elr gﬁarr]l aapo%tape%{ bond. In certain
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-,
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
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absent, Y is selected fromNH and N-Cl _6al kyl, and R5
and R6 together are Cl_3al kyl -Y- Cl. 3al kyl . In anot her
woe@iarsserl enbodinent, L is C=O, Y is absent, POOUR®N07/014427
and R6 together are Cl. 3al kyl - Y-Cl. 3al kyl . In anot her
preferred enbodinent, L and A are C=O, 20 and R5 and
R6 together are C 1. 2al kyl-ZA-C 1. 2al kyl. I n anot her
preferred enbodinent, L and A are C=0 and R5 and R6
together are C2_3alkyl-A. In certain enbodi nents, R7
and R8 are independently selected from hydrogen and

Cl.6alkyl. I'n certain preferred such enbodi ments, R7
he@mmb'l%ewtlm dgtenetyahyll is selastedcfrend rierphelinag pugmdlrm d

referred such enbodi nents, R7 and R8
pugg th?KHﬁL ngen In certain enbodlnents "Xis 0,

|R§ ?gfge‘ﬁ%f‘%@’r grﬁhﬁ%té 29 kyI el{g Séﬁ(%}kgg gisks)éiebtedq{]om % and NH

an@R® 6asdtectgdfriml Cuaﬂgyil,,cya]md]l@lM Gagaedikyl] anda@ycheterodralklpl. In

ool RBOURRGHLY S0 0 AT PRS- B

C|(6alﬂt91 weheRgCdallodlik ydlectad fom rhtthPhlethiyl, a8 i&propnd In Bfther

el rpiors G Kedasrlbth 5 selpstel o FL AIANH and R i C,.

6ar€m@'® i HER8 hialkyl h@ptﬁn@frﬁ&ﬁﬂe%%ﬂler CRIYoUEHEAS, 1O c&to tmfels C.
carbons beari ng are indep endent |

salkyl, Q—llsdsél‘ef:tgpl{r%qa Q:q.p,drlgg @%g}ss,fé.@gterqqq@kyl whereyheteroaralkyl is

4 s CTeta] cal configuration of at |east one of the
¢ %%ﬁbgﬁs gg%rlng R, R2, and R3 respectively is D. In

cer tlalcenm%ﬁ;oaﬁﬂexﬁy qhisSBRGH LFRESE, Mbexsw ﬁoﬁ{é@{ﬂepﬁle C,.

5 configuration of the carbon bearing

Al ¥ oF nealld HC eatBlodtiZfe iy salkylher Cstaék)éo%,hemreral each occurrence of
Z ﬁﬂinx&'1§H{d%érﬂgn9%8{h3?ﬂﬁﬁrat&0a £ tﬂgg??é/sfognwg% ring. In certain

certain s I rents estefe
prefonéd gmbadinentoL is Be(Q; Q bohYeanbsegt, R8d RS afd RP mogether are C,.

al nf i |on
3alﬁ§lr 1Yadl ﬁ?? ?A V\kg)@&#& q%%%:&rg(? %ﬁga" éené_’?[“ nci: are en a d[§3 and
RS rtemh@‘taw@h yalkg Y}CllgalkyrEtInaamtﬂwlprqfe:eéceémaﬁhlment LISC 0,Qis

ab§e:}]1? C\g is §el?fici(%it %%‘Pég!ﬂ gz\g?:(: hagﬂ]ﬂs gbl @e{h%p aroefC‘aJalkyl-Y-

C.r;el:kpb cIni anether pﬁefared%rﬂtdtﬁiheas VETS t:=«zf \t heabsentesrid Rhand R®
ates to.c Qun ving . a structure mul a

to %W Cas%‘fﬁ%ég‘m gﬁw thee B{ﬁf%ﬁ’dee’g‘é‘r‘{‘mﬁﬂ'e L A gre C=O,

anfR°> ak4 RY tyietitt a@C..zalkyl—ZA Ci.;alkyl. 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®

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

aryl ester), thiol, or thioether substituents.
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15 (I'V) wherein each A is independently selected from

C=0 C=S, and S@2, preferably CO or A is optionally
w@2aouadsent bond when adj acent to an occurrenceCDUSHD7/014427

is absent or is selected fgm C=0O, C=S, and SQ2,

preferably SO2 or C=O, 20 Mis absent or is

Cl _12al kyl, preferably Cl.8alkyl; Wis selected from

-CHO and -B(OR11)2i Qis absent or is selected fromO,

NH, and N-Cl _6alkyl; Y is absent or is selected from

C=0 and S@2; each Z is independently sel ect ed from 0,

S, NH and N é 6al ky], preferaply 0;. 25 or

opt ilg (FETH1Y embo {rartmthe shseroghrmicakgondigntatiop of ﬁhe arbons bearing

R'O Ré LUr'R‘}QQ@m@Ep&d e B 1/ It Lertin Prefel/ad BRBO Q! the’34

are each 1 ndependent|y sel ected from ag ,
St@m@amaﬂakwnﬁmtmﬁrgﬂlqasw ofithe cghenshessing/RyR’, ard R

oI5 4oy 60 SO R e
conﬁgmtlecoéﬂiefcnmmlbpdnimg is lﬁ:llrﬁedrtayi $uoﬁibnﬂmldhmaytb,,the

K b 1
SRRt o PR St REL iR
enhmtlfmms he ste@bcl@dmhelr@ﬁﬁ kayibn oRi}inz%Zbcﬂ be%ﬁhgyf 41s . In

o P 5 A ol A 4 o e ctons

behﬁﬁ@RbCWthIYd NZM &ckiv@R} ). -In Qanother referred embodlment the
(RLLO (RI20)P( 290 cl sal kyl.- 3)IN Q| 2al Kyl -

steregebeRgal eanfigugatian of all thegeqfs bfyeqrpmbeasag%c%wym
redpbéiplfik pal kyl -, and RLI4SO2NH, preferably an N
capping group, nore preferably t-butoxycarbonyl or

ben ZNIll(QKéf‘ngﬁ&LQ 0¥ the iAVedfondaltdR%o E&ﬁg&ﬁﬂﬁfs HViiga structure of
(Galkyl ¥ C 1 -6alkyl  C (6al kyl-7AZ C | TEal kyl,

foymyla V) or a@&aﬁyﬁcezAZaIMMPktyble sgsherpofbal kyl - ZAZ, or
Cl.6al kyl -A thereby forming a ring; 15 R8 is sel ected
from hydrogen, Cl.6al kyl, add CR3aral kyl, preferably
hydrogen; R9 is sel echsd f om/H;(drogen (]—L and
Cl-6al kyl, preferably Clfal kid; &d R10 is an
N-terminal protecting growp; Rl and RL2 are
i ndependently sel ected from hydrogen, netal cation,
C1. 6al ky| ) (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;

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;

or

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



10

15

20

25

Cl_6al kecnyl, Cl_6al kynyl, aryl, heteroaryl,

Cl -6aral kyl, and Cl_6heteroaral kyl, preferably 20
\N@Q@Hﬂh%drogen, netal cation, and Cl_6al kyl, opcRU%20am014427

R12 together are Cl.6al kyl 34 thereby form ng a ring;

each R13 is independently selected from hydrogen and

Cl 6al kyl, preferably Cl1 6al kyl; and R14 is

|ndependently sel ect ed fron1hydrogen Cl_6al kyl

Cl_6al kenyl, Cl1_6al kynyl, 25 carbocyclyl,

heterocyclyl aryl, heteroaryl Cl - 6aral kyl, and

C1 6hpterqpralkyl ach R16 is |ndependently sel ect ed

f r ot B B g eaﬁwnépp@épww selegited fiem a5k Gnsaratkyt hetergaryl, and

c, knteagtdigy; my be C.6al kyl, thereby forming a ring
together Wth the intervening boron and oxygen atomns

to w chyRAY.eRe attached; WO 2007/149512
PCT/USZOO?/Ol 27 35 prOV|ded that in any occurrence

of t
sequiﬁgga%uyg?%ggzﬁogéthan a covalgﬁﬁjg'sa N %re%epﬁ)ly

hydeageai n enbodi nents, R2 is selected from Cl-6aral kyl
and qg 6heteroaralky| In certain such enbodi nents,
R’ igstlected droim byrir(meraquyalkph éhyhlkenyl Cy.ealkynyl, Ar-Y-,

a%%) g&H;% tepﬁc@% 4 d.nINQer%ln%f%%tefstk% _glio;(lgt zﬁ'ly Cerall'alkyl heteroaryl,
va&hetlemamlkyleRé\'IZA/l -Oimalkyly, REZ-Caatkain (Ri‘m,)(ﬁ'?mp(-oamrc] galkyl-

ZARS SR PP L R A ket T hefie TRz Ehgpiiot-
(Rvﬁcl)rRBo)aP(@qomcesaskmst(RPbmts uzlaﬂf}ll-‘?‘(Ré’Q’zNT@mzmgr oxy,
hefeRoeR R Gub e Aok S PHE et g Sy Regtesamy gp N-

capsihg groud) ehoré Ylef@abl§ tibutd:BicBibon9F ortHEn@ bR Géarbdriyl; or

certain 10 such enbodi nents, R2 is substltuted with a
subs 4ndert togethecire f6£lRSTl—‘&IL(P>‘MJalk)H rCh@hl@ﬂmecmalkyl ZAZ-C,.

hyd I
sa@nﬁaa%e h ﬂﬁé%csé?/@@%@az,?qréﬂsé%ws klgﬂrebméﬂwg HRE:
3g$yl-|nd IyI In certain preferred such
irsfiegted fom éydgeb% Cagalkyh and 61 xprplkyl prtferaRlychydmpgen;

D , )
RS is selecteg) from hydrogen, OH, and C,alkyl, preferably C,_galkyl; and
R' is an N-terminal protecting group;

R'' and R'? are independently selected from hydrogen, metal cation, C,_galkyl,
Ci.salkenyl, Cgalkynyl, aryl, heteroaryl, C,¢aralkyl, and C,_g¢heteroaralkyl, preferably
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,
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;
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\\ ~t Si and sill', NW\J D ~NNR = Hor any suitable

protecting group 15 wherein Dis selected fromH Ow,
woBw7/1483 CN, CF3 and CH3. In certain enbodi PENUS2007/014427

is selected fromH Owe, O35 CN, CF3 and CH3.. In

certain preferred such enbodi nents where D is attached

to a six-nenbered ring, Dis attached at the

4-position relative to the point of attachnent,

preferably excluding enbodi nents where the 4-position

of the ring is occupied by the nitrogen of 20 a

pyrldlne ri In certain enbodinents, R3 is selected

f r orRreidgd Fh@? Banyereurengedthe @%quanmAZ atdeqst ppgmember of .
thtt: %u@ﬁé@’ﬁlume%ﬂﬂm £O0NMM bShk: five, four, three,

wo, or one carbon atons, preferably one or two. In

Sfr t‘ng'fﬁf‘%%%%’?%‘?&gg??%&%‘?ﬁ%ﬂ%‘@%‘%ﬁdﬂw&%@% chellaralcs

Insgtiainistcieernbodialentst BA is sebarted/fiorn G sallil-plymy], Gurgatiey]-indolyl,

C%Imr]](rgf-bhdlg%’l%)l(% tﬁ%% g{, %d & Szﬁk%l 1&3&%&8‘ E)Wherel %e a]lkyl

meistyendy caraialsjx, d:'we folur cthtdeelWO lon onecatrbmm ammshpreferably one or

I MR R (T -

sekbbted)fmmhydmxy,el’fdl@gdﬁ swiide, emiegcarbotyic d@lak(ol‘i a58a1(§ t}|1ereof) ester
a -1 nao

ect d from Cl - 6al henyl and C
s € o ] e 3 o B oL o
suth &ﬂb&imi@nﬁ;n &2 NsubRitatdd wAR Y sEbdtinadt %l@ét@d sohi 8yl frﬂ&bﬂbalkyl
wherein Dis selected fromH, OW, OH, CF3

alkaxychpdroxy, oz gyang. nin CSHBEHRUGH ﬁf@Od’Dl?r%S . &iselested fram ¢y alkyl-
phEh, an@ids, Syl gﬁ%lﬂr I@E@taujr éf'é‘n&%&cﬂ'eﬂlb%m&tmﬁ selg§ed

i s hydrogen, L is C= -Y-, and each
fromp js |ndependently selected fron1pheny| i ndol yl ,
benzof uranyl, napht qui nol i nyl, qU|noIonyI,

t hi enyl yrldyl Afﬁazyl and e like. Lp Rertain
such enbOdlnE‘;ngjiJ afdﬁkegiltUtd\/ﬂgi;]A«-E_’
where Eis s < and Cl.

D
\’§ S_\\/D 7
:i\,JL¢¢T ri\/l\y» ﬂivzlif)

and /

D
R
R = H or any suitable protecting group
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

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
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6al kyl . In certain other such enbodi nents where Qis
Cléal kyl, Q may be substituted, 15 preferably with

w@\2g07a49512 phenyl . In certain enbodi nents, R5 PST/US2007/014427
hydrogen, Qis absent, L ig6C=O or SO2, and R6 is
sel ected fromAr-Y and heterocyclyl. In certain

preferred such enbodi nents, heterocyclyl is selected
from chronmonyl, chromanyl, norpholino, and
piperidinyl. In certain other preferred such
enbodi nents, Ar is selected fron1pheny| i ndol yl, 20
benzofuranyl napht hyl , qui nol i nyl, qU|noIonyI

subg{itueis selesied Fom hydpoxys halogemdmifie amipe carboxylie asidi(or a salt

th@rg@Q dispe an%ludﬁ'r% C&alﬂyﬁ %9919 @1 551k&§es%toarﬁf ané@ster@ thﬁ)l or

absent ., “where C I's a
thiegther. | meéfelr\ﬁq@b Ierr@pdwpﬁnm& es smtlmgtwrtb@@nbsntgent selected

fr(glﬁg iqﬁ %/’loglﬂgﬁ éi fc9rhl)ni%x%; gfllg%ziﬁlgglrlg %thalggpa} Tb%dlmeflﬁ R?is
sekented thoonh ﬁm,alkmlb;shmyum @Maﬂ@l—hmdodyir tIalcnrtan‘quwcflerred\ swh L

%{5‘%% 3altsts ect ‘i?‘ R6 is selected from Cl_6al kyl,
rf<%7nyl 5 I?%yl C _6aral kyl, and
Cl. 6heteroaral kyl. In certain such V\D 206)7/ 149512

PCT/ US2007/ 014427 37 enpodi nents, % Ci - 6al kyl and
R6 is selected fromb , all argyl ;
phenyl met hyl , 2-p rld | 7°]32 bi/r%dyl/a 4pyr|dyl In
ot her enbodi nent ZS2, Qi $ absient, and R6 is
sel ected from G - 6al kyI and aryl. Inrcertain such

embodi ments, R6 is;s¢l ?&tsﬁ‘?abfe&?%ééﬁﬁ%gr&p and phenyl. 5

In certain errbodl ment $ is selected

wﬁerrélm[gs-s@ﬂs'cke)ﬁl frorfrH, Ol\qgl (Bﬁﬂ‘y g)i]{[etgel\? gﬂ;‘ ?@Ul{i; far bhtain

bar al kyl, heteroaryl’,

en;bo'dzppr@, Iggﬁ $Qy¢cted frmzHZ,.QMeg@Hk@N CF;or CH3
(R'O)(RlZO)P( =0) O C1_8al kyl - ..
O (cRL2i0) epfbod)raeits, Rk oy drog@i . §IC-8RI0k POz, RS is Ar-Y-, and each

Alﬁgggeé%g} EQ‘%:%%@B@&%QL %do%lll $2h49Hiranyl, naphthyl, quinolinyl,

quireiendcthinyl, WMyICﬂzxn&aylk ghd the(lMS)ﬂ bbxﬁﬂm Sad:lkgﬁ‘hqulmcnts Ar

terpc clyl

iy BEABRITE Wb A eIttt e iR, OY b .
sali@L Uinrcernain (ﬂf\erZsual‘ﬂ dondxsmdnmj\ema d}an;t(t%amyneq) nidyee sdbstituted,

%ovz)kfntt bond. E’ elrtal n enbodinents, Lis CO Qis
Prejfe 'Qrﬁf%l N In certain enbodinents, R5 is

Cl. alk i S Kyl i s absent, IS .

0_06“‘ i S‘Qrﬁg‘{g‘f‘iﬁ"‘é‘ﬁ'&‘ﬁ’qggdﬁx‘a?r B Isgbseal, E‘t‘ﬁgr,b or 80, and R® is
selesep hl’fﬂmy IAl,r?Z aid Beﬁefdcfyblyf) rm&ie}:tyin, pr@ferr?d shéh embodlments

net sul fon e n ot her enbodi

hefgrpey el é%?ﬂectﬁﬁ %é"l'%’“@iy L edramRyy!, mP P P‘B?IEH“Y‘ In
ceﬁﬁithhéf&i’ﬂ&férreR@ucﬂﬁerﬁlﬁi(ﬁﬁkﬁd Af E%%Cfbﬂqﬂﬁ'h PhbWI, indolyl,

E edwlp/ nFt hy|
behzofuran aphthyl qumolmy] quinolonyl, thienyl, pyndyl 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.

In certain embodiments, L and Q are absent and R® is selected from Ci.ealkyl,

Ci.salkenyl, Cy.¢alkynyl, C,saralkyl, and C,.gheteroaralkyl. In certain such
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met hoxyphenyl ) net hyl , (4-chorophenyl ) nethyl, and
(4-fluorophenyl)nethyl. In other enbodinents, L is

w@200719Q515 absent, R5 is Cl_6al kyl, and R6 is PCWUS200m014427
20 certain such enbodinentgy; R6 is substituted or

unsubstituted phenyl. In certain enbodinents, L is
C=0 Qis absent, and R6 is selected from heteroaryl
and Cl. 6heteroaral kyl. In certain such enbodi nents, R6

is heteroaryl selected frompyrrole, furan,
t hi ophene, i m dazol e, isoxazole, oxazole, oxadiazole,
t hi.azol e, & hi adi azole, friazole, pyrazole, pyridine,

emBodiments R’ s CraalbyiandaRcis selerted drome butyh aflyl, peanaseyi,
pheb 1ﬁ{eﬂ@g)2£§y§&5qh3_e,5mgglll BB SHyri 8?1 i s Cl.6het eroaral kyl

ected from™ pyrfol yl methyl’, furanyl methyl,
t h' QHthli@temﬂodlrhéHtg a}ﬁls}tbm 1|§3ébsen|t S&K@QL Xélg&E@leom Ci-¢alkyl

oxazol yl met hyl , oxadi azol Feswép hi azol yl met mé
and grydila setam mhmbodlwnezs isl setected| from prethyd lapd phe) |

pyri dyl met hyl , pyrazi nyl net hyl , pyrrdazrnylnethY and
pyr |Imcsrtwy|errﬁmﬁynents@ IsCT@endiRs iesiestedriamcCi.dalkyd, C

salﬁh@l @.éa?kﬁ@? %}lr fﬂk?f‘%ei%@odr 1, Eafrﬁ’é?ﬁwwgiaﬁf‘k ZA<Cyqalkyl-,

I’'n cert
%q.sald;ybrmorenw CBP(%Q)SJ’@MI}(M- (RO QB ZONRESND- c, galky]-

2 AEE SRR o LRl SRR IR b S0 Pz
upa&r/br bdibrpcpa YIMZAZEC. aﬂole@Rf’sama.mmd, (Rn’bm -C).salkyl-,

heg1 8a| €<¥cy£ A’iﬁé 8§g)[z§ﬁa!fl¥yl-, 'and RMSOzNH-, wherein each

oc(nR‘ré})cé:BIZ)a)nz B(f@ol@?}éﬁeiﬁahﬂlkwkbtlhmz o £ c@lﬂtlkxlyﬂ bond. én certain
= a - sal Kyl.-, an
"l?gt]d %ﬂ(:t% cl%ﬂz&éﬁ %ﬁ%&fﬂ"y R%ss Hherein” each occurrence
IS i.nde dently ot han.a cov nt _bond.
cert Bicfrtaig & HB‘E)‘HF r%n‘tsg g{%y\ & h%Feraibﬁch? RpSRRL G“d Lis
C=0 88 &dHtain YWBrBWIREMS YRS i¥letHyS, 1s Bssyu 3 gtedifRioroethyl, or 2-
uns Séﬁqltuted oxodi oxol enyl or wherein

npiethybget her are Cl . 6a|ky| Y-Cl . 6a|ky|
prefer bly Cl.3al kyl -Y-Cl 3al kyl, thereby formn

i g™ oRheT EEBOdIRenS. df /G2l QibaRAcie ARG RO 1S ¢ asaaliyl. dn cgrtain
sud&@Bbdin¥ntsS REIs sdckad froﬁ@dﬁ)ﬁ@nylelﬂyl' N%i ? d¢4.rom
(Rl (R 20)P(=0) O- Cl _sal k S> 8al kyl
RSP Ryl -ohlorahannmei bysR T ronhanomedvh
such enbodlnents R6 s (R13) 2NC1_8al.kyl or
( RLAPStherembedinents, LusdreOrQ3s phset; Rars&r allgyd, e R%isgryl. In
cehin&hcts %Boﬁm&@ R SubstifitdSor (RLENLIAGYE bHJ:rMI , Where

heterocyclyl is Sel ected from norpholino, piperidino,

Pi PEhRBHAR enfiddiR¥AE Q. isdb00, Q]i§ awnp %r.& R selected from
enbodj ments, L is CGO R5 is Cl-6al Kyl, Q I 5 sel ected

heterearyanser-sieterepsel ki Ipsegainguek ambpéme@ts, Balixpeteroaryl
sele¥iel TRk BYrrdle, fdralP dhidbkte, irdiddz Stk - iBNELE108% BbleY bxadifkole,

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,
oxazolylmethyl, oxadiazolylmethyl, thiazolylmethyl, thiadiazolylmethyt,
triazolylmethyl, pyrazolylmethyl, pyridylmethyl, pyrazinylmethyl, pyridazinylmethyl
and pyrlmldmylmethyl

In cenam embodlments 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.
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ot her enbodinents, Lis CO R5 is Cl 6alkyl, Qis

selected fromO and NH, and R6 is Cl-6al kyl, where
w@2006akdsyt i s selected frommethyl, ethyl, andpPCT/US2007/014427

isopropyl. In further enbgdinments, Lis CGO R5is

A -6alkyl, Qis selected fromO and NH and R6 is Cl _

20 6aral kyl, where aral kyl is phenylnethyl. In other

enbodi ments, L is CO R5is Cl_ 6alkyl, Qis

selected fromO and NH, and R6 is C -6heteroaral kyl,

where heteroaral kyl is (4-pyridyl)methyl. In certain

enbodi nents, L is absent or is C=0Q _ and R5 and

t ogdnifErtaigrembodimengs, Ik gnd Aare P—@amﬂ absent)Z @apkM is g selkyl,

préfew*é MheCank l@aisi%\éiect%d ﬂ’}ﬁﬁ REI AN Q?}%Qlk?? CR ”Qe@ Cg%]lﬁﬁ

25 I S 1 ndepen en} %ther than a cova

R'DBAL @H@i%fl Cosatirlg, R 1OXB. " O)R(=DQA-&i malbYIeZéZr@nekalkyl-

REBPEDockcl T8 R G ARARIMALE R0

wlmreﬁelacledccmmﬂnncb ofeAts lddepemﬂeﬂlﬁo&)eaﬂ&amtqovahdt Bndarid certain

suF S BPE nhodt TP MEAGC QY wheR pERRESEly i

substiteet o uhsubati il dookd dxCl en§hbKIW tR'G‘f(RdV Rfrherléfh RB and R'” together

af%&e«s%?ﬁ ‘é%[erﬁs!ge(rga?{ &LY?SQ&?GJ%H%I% ?‘n Ogl,},ggw ring.

or o1 BAFBIRTHBTh PO it Lis 505223 2054, Dol mabighnd R

is Eéi&été!ﬁﬁ@@x?/l@ﬂdﬁﬁwoﬁ&@dﬁo?%alﬂﬂd (R63)£Ngﬁdney1 @');N"C, salkyl-,
Cl_2al kyl - ZA- C1_2al kyl . I n anot her preferred
and BStsapsrish-M1. Ingerain syeh embodigpentdX 45 (R RhNtQJgéMe?r

Ra*) N2 K)’lvhé‘e ﬂ'mlsC@Ha 3“ m&%ﬁkﬁsucﬁ&n‘)ﬁ)dlments Rbis

cted rom hydr ogen an . In certain
hemr@%@iylhrb wher¢ mtﬁ@wchém s,elecmsi ermsmP@(bpde,fmmﬁdmO

I 5 f d h
Pp ORI | ogen. T’ certai n enbodi ments, X
' d
o p AU ISaiAE R, AR OLRPRIASIN, Ot HBERd Wom O and NH
an@B s b ested iyl C1.atipil, cyshali@]l-M, Gad"aazilkyll, amhﬁyslm‘temmﬁdyl In
t
otllélersrri (Prﬂ) d%éant%)t 185% ﬁi.l 13%? 8¥\fkgp gg}s sefeﬁ:er eo (Fkgle and R® i 1S

ne, carpoxylic aci
C|(6ial’k5'l wehiang CC&alB;ﬂI ikydleaed Hom 1©éthyhlekhll, zﬁﬁitletbpropyld In firther

i ddrsarohel & ook B asiseiiiam S o Nptath R o
6amik)ﬂmh¢raramnﬂ 1bph¥rrlyhgeth§@ l@rotiRg eaitedimeetp b the0+OyRDis C,.

cafbyl LSRR B ST ET bR 61 C ereleeaiplegharigpe bgroaraliyl is

(4qghh9nﬁmhgmr|ng R2 and R3 respectively is D. In
certain such enmbodi nents, the stereocheni ca
coanmgmﬁaiml entibadimente, 11 5 abaérb(m 1§J€aOi, Bgd R? ahé RPtogdefher are C,.

6aﬁ<ﬁgb( 81 .6Q IQJIITEEga?kyl-the-CS; E; ylo %Ih %msaﬁl%yl XO\E]VLIer%Pnr ea;}ci\%rcl:cgrt'ence 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,.
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-
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, .
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carbon bearing R3 is D. In certain enbodinents, the
stereochem cal configuration of both of the carbons
woeariimg1RR2 and R3 respectively is D. One aspeecT/ob200he14427

invention relates to inhibisgyors that preferentially

i nhi bit inmmunoproteasone activity over constitutive

prot easone activity. In certain 20 enbodi nents, the

EC50 ratio of a conpound of any one of fornmulae Ito IV

in an assay of constitutive proteasone activity as
conpared to the EC50 of the same conpound in an assay

rkopr ot easone activit I S reater than 1. In
ané& taewirR stagetherase §i p@lkylsZA- b anpthgrpaeferred phodiment, L

and: fA gﬁ%_@\ﬁﬁg RO and'R L8 tﬁeraa§§ lf()gr At he determnation

constitutive roteas tivity and the

| MMUYAQREQ @ﬁt‘s' N 8(&1%5%&%%%@%%@%&‘8 Ehiby1( $8Eertain

Exanmple 1 t erm _ya
prefigtred secht @db@dnmsmsUB% is selsisd form ydtogdn ahg dretiods Bomore

prg{e%gﬁ Jxé‘rﬁké‘d%' ﬁﬁy#ggﬁr Rtschai n al kyl and

ranc ain a r%gent hat contain fromx to y

car ns .int hai n,«i.n I di ng.hal oal ro
e R Y s faa ot A S e
an@crdl ik y¢lectad fioat €nqatkylyd mgemmyamw, c.tgalkaﬁygkpluaryl SanidrC.
o, R ey B B o AL amine,
cafdxglit beidqer 9kaltithetHT), ebtet @ﬂclumgtcl l,alk9Pestdr Chadlky ester, and

qggups anal ogous in WD 2007/149512 PCT/ US2007/ 014427
stech Rl n thigefhes SPetiEMst i tution to the al kyls

descri bed, above, but that contain at | east one double
or thissrtaingakpdiments the siergpchamical eqnfigusatianafthg earbpns bearing

RA& Fardliddepefdedtlh éMl. NG RRaPrefiredchtfoldfflerts) %@t 0.
Representative a kox%/%{ﬁrou ps include nethoxy, ethoxy,

Stegﬁtzfﬁl@szycal pevﬁgtﬁatl@ky gast pae oftheicprbonpheargig Ry and R
re: ngglr?édg (062D E& ik QY S ddmbhS ktﬁg s@e&ﬂeﬂﬂgmﬁ guration of the

, the substituent of an al k that renders
caﬂmtbeanng |R as De i such embndimententhE sterens emmakyonﬁguhvélon of the

ca lﬁfélrﬂeagn% R3 Qébk%wﬁdﬁx Ie bﬁgfn?é’n?s 4% r@&clrge% F:Yllcogfigﬁgtﬁon of

titufed wth an ox rodp, fer e ormn
bogh hfthe catbons beaninigR’ 8&1&? i@,zbéthab' isped here| n, refers
to a Cl1_&al kyl group substituted 10 with an aryI
gro L@ne a'mct efrthe invgntiom telatpsito’ iambrtot's tamepreferentlally inhibit

lm%lgnolp?%(g%%gze éjcu@ﬂg ovgllc eorns i@ tlp/? tﬁpotea%nrsﬁ%g%hv{t)lil t ﬁ1 cezra‘ta%n
S am ne

enbraliments, the EGse pnws;ffrat c@mmnu lo€ ageone af foimnmellae iv mg an assay
of constitutive proteasome activity as compared to the ECs, of the same compound in
an assay of immunoproteasome activity is greater than 1. In certain such embodiments,
the ECsp is greater than 2, 3, 4 or even 5. Suitable assays for the determination of the
constitutive proteasome activity and the immunoproteasome activity are described

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
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
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-Nor -NR o Rl RI0O1 15 wherein R9, R10 and R10' each

i ndependently represent a hydrogen, an al kyl, an
wa@béenydsi2 - (CH2) m R8, or RO and R taken togetbher/vs2mioi4427

the N atom to which they ape attached conplete a

het erocycl e having from4 to 8 atons in the ring

structure; R8 represents an aryl, a cycloal kyl, a

cycl oal kenyl, a heterocyclyl or a polycyclyl; and in

is zero or an integer froml to 8. In preferred

enbodi nents, only one of RO or R1O can be 20 a

carbonyl, e.g., R9, R10, and the nitrogen to%et her do
length and pogsible sybstition go thealkyls Fi@scn'gp@p@q\feegut that contain at least
onHAABHeBR B Sl bEI A3fledibAny and optional |y RL0) each

I ndependently represent "a hydrogen, an al kyl, an

al k ke gs‘.?l)e : j ' :

am ﬁgﬁgta?g u?)lk§s bag?%fd%eiglﬁ?lngglﬁé ﬂ%ﬁggg{? g&%@%&%@hmm‘
Repieseptativoalkoxy gfowpsrinchidetrhethexy, etioixiyoprapox yy tertibatoxanaad the
2 DK L. 7 25 The ter amde and "am dq" ar.e
hk%’r ?ﬁl-r‘geglgeémlszﬂé”g’q’ sd i baorrﬁsrﬁ: gyzggﬁﬂ |l?€€i%eba' anc%xrylggﬁ‘y cg%rg ingly,
the sudbistitient &f ambilleyl thdthendetsithabalkyepr etheris etirdsymbles an alkoxy.

general formula: WO 2007/149512 PCT/ US2007/ 014427 41

0 Arke B0 “CRa:lkdhaynkiyli’ iefiers R1LO Cagakglsgroep substtudibwith an

Pref erred enbodi nents the amde wil|l not i ncl ude
allforﬁy(%gu‘?ﬂ%%%yn%’fmwmgﬁrbl e. The term"aryl" as used

her ej.n i ncl.udes .5-.., 6- nd 7-mepber ed..subhstitut ed, or

o bl Rtk 85 el el RR o S I o bR uted
wigaahal groupf the ring is carbon. The term"aryl" also

i ncl udes polycyclic ring systens having two or nore
cycl Tl tetnigmine” i Clinihd0 al arfRicBgtiaéDaiSrefer@o 6EMNMON

tq two adjoining rings wherein at | east one of the
““Fﬁ(’)'?f&?tf’il atg} %ﬂa‘eﬁ%&d a@%@?é annd gl thspole §&1> BAIFtYghatean bse
refi¢Sdrioa tyyihe gehotal PahiRBY! s, cycl oal kynyl's, aryls,

eteroaryls, and/or heterocyclyls. Aryl groups include

benzene, 10 napht hal enqzll,rg phenant lgeene, phenol

aniline, and the like.  -The terns |'+caq(?ocyc| e" and
"carbocyclyl", as used her ePh, T&&Rto a non-

aromatic substituted orRlUhsubstiRied ring in which

each atomof the ring is carbon. The terns

" carvloaryiol R R&ahd R'§rdaoh yedepkiidently sepragint d yhoigys,yanl dlikyl, an

0 FORASTR, L B SRSy i
attached complete a heterocycle having from 4 to 8 atoms in the ring structure; R®
represents an aryl, a cycloalkyl, a cycloalkenyl, a heterocyclyl or a polycyclyl; and m is
zero or an integer from 1 to 8. In preferred embodiments, only one of R® or R'° can be
a carbonyl, e.g., R®, R'°, and the nitrogen together do not form an imide. In even more
preferred embodiments, R® and R'° (and optionally R'?) 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.

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:
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15 rings wherein at |east one of the rings is
carbocyclic, e.g., the other cyclic rings can be
weyalraadshkyl s, cycl oal kenyl's, cycl oal kynyl's, arpt®US2007/014427
heteroaryl s, and/or heteroayclyls. The term
"carbonyl" is art-recognized and includes such
noi eties as can be represented by the genera
formula: 0 0 AX, Rl' or X~Ri'1l' 20 wherein Xis a
bond or represents an oxygen or a sulfur, and RL 1
represents a hydrogen, an al kyl, an al kenyl,
-(CH2) MR8 or a pharmaceutically acceptable salt, R1l'
represents a hydrogen, an @l kyl, an al kenyl or -(CH2)"
R8, where in and R8 are a dehﬂﬁed above. Were X is
an oxygen and R11 or R11 i sNnot hydr ogen, the formul a
represents an "ester". V%ereRX is an oxygen, and Rl11
is a hydrogen, the fornula 25 represents a "carboxylic

aci dvherds RISRY £186eB8incdeBaydEPrefared@nBeBimRafsiofhd dmide will
or whol Iy proteinaceous nolecule which carries out a

notwghide anides yehiclymay peanstablg) yt i ¢ nanner. Such enzymes
WO 2007/ 149512 PCT/ US2007/ 014427 42 can be native

enzyfgderm (Fybrasarsd hewsin BebERy Sufs and fomempsisd substituted or
un%ﬁﬁﬂé@gnﬁgﬂ{?ﬁomaaéﬁg & #HicRNAYBSm BPIHWH di@ 280

enzynes, fatty acylate zynes, geranger anyl at

Thérﬁ‘zryrreas'y @t mpweﬁp@nmmyngl syptlemslhankedwmyn@g cyclic rings
in %Wtk&%tcﬁf @ﬂ%zc%%%s aﬂ:att,omux YO mpoc%ieirn'u(%m?és wherem ar% least one

artificially-generated nutant enz
of thedengshspmnmticse. gadkdomher eyotic Hingatarobes g:yoémyyte,scyh}mlkegyls

er. .se n d S CO

oy SRR L ool oY REGrERTRL” HF ety inghude venzene,
naplnthnlemd: |memne,mmymamhﬂqmnbehmmde by any neans,

i ncl udi ng natural expression, pronpted expression,

cl oﬂ“hegerms/‘&:a'rlmn:;mlebbud i*‘canbdrysiyil’, as dsabhérdinheefeado a non-

t.heses i.mLar t hods, kno to .t hose

or R P T 3R e biF <ach SR OEMG Al R gbon
TheSeruBc Eathor ¢ile’; aﬂi&f‘@HSodyelyH’ dlsd meRlde)ol WyeliPring systems having

substituted with a h eroaryl group. The terns
tW“’r?éf'}é’F‘aﬁ}“ijl“"m?%?deH}é SR PRSP AHEUBTORR e adjoining

ring WKetdi ableadt @né of RIS aS ca{rb&%fcﬁtz rc\#’/\%t tHeESther@ichc rings can be
pr ef er abl 5- to 6-nmenbered rin ose ring

cyglp?lésafl-Su? oalkenyisi eyelnalkynyls.ayls @Pe@ﬂ%ﬁﬁdforh@tef%wﬂwls
"heteroaryl" al so_includes 15 polycyclic ring systenms
havi it e “ earderyl e Iscartreceenirshand lﬁc e fuch iBoIsHE 5 qan be
repredeARiAbY the genera] formula:

O O
)’I\X,R” or \X/U\R”

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

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
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are comon to two adjoining rings wherein at | east one

of the rings is heteroaromatic, e.g., the other
wa@yal7ite9sniz ngs can be cycl oal kyl' s, cycl oal kenyl B¢T/US2007/014427

cycl oal kynyls, aryls, hetasoaryls, and/or

het erocycl yl s. Heteroaryl groups include, for exanple,

pyrrole, furan, thiophene, imdazole, isoxazole,

oxazol e, oxadi azol e, thiazole, thiadiazole, 20

triazole, pyrazole, pyridine, pyrazine, pyridazine and

pyrinidine and the like. The term "heteroatont as

her ei n msgﬁs an_atom of any el enent ot he

u
Ca‘&g? BREVOTZKPET SJUAD CPPERE:, PERFIALNEY AR TRRMSS: enbtors enzymes,
farﬂééylﬁg@enzyﬂi@égﬁﬂqmﬂh@l%ﬂ leAEyifies, #iit) acylHtédiénzy kRS, depdriBeranylated

"heteroc¥ " or "heterocyclic group” refer to
engyipes, Pt @&efb enzymesnkipiddinkedcadyhen PEsylaied enzymep gnaturally-
e Bl erbh A AP IERE co B, PGS Hpide oy &
baﬂihsme meadifieationsrenzthes haaﬂm leadensequénses @apd gozymes epmplexed
witlOiErEBRR ettt Tucifad SELET ORI HENERSGHhER Brgymes
cambe nde byanp m&anannclumngmankai expweessiad) priom'otrgl exipnggsion, cloning,

whe f s i s heter.ocycli
valiBY h o RE B Gl Resst A RutieS e snd BRGIAF piftiods known
to dy)sé ofskpmytte,arcycl oal kynyls, aryls, heter oaryl S,

and/ or heterocyclyls. Fbterocyclyl gr oups include,

f or Theaem €C1i6htterdayd k gy dsaised hiefei, irefefto a Q1 -PRIKSE groap

ﬁ%froéld%n noﬂggoline, | act ones, | actans, and the
subghtatec we TPAYSEPUBCT/ US2007/ 014427 43 The term

" Cl_ghydr ox refers t a Cl 6al kyl oup )

subéﬁw X\ﬁf—'{%ﬂf&‘ RFHASSSR @?‘b‘tﬁﬁ’_ °rA§‘SEE5é’g‘tffg?r8PH‘“°15hé° 7-
méngered Hig btbbdtres, rhérePrafetabl P 5 0RS6- hiehfbefedaMEROWREs Mg

bl ocks or reduces an activity of an _enzyne

strugtyres ieclude ppagp prhetgroptogise GT}VttF‘E" @%Freavéé@%fncludes
poﬁk%ﬁ@ﬁv% iﬁ%@ﬁ%ﬁfﬁ{tﬁ@; gk %‘éh% trfn%& ESwhithwBDr more carbons

suc- LL , Box- LLR-AMC an MC, inhibition
areFonyRpn Huveadiaing wngicwherein atdeast ondef tla@ §ngs is heteroaromatic,
IRk A '
e s A

hefergaridst and/czréwtd@oml)rlevlslp@r@ryl @pupsr melnép,sﬁob hmmﬂnmmole
funIaH %ﬁ%ﬁ’lgr?e f%a%?fen?so*&%lleu gggzoqg g 1azg'lﬁ1t t@%tzo%r ﬁnadlazo]e

sui ci de sub enzymne.
trigvodh, fpyrakOlepperidine, myrazing, msdmnnoanmpﬁimtdm&, and thedllm te
of the enzyne, or it can cause a confornationa
chafje teing éhmerpetouﬁ’ atshseds hzxy:iremem ansatomitdraey glentdne other than

ca g[‘lkryé hg&%\% ? hPre cpr(r: l rogxltot on 1@&&?@ doa}(é%fn? LB&] s and
suanllzed peptldon1net|cs, other nodi fi ed

The terms “heterocyclyl” or “heterocyclic group” refer to substituted or
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
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.
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| i nkages, non-naturally occurring side chains, and
side chain nodifications, as detailed 15 below The
wo esoma49sppl ycycl yl " or "pol ycyclic" refer to tmOT/OB2007/014427
nore rings (e.g., cycloalkyls, cycloal kenyls,
cycl oal kynyls, aryls, heteroaryls, and/or
heterocyclyls) in which two or nore carbons are
common to two adjoining rings, e.g., the rings are
"fused rings". Each of the rings of the polycycle can
be substituted or unsubstituted 20 The term
"preyentin is art- ogni zed, and when used
rel eéﬁmtg Caahidayplkybnretess i G salkylgrars pastibrehyih a
hylf®x§-grolti N) . a di sease such as cancer, a syndrone
conpl'ex such as heart failure or any ot her medi cal

CONGAS hs@B hetein, WRE terMN9REIBHAOEs MBaktls deiribe Afinpound that
i ncl udes admini stration of a conposition which reduces

bladks of resygesanacsivity of an @ezm(fph@(metmbtbltlcgymrot@elmfc
G IEAERnde R HhdroBthib Beft %&g%esfs%tcﬁgt X&c-%ﬁ-?\‘t\?b?ﬁ%x-

not rec osItion
LLR-&MGtand 1Z- bLEeAMQ.nnhlbuiandxfsrpnbmsr catzéxtncrpd:te/iticsemﬁihé 20S

t cta | e cancer.
prcgtegsopn%?b%rr]) 1§{nbdtg | en 1t|h é)gmel é.\%ﬁ?rgsﬁmt\éec tor Boncompetmve
m}tlbmhmmt inhiit lcmebind ravbrsibtwﬁatre@brﬁbm and thpefotathe @dim

[ or del ayi the a ance of detectabl e, ncer ous
e RN AR e R B L A Sy A
oneé 0N irfod¢ iR @trieanthe@ctve sdl:}’of&h@ iddyin®d, o @l dajt caisd/ D1
copkkglcall 30 si |f|cant amount. Prevention of an

atiengl chapge hefeon @)?é’ﬁfﬁ”@,e reduci ng the nunber
dj es . of t he ipfection in a treated popul ation
ver s‘t&g%sﬂ FRim-dhE sgme @ﬁt’?‘iﬁ 1“1&1815??1 not e8ly, St%mﬁf@ pmide linkage
wiflEdtandaid o ls0BstROGRE, Bk coMARhA T 1l&fed%; BptiddHh Rivdtic8othét Aodified
treated WO 2007/ 149512 PCT/ US2007/ 014427 44
linkagss aan-pauiAlyQssuning side duinsgandoside ehaip pindifiations as detailed
befdwevention of pain includes, for exanple, reducing
t he magni tude of, or alternatively del ayi ng, pain

SeNShld s “ RSl P 6N R0 Rifdro ko Br WA (e.g.,

popul ation versus "an untreeated control popu at|
cyeleplinylspexsdoaligenyds cyelpalkyeys.covipoateroanitmuandion Heterocyclyls) in
VIR B OO A oY b to BV R ERINEE Higs, g ines ae
“fysattrings’a Jpachdrthe ringg of thapblydicle ehrebe substitited pewnsubstituted.
are hydrol yzed under physiological conditions to
r eveldie temg “prexenting e précegognized, apdheheneysod di nelatian totahe

coﬁ&nggﬁ Ugch Sis G ﬂ'etcﬁg'epé/e @gdﬁaa@asg?htssas%%pgﬁ bd Yo : tafy;ndmme

‘ani ma eterm IC or erapeu
compleat sweh s hsarafatnhxreemoegm athet magtticdl kohdides, is 1;@311 understood in the

art Qrgﬂ m ﬁfd%é‘&éh%fh{t?an%ﬂ of FfC%It gltlglrl] %v rlr‘l;hnl dy %erseg 'frrcaﬂtéernc of, or
dehlys ﬁteaatsetrmfnsjrmstbatsmd‘ ra méditdl eomﬁmamtreai sulsjacti rEigﬁﬂe to a subject
wh(lgh Soes n%t ocdive 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
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
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ot her unwanted state of the host animal) then the

treatnent is prophylactic, (i.e., it protects the
whost/1agar nst devel opi ng the unwant ed condi ti oPQT/US2007/014427

whereas if it is admnistaged after mani festati on of

t he unwanted condition, the treatnent is 15

t herapeutic, (i.e., it is intended to dimnish,

anel i orate, or stabilize the existing unwanted

condition or side effects thereof). The term

"substituted" refers to noieties having substituents

| acing a hydrogen on one or nore carbons of the

posa@k% Mersug an yptreateseeontiabpenweipn: Hyeventiopiof prindnslades, for
exinple? OB the fahiite S0 HLARMEG ATRAME phiriepideis
experiariced byl swkibetn oea teated populbigen verseschnaundreated¢ontrel population.

substituent, and that the substitution results in a

st ablhe temﬁwdmg”@ngompaﬁsb%mmdn that.amdeat physmlegigal

nen

cobBiFhgare EARBEA HRb bttegRiil R acbe 4R “RIBEREN method for
mdkangra bmdv@g 1sttuu1mlﬁde =leotmilt renjetiad that 4re hiydadl yickd vakder

stitu s, of pragani onpound
prfsibBetal ki GisiR v eteBe RliRuf, TR AT SEBhsiettnfe the
prédniglis eonaeded y¢ hh enzynidiecdeedita o6 tHévseditinan,
carbocyclic and heterocyclic, aromatic and
non-Effecttimt fprophiplattid orethtmpeiitiOTtgAkhentGORPPeHdEHized BRI includes
ern1SS|bIe ubs ituents can.  be one or nore ang the
admupjstrafionfothe host PB‘F OE‘BﬁF%‘b‘Ir}PSF%bJ BTt FmPEsItigRHAbit iy

adﬁ'ﬁuﬁl sfeEHdRH o Yo Cfinichl hiani RR4Eoh OF thd ifvdHRdEE At RN e Y thease or
as nltrogen % have hydrogen substituents and/ or any

othiz uvagtep state ohthe hosicinimal thesy the theatmeshisauneylactig, (1-€., it
prétests indXesit Betifdt MeVWlbping IR ﬁﬁ%t&&‘@or}ﬁ%cﬁﬂ C&Rerhs iritas

het eroat ons. Substituents can i nclude, for exanpl e, a
admanigigead, after manifsstption of the upwiapied conditionsthe treatnisokisl |
thél’Qpeu"ﬁlck %Y, Qtaiﬁ m@ Nded 8 dfn‘ﬂ[r ’arn%iloiaﬂe dF Eﬂa?)rhz@ the ex1st\/\6

|ocar onyl (such as a thidester, | oacet ate
un)_w@otpﬂmg@pzn W@Sﬁ@%ﬁ@@:ﬂﬂﬂ? 45 or a thiofornmate),

an al koxyl, hosphoryl, a phosphate, a phosphonate,

a phdwaim awbstl "aeferoto meietins bayingsubstifugntseeplaging a

f
hyhfqugﬁ bﬁ%n‘é 362 pfgwdfz ?zg%b}lg gf t%lg :B]a%@g 8, Itawi?l lmég{:s%ldd Rkt
“sehstifwirvartiod Ssubsti s d wrt;x’l’ includes ther mm}xcit;plrovxscathaasw;h Isybstitunon
is glra %Qr agcgeg@i)th %e olsttgag Oar O t I Ebi uteé%ion? ﬁté(ﬂhf: I§gbs(;f‘1tuent and
thamhesubsenmmseswsumd stabletdom;madd,omgr haithatves Aotcspontaneously
t.hensel ves e substituted, if appraqpr
unkFREH NG imativh SR Lo friEingsBeRt BVt higumieneten As
usédbgeint tHetteinh ésuhshpﬁﬁf’ is ﬂ&itbﬂﬂlaﬂéd forigabaeal perhﬁﬁﬁﬂils to

..anpu of the conp aratj o mh
RO e PRmpasn i sarosd woeth B RepbisgBie By hibgnes
indlude acyRHEBRA cydicgbRhaiddyand 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
described herein which satisfy the valences of the heteroatoms. Substituents can
include, for example, a halogen, a hydroxyl‘, a carbonyl (guch as a carboxyl, an

alkoxycarbonyl, a formyl, or an acyl), a thiocarbonyl (such as a thioester, a thioacetate,
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10 human) alleviates a synptom aneliorates a

condition, or slows the onset of disease conditions
wa@ceaneisny to clinically acceptabl e standards POT/UST®7/014427

di sorder or condition to ke treated or the cosnetic

purpose, e.g., at a reasonable benefit/risk ratio

applicable to any nedical treatnent. The term

“"thioether" refers to an al kyl group, as defined

above, having a sulfur 15 noiety attached thereto. In

preferred enbodinents the "thioether” is represented

by - .S E@presentatlve t hi oet her ék i ncl ude
or ﬁéi"ﬁ%‘f‘mtea arb%‘ Y+ Bhosghery.ephosRaate,asphipshonsts @ijphosphinate,

antahﬁn$ SinMmillb eat arﬁm'ineo bin 1th{rR24 BRIHo, a nfthd, YH8SidoeY @ﬁlﬁiﬂﬂyl an
reducing, or arresting the symptons, C¢linical
allgthrio; asuihpigi mgulfenats Ia@ggfamf)ylaa @@lrﬁ@namdﬂ, 3 sulfomyh rréretqr@cyclyl
[ I o}
LS, 8 SRRl e hRhoff N g oo
skipledtie feoarethahtic maicties sabsntntedmnahe; hydx‘acmbeashzma can themselves

on_has been suggested as a prevention and/ or
bes‘Q%?Wgﬂt?nggpnwﬁ1tltude of di seases including, but

not ted to erative diseases ) .
nourbt BB aGUNE Ry ERTbint oFe SSRBE R i ammart i hgsublec
méthéd afmedtinent, réfansue an amloahest tRe conpensdts), intdl ﬁr{eparatlon which,

cancer.s, tion, septic shock, vir
Wi R O b i a4 EhE A04ah s R St chre ety o
huginjl am\satemeythﬁronfl QgrRMN6rads DEondRIWHTBAGAbWS thOBEket bdiSease
scl e mae% dlseases fibrotic dlseases bone and

CORGHIPNYPISREHD Faingeally FoeeRtale stapdan ey the fisordss op gondition to
beuf@tbdid? the EnetiRPlifdseSg "B Rh&ShableRabfiYrilratiB@pplicable to
proteol¥t|c function of % he prot easome such as nuscle
regimegpdi at ed i ndirectly 30 via proteins which

are rocessed by the proteasonme such as NF-KB. The
pr otﬁ'&‘s‘ém ‘thigather) pefewsdo jan atkyd graupi as definedmhpvehaging a sulfur
ﬁé}ﬁt]h | f 2
mélg 7/%49512%%‘%?% 28%%%%%%9’“9{11 Péﬁéz?‘r}en%t&?n% e’\’fmmed by
S-alky). (Represeatptivathioeth¢regrgups inelude oyathythigetieylthio, and the like.
transcription, and netabolic pathmays) i ntercel lul ar
conmAmissdthiensin, the termigreatingiher ‘HegaiyoeTd H(Céud}s reveasing,geducing,

u

o QBT ALk Bbront el el Wl unFlng ANIRET BEYL SR in
maigntyesnpravosgidpliosa sutheot's cmxxbnon eported upon.

treatment of cells with various proteasone
Usenbf Enzying Inhykitorsi t shoul d be noted that commercially

avai l abl e proteasone inhibitors inhibit both the

conskhethiologcahenhsequennes offpaptessapie inhibitipn ategwomareus.
pr@ég&bnfpeg%%ﬁ%@gﬂ Rys 8Rf sORl¥ TR RN AYSH aRERE BRI of a
multitude of diseases mcludmg, but not limited to, proliferative diseases,

an

neurotoxic/degenerative diseases, ischemic conditions, inflammation, immune-related
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
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.,
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treatnment of relapsed nmultiple nyeloma patients, does
not di stinguish between the two 10 fornms (Altun et al,
w@anoansRes 65: 7896, 2005). Thus, what is knowpCHDS2007/014427
therapeutic proteasone inhgbition is based on work
with nol ecul es that inhibit both forns of the
prot easonme. Accordi ngly, conpounds of the invention
may be beneficial for reducing the severity of side
effects associated with nol ecules that inhibit both
forms of the proteasome. 15 I nmmunoproteasone
expression occurs predomnantly in cells and organs
engyyags) inmpleed ip ceHualar mymonde gy selbgycle.geme sranggription, and

AR il ‘?ME&%M rdth 8.
msp eer?ganda%{syn'ph no oug saorre %?%ULQ%SLMM g
anfppgesf presantdtion).y express const itutive proteasones

(e.g., heart), others such as adrenal, liver, lung and

gut Atgheeeltulart 19V@xq@pelssurbuiatiori of palyutiquitineted ppmetams, cell
m&xﬁélggﬁcaloéha}qgésc Qn& § oSpQ oéfngs }?zbve%e n ré/pgo?tgﬁl d It %réeg’tllé]ﬁe%t 81" s with
vanmganbma};dme) mmhutcfrs d'e'eb iitodhogldctad nated tMecmﬁmerclm)e&Vailable

oS B SRBE S e B SHGESnac AL ke

prébsonRe M dottezoraily, tengy FD@&h}b}&obftﬁ?rotb’&k!@nél E}ﬂfliﬁlﬁﬂﬁﬁr the
ar protealysis

nco tranforrratlon | ntracel
tre %?ﬁés? a? eﬁa&sﬁ% wﬁw%@n? BRtGHtS dapt aetidisingyish bzémn the two

fotmyd RHAGYE: 86 Cadcbmeicss: Mde, Qb@S")S 1ihuge»dhﬁt@ﬂn¢m9&u therapeutic
responses. . The proteasone is mai n provi der of

prteasemedphibificngs bassdkqnywerk wm?culeéu thfrterleh&é@ﬂb@mé@ﬁ the
prétBisofRn '&ccoﬁﬁ@él'yd&ﬁnﬁ@l}fﬁ BegR 19@éﬁfo\6qga}3€é Y& fRBicHE FdrYeducing

with varying arbunts of each proteasone form (Cascio
thesgevenity vty effezty pgoriated @ath molgeyles that inbikibbeth forms of the
pr&g%g.]rrents the invention relates to a nmethod for

I nhi bi

ting antigen presentation in a cell, including
30 qmoﬁﬂ)tgﬁgm"é‘%x résgloﬂ o€85¥9 %n‘qﬁﬁﬁf P%gll.bgﬂcﬂ)rgans that
In certain enbod nents, ventlon el ates

makgtupdhie homphatic systeny, surh aserp‘etethjoq’cbcctﬂS(lamltqogms),d)one marrow,
L he pr
anwﬂﬁt?lglgn? ps{y?%g%gxg tlwg%g}tlk geﬁ lﬂéh)?g ngmg o]rga th enhXY;l)g/express
comm&mrm@mﬂp(@f@ U@Zﬁmﬂlﬁﬁkﬂéﬂﬂ‘l aslharemfal tliver, lung and gut, appear
1o LpmTungproteasone prot easome is selectively inhibited,
pd ? er ent "Set of anti geni c peptides may be pr oduced

b ut t .and .
p%/ ese nt e @R}Eﬁm F%&’L eglll%oﬁc e%gmg Eﬁﬁéﬁ%g Q'S?ueé Bl major
rolehia mespontldlekfer pfabehumgdmangamm émnbet@hdwibﬁcho gicaliffluences.
d di
WERERTR e P BTt U weh R fasfil e e tetions.

Thsymhemefsymem ad$y, sdieeneifor autdlepoeckel 16 tiad haverdergdieainegenic

condi tion Per S _the nost
transformation. Slntracelnl?g proteolysis generates small peptides for presentation to T-

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
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
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conmon i mmune-related condition is the allergic

di sorders such as allergies, asthma and atopic
wolesomatdsiz s | i ke eczema. These occur when the POTVURB®07/014427

system overreacts to expogt@re to antigens in the

environment. Thus, a further enbodinment is a nethod

for 10 suppressing the i mune system of a subject

i ncluding adm nistering to the subject an effective

amount of a proteasone inhibitor conpound in a manner

described herein. | munodeficiency disorders occur

en a part of the imune systemis not work
of P YROREPtERSOMRIOISARABR S, sefmgyelaaﬁhlam@b adifferent st of

antiYERO YIRS ma} Uéﬁ}pﬁ\%ﬂ tb?‘;'sthe Fgmalﬂﬁg%ﬁﬁftﬁﬁv@&gtéﬁome and

el't her i nheri defici ency, severe

presspts ae yHE mwﬁm@ﬁd@f ihG|S§ffe9eS(0£GPlI}3 that wavild belpegdhess and
an| or acquired (e.g.,
r%&ﬁ?%gﬁhmﬂ [ %ﬁ%@ Syndronme (AlLDS), hunman

[ [

i mggei Ihfélblgfr%gs?/ aengi ({IH‘!E dgtlg_“e%/}la‘??geegl a‘é&’oém{lgé‘%ﬂ aberrant immune
systeindonétiom, hereot E&’mﬂlﬁo |an hnmmenslauﬁ dohdntuons' ePlerihops thaynost
cog{%on 1 Om‘St? releﬁgé cop hoiis tﬁe g];ea'd S godrfi%rs n%ssalff:cpgigss,’ asthma

i cl ency sordéer
and |ampm<ddaafrmat1t1hl eke Hme:m. Shiek€ otdut athehahd infrh@hd/ syatdna6k&reacts to

expding Brantiboatignhe SRiRipany, TR SirhG riadihm Gk custe for

suppreSHiRHthe imdnunE RSO f aWibfelt insludiey Afrhilsterfifd tBYhe subject an
nfiltration and focal_ accumul ation of Iynphocytes In
'lfﬁtévee%@mt 96 agrotfigiomeankibiiay comaehn ing marner geesribed Bersin.
expr essi or&(:tevel eveal ed a sjgnificant up-regul ation

Borészr@mgvrv‘@hsn # Ragt RE thegmmyupie sy stenyig got
wd?fcm@% Egérlye&t@ nbGH8IRE. ﬁle)av.l;an ﬂféchB' l&hx%p@&%%ﬂgéytes or

O her exanples of such imune-rel at

phagqeyiesiapd deicitber inbentad (&2.» e daficiency, sg\remmmb@ed
imMRInBHOGGENR, (S@byltﬂﬁhﬂﬂi Pﬁ&qwnht ? aﬂﬁltom&fs H §(fqu1red

psori asi s, scl’erosi s an ammat ory
(e.gi> gm@d(lmwnoss mpmyr samdmn@mmS)shmdn @nmlunb@eﬁcxency virus

RO OSSR A N LA SR Sy

praseasome inhibitdtrcafdhe mvehtéorinpgy be usediso. trédt ahtnunerelawdlvosditions
[ s€ lting fromallogenic
ufl S63Rund ey GESHH

arises'when the T cells fromthe

d f f d attack, th ' ,
Sonat AT BB I L 15 KB BT SBE ho
hedll&mlg@mdam@e@ asaﬂth@y iwane fordighaasgierd. rAumspdmpie of an

au{o?Jga ne%ls[e see 1§§'V r{ rs‘ngd utlﬁr%tgl ng}%gﬂs %?‘%léltgfe‘lZ?%éy mrgltb thon and
fogah uecrmmdam«nmm lg}niphoc)heymfthe efdcrine A3 st0dy efarhifihg the

prcgteasomereex?)pt%rs]lsog Ig\fel Eerl'%aleg asi gniggasntt %}r)n-rteé)ullatrxgnegg be?%i?iMP?)

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
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
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| ‘e%qh’é“& BRI &N Ay

5irritation. A cellular conponent of inflanmmation

i nvol ves the novenent of | eukocytes, which express
wo pownepnpt easone, from bl ood vessel s i nto thepcivkzowoia427

tissue. These cells take qp the inportant role of

renoving the irritant, bacteria, parasite or cel

debris. Proteasone inhibitors are already known to

have anti-inflamuatory activity (Meng et al, PNAS

96: 10403- 10408, 1999). In cases of chronic

i nflammation, which is 10 characterized by a

dom nati ng presence of macrophages; the cells that
cirgpmgianess) Jutewnpupe disgasgeranplapbreigiinn ang G HD; godulating the
imnRaRei®BY thatRRInE ¥l§l§’&t NGy a é%d&ﬂid?ﬂofﬁh“z:xrﬁ/'enﬁm\’could be

becong injurious to thée body, resulting in tissue
begefigigle and 1 0oss. In certain enbodiments, the

invention relates to a nmethod of treating i nfl ammati on

and Inflammation tiothg fustgesmase ehihp ningiung systernrtp sufectiomgort o
m'stgt(?ons ukjc?l%la} porﬁg ar%n?m i%lﬂ%mléna? oh rlg\%l\%(;sﬁh% an élg%l];egg(gthl\e/gkocytes,
w}helll express 1hnﬁ1hlmmteasroynd;l freanislesd Iveusélﬂ detoahelirdlagreedgissue. These

ceﬁ%ﬁi g?)'fl&hesinc rBJn%I ncg ﬁl i ‘}dﬁlgﬁ’ggé}%%tl éac%gnaaggram Q (r)ro cpellcdebrls

Prbteasiiid @bitidrsSarealiead EkncWy © Ieive ARGHiBflammatr 2 BAWIS, (Meng et
PSSOl | nd arthritis), aloqg wi th, conditions

o1 F50A 5 BB Dg O 0R0R o bhmist o OLSREAIG iR which i

chhficRELEOBY aRemisRRPrésenddof; heophdpds.ithe si® tﬂﬁf’&&ﬁnally served
i ncl udi ng danage due to the i nf | amati on process

asdefrgive SEES BFEindg Evlesatosns ey enngs inceing TNbow. ney

beb&?ne'i 9&&%@&990&} %&uu rcg% thsb&Sdtnagdeint fwésaqs dedtin
proliferation of the same type, which

embodinents.jhe ntmehm)rerkaps thar whihod of treating-loflerenation and

n AR 8880861 00y ek YR LGS 3

traatrhént aneeftertyve ameuntdif aguisteasontesinRibitoe genpowtdatestiilysiterein.

In@?&ﬁﬁa&o@? d?s%gé) I}&Llu g:i(ljcltlllhea {)e ega ,: grlgh‘t:hel{: ! l’é[i;ﬁ]éxlrxgt?\%aF,?panFregtlgss) and

s an ensron.
chimmb@fcbtld)rms(b g, I(SlS(blﬁC choleesltia,dedndhyecsasts, bbﬂid:&/awﬁasteno_sw

roduced, f.r.om anulatl n.tissue,
4 thokisk by & iR darpyBation

g W 1th ¢ S (Slﬁsogfat

sutle asifibiodig, infevtiohhmd hsahesmpa.ol i ferative growt h of

fibroblasts and is associated with activation of the

TGF- RlBJiugﬂghbﬂg daaiagepyiclullingrdasiage doy € thesnfldnmation process,

extensiv eposition of e traceblular matri X and ca F )
PRI oL TSR OT LA SPPaif e e Surg the Tepetat@icrughn ost tissue
is etplldced ®Ftprolifefatidn. o NON$1SE thy sarh& €ygeCwhlch@Econstruct the noxmal

i.ntracel ] ul ar 31 nal i n ggg%tEIn Snad that activa

arghitectuze.| Howgkerot Pfgpar aon pfdhe *Fﬁﬁt‘e @EEhLterthHg may ﬁve

selére rcﬁﬂwqﬂérﬁjés MR 20 £as49 61LehrBRrE MR 40Py f 4 diseéhle, e
pr ot ea ct|V|ty (Xu et al., 2000) wever,

reenetAtel Hrsue %f@fg%%ﬂ%htwoeﬁa‘dfodpﬁé arcmpctflse lgpdjng fq pigrhosis and
p&ﬁm%b?ﬂ%héioﬂ AThE &R ELY Bwhéte ISR ESER iRADIREADY a fibrous scar
whlcg ?sr Ig'z)gtllclzefdef;oara Ig\r/aenulatlon tissue. Fibrosis is the excessive and persistent
formation of scar tissue resulting from the hyperproliferative growth of fibroblasts and
is associated with activation of the TGF-f signaling pathway. Fibrosis involves
extensive deposition of extracellular matrix and can occur within virtually any tissue or
across several different tissues. Normally, the level of intracellular signaling protein

(Smad) that activate transcription of target genes upon TGF-f stimulation is regulated



10

15

20

25

30

conditions. Thus, certain enbodi nents of the invention

relate to a nethod for treating hyperproliferative
wa@ooditessons such as di abetic retinopathy, macubP@r/us2007/014427

degeneration, 5 diabetic naphropat hy,

gl onerul oscl erosis, |1gA nephropathy, cirrhosis,

biliary atresia, congestive heart failure,

scl eroderma, radiation-induced fibrosis, and |ung

fibrosis (idiopathic pulnonary fibrosis, collagen

vascul ar di sease, sarcoidosis, interstitial |ung

di seases and extrinsic |ung d|sorders¥ The treat nment

bygroteasemg activity (Kg ebpl, 290Rh Nidewvever, agcelaryed degradationf the
t
TSGR cSTROHATER B s LR FhTLRE e

condlt-:laus Blins, cantaim dmbbdnsmne dfdh¢ owiengors ;nige tya metlafdtfentreating
hyﬁg‘r@gogin él? Q%X‘MJ“ ﬁq(g S. stu:clg %sr (g tﬁglae%%bge\?m&, acrl];?zx (P neeﬁtlon
diabetio deplﬂupahy,tghmxenmm!:le:rm IgA aleplropathg, mahhﬂd, Hilddrytafresia,

even tion of scar nfection b .
cofRGHIES hes Filpsn, FIEeGFIOA, kG UG o1, fac Fong Higpsis
(ididpathie phiaiorarpfibrosibpcdlage® Sasculth @isch &t sir@sidbéik Nfterstitial lung

i nfl amati on, civervvhel ns_the whol e or?anl sm system C

disepses pdgrigingicluag dserdes)n dhe freatmgnial bermovetims wipdten happered

bySRRS4iS this, AP&rta@flePEAnicfisSthel 1§véﬂﬂ§mtr91aié§ft@9{c'teﬁcal or systemic
CNerproductlon of Ilpopolysaccharlde (LPS) -i nduced

adpynigikatipasof ighibitorgdo TrRatbuUms. cWeund slasure follpwingesyrgeay ig often
dokeatdd WhR Rfipufl &t l%ﬁ

assur E)r I Si ng Iy, E%Q%Higﬁ?%%%g b%gﬁ&‘fe%ct: s{g‘h}bﬁtm]t ?f fibrosis.

Thusrip sasainembfodirhents, e invedtiqrarefates;toi avmkihdi igr thiagrevention or

b LMP2 d LMP7 (MacAr t al
(g&ggﬂggggggggggg7sUZSBH;S Furtthnnre |§ |g ggn:raﬁly
aC ¢ ‘%R%egﬂo E)g%a aéhe 3t Sﬁ’u% Qlﬁ?énﬁ u??m{léltﬂﬁ B2 Hammatory

ells |nd|n

: prmasbr%en ﬂwepllung mﬂaﬁ’maatwn avetiwh8nssuthe mhok: orgamha AB®mic

ot ea sone conp ex hav en i fied as.
R0 BBt e ot SURP G bhar e sisia qpalid when tois
is émegmahfebnamsfbuemmcna:y obEpdp’bl)?{act}mﬁﬂkt(EHS) induced cytokines

suélg%rflgﬁm I ?Oéxgm%re%ao bgtce tIrzS tct) rt]%ea;t)rrloreﬁ%ﬁso gsegégt\é %{-}'gsréptxc shock.
N&Eﬁ@r&ﬁ&@ LP'Ehgﬁcgfnﬂﬁ&s dgﬂn&leﬁieag&:]l&i&%ngﬁebgthetlhﬂg 1
r ot easo nni birtors I SCIO erern e use
YiREU g thY FPBHNGRIOPRFSIG BitpD LIPS WMP 7 (Masary et al,
Pmpswsmgm ZOmmnmxh%nareo @dk BeRdrally B&:egtea%m&dﬁrst step in
OHDOSItIPnS are useful for the treatnment 30 of a

thaagtiyatien ef eelisdulifonts thekimding ofdsk tq sssificauabrapg receptors.

. ThRlaQtafAd PubRALSE the30S pRAeasBmRATIEEhSle Bellf $fentified as LPS-

parasites is considered to be involved primarily in
bm,devs prodging, spggasting theh thedeP S-islucedisignal teansdugtionaray be an

lmggng%l'%lﬂégrgﬁleéﬁ% Ct:a_xl_ thgggfg)%}rg%ﬁ%gi Ialolgrevgrgg)% ofjs%sgg (Q\)@th N. et al,

J. Immun. (2003) 171: 1515-1525). Therefore, m certam embodiments, the proteasome
inhibitors disclosed herein may be used for the inhibition of TNFa to prevent and/or

treat septic shock.

In another embodiment, the disclosed compositions are useful for the treatment
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):
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55-59). Furthernore, entanoeba species have been shown

to |l ose encystation capacity when exposed
wo ooopnetseasone i nhi bitors (CGonzal es, et al., ApchusieTo14427

Res. 1997, 28, Spec No: 138-140). In certain such

enbodi nents, the proteasone inhibitor conpositions

herein are useful for the treatnent of parasitic

infections in humans 5 caused by a protozoan parasite

sel ected from Pl asnodi um sps. (including P

falciparum P. vivax, P. malariae, and P. oval e,

whi ch cause mal ari a), Trypanosona Sps. (|nclud|ng T.
550392 Furthgimane. catrrracbasnedes hatedears gowine fpse eiqystation capacity
w}-}@H'e‘RBoééﬁlié 5sotéisbhfeqnh1§h&%quaqzalég ekae%)ch M%hsﬁ@éarib% 28,

i ncl udi ng . almazonesi s, . onovanl ,
Spt:‘nNanﬂiﬁnM@ Inm;mmanah embgdl)nenmélmegtsmrse mmmru (a

CO%%&%B&S%I&Q%UEC%]C%P ﬁle t?&?l%%m) If agltéllgé(:flgns {ﬁgmumans

I munosuppressed
catﬁeﬂ alytaqhatdzo&t pdrysltecsaalectﬂlﬂmﬁd’émmimaépm(;ncanﬂng P. falciparum,

a lanbli ert enbodi me t he disclo .
P. TRk TEHBHES 4PE P Rufie VIGH CHTE B PABrSCR S5, GRguding
T. k;ﬁ.fze,ﬁlhlﬂﬂ&adses @Ragm! gisaind, arld Veasrt€ viseisRdedX fidcan sleeping
otozoan para3|te sel ect ed from Pl asnodi um her nani
i depiriaiaspssyiacluding l. agagenssss: brdgnavasi, & indantm, L-

metx%hﬂla | e ), FoeaRBY HtisTaR Bl (2 PRortozban RAGwHes EASRYnBumonia in AIDS
crassa. O her conpounds useful as proteasone

and ghepimpugosuppigseed patisatshehrxoplasmy eaadii, Entameghasiistolytica,
En%ﬁ&erb'at?ﬁ%d'eﬂs R4 840 145h b1 1§ Berkain Eﬁﬁgﬁiﬂ)ﬂ{r@g ik (thﬁclosed

erelnlnlts entlrety I'n certain errbodlrrents
compotitianoare usefhl Firtthe tresmeotef pasasitid imlficbions upmntn@bsw#e

1ivg§éH:lé’ Lhed By @ tch?lB C;%r%r%g&‘é%gg& gr%neﬁ fa¥m.0?ﬁ1\ep@ P%rﬁrg{?\li,o od

In certaln su nts
Crimptospdridiem sps. pEdudoaerus granylopusy Birderipteotlda) Gadcocystis neurona,

on._wWithte ard to her a nst r.e n
oS BLE b el U RathooBnd B PRSP E bl e
trepﬁnmme af pamsum Iﬂlslea:te@ fae di@sﬁmmwwmwmvammnﬁl@rporated

rotection with regard to chenoprophyl axis
hcg’ 'h@? ﬁ%ﬁre infection. Viral infections contribute

to the atho o sease Heart conditi
50 00 SR SO e e TRE Mol GC b Caprtportions intibi
pragmhmncl apay hya panasitbefont k@ @ry th White blood TBLK | IthdeE'tﬁﬁl such .
..1n a Cco aratl.v none m croarra na Ses
"E*Pdvm'ﬁ%tﬂé%m ijel*fﬁ@véwﬁf@d %ﬁﬁ M PERVI A Rl R REa s fien with

reéid@t&!h%ﬁa z@gﬁmﬂﬂeﬁ&ﬁ‘mg)éxﬁwr@g@'pﬁt'ﬁﬂeé Nn deRair §n@(fd1ments the
mce evel oped chronic nyocarditis (Szal ay et

PrO{Pasomfy lnh'fﬂgpwoqescq‘aﬂé heseip ragy prowige prolaperd REPHegtea with regard

to UhdrhdpBplylExib R ARt L PFERRHOME system in the viral
30 entry step where the virus is released fromthe

endogigdTenfleBliéhstdoatriit & &Pthe p Iﬂl@ld?%?%arﬂ&ﬁ%ab& SH4Hr dbhditions
bel ongs to the Coronaviridae famly, which al so

SW%M ROt MEocasdiie pad dlated ca@s@m/%aa&whwrmf% Hakedsiepiy
coRQUCRIRVIILYB3. Yiva @BFhphsative Wh¥id-Blnofitt fftdoarray 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
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-
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WD 2007/ 149512 PCT/ US2007/ 014427 51 648, 2005)
denonstrated that treatnent of cells infected wwth MHV
woRe/1805p2 ot easonme i nhibitor resulted in a deRCEASBOT/M4427

viral replication, correlatsing with reduced vira
titer as conpared to that of untreated cells. The
human hepatitis B virus (HBV), a nenber of the
Hepadnaviridae virus famly, requires virally encoded
envel op proteins to 5 propagate. Inhibiting the

pr ot easone degradati on pat hway causes a significant
reduction in the anount of secreted envel ope proteins

6483005 dempnyiratedjthyf qr@ﬂtmgg dafzgllg infected yithJBI3) withig proteasome
m}E iqg}rr;rjflzﬁn dGn B e%ehﬁ P%‘ilcziﬁgh \ébttrgﬁﬁiﬁ%(w//'\’h rgducgd Qrﬂ'ql titer as

aSO Utl lze ul t ’n-prot
conhpgreddathad nfpailrmmycﬁﬂbr 'I‘éiechluatamdw:pammir]@ viye (EBV9, amdmber of .

hO enes act. erl U LI Sste to enes
th AL ARHED et yikl S Ry RS TR P Sl o VRpR Y AS T
propagatee Shlabitingthe f)rdﬁhdsﬁllhe rdaggaaﬁmommwb;al cﬁuma:u 5 €ignificant

omting and di arrhea evere .
reiSPh T e amaunt SHaTaik] €V U T ALY el 7112914-
12026,290S). | I dddfionas HBV Sothbrhdpai @§PREdes (ANC! PVddl Ftnay also
utlilhat infection of mce wth ly gghoc ytic

R® tedibigiiirriproteaspme deerdatipn pathivay fpnssetatiogemarrhpgenssis and
paﬁggaﬁmglnnst conpl ete 15 replacenent of constitutive
pr ot easomes by i mmunoproteasonmes in the liver wthin

seVethedR¥eriuiBRteSia rﬁ&noc}to‘g@ﬂ&%‘usé’s@kcﬁﬁﬁﬁm@é@%m as listeriosis,

2001). Prokaryotes have wh .equi valent to
thee@ﬁalfss&t@nz oEWhich r@ag@ﬁenparlﬂ Kr@zmsea \Wemmitng ard @laﬁh??ﬁ)tto severe

(sébﬂ@&ﬂ?a' megn]fgﬂfs eﬁ&%hmcﬂsaw&u&o u?aQﬁeaﬂmg,h%'o?ch éy m;'oef

that of etkaryotes, it ave the ab
prﬁytﬁomeﬂlbmpe pemgesityomtryealnd that infiettaom ofemive mttFlo'mmocytic

chglzfa'ngxlﬁ m% Q?rug uF Lﬁﬁq&ﬁqunb§%c o(ﬁ]%n l%ad% ugell?ncg? ? glete

urs throu ne T esi
re}ﬂlattemm nfieorsfitutive p(‘etea@ﬂ’ms rbnytlmmﬁlf{upsoteabnen‘mmerm/at within

t hi nti,on Iate i n .
sepsisyp DR LU LR 1o0ihaPremoRe Blim Gk Py s whatis
eqswb!eﬁcto the eﬁigdrgmb 208 éﬁmwﬁnd)ﬁarﬁclep VohiGathe @E‘t}zﬁd’ﬁf'&cﬂhﬁd@i’tion of

03|t i scl ose r otic.infectio .
PRI Par Qe as s el Guthal dEokatioiss L SRS RETRE ability o
hyaﬁmm ;&gnaub@ddsuh QSifilad ARIRSY FOF exBiMiplk, ththG8EIphikSatick on
ar ch; eria. Acc %anlyh in certain enbodi nments,

(g PRPUGR DAY PeFtTs By he St iipe Fitoicn the Notprgys of the b-

subiHi®C tThak, dnfntbodimesi S¥Tthidlinvddfiba $éihies t®h metKdd df treatin
i ncluding contacting a cell with (or adm nistering %o

prokagyjcdpieptigns, SpMBREng 3dEMRISISTInG o ase*aﬁﬁ@ar?dfeatlg%mg@a ofa

prét€4s3id inhi®GbLL0 A {)&n@oﬂ §RAL LB ! ‘?’JeraYthﬁ,s‘lH%écﬁoﬁsnmay include
hypoxia, a condition in which there Is

disgasers cresed Py sithesipyesbacisaieHFurp 4SHeb<trFl319§resleexfosy e BuodiyUlcer)
or MthSeiRndiat i on causes

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
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



10

15

20

25

30

i ncreased degradation of |Ix-Ba, thereby resulting in
the activation of NF-KB (Koong et al., 1994).
wo pdenestz ngly, factors which have been identiPCEUSABT/014427
bei ng abl e to enhance WD 2@@7/ 149512 PCT/ US2007/ 014427
52 i nmmunopr ot easone expression, TNF-a and
I i popol ysaccharide, also stinulate NF-KB activation.
It has been denonstrated that the severity of injury
resulting in hypoxia.can be reduced with the
adm ni stration of a proteasone inhibitor (Gao et al.
2000; Bao et al 2001: Pye, et a* (%g Therefore
ImORT RIS FRRERIE N of NF eand KRapel¥sAcohands elsostinulaje NF-«B

actiPitis 10had bRaldeRDdnaRatt$ E}ﬁ?f’ﬂe“se@&ﬁ@otf irfBryYesulting in hypoxia.can
reperfusion injury conprising adm histering to a

besre@ﬂl@étwmhthﬁ@éanwﬁtr@tmﬁarmatqqecrme inhititor 6600 ¢ala20ftBao et
a].%ﬁ(o@l Pg,(a ?la ).! Qfo}é’ et ARAHARIHILRS BP&%‘inﬂe‘?ﬂx‘Bg rll%late toa
a S uc u

con |t|dns of Injurires |1nclu
methed nﬁtreamm angechtenyic aonditor or mpawfyslely mjlurwrmmpnsmg

adE'mHls%,%r g% a gﬁbeysr grelsn)e%%?ﬁ %Ht%g {n&?ofﬁ %lpl% ctgﬁ:oarg ‘Q’g of &,

proteasonse inhibitor tOmabdinet dlsﬂbfﬂddﬁaran( Exampks Wi sudhadopditions or

. _corona artery diseas i nfarctions,  hear

infRieS Piiade; Puint pEL GRARE o, ol S R B ieralf Plagues),

arfegial eROSive dis@aed marcaa¢ Sefebsal [ ¥sHripierat Bl ad Ivaﬁﬁhd@)occlusmns)
mastlngyof skel et muscl e associ éed w t h enhanced

athroelgPie (OTeRALY e‘E‘ﬁ@ ESPERTY BreDpistaseds dfarcHaph gy failure,
pahblehtiis, ni chidRal HYPERPE P Ferlo8RUARrelcRbSR! VS S,

t hereby reduci ng both nuscl e protein | oss and the 15

Ni t rO4RBRMSs h 9RstromelchABNHz& by WiStind JRRRIeBll ndlscle addciated
100 197-203, 1997 I n cachexia, elevated expression

epltagrem ProtrphYSsT ucciprtb PhiguitinTpteasmeIPatinay., Infubiting the
rW@h&ﬂne I%Hh&élpﬁ‘gt%o%ﬁr fherdb ?Qeﬁc&t HWSQE%%[H?IOSS and the

subunits, have beén repor a et
nitragengweload@n kidweyy or fiver @eawa qtrels,t JGIyly@ésl 9B203u$29D. In cachexia,

f r
el%"ﬁé@?kp%%f%?@%ﬁf?f&@é@&?%; FoREeS TG S AET AR Shicn
stiwaéatb eyp2ssiomof ingpusoprosedding subamita thale bédnereported (Acharyya et

e nce SIS, .e
SCFRIESIGILE RPAE R b oL Bk FERSEe RS SnitfidPored

ratd:s af)ptoeem ddmdsmﬁ[rwbérwt ahgF ASEBgelS&‘.?oQﬁ&l S0}, Muscle wasting

Eeolf quql af the |nveqt|on relates to 1
mafihest el S ol e B R e e senuBr Lo RE bRt Sehsis rena
faitirecAIBS, fahﬁ’igg ddﬁeroitldrhﬁ}]dplhy,eﬁﬁcﬂ&ib araeﬁws Qflsdsefaﬁ’bphy and

treatin i tj.ons su as ncer, chronic
copgistive ey Tejlike ;088 mpegimnent pf, e iavenien aglates to BisHypiment of
cadlitk il SPinviadle-Whastifig diéases)) Meyhodk @F tHd@verdtRnalkre ﬁ@éfhme treating
SOC|ateH%yAth aci dosi.s, and _hepatic failure,

cogﬁr@lonsegﬂ éia@cerw‘eonlpa'efeﬁ&mw15@8@46?"79@use@gqlaafst(?t&phy)

an@fdeA@hAbH) n@mtlﬁjlﬁfo fadtirdgh eer.ar RhIeASATEiEl G5ih KidRA LR
nechanlsns t at In turn, ef f ect gene transcrlptlon

hepatiq failys: eSoeng enmcicdshareU SaPrrayNo- nd4tidied

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
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
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above, proteasone inhibitors block both degradation
and processing of ubiquitinated 30 NF-KB in vitro and
WO 007i1¥9512 Pr ot easone i nhi bitors al so bl ock | KBP&T/US2007/014427
degradation and NF-icB actsgvation (Pal onbella, et al.
Cell (1994) 78:773-785; and Traenckner, et al., EMBO
J. (1994) 13:5433-5441). One enbodi nent of the
invention is a method for WD 2007/ 149512
PCT/ US2007/ 014427 53 inhibiting |iB-a degradation,
i ncludi ng contacting the cell wth a conmpound
described herein. In certain enbodi nents, the
inhibijiag d¥Be degradasiont mchugingetnticting sl eath Wity acpuiponnd described
hcg%Fendent eukaryotic cell cycles, including exposing a
(invitroor invivo) toa 5 proteasone

' nh'IF c&? in gln%%%iﬁﬁéei)qs Wﬁé 1en|vre] Cl’?/reiaﬁ]ssto ?@%so%ﬁgﬂésctmg cyclin-

i nvo cle"co
deprmdbntoaqkatymc icall k:yelesi egcrladiag ieRposig @yeil (m itrdesinplies) to a

prilrep e S Rat AU TIROR. el e Resigip svelvedbieefigyere

comu mepraeadonra/;@drﬁc@mag&x t(hed@gnadmdrp&@achﬂ@dmm ks of
I's believed all é ins .
\

Cygfrl@ 15@%%%%‘388 cwgtf}% %é&é)e‘znspﬁaé eyGhind nQé’é"aéPt‘?'éP xsins

endllesd DABRSxit U eIl %eﬁlsyz@eg gatiﬂe&sis? 4né kAtRAhndtRer (e.g.,
| ocalized to am no acid

divigign): rltiisthelinvasbad) cycling pee 3sso@nted evither3d a?Pl@Wn kinapgor related
kirREY efﬂee;g'oltegl}éls thigletthy gllgnﬁneb&c%hm @ dtRh84kiak 22! | gase

t hat cyClin-spectf |'1gase 1s activated during
WL@N@ENQ strestion, bOA) T@arlells e\idg®4)that $y¢idn Eicpnverted to a
f
fonlcij'xli1 g{rllglaltaﬂ%gﬂg ubtuﬂ.ﬁtlﬁ i g& ego?-gﬂ? ﬁh%}l{?gﬁ%%ﬁ? %%lﬁer]s activated during
mipse (ﬂi@ghamp\(m Af @elleﬁd@ﬁ'ﬁ) @9:1321 y bnhibnitidip of ﬂrieairetdasome inhibits

cy%li}g dg%\Ku At q;}ar?%re 1 1bltsC %e?fproi\%é%odld %c?{eeﬁ(f]mpll? hrécyclm-
relmdeamﬂem(ﬁmhabaset ab, BroneVatb A dadr S¢ir B8 (1996) 87:7071-7075). In
roliferati di sease | S
el empgiEhents hEuR AR tefeed BrihfEhe 65 Hhating St
didehe igabubett @y. edfaheed pyusi aaﬁpbﬂ’ktest@ﬁosﬁls)pé&hﬁﬁéﬁ@ﬁdmmlstenng to
i nhi. bi tor cogBOS|t|on in a manner, . di scl osed. herein. -

thergpbiseh i Rifeciive amannt af a peteasgms inhibRerrompositiandpiafganner

dis2)eskd RereR). AMRANRéhtionf 1 TeRitsaB al Hetod ¢ tRGting cyclin- related
onpri sing admnstering to a subject a therageutlca

infiamigation B anibiRst: COMPLSHIZABHEHRENS tord SHbIest ad ticaldy,

effeBtive dHRGUNE bf & pRstEdsBAIE iARIbRLAcompdbitiBH ind Mfnner described herein.
reticulocytes and grow ng fibroblasts, cells deprived

of i1 %&Htﬁﬁhﬂeﬁ@@lbb‘ﬁbs Bllft?%troﬁtlﬁg Egro%ﬁégtse 0L1¥SdeprifE&bF Hhsulin or
doubl es, ggesting a ro for the proteasone in

SRl M 2fe ARISEIYSSrhearly desblenisHEERsbE preletfer therpgoteasome in

celNYERELIaBBliE! B EstaiPeMBbNARSS He iRvertRAUERG t$ n?etﬁ&is or
of intracell ul ar ?roteln degradatlon in a cel Eac

regyieingrfbe sateref intaselldenprereindegradationtin agell. Earh o( thﬁsq/mﬂnods
coftiprisds é(')'n%a'i:gng &cli (m@xw §Hnev1{r8, dgSH bh REfe)in W SBBJCQH with an

effective amount of a pharmaceutical composition comprising a proteasome inhibitor

disclosed herein.

Alzheimer’s disease (AD) is a progressive neurodegenerative disease disorder

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
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effective anount of a pharmaceutical conposition

conprising a proteasone inhibitor disclosed herein.
wa\bahaisser ' s di sease (AD) is a progressive PCT/US2007/014427

neur odegenerati ve di sease diysorder 30 associated with

a loss of higher cognitive function. Pathol ogi ca

hal | marks of the disease include senile anyloid

pl aques, neurofibrillary tangles, dystrophic neuritis

and significant neuronal loss in selected regions of

the brain. Mcroglia, the resident WD 2007/ 149512

PCT/ US2007/ 014427 . 54 macrophages_in the brain, .
MACEPRIZEES i IHE PEUR TRieaTefamaTREs BojnllammrieResytokines, inflvjne
TNBNG; ¥heNBET a8k By ABSH aPephlé dssoiaR@AIRN itk Re@ i RO4{dA 28Ul ar

d vascul ar an%I0|d pl aques. This
3

with neuritic and va r o a _
anpyileid plaquss.- Fhigimaicraglinhmegdistas iplommatery Tewpossmeqritiibutessto

_ g ; - ) g _
syt FRUD L 0, (ARG SRS el RAF B A Syricp
newjonk treated iwithorreditivmed anefdicofromi roicoggliah B VM2 s stimmilated either

.St ed eithe | LPS/ 1NE- r soni cated A
wil L PSIRES oo iEled, A4 hentides ibitlorn BN iRl A 60% dgercase
in cell Viabilap (Gan yt 1 GArBiel. GHem. 279:93i661557C#004). A higher expression
279: 5565-5572, .2004) . hi gher _expr.essi on f .
of FARiSRSRRSESG D o tanad iy DAtk Fios fin ALY Bt g imapat of non-
defnghtedreldertyaiults (Midhs etafl, Nawrobide MM £2l7:8h-G6! oo dul t s
(Mshto et al, Neurobiol Aging 27:54-66, 2006). 10
Pat iFtiefitssuffeeng frgml Homtiddisr’ s dgeade (HID), 8RAR& Hekddegenerative
.anot her neur odegenerative,  disorder,. display notor )
di %ﬁéiﬂ% Yy fien grd gegitivedeslive oxepperpg offyears until
de¥t@aN$poatutdpsy dhd tphese MR AL ABAY or inhEn&UrES4 r&%gregfates, caused by
i nclusions or intraneuraonal aggregates, causeée y a

3 ROOYQ O BASHNSTBIRtIAR (289 Tferred te @S adF A Ftaiplet eepgat expapipn), can be
detetieR! SlcohfpRfftl b RBRRENP Ltroﬁ?)ninbtﬁgl sﬁ’l‘aa‘\ﬁ b88 cortex %ortions of the

acconpani ed bz Significant atrophy 1n the striatum and
brajns {mmupehistashemistrytriecaes! thatethere wasnusighifisenteinbaicsment in
imhﬁ%%ﬁi&gasgnl%texhgggign mthrﬁ{t&HIa&E Wx‘[ial %QFQP 5P0% EHS ftdin HD

| nunopr ot easone expression 1n the striattim an
pafiednaatoropared o thosd frammagefmatchédtnorpad iadultss(Di sz-tlenmaadedet al, J

t X “ARL Ghed normal adul ts .
Nl 251 ERTIER 2005, Uipn REPE ey ihatiscpyeed that the
enk4ie8inent predorhirantig ocaursddyiaitise dédenvratinginsmousr Beinghahouse
mdd ot Y B ST et 86180 R e BEE 5 hhighvigyrypgin- and
trybﬁa—lil&saﬁw:ﬁfbe s tlg:@tfﬂ:dteﬁ ang |a|§_@ifg¥t&-ddﬁ€a{1ﬁ@§ @eg:iﬁnsbﬁﬂthe brain,

C rypsin- gnd. trypsin-like activities in_the
PrgiFLE (e oRied ag giriagup (BT emARISG & abi SYireRe: £hd 1653-1161,

2003)in, primarily the cortex and striatum
(Di az-Hernandez et al, J Neurosci 23:11653-1161,

2003A ccontinglydeerglity embeditrRnts ETh HiveRtiéSredte td)the use of
proltga\l/s%nmteI io ibritglr g(t)neip(t)s?tict)ngedigc?gsegfherein 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-
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
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25 proteasone inhibitor conpositions disclosed herein

for the treatnment of neurodegenerative di seases.
wokuryadesgener ati ve di seases and condi ti ons i ncPOD®s2007/014427

but not limted to, stroke&s ischem c damage to the

nervous system neural trauma (e.g., percussive brain

damage, spinal cord injury, and traumati c damage to

the nervous system), nmultiple sclerosis and ot her

i mmune- nedi at ed neuropathies (e.g., Guillain 30 Barre

syndrone and its variants, acute notor axona

neur opat acut e i nfl ammat or denyel i nati ng
Sc'ﬁtﬂswg@ﬁ‘%ﬁﬁh payasitigdurgal rnd \apﬁmeam)tls ERSgPARIDS, vascular
defRHRA A SRRk HomenRE AP Hody ARG BRI fm@h@%erna Sksh as

i'nson's di sease ?Mntln t'on"s di sease,
PiclO9diseare SsLbcOUTALBINGTIAY 1841@33 Hebtisgtbe oo pragressive supranuclear

un and .viral .nmeni .
paﬁgg tf&%’ ?%niulcgﬁt }hgu (grfom(fg zselmp as pn%aﬂ/ i'flphas?a rg{:tai)g'lic-toxlc :
dedlermezm'(lsmh ASeahyorho d’iypﬁthmikhsm orfB1@rdefikcienoye and dememtéas caused

sea ,.Subcortical denentias (such

bydgé% S(ﬁl@qhof}? SgPh‘E‘F&QP ‘Vé“%‘ﬂﬁ\"ﬁhucl ear palsy),

2ioh db i eS80 ki st AL ng gt 28 proteasome
snmlmmb@ndwmmmyﬂ [ BUrfeBr @dn Ealdhidest Furhe£ASE) whé Such inhibitors
ntias caused by infectjons (such as syphilis or

[
haxfh it admypistenes %xsgsmw?'éy IoTBIcS SestLRIR I8P Stibiter increased
bohé @bluhi¥tin@iHoak Forntl{onthRRE oV & 1096 (GATetRTOR EASPNE. Clin. Invest.

stinmul ate bone formation in _bone organ cul tures.

(203 tiAdy el 783hctherstprg suggesting thatthepquite-proteasome machinery

re@ﬂﬂb@bﬁ&(ﬁﬂ&q ditYstaitoaland bbe fﬂrﬁﬁtloﬁ e @feﬁ)rgr E%%%R{é@d
inhibitors increased 10 bone vol ume and bone’ ornatlon

ProtgasemeglibitgnogripRgitiensimay be @efidtin ghe treaymeqy ang/or prevention of

digteﬁgéetg s«‘iﬁqogia&%\f)\gﬁ?\ bgnjxé' losg’ 787111:1 !:Z §s%):rogﬁ&])§{sef ore suggesting

urtin- pro1 asone na ner regul at es

ost lc@tsig a Ct‘lglg Fe% fggasgr&gatg&ggzécpﬂ éo?ﬂ‘olled, abnormal

Therefore, the disc ose prot easone | I'tor
growvthpdsells. oManyeyndses arsefwia muﬂtlsttd:repttth‘&aysmnolvargjihmtivation of
ot M A
spitad ecasther:j)m-tsmﬂthe badmlt}imyuglnhe lbtmpﬂaltxedystaimrmrlfmd»d stream.

arl via nmu
Ut A& s Tt e N huiRE e s et b et Hhapinenty
m\ml@édi‘l Asnasd pasddushy, ippitebneiaRGaUnthag %D'bh(d}eseen@&ﬁdﬂéd asa
S. can ead to ot he rts of e body.thr

ey SHisey BoraPE R B et PRRHIzn Y Pl Y AaREe As

shown ¢h Bipaird 1,9AulRiptOmeelaghat 11E b@sskmmfortﬂs&ﬁuﬁe pfot&aebﬂne
rom nently 20 inyol ved. As nated previously
a'tBDleﬁlb'@

& GRS ‘fa}ﬁ‘h‘faEY seAvhats Myltigleydlema %Ppralat%waélssase

chbfaélefPlby &n 64dcati®8yumBEr émnbﬁﬁﬁtﬁmma &f1s GR HeHYone marrow.
particularly nmultiple shown in F%gure :

Plasma selis devser om Begells n%a%g é%%ottssmmfrtﬁthﬁt Qther Brgell

mdNpAkEAEOWBuld 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.
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.
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al though the ratio can vary sonmewhat. Muiltiple nyel oma
is a hematol ogi ¢ di sease characterized by an
wei@easisye nunber of abnormal plasma cells in poEUSIOB014427
marrow. 25 Plasma cells deggl op fromB-cells, thus it
IS not surprising that other B-cell malignancies
woul d al so express i nmunopr ot easone to sone extent.
Except for two chronic nyl ogenous | eukem a cell -
lines, hene-related cancers (e.g., multiple nyel ona
| eukem as and | ynphonas) generally appear to express
i mmynopr ot easone (Figure 1)..  Cancer cells originating

fr O&Pmﬁ]ﬂﬂ,éo@@|%§ce@§(ﬁ%8@1@m hgadand neck squamous cell

carciHOA REQL &R ERERomAGnt Rnf@l defli lﬂn§ ghefbiR hspeat H)ehave down
invention relates to a nethod fof the tre ment of

regiated immupeprpteasime exmaisiinsarnnet al, 1 emuped U617 54202001,

. I
M&@esfnt‘égéﬂn\{,gcr:@’gﬂﬂéeé?%ﬁg 12 %m& %g&%aéggg J El?(g Mtd'177:965-272,
1988 Elme hpyieats tdlbswodelated\/\ﬁtl? aefi¢igdtdmtigen processing and may be a

str?tggrg 1L1Jssezdot)07I g%{%é ﬁ—té)Se%ﬁ*Ig%é‘[‘H‘%'ﬂ‘l %&{élg T nenaﬁg rt]r%gthsent of the cells
withalNH -p eoald mdaroenﬂmiumpfcntasoﬁﬁ eapdassanﬁj Thexefdre | aeftgin

i to_ have do at ed
e RHROTS B (b SRRt P Lo B Aratherh hE PRt cancgrs comprisin

adibfrmisteAn to Qgﬂiject inVBé&seTuck treaimenthh Bffe@R@Qimdi@sof INF-y or
11: 2552 2005; Restifo et al, J Exp Med 177:265-272, 5

TNfyeand a'ﬂﬁ?@“é’ﬁ‘&e@}‘ﬁ’“f’bc‘ﬁép%‘&dr@ﬁ%{f’%' RE¢iR- defi ci ent
Mroces& ng and may be a strategy used by
A | s to escape i mmune survel Il ance. The

treat ment of the cells with INF-"y could.ind
nnf&iflﬂ’b‘?%“éégli?ﬂé’eéﬁﬁ desczivse hergin past B‘F Imingsterg 5 gfl i various forms,

&% tHedifJrdérts bl Mgl Al tKehg Bodditidn, MRE lﬁeaiy Qkight of the
reatlng cancers conpr|S|ng adnlnlsterlng to

patigiyj ascis Well knosen igfthe it hFer exmmlatwhare é?er@@mosaed%?fs imbe

' adeflnlgtléﬁdyorQI‘iy,JthyTMEy Be 28Mhuatld g§ &@?é?gr%a Rbles, I*)é);vders, or

conpound discl osed herein. m ni st'ra | on nmpou
sypipeperrferparsniges edinfrasirationethey ceay trefommatddsasdnigctions

r AU, s S BPIBLAG Rhsh Wob L TREES brcbralBns 1
supprisitenes. B appligation Hyrtbevnpluthaltrrhe namous Fn@mbeamrrphe they may be
fo&iﬂﬁgt%d Qg%ec 81%52)9 ap ?S A gnen? b'Eﬂ-esF ulatlg tsecrag %e%ée? |

apsu es,
pwxﬂmnsl medns, g if pesnredr thfe@bnpar@néchéralmadm mu&:ﬂrvath my

coR AT SRS RO BB 6 Ah LB G Oe Aghs PIFBREABort 4 ubricant
a cpbrégait sahﬁlghzmg ag&“mﬂsbéxcsﬁdnes;d Jﬁoemanﬁ%ymgaigbmna byating

h ne r t he;
e S B, S QUSRI B0 e L Y 0 ing o e
syin@tdie, agé NG bedywhighPsBrpa bederbythz QafiRe ¥RDidvens of tR@diSorder to
and if desired, the active ingredient nmay be m xed

be,freated éﬁ)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

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
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conventional additive or excipient, such as a binder,
a disintegrating agent, a lubricant, a corrigent, a
weolhidsizi ng agent, a suspension aid, an enul BCT/ys10g7/014427

agent, a coating agent, asgyclodextrin, and/or a

buffer. Al though the dosage will vary dependi ng on the
synpt ons, age and body wei ght of the patient, the

nature and severity of the disorder to 25 be treated

or prevented, the route of admi nistration and the form

of the drug, in general a daily dosage of from0.01

to 2000 of .the ound.i s reconme an. adul t
depeebpaghe aftvitape cgkwswb@n%ﬁwﬂ@a?ﬁ}%a ppagicalar
cofiipdgh&, phsi8ldpical BoktiMokl8£thd @agent (iHeRudingIBEE) ke fdistaéd tyBe and .

i ngr edi ent whi ch can be conbined with a carrier

staggt g5neEal Physiga SQndibion, regpangiveneis 423 &1 eadesage, pnd type of
maﬁ&%ﬂi I¥ute %ffahﬂﬁmétmmt etf?l HoWevel TROMM e Whidellines can be used

produces a herapeufic effect.” The précise tine
as a‘mﬁaﬂ%ﬁor ﬁnev@mlam thedreagmenine. go Hetetminiagrheiptiom tifetand/or

of an? ln txrangn Psic %\Ilﬁ ?&Hleé%orrﬁgxlél tfl?n Jutihg'e entation
arilr bs S,

I cacy O treatnen Iven

coﬁ@&?dgldlﬁﬁdﬂtcﬁfﬁg thlszﬁlﬁa‘a&hddﬂﬁ:snﬁg théeh:safgb amgldor tithmg.
activity, pharmacokinetics, and bioavailability of a

par tTheuwhasse ‘iphannnmdticthlyyasbqitﬂgé talengioykdthepeinad réfleto those

i en incl udi ng age ease e and
iGN Flitedald oo ot iR Sosge SRR whitB ES PR JtEqpe of
sotnd agdicabjud glh)tﬁ)le s@fablé’rﬁﬁl lus@lin cum}act vithitRe €ifsues of human beings
dm ni,stration, wever., the_ abqve %U|dellqﬁé cag
an| gnigaals vathgut Wgssa,‘érsﬁ%‘ Al wiitatian s alier g reSRants, anpthenproblem or
cothplicati¢if teémMankidtel Woth @ REdsoRUPIE bem Mk @dtio. anount  of

admi ni stration, which will require no nore than

I OUtTHepIRAREPhARMRLi €y e6EsIaE CatgiePT as BBl hefdih thehhea
subj ect. and adj ust |r%ag t he dosa e and/or timng.
\¢

The
Phﬁﬂ?%é“‘%‘ﬁ'aﬂcﬁ%é'ﬁ?l 4}, GRSt iy er vehiclgsfiich s g liquid or solid

fillk®r ®ivent, x&ipledl, sbRehf\@S& capulRing Snattfd1€ 'Hadh Sarrier must be
conposi t| ons, and/or dosage forms which are, withi

“ag¢pptabled) pe thyf sensgoflring commpatitie Withdherether ingnedienss of ﬂ@r
foHﬁlﬁah Ly (ﬁQ{?uWoh?tJ 1?19 pgfléﬁugﬁm%fengﬁgpég ok?%d?éﬁ’al?wﬁlch can

ani ma excessive toxiclity,
sepyel aemga@naosg@@hb'@ccmtawe lgenriepy inbluden (@) Sumrphclcaa Jagtose,
gl&% a,seﬁlﬂlﬁfoge ceu ie %3 a%gcleo% g%rc%f Ig})t/a[o s%arp{l af Ido subathtuted or
unhebsamnedrﬁazyslodextphafmbmbs&; ahdl s denethv&b,l saclras sodiain,

S or vehi such a sol,jd, 15
cofREPRRUN) SaRle. YL fan Sl fufhee ottt Ch alvalres,
tragataith;45) mahc{6) (garatmen) malst(sb)exclﬁleﬁepilﬁblae cotdh buteer and

sense of be:’rﬂﬁ ‘on%ab ble wt the ot edi ent s
SUBPOYIREY WA 1 A3 PRYIUL Oh; thtoasee ‘B Fﬁ OX ol gesame oil,
oliSe s, exrargl, eﬁd @cfybﬁaﬁ eilj @y gyebrNsuehns pﬁtﬁj’w&eagycol (11) polyols,

har maceut i c acce Labl e arr| ers | n

su %aﬁs‘gce%éﬂ (ol

oleate and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide

and po yethylene glyco (1%) esters) such as ethyl

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.
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.
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gl ucose, and sucrose; (2) starches, such as corn

starch, potato starch, and substituted or 20
waopeahsdsit ut ed (i-cyclodextrin; (3) cellul ose, Peandst0%014427

derivatives, such as sodi umg carboxynet hyl cell ul ose,

ethyl cellul ose, and cellul ose acetate; (4) powdered

tragacanth; (5) malt; (6) gelatin; (7) talc; (8)

exci pi ents, such as cocoa butter and suppository

waxes; (9) oils, such as peanut oil, cottonseed oil
safflower oil, sesane oil, olive oil, corn oil, and
soybean oil; (10) glycols, such as propyl ene glycol;

(1 1)Tlm1|e1;m I“pharﬁﬁcsumhllascgﬂpyabéw salt” refordtotthe relartimhy' tmm -foxic,

iR SN AFRD sl i o TR

prqgﬁdid By, sz&tmimngshérﬁgﬂesalummw putifitation Bﬁt}a:l]tilﬁlibi’tdf(k) or by

RS AR LS o) oL Ry 8 T

: m@‘gbﬁlb a@ldS afPlsolatial therdsthtiatRmielf RRpresedthti vetafts irilsle the

ot her non-toXic conpati bl e substances enpl oyed in

hyefpohfwmdéuby%rthlpefiWbeﬁeohl§ulf4}e, phosplate. giithate, acetate, valerate,
ol &A1) PAARRE SstedPhte! 19BGEL befiAt at ABRAS) ﬁﬂo%}%t@ftosgnﬁe citrate,

pr esent i nvent | on are non- E yrog en| C .
malaaclimaraie guceinate, aemmiemap ﬁwlaémvwlama ghwnbwtonate

t 09 4hié
oS80 4yl Sl ARG e g s o
exampts Betgecet ahi(1 97D éPbamnaceuti¢ad Sakts av/i Ristry. Soin 6601(11 g.)

i norganic and organic acid addition salts of the
i nhilpiatlgr(cajes, theaskibBerstusehin the meshedsanfalr preseit invention may
: ' d. pupifi 0
ccftil B &i¥iold ific saRBhAOROAA MR, ek, SEEMARILOE i
phiarthadgiti oal(ysz)ccbptablbsalfts wah hnrhaen ffqenmauytdaceptahle badsise The term

iR By ek B SR i PR B a8ty non-toxic
inbrgaiielaho B ghnic lsaséraddimba rshif€of slinhi®r(s)i Fhtsé 84165 can likewise be

hosphate, njtr tate, val erate,
P %%ar proygy d w&ﬁ&? aal atiog and B‘Q?éi?&f’% of Bﬁefaﬂa%&or(ﬂ or by
sepite@P irthtingd ﬂh&)ﬂuﬁ‘ﬁ@d isHibitéH{(§ in 1t§1ﬂe€ @Eﬂ foiErH RBfhAd Suitable base,

succin rer napht hyl at e,
sugl a%mﬁzﬁfir%? ca%Oa%teow Rifapenate Aty yh%rmaﬁﬁl&wg%lé agegpfable metal
cafiofl, vith B4l of dithS ﬂ?ﬁlaéaﬁlchlly Qeceptabfe orEQJnc iagmary,
exanpl e, Berge et al. (1977) "Pharnaceuti cal
segondpfpalomterggry angjge. Bcn@sgnt@thveoqlh@lr oq:eggggne eaph salts mciude the
lithifu, Rb&RkS pYasfitin, tAlciuhe niEnkads, 9hd MRRIAGAISR, and the like.
invention may contain one or nofe acidic functiona
Rqﬁrgﬁgp@naﬁ areanjg amings wsefulfap the formatigmefripse addition salts include
etl%ﬂ%%c Qfémﬁé’r“n\é éﬁﬂ%ﬁécﬁmn?nes @Jh‘éﬁol‘é“'n?}rn: dlethanolamme piperazine,
armaceut i"cally’ accept abl e bases
anﬂﬁh%nhh@(ﬁ@atfpc exdmyplacBeage gbile sgptd)s” in t hese i nst ances
refers to the relatively non-toxic 15 inorganic and
or gaWiettingagsntsderhulsidiers and dulpicants, sushiabisodipsipuryl heléase and
k u
e fint 8Eiralcr B 2 4P EoloRhERBLAL e denfd Halle s,
sweetelpyng, flavoring, and perfuming agents, preservatives and antioxidants can also be

om]

present in the compositions.

Examples of pharmaceutically acceptable antioxidants include: (1) water
soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate,
sodium metabisulfite, sodium sulfite, and the like; (2) oil-soluble antioxidants, such as

ascorbyl palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
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separately reacting the purified inhibitor(s) inits
free acid formwith a suitable base, such as the
why@raxdsde, carbonate, or bicarbonate of a PCT/US2007/014427
pharmaceutically acceptabl gonetal cation, with
amoni a, or with a pharmaceutically acceptabl e organic
primary, 20 secondary, or tertiary am ne.
Representative alkali or alkaline earth salts include
the lithium sodium potassium calcium magnesium
and alum numsalts, and the like. Representative
organi ¢ am nes useful for the formation of base
lecithan, toreny] gallats, 4lmﬂ-t9@epheét>lhymhthedé<e ek ynetpl ghelating agents,

su'% EQ’ éxﬁf@%«ﬂ'&]&ﬁgaeﬂ&%ﬁ‘g lté?ﬁ'iigé%rc EH?FR %mﬂ?ﬁ)’l tartanc a01d

pi perazi ne, see exa
phabphoricuerdapnd the liket t i ng agent s, erml sifi ers, and

| ubricants, such as sodium] auryl sul fate and

mag rl%mrmlnt@ne suitabls foaoraletinimstratipinonanye éythatferm of capsules,

eI ea tin nt S swee
ets gf'll?sn ?a%? Men%? ¢n g’& agaevr(])tréd baﬁ}selsxgeurav slgf:/reoge axi;]d dacacm or

tragadsam’hog plmﬂas,@mmﬂéss or hea s@lngse ot a suspehson mmosqdebw& non-

har gaceuti ca ac ahl.e ant.i oxi d
SRR O 7L B PR P S A R AP RO e 4 Sieor
syAfs of p‘asﬂl]éﬁ(usi‘ngi‘ahﬁhé}e iy, GGEH &Y gelgtin SblglyBerin, or sucrose and
bi sul fate, sodi um nmet ad'ésul fite, sodi um sul f| te,. and
I

acpi) ardiqras maquthivpshed, 4 the Lk ieast epiipEIng: prRdejgrmined amount

of Af GRHiBbr($) @k Fh tadtivs inRrEdYémt! ACcdmysbsionanhy Mls6 be Binistered as a
butyl at eéghydroxyt ol uene (BHT), WO 2007/%49512 l

bohisTElePAn7PDREMR7 59 |ecithin, propyl gallate,
al pha- tocopherol and the like; and (3)_ netal
chel Igtsphg daﬁ’@ﬁt grms for oFal ggmémﬂfqttpne(ea}’d;ules, tablets, pills, dragees,

podard eRmtieR Mddant ﬁké)a MEckiGe AfPréli &é@gmlxeﬁgftﬁ loh@lor more

tartaric acid, phosphoric acid, and '
phegnanehtiedlrascentibla lghrsiers sudly a8l sodiim mt@w @n dlgﬁcmyplmsphate

anPﬂ)Zr gofﬂ{ %Héwﬁ%pfﬁlaf\ﬁ/ge}rse d15c>b &ﬁﬂ?st SuchP létﬁ'chésapg'c%@ex ins,

usi ng asl s, ’usual’l’y suctose an
lactose; pucroge, glucagraomnnit)l, apdioniglisic agida () tésdernrsudls aq for

exﬁr?ngﬂat gr%o;?ymgthgf&ﬁlﬁﬁg’é %p%a?esa%ef%ﬂ Wa;?ol’@vlgxl %}g’Pol}d%ﬂgeglgl%se
and/fom lasaaday (3))huraectmts etk hs gb’berol;)(#)xﬂlsmmgramgmhtsl, $weh as agar-
t 1
os Safitrh oA TR o joriit P o STl A S ST\

soHidnecarbacﬂne,qsnicﬂumum@tadmga@emte,rsiﬁbn adpmﬂimt(éjlﬁbsofptm

iﬁ%hi itorés?l as an active ingredi ent @P ositio h as. f
achE§raqr SRR 2 AR HP AP ARG O RTECopRQNgS; () ¥t %ge“%?r such as, for
expapleg acdtiil aiéﬂhod afldgRgerol ﬁfdﬁgstﬁﬂ'ﬁt@(&hbm\l\d kit SSuich tak REblin and

ragees owder s,

caps uLag bI ets, pills

begfaRaIcL; (PR P2 taloyGalgin Stearaltg Fiegnesjimstearate, solid
poletefend slhcIBSodfumIRiueyl stth"erTﬁﬁﬁHbdtﬁn%ls kereste &t @l €oloring

carriers, such as sodiumcitrate or dicalcium
agﬁﬁtés I},lhté{'{eé:ase ot capsu]es tablets, and pills, the pharmaceutical compositions may
also comprise buffering agents 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.

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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15 and/or any of the followng: (1) fillers or
extenders, such as starches, cyclodextrins, |actose,
W@ nan7asei2 gl ucose, mannitol, and/or silicic acPdr/ugRn7/014427
bi nders, such as, for exanmple,
car boxynet hyl cel | ul ose, al gi nates, gelatin, polyvinyl
pyrrolidone, sucrose, and/or acacia; (3) hunectants,
such as glycerol; (4) disintegrating agents, such as
agar- agar, calcium carbonate, potato or tapioca
starch, alginic acid, certain silicates, and 20 sodi um
carbonate (5) solutlon retardi ng agents, such as
disinteerpnt (for PeRipsopm sarchalylae af etiogs-hgmqwsodsum
[
ca%ﬁ%ﬁ%ﬁ@[ YeliIHTY)! aQ@ AR usg% l?g\?é nglg ?t%?g%lzllets may be

suc for exanple, acetyl
madshygnelding io:a S(l&ﬁblabsmhm mixtereodf the pdosddéred irdulpitor(s)

m&ggﬁmhﬁaﬁll% 11&1?21 di Qll;tl cants, such a talc, calcium

arat e, ‘magnesnum st ear at e, SO|Id polyethylene
gly : Ifate xtures thereof;
andcl%%geit %g 8&@65&%}‘%55%8{0"“5 he déma S8 6F pscuap Bﬁ%g?f‘d
gratrmlrlseimy opndnzpl)} lbesscotéabormirqsaf&l:eruh|ooaﬂmgscmﬁahells siich as enteric

r se ering,agents. Sol i .
cof s B Bk SORine3 Susthierciin e atpisediFabormutgsingty They
masalid bé mmamecssﬁ is tariﬁovhaé golw drl @dtr@ﬂé@fdléassapmélaeﬁve ~
. us g E ch ex0|%|ents |.actose or m | k _sugars,
ingretiFdbeng ywsing| fat eramp wygmxvybquﬁsbvbwélubqsy i Vgrymg
pr@}ﬁﬁinérﬁ&o provige thiefirbd it &lse BRI16tHEGR 1 INerGRAPILES $ipBtbmes,

mol ding, optionally with one or nore accessory

aniifﬁgfré%m&heées Coayrreays beisternlizedi by, fierexampls, Shtaticn thegqugh a
ba&bﬂ&i%ta{nﬁﬂg ﬁﬁéaeptf mco&ﬁ;’rﬁtdﬁtéﬁh enggléé)f%oihqgé’ FdTRY &yslt%e solid

cel | ul ose ubricant, Tnert dilu preservative,
compositiouow @hm@wb@mgweé imgterile Watex; |os serne gth&n ste(ifegnjectable

ﬁledﬁﬂ%g%&% a5 hTQ«% F%?Jngz)?tlg %l%o 0 Pgr?zﬂly contain
SO Ium car xymath sur ce-a Ive - or
0Pd¢1§)pe$ sgangs agbmiay bi/bf d edmpatitien Qlaltrﬁysybeleasmtie altyve ingredient(s)
ongp H:gedetqtl lyg .lul’lf %?%Jnjéz}em %anlgt}ogto:f r@e astrtohnt%l mlahté?ct% (mtld)ar,\l&y ina
debiybdismahnerS Exalnipdéssof emittbddingaiongoisitidns ehdageanfberyssd include

ees apsules il.l's, .an ranul es, . may
pofifichsTipfpRES a7 RS, TS peuBlernireditRhen i b & istE:
en&dpstlated fornif app@ptigte] ¥ith@balbr A¥e 3NthebbeE-deRpbed@tcipients.
wel | known in the pharmaceutical -formulating art. They

may laqsid dosagdeoforik &dragtals@indfistratidi ﬁh‘éhﬂle phh@vaceatically
rel ease of. the actjve redi ent therein

coqﬁ olle
acLref Ze BRI T B M DSBS SR oD RSo @ Pfirs. In
adititioy itd) thelddtipe aEediet thellquid @wage fdrhﬁ B85 EdREn HrEdHients
r of i cher oly trlc% osones and/ or
ﬁﬁﬂbﬂn@%w rigdhe Cﬂ%» BeS Fwaz%roow erfseiveés@afﬁiv@hzmg

agéiith,landlekfilsifiBrsQUER adethPPALSHI] Aséstbai Il o, iekiy? rcarb%at@yethy]
i ncorporating sterilizing agents in the formof
acgipter benzyk@eplipl, 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
wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,

perfuming, and preservative agents.
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conmpositions which can be dissolved in sterile water,
or sone other sterile injectable nediumimedi ately
whedonssuse. These conpositions may al so opti opel/Ug2007/014427
contain 15 opacifying agentgs and nmay be of a
conposition that they rel ease the active ingredient(s)
only, or preferentially, in a certain portion of the
gastrointestinal tract, optionally, in a delayed
manner. Exanpl es of enbeddi ng conpositions which can
be used include polyneric substances and waxes. The
active ingredient can also be in mcro- encapsul ated
f or MUsPensERsy igpdiision to e aptiy dnhibiterty)anaf cantain suspending
EROUE TSI IE Lok GiRdaS8b a,% bl feRE W8l and
agO(aI’adnin[ggfatiogiﬁﬁﬁldﬁg ﬂ%rnacég?ﬁgzsﬁéye o
sorhitor gstarsl mignciysiabing cellulosaarhisiuonmetabydnoxidenbentonite, agar-
Sj I elixirs. In addition to the
ag%w&%%%%&%&%ér#?%ﬁi&%eat‘i d dosage forns may contain
i ner, i n nLy. used in the art,, such as, for
exarbSrRuIAERL or s Tt flipiriscilp iy g o'
suggBitosy, whixh @ay be pfepared Wumalxiag ord biyinoad iabibitbr(s) with one or
i sopr. | al cohol, ethyl carbonate, ethyl. 25 acetate,
mafE ARADI, DB GG BRI B SHEE ORISR SRR Cocoa butter,
polyetinydetieydl fare, DbuppblitorPmak driakalibhaiel GUlArs s61Rd 4iGos@ed,
groundnuyt, .corn, germ olive, castor, and sesane
terapq.rgl)u’re, gﬂu§,[~3@\|ug|a’t boc{yetlepmgpdyr&faaflthegf%@hw'l! melt in the rectum or
vaBiahyaivity a8 fe10h KM Sotivdgdehrat ty acid esters of
sorbitan, and m xtures thereof. Besides inert
di | yeypinSilatiohe whichl ar SURBH £dr YASinaPAUrAInEeratiE hidd Snclude
adj uvants such as 30 wetting agents, enulsifying and
PeSiE BB AUMPRNSAGREATS, seksupastesforyns,for spweyifpranulatiensiqontpining such
caftRd WD o #idh HeGSEb Rl b gts. WO 2007/149512
PCT/ US2007/ 014427 61 Sug erisions, in addition to the
act ity &apORIrhisteBY thS hogTBH of Hhaddimatsdfiitbon 38 &N inhikit
_ for exggple,sethqxffateg isosteary%ﬂgﬁhgﬁofg, . Bitor(s)
ingedg/pydarhsbeays, aointsints pastey cresorshiations.cgsisselutions, patches,
anglirﬁ{a%ﬁ%{ St Adiile cSr%gLHén? 3&{_\/ B Hmeﬁkq’:&dérﬁét%%%ﬁ&hgﬁs with a
entonite, agar- agar an ragacant h, and m xtures
phatmeaceoficdllyrocepthtde camisr, fand widcérat preservatipiesdbuffers, or propellants
adm ni strati.on may be presented as a suppository,
‘mﬂﬁlgﬁyzﬁﬁmggﬁgrepared by m xi ng one or nore

inhi-Ritor(s) . w one. or re suitable nonitritati .

e et phle Beafil lfPLds Rl ' Phlat, IR R irifbicorc,
extipidnés, suchpasl anghhlydndnvegethbledhts, ailss wapes iphaaffing)atard, tragacanth,

licyl at which.is solid at.room . te rature, b

ceftfignt dertiafivet o Do dy 6 AUI-OP R PERGPESS. 5 iF1E apish fale, and
zindoxid of @dktwresaher2®f. vagi nal cavity and rel ease the

active agent. Fornul ations which are suitable for

vagiBoadeadlariddpsd ysahh contains én additioile an inhibitor(s), excipients such

as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates, and polyamide
powder, or mixtures of these substances. Sprays can additionally contain customary
propellants, such as chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons,

such as butane and propane.

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

containing the composition. A nonaqueous (e.g., fluorocarbon propellant) suspension
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pessaries, tanpons, creans, gels, pastes, foans, or

spray formnul ati ons containing such carriers as are
wop@mn4dsm t he art to be appropriate. Dosage forOEURINT/014427

the topical or transdermal gadm nistrati on of an

inhibitor(s) 15 include powders, sprays, ointnents,

pastes, creans, lotions, gels, solutions, patches,

and i nhalants. The active conponent may be m xed under

sterile conditions with a pharmaceutically acceptable

carrier, and wth any preservatives, buffers, or

]rggqell nts . which may be required. The aintnents,
copldiegised. . panjgneb %r@éwr?%ve% befesssthey minpize exposing the
agbRthtb Bhda® Whikch cart PesltGh RSl ondfGHe @&nﬁmr{ml and

veget able fats, oils, waxes, paraffins, starch,

U r aggQatky, an%hhéﬂs%?os@ﬂs‘ add Bsﬁﬁ)rmﬁﬁln}ﬁgtahﬂqﬁ&ﬁxs solution or

gl ycol s, si’'l'i cones, bentonites, silicic acid, talc,
SUZREASIOR 0 @%&eaétogefﬂﬂeﬁw;ah speventionaladarmarsntieally ageeptable carriers

A a [
o T e ReBZER\Ay bin ¥y BBk oF e particular
Compemnu,rhd’qymmll)declueiamhiqm cssurfacatsTwaaus, Pbirpaics,derbitan
r nce [ &an
esit R, Crithaiahiy Ripteshikins sPimBPLe o el Rl S
pobyetingiafel glwodhyndoms Ipostsina hitte \zerhﬂi albemi) sldis tadnti,uérﬁdxo acids
dr gcar as but ane and p

s i) B DR (L ers e par bRy APIRI ARGt Bepaggly are
praarakfdm iddtosicisdlutiaas.onpl i shed by preparing an aqueous

aerosol, liposomal preparation, or solid particles 30

co nt'l&hﬂiﬂdl&ﬁnilhﬁtcﬂﬁﬁhﬁﬁé {He@dded"adVantage 60 pﬁm‘(ﬁng controlled delivery

fI ugr.ocar opel | ant). suspensi on WO 2007/ 149512
‘266)*3 Y- 6921056*8?%66@"%@& beggrdccbndisetlvings

dispessiny @k Qgérﬁdn V\%"éﬁ@r thB&MMT AbdBRforeeiMantdtd cdhfiso be used to
agent to shear, ch can result in degradation of the

ingressShmbux of therinlpitgr(s)asresg fotlin-aEhe 53¢ of suchefinx ¢ap be

coh@6113d4 Bt &ifHEr PRovAGiH qq%te%%%mg mRémbraHe Qﬁﬁlﬁb&gm%fthé RMibitor(s)
agent together with conventi onal phar maceut | cal

in gpebmmarix g gers 5 and stabilizers. The carriers
and stabilizers vary wth the requirenments of the
par thhagnageutieahsesposisiens pfithis Wmtm spiteblel foxipararisrabni c

adﬁHﬁxgt?&kﬁlrEo?n;(n-@é%%@ Sr nfdrt Erﬁpﬂn@(ﬁs(s BHatideow R %Pe or more

 ecithi Crenophors), pharmaceu y acceptab
Pheﬂﬂ@?@w\r@hlb’sacsmhbla§ten|b®awph§/brermagu§w@ solutions glisngssions,
suﬁfeﬂ%]lghglér +rh51§10$1§ r(gr%%l mzvaers leﬁ&}?mﬁg 'bg ’re(ﬁ)@sﬂ&t&ﬁh%sstenle
such as glycine salts, S, or sugar
mJ&Pt@b]hcsbbl.thAepoélgpgS@eﬂ Blsabhyr tartse,l\@hlph epor@atdin entioxidants,

At oS Q%ttl at Feshveth d
bug%v éﬁ?éagrééso Y spgﬂv?s d\lavnlgcﬁ E%rh Tl [j-mél% 1011 1sotonic w1t‘?1 € gleood of
the intended recipient or suspending or thickening agents.

Examples of suitable aqueous and nonaqueous carriers which may be employed
in the pharmaceutical compositions of the invention include water, ethanol, polyols
(such as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable
mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters, such as
ethyl oleate. Proper fluidity can be maintained, for example, by the use of coating
materials, such as lecithin, by the maintenance of the required particle size in the case

of dispersions, and by the use of surfactants.
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of an inhibitor(s) to the body. Such dosage forns can
be made by dissolving or dispersing the agent in the
w@raparsnedi um Absor ption enhancers can al so Per/usmd7/014427
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 nmenbrane or
di spersing the inhibitor(s) in a polynmer matrix or
gel . Pharmaceutical conpositions of this invention
suitable for parenteral adm nistration conprise one
or nore inhibitors(s) in conbination with one or nore
phar Hifse Gempatitignsaeeeplea sprtain adinyastswysh g gregprvatives, wetting
ag@:QtE,?&HﬁSI ogilsfﬁng ggﬁtge ?a:ﬁﬁ ’dlégiefsﬁ?éer iée%&s Pr@@erﬁi%%?'ﬁ?é AUthon OF
miceosganismemey begnsired by theanchusjoastf afbneusmtﬁmtsnsl apd antifungal
| r
oS EPEE SRS Bttty LbrdodiltBE o SR he A e 1 may
alsodeddmsiratble td orcmdeabmomy-mdpbmvg ageuts lsutthas dugasdsodium ichleride,

ed.recipi ent. .or s d|n keni.n ents.
ang e BkE g s mpapiogns TR Rom dralontah 5epued of fnbectable
ph\ahhﬁ‘d%uﬁw forn aiEplbeecught 5bd>1& Hyhﬁe Mmemgeﬁ@which delay
ositions of the invention include water, ethanol,
abﬁ nBBT‘ suc %%&‘H“H’é‘"bl“%%?‘?ﬂrate&“é;%‘?]aé‘ﬁe gl ycol
pol yet hyl ene gl yc and the |i and. sui tabl e
mi xtlﬁrsgé‘et‘]‘?éffse’d‘forgVetQé’c“é'BP% i ¢ ect SR it Arwraplato slow the

abdstgtibA o tHealH: € frofDsblcGtaRESR 0% intSARtsARr i§edtion. Q"o@@izﬁnple
Proper fluidity can be nmai ntai ned, for exanple, by the

dejayed gbsarptien ofp PargRterallyadmnisteredydrug dermn by ewcowyh%h?é by

dlﬁawgz&a&sa&ﬁngh‘% dr&gi 4iPsh) Daitlec! € size in the case
0 of dispersions, and by the use of surfactants. WO

2007141?&%%?9? FAR QP mddé 8¢ fornfing MIEDRNELHIME Tt iQRDE

so contai n adjuvants Such aS preservatives,

mettplr(ng bagslegrasiablengilanery iswegh @gmiylgcu@mgoldglyp@lm rdepending
f I

orf¥HE Rl of drEy RbI Ol lanh oy ALICH (X parkiolal BOI9fI 8fBloyed, the
rat&mtf idpag tedease carmbeicantiolled.n @abmphag efibther biardegraealplk eolymers
m{ﬂﬁﬁ@B&? orﬁllglegi 82#@%‘8@5(%8 ?r?(g S SBr gcl)t 1H_be|c{a le t%rmultagons are also
premmedby ymaanpuxg thagragiaiimsomes br mécreergalsins sdulchuare compatible
wigl%?{'de and the like into the conmpositions. In

yté??ueprol onged absorption of the injectable
ht ,about

phar-paceut | be br.ou the .

ol TR bisp sl el e SO 8PSt b BRically. or
reahlllyn ﬂi‘hﬂy mn@&to@meagﬁem bgl f@&hﬁuurablel for Smdﬂﬁﬁﬁﬁatldrﬂ‘oute
F otr gx%ring ]-E:g ar lgésgerrs% f lét?sf ?rﬁcé'l%%l:dg ’éor}n'l'; &:%ﬁnj%géor{ 1rk11na?at10n
eys Uidtiot, airemest, StppositdrgNinFasidre rtolblﬂjalﬁﬁbjl WlionfRfoitHAp afd rectally

del a ed absg)ﬁ%tl on _.of a pare (?I l'y adm ni stered drug

by PRFTOriER c A Egrapr 1S preferre

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,

subarachnoid, intraspinal and intrasternal injection, and infusion.
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di ssol ving or suspending the drug in an oil vehicle.

I njectabl e depot forns are nade by form ng
wonaraeseapsul e matrices of inhibitor(s) in PCT/US2007/014427

bi odegr adabl e pol yners such4as

pol yl acti de- pol ygl ycol i de. Depending 15 on the ratio

of drug to polyner, and the nature of the particul ar

pol ymer enpl oyed, the rate of drug rel ease can be

control | ed. Exanpl es of other biodegradabl e pol yners

i ncl ude poly(orthoesters) and pol y(anhydri des). Depot

injectable fornmulations are also prepared by

ent r Bpplvases haysiproig qdmlmsg@tmfé‘éactmmmwbmucm

“p\éﬁ J}al cﬁmﬁ&[@?&ﬁ bz;n% “aWHulﬁ %ype E)ﬁ ?’,I’ éé)us-gaqnerem mean the

parations of agents nay e give , .
adpamstrateqrabif a/liganglpdowl, byother matedal tahblythaxT dagcthyr mfo thie central
ne%?ur SeStFr Iavlegl ntPl?t lt orrétenx% tﬁéjpatge%ggﬁys cm taﬁlg hhlés és subject to
madmmmmai attier likd piokedses, dor exappid, eurs@itmeobyadm;nemanoﬂ.,

i nhal ation, eye lotion, ointnent, suppository,
i nf UBhes@a inHibipore@) maylbe adatinioeredr to hiunfiafe ahd othied animals for

B8} By iy st ERBSS ot SlrERirg o ind b oy, fds or

exaftple, adpiayl fdcailisdlin@an egihallyd phienteddly) @ehcidienelly) aABad)sically, as
nndqﬁ¥§f¥adn1n|st ation_other than enteral an toplca

YEMeBIT, or deRfalnoPdige brfically prgsublivgualhe udes,

Wi t |n1t |on avenoys, intranusc

ot B F?Sa‘r i rﬂurt%f’ﬂ%{emmstﬁaﬂw sdege &ﬂa? fabisHor(s), which may
be uded @04 Bhitable hydthicd ansli an@/or it ﬁlﬁ@nﬂﬁ&@ﬂtlcal compositions of the

i ntraperitoneal, transtracheal , subcutaneous,

PrewBL IRVERliAm are formplased intqipharmacauticalis agcgptabledosage forms by

conVBRIAGIRRIN ds kRS K ASPIHRE ofSI iliHeast T nal i nj ecti on,
and 1 nfusion. WO 2007/ 149512 PCT/ USZOO?/ 014427 64 The

phr agggal d‘ﬁé§£@f@v815 ¢ me"‘éc‘ﬁtvé ﬁ{gr&ﬂ ents AR dﬂaﬁﬁﬂeﬁg cal

system cal |y, peripheral adm nistration”
compgsitions o6 faginyentioshmay be yanq%sqgeta obtaiepn armant efithe active

m%?.ﬁleegﬂ tafﬁ[cﬂtlh Qﬂ‘e&fveab ahﬂi@@g eq{eyiged t%Fra%&'ﬁ% e r%E 'f a rrﬁ)artlcular

directly into t e central “nervou
patigeth cethpesifion,end emcsietdf@dpamsemdrs withetieleiag) thxi chtg)sthe patient.
subject to 5 netabolismand other |ike processes, for
ex anpiheconsentcationrd audiscdoled sosipoand tma phafhnasentically acceptable

[
m{x@ln"e QYJ] Q{p%‘ &Qpeﬁ&%g%% %8£Q§E§a%go‘3§ Srg%‘gcﬂng ﬁﬁ@o%g?@gf t%% Ilgmpound
toz!vdmﬁmlmtsnemdi the, phanvhmrlﬁglcwhaﬂabyﬁrlsmmthg/pompomyi,(s)fmployed
anﬁgﬁgﬁ ug? 9 ?da?m%apgg |Cic, %r naql tpx'é rcgr\égg%lg%nscééﬁ trns mventloB may be
prpmlelé msan aquebnesﬁletlm calntapig albnml Qi 10g0 Mmoﬁh bmnﬁmhd

o R BT3B S, e o
rab@sme&ombmus Qiot ab laboutystrmag/kd of body waipht pér ddie given in 1-4
dielj&gcrl se%UtEja l?dl &IED(? Ssletrrllaoync%ngm Ehrc]a 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

more other therapeutic agents are administered with the proteasome inhibitor. Such
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present invention, are formulated into

phar maceutical ly acceptabl e dosage forns by
weoemamsipnal met hods known to those of skill PaT/wEB®07/014427

art. Actual dosage levels @b the active ingredients in

t he pharmaceutical 15 conpositions of this invention

may be varied so as to obtain an anobunt of the active

i ngredient which is effective to achieve the desired

t herapeutic response for a particular patient,

conposition, and node of adm nistration, wthout being

toxic to the patient. The concentration of a disclosed
coaimirpdmunm naaymmo}iiﬁyedu biy oeyl cyf the sigpttabeans, srquentiad, or separate

r n.s I fac ors, including the

dogfnéon}?e %dgﬁeeagg OI%&“S %E?gre P& Admi ni stered, the

phalrlg?g(ggm%%{yo%hrﬁgﬁg a.eltco d#o%tnla r‘r)?rt]}?efs i { h%lo%qgggnﬁgg QISH adn}lmstered
withencarnpo® dtharngoteisontd imhibitee®).i on may be provided in

an aqueous sol ution containing about 0.1-10% w v of a

confa u:aﬂam@nﬁiddﬁﬁﬁds edompound wf g ialationsis bsﬁjahnl@&dministered

wigP§ oBeRaREBh i bR & B theiepeliBrs ey foaiie, A products

‘ suaeas viaya alghMoats (i.8. vinBlagthegiincAishey aﬁ@s}nomhe);i pydi Sk,

contain the sanme or different conpounds of
eptq(igodqgﬁ@ texigs (-epiiorasidadenipppide), antabioties (astiRpanYeifbunt

(aéiBRENRIND) BRurkRYSItR! dbarbiiEm andiahi8idid, AktBraeyQimb,)
heal th of a patient, and the fornul ation and route of

MiQKANHPEE iRaByFins plicavaycie (mihemycinod weitemycimroeraes (L-
asﬁéﬁ'ﬁ’ﬁﬁsse%hﬁ:ﬁ‘ @yétéﬁﬂ%ﬁ%% Prﬂ:tamoﬁ%sdf Sas?'cgﬁ Ak Qhd e 5 28Ys which do

whefrein one or re ot p utic a ts are
nog Haverthe cepasity i synthe¢sizegheir ewmsparagmpb |ant3plate$n agenp

s BRRA50  EETANSARNE 4400 8 SS90 504 o
(mehiumtharmhp, c:yrclqpéps;ﬂmnnde aiuisamxjpgsf ntet;ﬂlalandi:hllbl_ciuﬂjucil),
T T TR T T
sullﬁ)iiites)(fbesﬂfanmh&omdﬂws (errﬁﬁle&ﬁ«g(%ﬁthn]g Ieabdli ?Sﬂﬁ?s? stréptbrocin),
e 1 R S0 D TGF BB AG BN APRARPIS such as

folntihdid bhﬂogh@ﬁﬁhh@éﬁﬁguﬁﬁﬁﬁldﬁf&yadaﬂ’@ésL(ﬂﬁordilﬂiclpl[ flbxuridine, and
)’?ﬂr ducts .such,as * ?1 . e. Vvinblastine,

Pe SP‘IUHée angll&gs\?p 6? éﬁes uﬂ'é torﬁéaemaﬁg&ﬂunne thioguanine,

peffdstitinada sztmhdn@a@@sdy@aer(dsn@) a‘?éxﬁﬂﬁ% HRibitoRasidd8e,
anti biotics dactlnon¥0|n actlnonyC|n D

)
SXGREHBRUBNE 1 FOZak g R FRPTtAH AR cemplexes (cisplatin,

ca?d'(‘)&)mtﬁﬁ)ﬁbéd?ﬁ&mel Qyﬂﬂotx%l%ﬂtrhﬁﬂﬁ‘me binSRBYGtdMSimide; hormones (i.e.
gl I camycin myci n m tonycin, enzynmes (L-
€s

apd ha@@omg@ﬁlsw a$ B:alppgzmé efmyine zelgasing hormone
(Lk—l‘l@?%oﬂ&ksn@o%}gl AR ER £ diptodii®h Slfer chemotherapeutic agents

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,
betamethasone, budesonide, chloroprednisone, clobetasol, clocortolone, cloprednol,
corticosterone, cortisone, cortivazol, deflazacort, desonide, desoximetasone,

dexamethasone, diflorasone, diflucortolone, difuprednate, enoxolone, fluazacort,
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15

not have the capacity to synthesize their own
asparagi ne); antiplatel et agents;
wa@pdorpash: ferative/antimtotic al kyl ati ng agenPsT/g8I07/014427
as nitrogen nustards (neckkoretham ne,
cycl ophospham de and anal ogs, nei phal an,
chl oranbucil), 15 ethyl eni m nes and net hyl nel am nes
(hexanet hyl nel am ne and thiotepa), alkyl sulfonates
(busul fan), nitrosoureas (carnustine (BCNU) and
anal ogs, streptozocin), trazenes - dacarbazini ne
(DTIC),; antiproliferative/antimtotic antlnetabolltes
ﬂlscl&rﬁmég, ﬂweftgesoal& HunsplidsgHuecinelnne aesienids, fluegitonide; fuocortin

bufy; ah@&%n@drféoﬂﬁ%ﬁfe'tﬂolorfé %Héﬂofjdd%%ce@ﬂzd flupself{dRRé Rtate,

purl ne anal ogs and relatéd fnhibitors (rrerca topurlne

-ﬂ\qpmcb)gqmneﬂguraggrqgghdggllalcpwngmoplonate formocortal halcmomde

ha! b%tysglr ﬁﬁXt@dﬁzﬂ&%Eﬁ?gne ﬂ&&’#&g&%ﬁ? o#:%e%l&%ﬁeglbonate,

anastroz exenest ané
quhlaledmm:mmdoyscmqancmndmsmpl Hwﬁwh(redmptblané,nnometasone furoate,

SRRk S5, RS G S e,

prémﬁsmbme sodaum phosphthpREnisend, iphedhlivid, ;hedmsmalené oo,
hornqne LHRH) agoni sts égoserelln euprol.i de and

tixorouiely riaminolops, Rsmeingios E7lapide riamgyoiane begetogid

trihmEindfiReMREMetiredd) and Bats mANRIdRHISEVE thérkosT an de
tanoxi fen, ral oxifene, gentitabine, navel bine, or any

anal Iﬂ@eﬁﬁmCBﬁﬁbddﬁhéMQ A/@rhpotind U thd @ vERIRIQcBBjoirtly administered
certain enbodlnents a caompound of the inventionis

withyan BpmEpgtherareyticsAgsnk Suitgoleimmunetherppeutic agenfs meay include, but

arSh& ehA& fwyaa%ﬁoﬁqg thRidoride, HMAmbAdBIdHR aktoodéds: The
acetoxzpregneno one, al cl onetasone, al gestone,

prfibodiss b be eithgrorked gocorueeated sheb@s situximab,

togmﬂ Qf:emtﬁmrﬁgtg QE%Muﬁ%elbrﬁbﬁgﬁtaﬂ%‘ﬁketan emtuzumab

cl ocortdl one opr EOrti costerone. cort t1sone,
ozogamicim bevacizietdba zetoninab, ddeamibde tdswewnalt asone,

dexanet hasone, difl orasone, diflucortol one,

di fuprednate, enoxol one, fluazacort, WO 2007/149512

PCT/ US2007/ 014427 66 flucl oroni de, fl unethasone,

fluni solide, fluocinolone acetonide, fluocinonide,

fluocortin butyl, fluocortol one, fl uoronethol one,

fl uperol one acetate, fluprednidene acetate,

fl upredni sol one, flurandrenolide, fluticasone

propi onate, fornocortal, halcinonide, halobetaso

propi onat e, hal onetasone, hydrocortisone, |otepredno

et abonate, 5 mazi predone, medrysone, mepredni sone,

met hyl predni sol one, nonet asone furoat e,

par anmet hasone, prednicarbate, prednisol one,

predni sol one 25-di ethyl am noacetate, prednisolone

sodi um phosphat e, predni sone, prednival, prednylidene,

ri mexol one, tixocortol, triantinolone, triantinolone

acetoni de, triantinol one benetonide, triantinol one

hexacet oni de, and salts and/or derivatives thereof.



10 In certain enbodi nents, a conpound of the invention

is conjointly adm nistered wth an inmunot herapeutic
w@Eg@nii49s8i t abl e i munot her apeuti c agents may POTUBZNO7/014427

but are not limted to, cyel osporine, thalidom de,

and nonocl onal anti bodi es. The nonoclonal anti bodies

can be either naked or conjugated such as rituxinmab,

t osi tunonmab, al emt uzumab, epratuzumab, ibritunomab

tiuxetan, gentuzumab 15 ozogami cin, bevaci zumab

cetuxi mab, erlotinib and trastuzumab. WO 2007/ 149512

PCT/ US2007/ 014427 67 Exenplification Schenme 1:
Exemplificatign of Exanple 1 O4 OTBS 1) TBSCl, Me-Im DV

Di wethéyprydrox amne HCI Cbz H CH 2) K2CCB H2O, THE

Scheme pledA, DCOM OO (A) OTBS OTBS JF(
I so propenyl MgBr CeCl3. 7H2O, NaBH4 CbzN THE Cbz, N
MeOH, T @ OO0 (B) (C OIBS OT B3c) 2,
t-Bu z, NCbz, N__ DCM HH OH ) 4/1 Ratio .
(E). B BS qL)Tlggé,sMMﬂ; an Per i oqi na e 0 O pim&t4 nyloxyamine HCI -
(fBqu 2) K,CO3, H,0, THF Cbz\u IBCF, NMM, TEA, DCM
o
(A)
oTBS OTBS
Isopropeny! MgBr CeCly-7H,0, NaBH,
Cbz\N \ THF Cbz\N MeOH, THF
H H
o
(B) ©
OTBS OTBS :
I ” VO(acac),. t-BuOOH
Cbz Cbz\ -
N : DCM
OH
4/1 Ratio (E)
OTBS oTBS
Dess Martin Periodinan(i
Cbz.. Chz . N DCM
N N =
H H H
OH ,
4/1 Ratio (G)

OTBS OTBS
Pd/C, H,
> O
Coz. Cbz.. TFA

4/1 Ratio
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HH OHOHd (F) 4/1 Ratio (G OIBS OIBS OIBS + Pd/C.
H2 0 O HN Cbz Cbz TFAHZNO OO (H 4/1 Ratio (1) 1
wO\e» 02081449512 PCT/ US2007/ 014427 68 Synt hesi BCDiUS{oA)/014427

To a solution of Cbz-Trp-Ogg(10 g, 29 mml) in DV

(150 nL) was added Me-Im (25.2 i, 458 nmol)

dropwi se. The solution was allowed to stir for 10

mnutes followed by the addition of TBSCI (23.9 g, 158

mmol ). The resulting solution was 5 allowed to stir

overni ght. Water (100 nL) was then added and the

m xture was extracted with EtQAc (3 x 50 nL). The
Syathesis9€d4br gani c | ayers were washed with water (3 x

50 nL) and brine (50 m1), dried over Ngfcnl filtered

" and E%ﬁé@MIPaPéGTbZ%HQH.(wac%%mmCék | 50 il ywagadded

M@'Iln 632@@ m\ﬂa§5§l hﬁﬁ&g&%ﬁ %\t/\%s&ﬁi 6h AwksTa llg)ﬁg&) td"%t)r folamjmmutes

ny, S added t ution.
folﬂhwed bs mlhq Mdgtl@obﬁTB%Gl @3- QMS&mmvththesﬂtmg solution was

RYSHTL G o B A AP 50 VS, R AR RS
ext@tted Phich Emt Ix go sidl)uThe nom/hfned mganlm kag?rsvwdrh gﬁgmnh
wiger (5 3ol A trind TaG AT Ao R ARson HEHD Y Grpbntited
uxﬂeemlpbai presstretodyi€ld)an o‘ﬂ’tﬂlhhﬁsé éls&flvéd?ih 1tb whéer&HF (200 mL)
@%@g@ﬁ@%g:qﬁ { rl%m B A 0)% (ifo gjeéo {Qgghl o(rg!as?l?tmg so?utlon

wal dIFNRIdaB ¥tie blsthiht. Mhe Orbdato sdlveriflwastfer/ raf8¥ed under reduced

dropwi se. The resulting solution was allowed to stir
ressRrendhhe pFbadjustes to ZwithtNoH Chf TheaesylHnpenption wias pxtggcted
with Et@ﬂé (84d80nL$ Wﬁ%lcﬁmbﬂ'{dcd(&@m@ layetsSB6Eik dried Bher 15[%5@4,

) dropw se, rop wi se addition oOf

ﬁlwrgb anétcnywmaqudﬁrereemﬁpremm wLyieldgA). nmol ). The
resulting solution was allowed to stir for 10 m nutes

Swsdresise/¢Bting it to the previously prepared dinethyl

hydr oxyl am ne
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-
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
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
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



10

15

20

25

30

hydrochl ori de/ Dl EA sol ution. The m xture was al | owed

to stir for 3 hrs at 0 C, followed by the addition of
wowrdendgsdd nm). The [ ayers were separated and POBUBEDB014427

| ayer was washed with DCM @@ x 15 nL). The conbi ned

organi c |l ayers were washed 25 with IN HO (3 x 20 niL)

and brine (20 nL), dried over SO, filtered and

concentrat ed under reduced pressure to yield an oil

that was purified by flash chromatography using 20 to

40% Et OAc/ hexanes as the eluent to yiel d (B)

Synt hesi s _of (O a sal ution of

at Hn{;| fpllpyedby &qmd&rplb?f HH1420 mLy- é{)e‘le sgle'tlen VI ﬁA&ged through

Cafldssh aBMk Hidep eauesmhea St ECORA SFihe BP0 FbHRnd W fken
0.5 Min THF) while keeping the internal tenperature

remevespndsr gdutebpressure anh thegsmainingranepys salutiorf was gxtrgcted

L e e

(31'l,| 1% IBLE and bmmai(jl» mC}|dried 05!2111\’@@41 fikkered | andrcooedngrated under
reavaceg ed bre surteE%Er OA anT(I;] T it ampﬁnﬁ l\)/¥ ﬁgs n,gmﬁg:)l%aphy using 10

oY presst

toaqueﬁmabémhems tha ehext toagelddC)wi t h Et OAc (3 x 20
m.). The conbi ned organic |ayers were washed with sat.

SyMeelGOBf DY & ()5 mL) and brine (15 nlL), dried over
MySO4i filtered, and concentrated under reduced

pr esBaia soltiopoHEC)AB. 06, 61715 Ihhﬁil) v e QHr (40 ineld) dnd TIHESWO mL)

chr 0 0) / hexanes as
AT R SR04 8 L it T AR v ahbFed o s
S g ol 10 i 13,0 s 800 it o
adde .
mﬁ&ﬂ% ﬂﬁef\évvﬁ%ﬁﬂeémgmﬁﬁ RS RS Saonatpsalosen fo st for 1 b
folldved by theRRARITR JTHETRNS %&6) wie c&ﬂidﬁ%&l @ﬁﬁfe@)sro; be 'Pmnutes The
cooled to 0O C and NaBH4 was ad

solypBl WapeVPATAHLUNdER Eedsisrd presThraaRd tahe| re%@r& wsishue rwarsokluted
with Rater {30 @) @Xtrzwﬂ@d @'ﬂﬁ iHbAR (8 ]/U:IQE') (Ph&Edmbinel organic

continued stirri ng m nut es. sol vent was

laysya pereay eshed mﬁtwa@ﬂ&édom@s@@r@l@dﬁo mié dided 0 YerdgeSOs,

RS} SHE RSl e B 10 T e o D)
hed with water (3 x 10 nL) and brine
S)nﬁbé?;s%{)’@d” over MgSO4, filtered, and concentrated

u n d efo 5§ SHUGES o PISSSHY @) f..pnmﬁ 590 ﬂsLA}/ag‘O BEXL A4 Q 408 \/(R)acac)z (63

d (E). Synthesis of "(F) To a solution
mg, [9 2xminqlE ptteystipang foos anr)utas t- Bu@%@? 2nndel 6NN ar degaze) was

addbP d%%q@ TH rﬁ{hlmg@ g\ﬂutx@ﬁ g'%E al% &d iorkglr ff(?xr 2 ﬁrsrgnﬁ%a%sthen
t-Bu (2.25 ni, 6. I'n decane) was

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

4/1 mixture of (F) and (QG).

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
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
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added dropwi se. The resulting solution was allowed to

stir for 2 hrs and was then filtered through Celite
w6 2do7/1a95d2t he filter cake was washed w t h DCM pCDURLON7/014427

The conbi ned organic | ayerrs were washed with sat.

NaHCO3 (3 x 20 nmL) and brine (20 nL), dried over

MpSHi filtered, and concentrated under reduced

pressure to yield a 25 4/1 mxture of (F) and (Q.

Synthesis of (H) To a solution of Dess-Martin

periodi nane (6.75 g, 15.9 mmol) in DCM (75 nL) at 0 C

was added a solution of (F) and &g& in DCM (35 i)
thesfibergake wayeashed with St0Ag«20 atll)ovidr¢ layeravasiers separatrgrand the

_ ; . T v ‘

o S LT B o LR B P Sk B
Mgl diltemtde dndicoriceRir@ed un@d redi)ced gmeksemito paiBOS (M2Xture of (H)

: resul ti. ixture was, filtered thyrou Celite
and ) ool 538 ay ik B Bt iR iins 146 Rt
EtOAlcltexanaks thaslueatzbgitldl)) Et OAc (20 L) . The layers

were separated and the organic |ayer was washed wth
Sywikesis of B x 10 nL) and brine (10 nL), dried over
MySO4, filtered, and concentrated under reduced

pr e Skl aﬂt.@orpcfspcﬂ'd)ctgo at?gl moet er‘]xﬁ)l))lfn THA (5 ﬁﬂg véds)adaéi% Ry/C (14
t purified, ash. chr.omat ogr y using t o
mey 097" BRET A e IR AR Bt G ) mpRplere o s for 2
hrsSfolloRe8iby difutibn TAthDEM Ut M) 0Thé Rhix edwaB filtdred throGEN Celite
in TFA éS n.) was added Pd/C (14 nia 109 . The
52| @aththe Rlierifake Wiag Washedawit REM(G0 &1 frafe was concentrated
unddrieahhiafteRlird ¥hdf tRE redultitpSedi@hd RUeditied Wiih%cplﬂ?lw thf)) and
DCM (10 ). The mixture was filtered through Celite ]
congeniratedgmdes feduegd preysupesk seopnd tivees The residue wisnelaced under high
valilum foEhdsith bf@lig y@s concentrated under reduced
pressure and the resulting residue was diluted with
DCM (10 mL) and concentrated under reduced pressure a
second tinme. The residue was placed under high vacuum
for 2 hrs to provide 1. WD 2007/ 149512
PCT/ US2007/ 014427 71 Schene 2: Synthesis of Exanple 2
HN H Frnoc'  "OH Fnoc'N _ O



HVWPB-BHA resin _ piperidine Me-Im NMSNT, DCM DV N N
Boc Boc (J) OO H2N-D CbzNNO Cbz-D-Ala-OH H = TFA D
woeH7/1kdsde DVF HOBT DCM N Boc Boc (K) (L) Opéd/uShnyotd427
N~-N CH DIEA, HOBT H O = _ HBTU, DMF, McCN | OIBS (M
NHO HyN~ OOIBS OH Cbz-NN, t'N O HF Pyr~ Cbz,
NNVN OH=HPyridine H- H OOOO NHNH11(N 2
Synt hesis of (J) 5 To a solution of Froc-Trp (Boc)-OH
(2.4 mol, 1.0 g,) in DCM (20 nL) was added Me-im
(6.7 mmol, 0.370 nL) and the m xure was stirred until

t he sol ution was
Scheme 2: Synthesis of Example 2

H Q O
Fmoc’N\é)]\OH “\/U\O@

HMPB-BHA resin Fmoc”™ ™ piperidine
- R -
Me-im, MSNT, DCM DME
/ /
'f N
Boc Boc
(J)
o) - o)
z H
H,N 2
a € e A A D
= Cbz-D-Ala-OH H = TEA
» o B _——
DIEA, HOBT
2/@ BOP, DMF / beM
N N
BOO Boc
(K) (L)
: 4 9
CbZ‘N/ﬁrN\_)J\OH DIEA, HOBT
oI HBTU, DMF, MeCN
/ otes
(M) N
H o
HaN
oo
oTBS OH
= H o o : H Q O
Cbz. ~_N HF-Pyr <y ~N
z /\n/ \.)LN - Y. Cbz N/\rr \_/U\N
H = H Pyridine H z H
o) o} o} o)
— —
NH NH
(N) 2

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
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honbgenous, at which tine
1-(nmesitylene-2-sulfonyl)-3-nitro-1,2,4-triazole
w@ MBNIY951£2. 9 mmol, 0.870 g,) was added. Once poEUNMBNT 014427
had di ssol ved, the reactionam xture WO 2007/ 149512
PCT/ US2007/ 014427 72 was added to HWB-BHA resin (0.8
mol, 1.25 g) and the resulting solution was all owed
to shake for 45 minutes. The resin was filtered and
vvashed with DM (50 ni), MeOH (50 nL), and DCM (50
The resin was then allowed to air dry to provide
nt heS|s of (K) To (J) (0.40 nmmol, 0.62 g) was
W%Pdiéed Ajreran (VEMME), k2P 2)9ad theeresyliing selption was
all%@jeﬁ Q 9}%{?{%%154§ H'J nll{ItEP s M;Bl%?lﬂl vl/&"ﬂ@er&@ a.r?dqﬁjéﬁneti%lt}?BMF (50

m nutes. The m xture Itered an resin was
migh Me@HWEO mID\and Q@Mﬂ(jo milp.Olh¢ 2&imwps themallo@kd t¢ 29 dry to
g%h ﬁd allowed to air dry before subjecting it to the

reaction condition a 10 second tine to yield

eS|s of (L) To (K) (0.40 nmol) was added DMF
sy%g)szs%Pkaz D-Ala-OH (0.40 mmol, 0.090 g), DIEA (1.6

R e e R N O

realllingbetetogendvmk solfutvn 4\513 ailowted o shhke fArR 0 manitésoThe mixture

wiB NS ettt 7 Sk A iR G M, MR gl § YD

(20 oY dnddﬂl}bweﬂ@o wiradr¢g béfo}e subydtting 5t 1o thé athde réactioh)condition a

f(ﬁ 08 rmDI added 5% TFA/DCM (2 nL) and the
sefongd tifpg t owed to shake for 20 m nutes. The
reacti was flltered and the resin was washed 20

e BER)(10 ). The vol atiles were renoved under

v ¢ Lo O o s b ial b oo hr ISt ELSR ool

0. 0@0 gy DEEA ((ill\@ mm%lmi im&n:; H?HNO é’zoman&t %E@ thed OdddtB((DF (0.64
o in and

mfzel m”ve)sa"éd]awamn w@remﬁ 311°vmdeg Stl@kﬂafOﬁﬁé mingfes; The

re§@t1)on thiBike (Whs 310808 andGh&32in @hs wasitd RTIVDMF 240 A MeOH (40

087#%% and the m xture was stirred at room

mLp epd DXMr(E0 nfle apd aligwedrioeir drveto YIRIAES- di | ut ed wi t h
sat NaHCO3 (15 m -) and extracted with EtQAc. The
Sygthgsiiof (Mayer vvas washed with sat. NaHCO8 and bri ne,

dri ed over MySO4
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
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
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

flash chromatography using 20 to 40% EtOAc/hexanes as the eluent to afford (N).



and the vol atiles renoved under reduced pressure. The
crude material was purified by 30 flash chromat ography
woising4@2 t o 40% Et OAc/ hexanes as the el uent teceUFDOT014427
(N). WD 2007/ 149512 PCT/ US2907/ 014427 73 Synt hesi s of
2 To a stirred solution of (N) (0.1 mmol) in pyridine
(1.5 nm) and THE (3.0 nL) at 0 C was added a sol ution
of HF/ pyridi ne dropwi se. The solution was allowed to
stir for 2 hours at O Cprior to the addition of
water (5.0 nL) and extraction with EtOAc. 5 The
conbi ned organic | ayers were washed with sat. NaHCO3
Syathesisof e, dried over MySO4, filetered and the
vol ati | es rempved under reduced pressure. The crud

at oF9 astrregoltion of @) (By MmebHnGNFdiE GG mbhgnd 3.0 mL)

QOct t t f
at a C @asag&g%@ggfélglﬁ)fzwghﬁ@&r ggs}é's?; 61’{14%43%1%@)%14@{ dth%wed to stir

f032 hsylifitah 83Corish tesherndiiion of Qvaterd(§.ONnE) @kdl BRRBLIBAIAVith EtOAC.

%@%&i@%@éﬁ‘é 8&as wQﬂeRI%S #\Iu'?tkoslggbﬁa'ﬁfﬁys% br%%wlfikeé]glver

MBS O, THeter«0 dnidEhe voIQGIES removeﬁm?;de%u&a\/ﬂ)reﬁ\ibe CRke ¢ridjie material
wz(s@unﬁed by flash chromatography using 30 to 60% EtOAc/hexanes as the eluent, to
afford 2 (4.2 mg).



OH Cbz, NN-Y N_ OHDEA HOST HO: HBTU DW, MCN

OBS (R O/ 1 0 H2NI O OIBSO™MH 0o Cbhz, NO
woRoRPy19sCbz, ONNNNNNHO: H O Pyridi ne PUHURRD/014427

Ove OV (S) 3 Synthesis aoff (O 5 To a solution of

Frmoc- Tyr(Me)-OH (1.9 rrunol, 0.80 g,) in DCM (20 nl)

was added Me-Im (6.7 mmol, 0.370 nL). Wen the

sol uti on was honogenous, MSNT (2.9 nmol, 0.870 g) was

added and the mixture was stirred until the MSNT

di ssol ved, at which tinme HWB-BHA resin (0.64 mol,

1. and the resulting solution was allowed to
S@ﬁmégﬁwth&wﬁfﬁmr@swrhe resin was filtered and

washed W|th DMF (50 WD 2007/ 149512 PCT/ US2007/ 014427

75 m), l\/b()—I(SO m.), and DCM (50 nL) aod then the

Fh&S] il lowed to air dry, to yiel Synt hesi s
of (PE_To_ (0) (QHMBBM@MIresi0. 62 @70%3\%2!\(0% 20% piperidine
pi peri DVF (M@,n{m)martgb,\j’he 5 resul 5 —>

het er og solution was allowed to sh or 20"
m nut es. he9Mexture was filtered and thé Desien was

washed with DVMF (20 ni), MeOH (20 ni), (@nd DCM (20
m.) and allowed to air dry. The resin was then
subj ected to the above reaction

nan

Cbz
Cbz-D-Ala-OH N TEA
DIEA, HOBT >
\©\ BOP, DMF DCM
OMe OMe
(P) (Q)
oy @
Cbz_ _A N
N/\n/ \/U\ DIEA, HOBT
: HBTU, DMF, MeCN
\©\ oTBS
(0]
HoN
N
OTBS
= oy 0 o :onw P
Cbz\N/_\n/N\.)J\ HF-Pyr Cbz\N/’\n/N\_)l\
H o : Pyridine H 5 :

Synthesis of (O)

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

OH
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condition a second tinme to yield (P). Synthesis of (Q

10 To (P) (0.40 mmol) was added DVF (20 ni),
webm7iMha- OH (0. 40 nmmol, 0.090 g), DI EA (1. 6rpamDb2007/014427

0.12 m.), HOBT (0.64 mmol, 78. 062 ng), and BOP (0. 64

mrol, 0.178 g) and the reaction mxture was allowed to

shake for 45 mnutes. The reaction m xture was

filtered and the resin was washed with DMF (40 nlL),

MeOH (40 nL), and DCM (40 nL), and allowed to air

dry, toyield (Q. 15 Synthesis of (R) To (Q (0.08

mol ) was added 5% TFA/DCM (2 nL) and the m xture was
mb], Mefed (60 nehakred PEM 230 mil) ane thenFheresgnwhs allowekto air dry, to
.é}hlbsred and the resin was washed with DCM (10 ni).
v é ‘ol atiles were then renoved under reduced pressure

th esulting oil was diluted with DCM (10 nl)

Syn Slsvgggrated a total of three times to 20 yield

(R) Tos%@%@ﬁxfxmofl *@CR?T‘?’ﬁsa%{‘i dg&fd soI iwfgﬂééﬂ'a%the

resaxlimimg:lh €te&o 16bu’ls smmioh wadsdlaHAwea 1@ shakelfor D0 mimdtys. FKeBhixture was

flfee” ?ﬂ'@?a st e Mabhocpitn, BRI G ML 2 97, o 5% 20

mD)/ﬂfcfulgiWed tblagr droaThe edinvaas tlieh BLBctel it tiseadboMa FéacBon
é\é)g and, extract iad with EtOAc. The organic |ayer
co ‘°W§§ﬁ%‘%f‘q/\ﬁ“f‘ﬁ toyield @cosi and brine, dried over

I\/?l filtered, and concentrated under reduced
Sy e9Sf €2 The resul ti ng material was purified by

o DDA PR A RS B BRI
0.0%07T4)UBIBAR 1A QSLM%T 0.75mBY OB @.64 m#ol 0. @623 higl) rfd BOP (o 64

solutlon of (S) (0.1 mml), in pyridine .5 ).
mmp; O 8e)anyl thereagtien magu@mlg“@éﬁmst@w for 45 mmutes The

re:iéﬁo%ﬂxmrg vad m}‘\édsﬁld tﬂ_@?esﬁlo\k'yg WRtheWARIRDNIVEAD fnf. 2 SUEOH (40

hour s at [owed by the addition of wa
m]eB aGd ﬁﬂ_(;Me(ﬁGne&)s F@d:@lllwcwotahr yEo¥eld (e organic
| ayer was then washed with sat. NaHCO3, and bri ne,

Syathesid o6(r MySO4, filtered, and concentrated under
reduced pressure. The resul ti ng@r}mterl al was purified

by fTaER) Ofommabywaptided S/ndFADEY 6bmlpraadthnmiddwesvas
alBell B sielidqBE 20 hfnuted. f Pleredet{dfr WadBiered 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
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
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).
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Schene 4: Synthesis of Exanple 4 D nmethyl hydroxyam ne
HCl | sopropenyl MgBr Cbz H H I BCF, NW TEA, DCM CbzN

woOR@7/THE12O H O (T) (U CeCl3. 7TH2O NaBH4 VO BCBURRN7/014427
t-BuOOH CbzN McCOH, THE CbzgN Cbz, NDCMHHH O OH CH
(M) (W (X)) 5/1 Ratio + Dess Martin Periodinane O
,"ODCM Cbz,NCbz, NHH= OHOH (Y) (2 5/1 Ratio
Pd/C, HZ Cbz OTFANHNOI J(~H2 OO 10 (AA 4
WO 2007/ 149512 PCT/ US2007/ 014427 77 Synthesis of (U)
To a solution of dinethyl hydroxylam ne hydrochl oride
(18.4 226.3 mmol) in DCM (400 nL) at 0 C was added

Symhausefg% 8 nL, 282 mmol) dropw se The resulti ng
solution was allowed to stir for m nut es.

sol Ut dtingd sobgtionRE E)(Q- smol),lwyﬁﬁme)(l iSrT“btmlf( IH@ (3.0mL)
at Bt s 4Ad€d WRSlution of HF/Pyridine dropwise. The solution was allowed to stir

for 2 hours at 0 °C followed by the addition of water (5.0 mL) and extraction with
EtOAc. The organic layer was then washed with sat. NaHCO;, and brine, dried over
MgSQO,, filtered, and concentrated under reduced pressure. The resulting material was
purified by flash chromatography using 30 to 60% EtOAc/hexanes as the eluent, to
afford 3 (6.7 mg).

Scheme 4: Synthesis of Example 4

Dimethy! hydroxyamine HCI | Isopropenyl MgBr
Cbz OH
N IBCF, NMM, TEA, DCM Cbz\N N, o
(o]
(M)
(V)
CeCl3-7H,0, NaBH., VO(acac),, t-BuOOH
Coz MeCH, THF Cbz\ Cbz\
H z
o OH
) (W) _ X) .
5/1 Ratio
Dess Martin Perlodlnane
Cbz N Cbz DCM
N >
H B
OH
(Z)
5/1 Ratio
‘ Pd/C, H,
——-——>
Cbz “N
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added I BCF (24.4 nL, 266 nmmol) dropw se, followed by

the dropwi se addition of NWM (20.7 nL, 293 mmol ). The
wo esalitgsny sol ution was allowed to stir for 10POT/OBL00%014427

then added to the previouslyy prepared di nethyl

hydr oxyl am ne hydrochl ori de/ Dl EA solution. The

m xture was allowed to stir for 3 hrs at 0 C fol | oned

by the addition of 10 water (250 nlL). The |ayers were

then separated and the water |ayer washed with DCM (3

x 100 nmL). The conbi ned organic | ayers were washed

with INHA (3 x 100 mL) and brine (100 nmL), dried
SJ’WQ?‘S%@&, filtered, and concentrated under reduced

pressure to yield an oil that vvas(j{amrlfled flash .
chr diet sdptagrhof digiethy! hpdrogylapupe kydopehl HEQ%H@%I“ gs236pmmol) in

DEUYEDH mL)Oatb'°@\9 s(ald)ded bﬁaﬁy(ﬁs '%%?LSMI (ﬁéfl) dRpWise The
sol ution of ? in a Ution of THE
resto® qutlcmtwaszﬂlowedvta§tlaf§>dé@ minygtgbut i on i sopr openyl
magnesi um brom de (800 nL, 0.5 Min THF) while
keepiorgsalutéon of @bz’rahe-ﬁéhfﬁé)ratléﬁ’ entpel) s DEME40qhd.) at 0 °C was

ad?%# lrllito \Negm\é%ﬁ} g%gﬁﬁ-ﬂ? aro% 1£<1 k@?_ﬁa #%gdh%@sogw%qe addition of

NMM (20.DmIya93 mrholr B rEﬁ).llﬁhg snlghorOadas aBowed toestot foihk) minutes

D AR TRAEY ettt ar R e Ui PP e

. solafjur0The adiktiiré Was WGV &Kol stie fc&d& hngiat D °€tf@f}6wé<$by thtfddition of

w50 P g s R s S B8 5oty Prgpin DM

€] QVl@O S he EdnhBiBEEErgamiddaycedReRN ke vith IR HCIGE UCHD mL)
ressure to yield an oil that was purified by flash 25

aﬂé HPB%%QS’gP&brﬁﬂeewﬁg%%ﬁmﬂ;slané&@m@m nder foguced
pr&kuenb yiedd Yih gll%z(tWas %e& Bgiﬁﬁh @lﬁro%oélfﬁg—né_ﬁ@i 5%@0 f 40%

sol uti on of
Et@ﬁ@ﬂfﬁ@e(s%oheﬁeyntmsylddd@d CeC13*7H20 (48.04 g, 130
mrol ). The resulting solution was allowed to stir
Synthesi of ¥)becanme honpgenous. The sol ution was then
cooled to 0 C and NaBH4 30 (4.90 , 129 mmol) was
add e pyadutien o)X (ﬁ71ge11ﬁsmm) infhgolytinryef BHF(4Q0 mL) at -20 °C

wa@laldg&f—‘g sc‘ilgtls)ﬁ’ iéo?r pgﬁyljm ekigh &Wﬁ‘ﬁd@&dd}ﬁLaﬁig'l\tI 9 'i“[—ﬁf) while

continued stirring for
kemogﬂmgml mmmw@wzt&ﬁ? The sniumnesas aﬂwemtqstur@r 3 hrs

o 9% SILPOP BRI IR GRS, PRI 08 e
threugh Setiteb Al anld tEe @h@r ¢aBewaiigl with EtOhe. Tho ntgansmtsolvent was
th%rt% % gggeq’r ?dt‘(&é ?vrég%?rg%gcrl t%gg‘%’%ﬁé r’xﬁtéerdél Sol(l)ltl XNas extracted
witoBK (at 200 migeThe ectubiadd prgaailingers oveye eAash@l \E{tli 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

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,
(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
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5 mxture of (W and (X). Synthesis of (Y) and (2) To

a solution of (W and (X) in DCM (500 nm.) at 0 C was
w@odeed498@ acac)2 (900 ng, 3.26 mmol ), after sPCT/URIVG7/014427

for 5 mnutes t-BuOOH (30 g, 6.OMin decane) was

added dropwi se. The resulting solution was allowed to

stir for 2 hrs then filtered 10 through Celite 521 and

the filter cake was washed with DCM (200 niL). The

filtrate was then washed with satd. NaHCO3 (3 x 200

m.) and brine (200 nmL), dried over MSH4, filtered

and concentrated ynder reduced pressure to yield a
migptes,  The mlxlcnﬁ was,{ n(czycewmdﬁggipgregpce(dmssllse argl the resultmg
reﬁ@&euaxhﬁéu szth D@a‘i& MBO WL 2 &ﬁféx@xdbt@a%th(ét@)% (3%130 HAY! The

in DCM (30 at 0 C was added a solution of

combenqdzargwnc msmm washediwathwater GxhBGalyend hnnéhY?s?O mlL),
dn{en Ve %&T ltt&eWn@ ct()gcélﬁ&%clt aldef [‘e%tuyi r%ELeré {d e]d a %{ 1

overni g e reaction mxture was t concentrate
mighoeof (Wilané@X)pr essure and the residue diluted with

Et OAc (120 nL) and satd. NaHCO3 (120 ni). The
Synibesib of (X) amdxZlure was filtered 20 through Celite 521

and the filter cake washed with Et OAc (120 m.). The

| ay e¥esa seinton e£HH) alllé@()aimd)@Me(iQﬂgah] xaa &Sjwas aded VO(acac);

(9(2}? IS gggv\‘%"er R}é@zzﬁerrfséané &)r 5 m eggré?ue(%(?ﬁ a(gl& M in decane)
wasaddeddropmess Tk resultiny eolat]om was hllawed twastir [ﬁ)llf 2 flrsaﬁerbﬁltered

fl r t a using 15 to,40% exan a
ik e a1 B kR e pheshi PG 0l ) ST Birate
wasahet wa?/egfmﬂﬁﬁ)td (N4HOD; (1¥ %ﬁomoj al)ndl BiinkR20¢ Eauﬂanwsver

P . e resulting m xtur

&gﬁgb&?ét?% é‘il F?“ﬁ?ﬂﬁ%‘feg |uns?rrr6§w?érpéewr°fqe pigd ﬁr5§1 mixtige of (¥)
anfilggn diluted with DCM (10 ni). The m xture was

filtered through Celite 521 and the filter cake

sywaehsdrpdh DCM (10 nL). The filtrate was then
concentrated under 30 reduced pressure and the residue

di | uteslsutidn HVEUNaRn paiullicRREN & 84 2 chrHHY &8 DMV (300 mL)
2Q07/ 149512 PCT/ US2007/ 014427 79 reduced preéssure

at B3EoHs adRRa SaEon o8 (YL ipIDie 10MEn dRppisp.aths plution
wd;schlf%altHvﬁed thQvathlodofm temperRure anP¥i fRhighOf THR IR

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
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).

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

reduced pressure and the residue diluted with DCM (10 mL) and concentrated under
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HZN A = HO Cbz, NLAM N~ O Cbz-D Abu-OH H O TFA
DI EA, HOST DCM / BOP, DMF N Boc Boc (BB) (CC) Chz
wol2dEdy51HOBT, HBTU H = ° IxO H OH DMF, MeCN sbm/phbee7/0d4427
OH- - HNH OHH2N (DD) 495 5 Synthesis of (CC) To
(BB) (0.06 nmol) was added DMF (2 nmi), Cbz-D- Abu-COH
(0.12 mmol, 0.032 g), D EA (0.256 nmol, 0.075 nli),
HOBT (0.102 mmol, 0.010 ngy), and BOP (0.102 mmol,
0.075 g) and the reaction mxture was all owed to shake
for 45 mnutes. 10 The reaction m xture vvas t hen
filtered and the resin washed with DV ( g% MeOH
requeedypyessygn g sexd(timey Yhe msuiuswaé\né@edoméprr high yacyug for 2 hrs
g (CO). Synthesis of (DD) To (CC) (0.08 nmol) was
to¥i§gﬂ
ed 50% TFA/DCM (2 nL) and the mixture was all owed
a u The reaction was filtered and
Sc}lﬁ'gélrgegfmilggssgﬁggwed %g with DCM (10 nlL). The sol ution
vvas bhen under reduced pressurg and th%resultl ng oil
dwth DCM (10 nL) ané evaporptedma total of

h- e D s to yield (DD CbZS)(,m\hﬁs'?‘ _
2007/ 149512 PCh#-D3R0®H 014427H o : TFA
P
) DIEA. OB ] oo
i ' N
4 \
Boc ch
(BB) (CO)

!

g:o

o
Iz i
Y
o
\ 1z
Z
I
o

OH DIEA, HOBT, HBTU

o
Cbz. N H
ﬁ/\ﬂ/ ' DMF, MeCN Cbz\N/\"/N\_/U\
H :

H,N

(DD) 4 5

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.
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
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
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80 To a stirred solution of 4 (0.11 mol, 0.019 g) in

MeCN (4 nmL) and DM (1 nlL) was added (DD) (0.1 nmol),
woke&N14%1D nmol, 0.5 nmL), HOBT (0.2 mmol, 0. 0BEDUS20am0l4427

HBTU (0.23 mol, 0.087 g) &ad the m xture was stirred

at room tenperature overnight. The reaction was then

diluted with sat NaHCG3 (15 nL) and 5 extracted with

Et OAc. The organic | ayer was washed with satd. NaHCO3

and brine, dried over MySO™4, filtered and

concentrated under reduced pressure. The resulting

material was purified bY flash chromat ography usin
t o 5Hue pimedsdlutiemekd €511 manoled.09e) thMﬁCi‘&“dn’é) g DMF 1

b TRRSTRED 0 & R DIRA 2 SRR B Sy g R BB
0.036).B0d HBBH)(0(23Enmol) 0:687 gimh thaHmiktDieEhas $HERT, at kB N
(FE

reberetice ol Eln Spd veeormy: tsp i Rosihin Maeo iy and
exﬁh&gg gllﬂﬂ_EtOAB:) ZFh2 dngahnalhl_)l(écg _xl;_vihg Smigézd with lsﬁlagNg])fCOQIaEAbnne

fﬁsﬂ éfdé{“% ﬁgerfézniinﬁ%'iceﬂsa@%ngﬁf raﬂwrpéeﬁsgrgct%ﬁewltmg
mateRdlUv S piaified| HyonRH chionsekaphPisifl® 25t 598%EtOAc/hexanes as the
eluent to afford 5 (12.0 mg).

Scheme 6: Synthesis of Example 6

Cbz-D-Leu-OH z TFA
L o ———
DIEA, HOBT DCM
BOP, DMF /
N
\
Boc

(EE)

OH DIEA, HOBT, HBTU

2 o)
I H o
DMF, MeCN CbZ\N/\n/N\)J\N
o "

HoN
(FF) 4 6

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
(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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The reaction mxture was then filtered and the resin
washed with DMV (4 nL), MeOH (4 nlL), and DCM (4 nlL),
wapa7akdsened to air dry, to yield (EE). Synt heBecwUS$007/014427
(FF) WD 2007/ 149512 PCT/ US3907/ 014427 81 To (FF)
(0.08 mmol ) was added 50% TFA/DCM (2 nL) and the
m xture was allowed to shake for 20 m nutes. The
reaction was filtered and the resin washed with DCM
(10 nmL). The volatiles were renoved under reduced
pressure and the resulting oil was diluted with DCM
and evaporated a total of three tines to yield

( FF)TO 8F§ ) )08 Fumeld wes adder5 Qe JiRA/PEM 4D k)i and the naxture was
allgge&-ao éHERL forcé()olqlgmgés 'ﬁe%ﬁ“o&%%"ﬂltc@&ﬂarﬂ\ﬁg (résm Walhed with

D(F!@BTO qu)Z "Ifhm{olatll@s wslzgr)%mow:djumﬂwcweé prassrk an@ tl&er?sultmg

r stlrred
oug)\«/%s?d?ﬂu%c{\%tﬁipﬁryr "I il dValtaftls o BOT HELPERLAL Y feld (FP).
HEBr615 m-) and 10 extracted with Et CAc. The
Sy%?ﬁanréglayer was washed with satd. NaHCO3 and bri ne,

dr i o), O4fHed Biithn did {oeﬁeﬂmo‘?%jofé)ngf%%r ENGE HEfSd DMF (1

educed pressure. e resu
mIp)l,mas‘ adddd GF ¥ (Oalsimnadi), @TE%C@[SHWI;&S ml)? SIQB)T !Bli%mmol

th t fford 20
0.2l ud HE TR0 23 embOF pUs ] apd e o i irgo at
terﬁ*&éturé‘lﬁmmghBTThe)szNgﬂ \ivhdi\?élen BNEt{cchl Mei€H\s 2 de;@(b'L Q@s mL) and . .
n es]sS 0
exEeied it ERPAG G reamie (yen was Boheg St sgs- Kt fugmnd hrine,
dn%&bvérﬂdg@w filleredilahdWaficettded undkr {e@uéedmishre DiAresulting

.9 mol, 0.5 nL) HOBT (0.2 mmol, 0.0329),
matenal was then punﬁed by flash chromatography using 25 to 55% EtOAc/hexanes as

the eluent to afford 20 (14.0 mg).

Scheme 7: Synthesis of Example 7

9]

o

N

/

1:2
ZI
gzo

@]
I

DIEA, HOBT, HBTU

5 DMF, MeCN CbZ\N/A\n/N
= H
\Z::iz\ . o} o

H,N
(R) 4 O 7 OMe

S:O

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),
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 material was

purified by flash chromatography using 25 to 55% EtOAc/hexanes as the eluent to
afford 7 (10.5 mg).



20 and HBTU (0.23 nmol, 0.087 g) and the m xture was

stirred at roomtenperature overnight. The reaction
wore7ihesn di l uted with satd. NaHCO3 (15 nl) anBCT/US2007/014427

extracted wth EtOAc. Thesgerganic | ayer was washed

with satd. NaHCO3 and brine, dried over MSOHi

filtered, and concentrated under reduced pressure. The

resulting material was purified by flash

chromat ogr aphy using 25 to 55% Et OAc/ hexanes as the

eluent to 25 afford 7 (10.5 ng). WO 2007/149512

PCT/ US2007/ 014427 82 Schene 8: Synthesis of Exanple 8
Schemet8; pynthesis 9% Faamale 8401 | sopropenyl MyBr  Cbz OH N H

IBCF NMM TEA, DCM CbzN NO THE OH O(GG) (HH)

O NaBH4 VQ(acac) 2, t-BuOCH
Cbz~ DCMHHH OOH CH (II)(Jd
Rati o Dess Martin Peradinane Cbz 0 CbZ

H H O_I CH (LLB eghmdroxyammea% I o Pd/ C’ & ‘CbZ O TFAsoQopenylMgBr

IBCF, NMM, TEA, DCM Coz~ N~o” THF
o
(GG) (HH)
CeCly7H,0, NaBH4 VO(acac)y, t- BuOOH
+
Coz~ MeOH, THF Chz Coz~
H S
o OH
m (JJ) ] (KK)
: 5/1 Ratio
+ Dess Martin Periodinane
o 0 DMSO }
Cbz < Cbz . X
N N
H H
OH
(L)
5/1 Ratio
é Pd/C, Hy
o —’
(NN)
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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OO (NN) 8 Synthesis of (HH) 5 To a solution of

di nmet hyl hydroxyl am ne hydrochl oride (331 ng, 3.4
wonei7ji4¢sm2 DCM (20 nlL) at 0 C was added tri et hpd BOBI087/014427

(343 ng, 3.4 mol) dropwi s@3 The resulting solution

was allowed to stir for 20 m nutes. To a solution of

Cbz- HonoPhe-OH (1.0 g, 3.2 mmol) in DCM (100 nL) at O

C was added |1 BCF (460 ng, 3.35 nmmol) dropw se,

foll owed by the dropwi se addition of 10 NWM (343 ny,

3.4 mol ). The resulting solution was allowed to stir

for 10 mnutes and then added to the previously
Therrepdingimantics wes stigadhas & Color Adrs {ollowe bydheaddition vbwater (50
T AoktR e L1 v Pag i afdeod Ty Er Gl BRULG L it pEM 6 x
109dalL). i Bre @imbinedorgabic laydr) weilidreadhasg evith 18 HCI@0 amla) andl brine

nd .t he uequs.ha s extracted.w th 3 x 10
GRRLY, He SRR s anf ShAsREES Ehdet R rsion e
reddling Batenih) wasitheh punied b@&laﬁhkhrod’faha@a;ﬂwd sing)ISOIA cmfﬁ]anes

filtered, and concentrated der reduced pressure. e
ag) F%gm“‘?‘i‘%‘wgf‘i“&ffm\ﬁﬁ?‘% &L @Lﬂ% 9t ed by flash

chr oyma raphy usi ng Et OAc/ hexanes (1:3) as the
Syép’ﬁé’ﬁf’}&gf yield internediate (HH) (0.92 g). Synthesis

f (I1) To. ' f (H 920 2.6 1) |
Tre Tasbssiptgn 3 b Roag Loty i B 450 HIgR 20 °C was added
a JoRRINAUTREHPropERYN AR EHEENRHh BrdrARle (26 nill; 12 B2mhol®b M th PHF). The

in THF). The 10 resulting solution was allowed to
regylting splutipnewveagpliqyvedhigrstic pbd 6 frdd bsrrs Frlloyerd; by s agditioy of 1IN

HE O(nlﬁ) E‘g?e: reI\hgg%%ﬁ%ﬁé Rds BleXlel tRroWB Celite $91684hd the filter cake

t hr oug ite and the filter cake was washed

wagi washed wyth eflad agetate. Tihe lpysre perepeparatadrmdagugousrithase was
fe ' :

B JHERNANENSoUBR (20 S THPLb el oA IRe S welrinshed

widhnsatd. NaHCO8 (3@ Lirahd hride 630 mé),(BBdever MaSQud fibered and

f s :
col e rdb PR o @l M oditn e, DG AL B s FEHER by fagh
chodmatogriaphy aphg Et@Acfhekar@idl 3¢ aathesleht 8) yiekl D700 o)t

to yield (Il') (700 ng). Synthesis of (JJ) and (KK) To
Syathesys af (Jhaed (KK)) (700 ng, 2.1 mol) in DCM (50. )

at 0 C was added CeCl13' 7H20 (942 ngy, 2.52 mmol) and

NaBHo ¢ S8unien oP(1HA700wig, 2slumoed)sinVRCM (50heL) 200 °C was added

C%g%?%a(ggbﬁ%g%gg g‘]gg?]?%ﬁé g@gﬁégﬁpggﬁ%&emr%\éﬁrswc ehstsively. The
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
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
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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(5 m). The m xture was concentrated under reduced
pressure and then diluted with EtOAc (100 nlL) and
W@ adod/1498aHHCO3 (50 nL). The aqueous | ayer was tPemnUS2007/014427
extracted with EtOAc (2 x8p0 nlL) and the conbi ned
organic layers were dried over Na2SO4, filtered, and
concentrated under reduced pressure to a yellow oil
that was purification 25 by flash chromatography using
Et OAc/ 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 THE (50 nL)at OC was
werd tadhedOy ith aatjl 2NEHE O3 1640 1d.)0®6 bring! (J 0 ald), dHRUORHMERQs,
ﬁl{gr %%rgn\%g%tgag (Pl?r?(}é:a egf‘\%gé gre\é urX to g'p LE?#%&r ]\g%l)té&r rsng) ina
S/Ihmm filtered through Celite 521 and the filter cake
was washed with Et OAc (100 nL). The conbi ned organic
Syhagsis 9 YINP007/ 149512 PCT/ US2007/ 014427 84 were
washed with satd. NaHCO3 (10 niL) and brine (10 ni),
dri €fb avelutidl) SCBess-MaltireP @tbdintheq® @oay Braamasi LInd2MSO (20 mL)

o B o oo h! fl Qe Semed 7B tiS o pFBporufor was

stibead at Mot tamﬁﬁmﬁggﬂgm?m(slmﬁﬁtr@n &S\ibu&drmml EtOACc Dl‘ﬂg(lams%?&d
S a 1 N
safo et 0s (FTanEb iR 1ot e Ies AT SxTar G MM e 50 L),

antiQhe SorIBHES org'%ﬂd: %@9 wetkd @i &Flo VértNt, EOCRIterdd) Qnmean&ﬂéated
satd. NaHCO3 (50 t he agueous phase was_t he

ungdg lieéw‘é'oprwswﬁ t&ma yellow g thas)wasmﬁeﬁéycf&ﬁ% Fh@a\atography
usmg%@&méaéﬁéss(lzwa% (R 4166htQY Siel Mg RPa6S inbj.€r ed, and
concentr at ed O ‘under reducéd pressure to give a
SBlesQWrgi | that was purified by flash chromatography
usi ng Et QAc/ hexanes (2:3) as the eluent to yield (NN

( 465r6f9 Lolué}{ﬁ‘ Bh B@Nfrg% r§g,®8?n§%]yﬁd *?F‘Agfs n(IL‘NJas( #838d Pd/C (14
ng, was added ng,

mg,d%%i ﬂ’t@ ne&lsluns Pgture wemléovmhtoatllr owdet I a;tn@tspher@ tisefor 2 hrs,

a“%%”%%ﬁf‘?‘%gd T G e

an@dh¢ fikersake a\mshttdwith DGMr(16 aide). Whs tved om¢dmtrmlsi’|u(nﬂ@r reduced

ool SRR A S BESREBeco
pressues: ’ﬂ@dﬂaﬂdng prsakis was pladed undehigh wgcmxm; falRchregte yield 8.

pl aced under high vacuumfor 2 hrs, to yield 8. WO
2007/ 149512 PCT/ US2007/ 014427
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85 Scheme 9: Synthesis of. Exanple 9 O O H2N CbzN N
Cbz-Ala-OHHO = _ TFA \ DIEA, HOBT \ / DCM 1 / BOP,
w®o7Nu9sNQ Bo Boc (K) (00) O H~ Cbz, N N OHpOX/ESQ007/014427
HOST, HBTU HO O HDW, Mg¢N Cbz NNHH 00 NH H
g O (PP) HZNO 9 Synthesis of (0O 5 To (K) (0.06
mol ) was added DMF (2 nL), Cbz-Ala-OH (0.12 nmmol,
0.032 g), DI EA (0.256 mmol, 0.075 nL), HOBT (0.102
mmol, 0.010 ng), and BOP (0.102 nmol, 0.075 g) and
the reaction m xture was all owed to shake for 45
m'nutes The reaction mxture was then filtered and
Scheme 92 Sypthgsis REEXHPPIS OVF (4 nl), MeOH (4 ni), and
and allowed to air dry, to yield (00). 10

of(PP) To (00) (O. OS/QQ was added 50%
ST S

) L) and the m xdoace nal £t 0 shake

for: 20 nut e%bz_xg%q eaction Pas Whert fi Iot er ed anﬁ:g he

res n 10 nmL). The vs at

re %ﬁ pressure and thelff tlngD(di‘I
was ed Wlt (10 nL) and evapo ed a total of
thnggtlnesto 15 yield (PP).

(K) (00)

Boc

o}
i 0
Coz. N\)LOH DIEA, HOBT, HBTU - H \)k
H : DMF, MeCN cbz N Ay
o f@ - H I H
o
[ =
NH
N
H 8
o
(PP) HN X o
Synthesis of (OO)

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).

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
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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Synthesis of 9 To a stirred solution of 8 (0.11 nmol,
0.019 g) in MeCN (4 nL) and DVF (1 nlL) was added (PP)

wo oot/imasot ), DIEA (2.9 mmol, 0.5 ni), HOBT (0.2cmvuston7/014427
0. 032 WD 2007/ 149512 PCT/ Usg007/ 014427 86 g), and
HBTU (0.23 mol, 0.087 g) and the m xture was stirred
at roomtenperature overnight. The reaction was then
diluted with satd. NaHCO3 (15 nlL) and extracted wth
Et OAc. The organic | ayer was then washed wth satd.
NaHCC3 and brine, dried over MgSH, filtered and
concentrat ed under reduced gressure The resul ting
8)rAndd

BIV B-2348meli Q-0 7} and the purtuEhWahEirGgr 2t sagm ugrpa@rature
ovg§n %‘R Thea PR WA XRRES nASd Wite sglduﬁ'ﬂHCdﬁl 5 @lfllf(.%rﬂ extracted

. Schene 10: Synthesis of g;rip
w@o@@«‘bc Pﬁbe ergrBcHayer veasi then @asheN with NaHCOp B bmsﬁned

o 558, 7 M e ABR s el e

wasqiified bydtzh ChmaAber@pHywsifip25 td-55% EtNA chheRahtsQsHidEhent, to
ofRrdolh 8,455 10 10 Synthesis of (QQ

Scheme 10: Synthesis of Example 10

: CO,Bu"
C()zBI.It H\i :*:.
Phe-HMPB-BHA resin  CbZ \Ngf N~
CbZ\N OH DIEA, HOBT H o z TFA
N HBTU, DMF : —_—
o] DCM

(QQ)
COzBU
H DIEA, HOBT
Cbz < N\/U\ HBTU, DMF, THF
N < OH -
H =
(@] \\[:::]
(RR) (o]
HolN
o 4

Co2 COxH
Cbz TFA Cb RV‘(L
\ Z\
: > N z N
: DCM H - H

(SS) 10

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
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To a solution of Cbz-Asp (t-Bu)-OH (0.32 nmol, 108 ng)

in DMF (2 nL) at 0 C was added HOBT (0.51 nmmol, 78
wo)o7/1sB8TY) (0.51 nmol, 194 ng), and DI EA (1.2 pomuk2007/014427

0.2 nL). Once the resultingym xture becane a

honogenous sol uti on, Phe HWB-BHA resin (0.13 mmol ,

200 ng) was added and the resulting reaction m xture

WO 2007/ 149512 PCT/ US2007/ 014427 87 was allowed to

shake at 0-4 C overnight. The resin was filtered off

and washed with DWMF (3x 5 nL) and DCM (3 x 5 nlL). The

resin was allowed to air dry to yield %[Cp) Synthesis
wagrllowey torshakex 0¢4.A gvermighy. Whe resiiwas iritaredoff (g washed with
DNIE X3, S0 e CMLH 3 o, T Sn WRAIR ARG HE A iy (0

LSl @@?hed wth DCM (3 x 10 nL). The volatiles were
Syre?r%g/(éf under reduced pressure at 0 Cto yield (RR).

Synt ' f1 T i (& .

ol P QD G (Rb afeddelr TEAMCARS Bt 5% sl eheimiuce was
allpiBT to thake andret C 84 30ghinukBT TheGede8iomvas, theisfilgkd amdithe resin

l,:n0 the resul ting reaction

wasp B TR 10 By T v aRfes e RV el RRGkG gusure
0 °di totytield (RR3 t hen diluted with Et OAc (100 ni) and satd.

NaHCO3i and the aqueous phase was extracted with
Sykthe¥icof (B§¢ conbi ned organic |ayers were dried over

Na2SO4, filtered, and concentrated under reduced

pr e Sur @ °C solgitive ofl (RR) (013 sinol) et 4 (G 1 Dasng) in THE (BynL) was

saffopE 19t DD, SERh 8y sitmoR ol g Pifia [Bgmmol

0.1it ﬁmgﬁ férs]hxlti\;agfreﬁﬂigﬁdn&ﬁﬂe &fmrs @Itigéd m:ri)~4 ﬁ?am:gﬁt arté

rea R I RE (o8 St i G OR LT kS apd silicNaH Epcand the

aqidoRs pHER waxtkxtiaeted Ot EIOWc.I Bhé Boiabied optbnid lagéts Mere dried
HPLC, 20 eluting with an MeCN aq. NH4OAc sol uti on,

t
ovgfi Ne2S1ls. filygned (e congenteatescandgsprsiyesdpiessyre tepgvapiew oil that
waé%}xd%ﬂ%ﬁ?h@beﬁmﬁém & NMECR/ad. NIYRSA PB&uiéindo ERRI(RS).

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.
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CbzN OH DIEA, HOBT H O - TFA H O HBTU, DV ( DCM Owe
(TT) O Cbhz NNv OH D EA HOST JY HBTU, DV, THE
webmw7/ s O HO = H Ovw OHN 4 OV (UU) 0 1BCT/US2007/014427
Synthesis of (TT) 5 To a 0Og¢ solution of Z-Al a-COH
(0.32 mol, 71 nmg) in DMVF (2 nL) was added HOBT (0.51
mol, 78 ng), HBTU (0.51 mmol, 194 ng) and
di i sopropylethylamne (1.2 mmol, 0.2 nL). Once the
resulting m xture becane honogenous, Phe(4-MO)-
wang-resin (0.13 nmol, 200 ng) was added and the
resulting reaction mxture was allowed to shake
Schearent 1g iSynthepie of Expmplgabl t hen filtered of f and washed
with DM (3 x 10 5 nL) and DCM (3 x 5 nl). The
resulting resin was allowed to air dry toyyi
Synthesi s of (shO)Poe-WhRY resB. 130bzm|L|
cdFA on Nt was Hal | lowed:z t o shake TFA
f olN"307fM nut es. U'BRAELI on was then f?Iter dthe——»

redin washed with DOM (3 x 10 nL). The vol at|l were DCM
renmoved under reduced pressure to yield 15 ( OMe
Synthesis of 11 To a 0 C solution of (UUy0. 13 mml)

and 4 (0.12 mmol) in THE (5 nL) was added HOBT (0.18

mrol, 31 ng), HBTU (0.18 mol, 76 ng) and D EA

(0. 6rjpnol @1 n). The resultlng reacti on m xture
chas MO4ngAm@gﬁ followed by 20 dil utpon
wi thh Et c (109”rrL) anthTSaDMFNafF-IC(B he a ueotls \99)]\
phase Was t: D 200 v, 20077

g
extracted wt QAc and t orrbl ned or gah

4 OMe
(Uu) (o] 11

Synthesis of (TT)

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
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
(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
dilution with EtOAc (100 mL) and satd. NaHCOs;. The aqueous phase was then
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filtered, and concentrated under reduced pressure to a
yellow oil that was purified by HPLC, eluting with an
wok@N129512 NHAOAC sol ution, to give 11. Schene BCTI/US2007/014427

Synt hesis of Exanple 12 0g9Cbz HN~-CH HB U DMF, THE
Cbz NOOO/ HHOOOHN 5 (W) 04 12 Synthesis
of 12 To a 0 C solution of (VW (0.18 mmol, 50 ng) and
4 (0.12 mmol) in THE (5 nlL) was added HOBT (0.18
mmol, 31 ny), HBTU (0.18 mml, 76 ng) and DIEA 10

(0. 6mol O 1 m). The resulting reaction m xture was
stirred at 0-4 C overni ght foIIovved by dilution with

exragiegd Wit Qg andhe sambinesiorgamic layps Ve doad ovenflfSitis
ﬁl‘etx]@d'] afid E&%&gtew&heﬁte%%d éﬁ‘&@mtéls ac)%wgwpthgf %Qbﬁrlﬁed by

| ayers were dried over |'t"er ed,
Hlébﬁcdnhm&weth auMeeNfaadUéb@Ppr@é@mtq gva lyel I ow oi |
that was purified by HPLC, eluting with an MeCN aq.
Schem@A2: Sonthesisof Exampledd de 12. WO 2007/ 149512
PCT/ US2007/ 014427 90 Schene 13: Synthesis of Exanple

13 HO ~ft ~N~ HWB-BHA resin N 1) Piperidine, DV
Froc c OM-Im MNT, DCM = 2) Fnoc-Al a;

HOBt , | EA, DMVF O< A (W OH 1)
P| per:| di rre Frmc NNOH=2) HOBt, HBTW EA,
EIBETAU HDON?FT THF : H\)(L
Cbz ~ N
@ & D EgR

(vv) 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
(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.



ONIT-I\ N\ !
N N OH 0 Dl EA,
wO2h7@®sk - O

TFA HODCM HO (YY) O- OHO ONA
HOBT + H 0 H2N HBTU, DMF/ MeCN O (Z2)
tDN NN-NHO HO 13 0 WD 2007pQW05H87/014427

PCT/ US2007/ 014427 91 Synthesis of (W9 To a sol ution
of Fnoc-O-t-butyl-L-tyrosine (6.4 mmol, 2.94 g) in DCM
(22 nL) was added 1-nethylim dazole (4.8 mol, 0.3 80
m.) and the m xture was stirred wuntil the solution
was honobgenous, at which tine
1-(nmesityl ene-2-sulfonyl)-3-nitro 5 1,2,4-triazole
VENT) %6.4 mmol, 1.9 g) was added. Once the MSNT had
SchemedBy Synthesip of Exampleotd mi xt ure was added to HVPB- BHA
resin (1.28 mml, 2 g) and the resulting m'xture was
al | awe éi'to shake for 45 mnutes wThelre
Fefoict oand Vi \[IJI:LJ\ C]—| ( Q(‘f Ipf{igne. DMF

and OCM (50 i Me-inTsNT eI vvas thea alq owed t 2 Faot-Ala-OH, HOB, HBTU,

dry t ovide (WN. 10 Synthesis of_(XX) To (\AAfA DMF
i di ne/ DMF (50

(0. 40 , 0.62 g) was added 20% @
resulting m xture was ‘a/owe

n) a he to shake
for 20 I’Tidﬂﬁ-%s. The m xture wasfilterd_%.nd t he
resin was washed with DMF (20 nlL) I\0§0—| 0O nm), and
DCM (20 nmL.) and allowed to air dry before subj ecti ng

it tothea reactlon qppdltlo second tinme. 15
-F@not:-h e u ti SI n ),
Froc-ph afloH 32 1. 0%®) HOBt, HBTU. DIEA, DMF
ch02H
o+
(XX)

\)k _TFA
DCM
O \Q
o%
(YY)
o/\‘ o L0
N N
~ \)J\ﬁ \:)J\OH + o DIEA, HOBT _
o A H,N HBTU, DMF/MeCN
o
(22) o < 4
QL e L Che
N N
\/'LN Y N
H z H
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g), DEA (12.8 mol, 2.2 nlL), HOBT (5.12 mmol, 692

nmg), and HBTU (5.12 mmol, 1.94 g) and the reaction
woorussinas al |l owed to shake for 45 mnutes. BOBUS2007/014427

reaction mxture was filtefjed and the resin was

washed with DM (40 nmL), DCM (40 ni), MOH (40 nl),

H20O (40 m.) MeOH (40 ni), H20 (40 nmL), MeOH (40 ni),

and 20 DCM (40 nmL), and allowed to air dry, to yield

(XX). Synthesis of (YY) To (XX) (0.192 nmol, 0.3 9)
was added 20% pi peridine/DMF (10 nL) and the

sul ti xture was all owed to shake for 20 m nutes.
Sy’i’ﬁ'gs%dhipg was filtered and the resin was washed

o | ohetealbish PmoSEEFphE achaft b oL o Bt 22

mLpRas hdded Qoxhélhtyhﬁﬂd&o&ﬁ@(mdmidlm 380 HiL)tal@ tli@ﬁlh&thi‘d’kgas stirred
sin \{vas add DMVF (12 L phol i no acetic_aci

un(lg olytiog was n?ﬂﬁanmﬁ, BIAW, fhégn%p‘nes@égfnig-sul,fwﬂ -3-nitro-

1,4, @-tﬁ%l STNMENTI 06 4 FBkhol, Q@gﬁ%yad({e@ e AROMSNE hadBiksolved,

and the reaction mxture was allowed to shake for 45

th?ﬁqqetl@smlxmwase@@f:d e HMIRB BRRAgesin (128 arrael, 2180 apd ghe resulting

mirxﬁﬁb Qva\y%ﬁoW@&" H)eg‘l %n{u I\%O-Inﬁ% ’rgmégagf‘%élgw wgshed with

DWCOISIO(MIQ) MﬂQH (%mLDGMd(IZIGMﬂQO mahdThe Feswewas theniallowed to air

wPbd. (YY). WD 2007/ 149512 PCT/ US2007/ 014427
d'ggy%ry RSt 72 To (YY) (0.192 mmol) was added 5%

Sy'Fr}Z{é{V,WO m) and the mixture was allowed to shake

utes at 0 C. The reaction m xture was

filtg v@r@
Tlhe voﬁﬁ %@??ﬁeﬁ%gﬁg éelra%)l\hﬁjga pr essur@%ﬂl‘) and the
resuidng méxtneeswast dllogveditb shalee lzomdum t ﬁhmt(ui;ﬂwm_ﬁltated and
ted.a.t I
nEIRPREE Foua iV GRES MEGRR0GRLE RS DEHITE0 pg and
allowl to i degdefore MdiNting ito)th@atsbvalYEactiod cdhditiohs seelsirTktime.
4 (0.384 mol, 79 ng), DIEA (0.768 mml, 133 L), HOBT

(0. 3rd therrequltingeksiiDyas adided HME (64 mi)BAllboc- AlACOHY}2 aiifbl, 1.05

o), BEAh el bl PP e rendob2 s e HEHD (512 momol,

1.2X gy and 1@d rodctibn Hikidee wﬁ§a1¥<)wedﬂ&ﬁ;h@k@&ﬁrl4(5 hy&ds. RS reaction
washed \galth sat. NaHCO3 and brine, dried ove

mikhfre 828 AR ACASSHE BevtT Wee tt aeHfdor ch DIME (4D BSSREREA0RL),

MEOSUl4bInAI), §1,0080 TRl PVe®H PSILYUYLIJ Ogt\ﬁﬂnb.)( ptﬂe@ﬂhmo mL), and
chr omat ogr aphy usi ng Et OAC then Et
D@%g@/rm} ,gad pﬁ@wed 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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15 eluent to afford 13 as a white solid that was
characterized by LCOMS (LCRS (MH) nfz: 623.80). WO

w@o@7/14959b12 PCT/ US2007/ 014427 93 Schene 14: Bynukm®7/614427
of Exanple 14 0 0 C-J1192 01-, OH DC M TEA, DNVAP
HZN Ogg HOST, HBTU BocN H 0 2)50%FA/ DCM O DI EA, THE
(AAA) BocNH 1Y OH O H BocNH N = GBn P THF BocNH NOH
+ HOST, HBTU THE = 2N OO0 O DI EA, THE O O (BBB)
(CCC) 4 NJj TFA N O HOBT, HBTU BocHN ~/ H DCM HZN N
D EA, THE O)a"'"~-QOOHOONOH (DDD) O (EEE) O N
O ONj HO=H Oi 0 14

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).



Synt hesis of (AAA) 5 A suspension of Boc-Tyr(M)-OH
(10 g) in anhydrous dichlornmethane (450 ni) was
w@oai7adsip -5 OC in an icel/acetone bath. To thPST/US2007/014427
suspensi on was added triethylamne (9.4 nL, 67.8
nmol ) and DVAP (600 ng). A solution of
benzyl chl orof ormate (5.7 nL, 40.6 mmol) in
di chl oronet hane (50 nL) was then added dropw se. The
resulting solution was allowed to stir at -5 C for
three hours, and then 10 allowed to warmto room
tenperature. A solution of saturated aqueous sodi um WO
SCEGB’F/If4§5(E§‘eF5€Pf@§2@<B‘F/M4427 94 bi carbonate (200 ni)
was then added. The organic | ayer was separated and
€t hane

t he 05~ I aygr Vs _waghed with dic

(200 The coﬁ'neﬂ@ni c layer @ e washed

withl a saturated que SMAgdi um bi caf bonat e sol uti on,

B&RH Or sodi-uﬁaqsu%é)t—e—i' fi | t g geh 2R conceHeFTaiEY .

ZZy

T
under or educed prasswrruclhe resul ting 5 residue THF
purified by silica gel columm chromat Aphy usi
hexanes/ 20% ethyl acetate to provi dggﬁl.43 g§"0°p'9ao

white solid. (88%yield) which was characterize
LC M5 (LCRS (MH) nfz: 386.42). Boc-Tyr(M)-0Bn

5.2 Imml ) s dissolved in dic¢hlorongthane (15 )

-_an 0 0 0 CP¥elteoped byldr ghwi ke additionjof [TBAoeT Hetu
BM5 mil) . The®Feact en waoeMD a Io;ﬁz\% war mNoyoom
temp 8nd tirred for 2 hour®. The-Sglvents weve DIEA. THF

renoved un educed pressure to yie AAA) as a

cl ear Qg g(1l. 4 8, 95%vyield) whi Qgc s characterized
by LC/ VB (LCRS (MH) mz: 286.42) and was used without
further purifieqtion. Synthesis of (BBB) To a 0 C
solution of B a-OH (750 ng, 3.9 mol)
H Tyr (Me) - OBn 0O ng, 3.3 mmol), HOBT (

molp apd BBT , 5.3mml) fn acetpni

sl Na_wi,(, wasddded,, N, %i\_s@%m yl HBTY
(2.3 gL) drobwi sle. Th¥Myvixtuie vas &timred at 0 c PG ™F
2 hours ang~w@s then diluted with eth cetate (3@\/&
m.) and wahed with a saturated aqueo odi um N OH
bi carboqg‘g solaafion (2 x 100 nl) ZOEE‘Q ine (100

m.). The organic |ayers were dried oVer sodi um

sulfate, filtered a oncentrated under reduced
pressure to yield an aque oil that was purified by

SIiN capg g col ugn chropat ogr aphy usi ng 50% hexanes/
09 \e;,ﬁyl cefiat 4t i &Y 600 ng of (BBB) as a white
(MH) ©

nmng, 5.3
(60
(o]

f oam (4086 yilel & tHat OWas characterized by L M5 (LCRS

—
14

Synthesis of (AAA)

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

allowed to warm to room temperature. A solution of saturated aqueous sodium
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mz: 457.52). 25 Synthesis of (CCC) To a 0 C sol ution

of (BBB) (5.9 g, 12.9 mmol) in tetrahydrofuran (120
work)o7/1wess2 added 10 % Pd/ C (1.2 g) and the resubPCT/g2007/014427

m xture was allowed to stimgunder 1 atnosphere of

hydrogen for 2 hours. The m xture was then filtered

through Celite-545 and the filter cake was washed

with tetrahydrofuran. The organic filtrate was then 30

concentrated under reduced pressure and pl aced under

hi gh vacuumto provide 4.53 g (95%yvyield) of (CCC

that was used wi thout further purification. WO

bicaypmatel@99 mipoyauben eddet Jlreorgamc Syer Was sepasdted pbthe

wal AR oy A AT o i

laxp;s Weredwasimd withra setwntediagnedus spdlgn hig)arbanete Bhhatiof5dndd) over

soffify SR At phEGHPAYeE Ko g Folfech frasle) hiTequlne
residtllemeﬂpwmﬁdal i dilita gelebhinen CKOthadgraphychsivis$ted hwkzirh:s/ 20%

t urat ed 0 odlun1b|ca 0 100 i)
U PR OB | D 80K GaMiTEe SOV GGt WiEHW WP By g phftacterized
bySIoOIMIS(ISOR & aivir]) hid: 886 .@d). and concent rated under
reduced pressure. The resulting residue was purified

by Mﬂm&@& (500318;97 3 maq laddssolved Bdivhloddidethane (15 mL)
acetonitrile g ovi de (4. 47 R 74% yi el d) as
angdegpled e P; llﬁve by dmvwse pddisien pf Al 3 migs Fhe haction was

all%WéH h& $afm @6 rddrFFEmp Snd@wis §tirs@d 8 PAOURS. MV&@S Were removed
mmol ) in di chl or onet hane é?Z nL) was added

urxdiaﬁ fefpendguesuretoaasld (Ad Aas a 4 pA3% visld) which was
ch%&lcféh'z&i‘by‘@@/l‘élts' Lk ghnt ) G- 2§63 Lis&isE@LvitRBaE ﬂﬁher

hour. The  sol ution was then conce trateg under reduced
putiicptienssure and pl aced under high vacuumto provide

(EEE) as confirmed by LOMS (LCRS (MH) mz: 454.72)
SynthasiswhBBBled wit hout further purification. Synthesis

of 14 To a 0 C solution of (EEE)

mor phot DiiCaoltioacdtBas-Al-@H( (750482, 3,9 mned), rhdlyy(Me)r@BiT (950

y . i "

N T L —

(GNmL)ohmnd(pthel W4 added N Mdﬁmt@pydhtbﬁm gree (2ThmL) dropwise.
1 X1 St QUI S

TS IR SSRY B G0 Do T e PR RIGL AR i Brme oo
mEpant whshetd aq'tlewmummdl agiorediscsad hom htcarb(oﬂaoe shOfionl(P xalr9d mL)
an rb'n%% ( &rp rcr)lLSr.L}he 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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The organic |layers were dried over sodium sulfate,

filtered, and concentrated under reduced pressure.
wOb@7newsut ti ng resi due was purified by HPLC (apOBOSR07/014427

amoni um 25 acetate (0.02 Ny and acetonitrile) to

provide 14 (620 ng, 29%yield) which was

characterized by LCMS (LCRS (MH) nfz: 581.83). WO

2007/ 149512 PCT/ US2007/ 014427 96 Schenme 15: Synthesis

of Exanple 15 o HOBT, HBTU OH OO HZN NN ON " _j

= HOdDEA THE\iNN~ OO=Ho O (EEE) O- (FFF) 15

O- To a 0 Csolution of (EEE) (65 ng, 0.144 mmol),

S)H(’ZR"S@?@Q)S di met hyl nor phol i n-4-yl )acetic acid

hydrochl ori de (FFF) (50 ng, 0.288 mol), HOBT (32 ny,

0. 2FomBrPE sahnionRTICCEY (4rg, 1 ®9 2BnohHA §2-231g,ak$b9 omel),iH@BT

9, T S T Y73 i g v oV

5 m'b)tvwseaddaek N,Ntditsopbpgletyldinine (7.8 rhb)iasd thetmiwaige Waestirred at 0

c 3 2 h&fract o SO e bt Prdik GO0 3 308 Srasfd ign
satbfatdiaqubbudiiddiurhica@b@ard @ x1000 Y9 afd bEhe (U0 :2l).0TBE organic
sodium sul fate, filtered, _and_concentrated under

layepteEdlnedraves st “’Pé“lf?‘\‘ieﬁléer%ﬁ"&t?é’“?ﬂ‘é‘tat%a‘é“dﬁ&F?dPF%‘EI

A¥urtPlrGe raRft esAUBWA pEAECHPHPLE (gddoddariiid tat
pracertonl t6r| | e) tosprow dg 15 (3% ny, g“q%y, eﬁd Ialllsumaceae

(035 SrRnckaceiasiiris) 1 oravise @ISRECEATE. % 5\ opsipracterized by

LCOVRETCRS (P hBess76f Exanple 16 / \ HZNN S Jj
HOBT, HBT&%/NI QOOHDIEA THESNOON H

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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OOl I ~ 15 (EEE) 0 (G5 16 0 To a 0 C solution of
(EEE) (62 ng, 0.14 mmol), (2-nmethyl-I,3-thiazol-5
w@bkjoaaetsiz acid (G35 (25 ng, 0.15 mwol ), HOBTPCBOSI7/014427
0.22 mmol ) and HBTU (84 nws 0.22 mml) in
acetonitrile (15 nL) and DM (1 nlL) was added N, N 20
di i sopropyl ethylam ne (143 L) dropw se and the
resulting mxture was stirred at 0 C for 2 hours. It
was then diluted with ethyl acetate (30 nmiL) and washed
with saturated aqueous sodium bi carbonate (2 x 15 nlL)
and brine (15 nL). The organic |ayers were WO
Scheow) 154 Synthesicof B8200%/ 1514427 97 dried over sodium
sul fate, filtered, and concentrated under reduced
pressure to ye a residue that was purified by HPLC

(aqueous ammes um acetate (0.02 M and acetonitrile) '
at V\@%Char acterized by C/ S (LCRS
. chgne &dst, @yof h@s of9 o

”2§7 H N ONDI

, GBOCHEA. BH +
HOS?, @) (HHH) 4 HODCMN O HOST, HBTU BOC N
N TFA DIEA, CHBCNDW HOHOOO1 O '
(1'11) () oOH-,t NN =H OO 15 o

To a 0 °C solution of (EEE) (65 mg, 0.144 mmol), (2R,6S)-2,6-
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
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

N
v

o, U _HOBT.HBTU _ </ |
S OH DIEA, THF

(EEE) o~ (GGG) 16

—

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-
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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1\ 17t Synthesis of (Il1l) To a O C solution of

(HHH) (2 g, 5.9 mmol), 4 (2.44 g, 11.89 nmol ), HOBT
w@30o0h482 9, 9.5 mmol) and HBTU (3.6 g, 9.5 mpty/usmo7/014427

acetonitrile (180 nL) and W (10 nlL) was added

N, N-di i sopropyl et hyl am ne (4.14 nL) dropw se and the

m xture was stirred at 0 Cfor 2 hours. It was then

diluted with ethyl acetate (200 nL) and washed wth a

sat urat ed aqueous sodi um bi carbonate solution (2 x 50

m.) and brine (50 nL). The conbined organic |ayers

were dried over sodiumsulfate, filtered, and

- dried Quentadiim dulfsteuﬂ’a@rad 284 sereenppted siader reduegd eregsure to give a

re%%%é#lﬁgél PCT/ li?gz*o%?/ %Q"%% '5%89’ Iglﬁn?m%ﬁ%% (Q?eztl\él and

acgtonigle)jo prioaidgcks thal was ¢hayactagizpd by iLd&MS (LGRS (MH)gn/z:
59390 yield) as characterized by LOM (LCRS (MH) nl z:
71). Synthesis of (JJJ) To a 0 C solution of (I11)
| oromethane (2 nL) was 5
Sc"g%' gg’frsg?ﬁkﬁ‘g{?ggce TR alglhd (0.5 nmL), and the resulting
solution was stirred hat tenperature for another
hour. The sol uti on wa en concentrated under reduced
pressure and placed un hi gh vacuum to provide (JJJ)
as cpnfi Qﬂgﬁmtx LC VB cm&wmﬁ% 51) that
BB u r| thesis of 17
10 Toa@ O ut i'&N of 1 (JJJ), HOBT. HBTU
(2, 4-di rretf@ 3-thi aZ®l -5-yl -acetic acid (40 ny,
0. 23 hrol)) , T (25 ng, 0.183 mmol) and HBTU (70 ng,

0.183 mml ) in etonitrile (6 nL) and DVF
added N, N-diis ylethylamne (80 L) dr

nm.) was
e. The

°op - _HOBT, HBTU

then diluted with _ethyl acetate quﬁ\ad

wi t Bl safjur dt edlaqueeSus BEddj um 20 .
Bogtly ™ amjd DY | né! ). TRae cc'i'ﬁ"bl ndd orgalﬁ c layers JD?E: CHsCN/DME

were @ ied _over 8odiumsulfate, Pilteced, afd /QU
concentr at @r der reduced pressure to a residues OH
that was poxiFi ed by HPLC (agueous amrmpfm b cetate

(0.02 M (Ind acetonitrile) to provideWwd? (29 ng, 44%
yi el d) which was characterized by LG M5 (LCRS ( MH)
mz: 577.86). Exanple Assays to Determ ne
Inhibitory Preference 28~“/There are three types of
ys bhat car}l\bj\uti ocl) when det erm ni ng whet her
N
N

Synthesis of (IIl)

To a 0 °C solution of (HHH) (2 g, 5.9 mmol), 4 (2.44 g, 11.89 mmol), HOBT
(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

under reduced pressure to give a residue that was purified by HPLC (aqueous
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not a nol ecule preferentially inhibits the CT -L

activity of the constitutive or i nmunoproteasone.
wanaymessht neti ¢ assays such as those di scl osedp¢TURBRB7/014427

application serial nunber ¢99/569748, Exanple 2 and

Stein et al., Biochem (1996), 35, 3899-3908 use

i sol ated 20S proteasone preps with greater than 90%

constitutive proteasone 25 subunits or

i mrunopr ot easone subunits. The inhibitory preference

of the nolecule is then based on the EC50 ratio of

the chynotryptic-like activity of the constitutive
angReRIEMAsHate Q%M) apd amemmiﬁitmppbideéﬁbrféﬁ(a 38% yield) as

{ C50 of a conpound
chEx%He&Led L@/IOI% Re %thg“égpr 7 nmp

can erm ne asone in the context

Sylnedis ORk}7) ysate. Conpound is added to lysate
ygere1e“rv aﬂ/ed )f rom 30 cells that either predom nantly

XSO Ao b gl s o

added ifluoTgdeetiy acid@@iSrmLY, lard threriebiltiog yolptied erestineed a that
te%@?r{gtrugé‘?o‘%l‘%ﬁ@e} Egur E[%5e so 'toln%vésl'txgna%oer}cgr?tt Efé(#_elr recitx:éd

roac can u
presspreesidiphged a:pﬁerdnghmacaiuyn e:anovallee{hﬂ ) asnmnﬁrmedby LC/MS

LR G B2 P el et G B BB r G ie=Re1 oved by
Syt}}le inegégzg for_ d_et erm ni ng t_he act ivity _of a
pr6tte i nhi bi ;or as de?r:]rl bed in appl i czétcggn
11 t .
geoneitsg BCRlyon e PR G adimeu Ty Pudean) S el g g0 me
0.2V HOBT (DD dige 6. 18Enhbél) aal HBTO (DY hide 0. 18B enrhaly iis

for.determining the inhibi torq)(/idﬁrefgrence of the test
acetgpiteledQ mII-)na"éi;&PMFn@t‘HHE was addqdN;Nydgsonsorylethylapine@0 1L)

drégwse 19ht hfix iR @syih%n @9&5@ atem@lfé,ryz W&, ﬁtwasrtmrloaﬁdt@& with

he CT -L activity of forms of proteasone. In
eﬂavll acetptedd0 adoapd, waéhf:chwntb seifurate@ squeeap seshemduersbenate (Zex 10

ﬂ?Arﬁcﬁﬂ q 5'?1'11?) UPhe doifbifed o aﬁi%tl??@rg Yefd ad eover sodium sulfate,

constitutive proteasone er than that o
filtengd, nmfﬁ)p@w@agm un%tmdnsceg IpEessere to lgive oresidee @mt fwiag purified by

HI%lEtg (%&é&rﬁ Hmnp 5&3% te g{p M?R{I)L%{ﬁis% ntoltrﬁtxklfe) %(h éro\(rkc{ey 17 (fZ 9 mg,

nopro easone

44&oyetd) twitticly &vas tharpetetizaidoneC/MS {EPRS (MH) ml/d: SA7863ay A
suitabl e ELI SA assay may be found in U S. Patent

Example 48t AsvaySer Deteriiine Inlibitab/Beeferencecor por at ed herein
inits entirety. Briefly, RPM-8226 cells were treated
Wi t hll@rd anglthteg typestolflasdaypthat easbmetillizdli\*dimaietdﬁnirﬁhg whether or

noz gﬁ)(;r]]g&g %gerén lllngﬁlgﬁg thehé'iJ tlmy ol con b{%{n%?:?_r is
impkdin®prdieasome. Enzyme kinetic assays such as those dlsclosed 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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mM EDTA) (Tris-HCI and EDTA are available from

Teknova, Inc., Hollister, CA). Cellular debris was
wo eowoued1by centrifugation at 14,000 rpmin a peTUSicyel4427

(4 C for 2 mn. The supemmatant was transferred to a

fresh tube, snap frozen in liquid nitrogen and stored

at -80 C. After thawing on ice, the sanples (30 pl for

assays run in 25 triplicate) were treated with 500 nM

of Inhibitor Afor 1 hr at roomtenperature.

Following treatment with Inhibitor A the |ysate was

denatured by addition of seven volunmes of 1% SDS (210
immuropgeieasqBied e2.ori Bl o Arsin, thesindihitosy P’(Sﬁefe%ﬁ?ds hageqd on the
E@}orﬁ%?LC}séMetrEhdé' gorous shaking for 5 mn. The sanple

was al l owed to cool and two volunmes (60 I) of 10%

Tri tlga[}»t% A0rd @é‘ﬁbés@@l rfo'é&m.:ﬁt%\ﬁﬁ&e Hereqy E)@ﬁress

was added. WO 2007/ 148812 BCT/ US2007) 014427 100
appNHimateky eqyivalerN ampaunis of impnuioz and mnmtn@mteasqmd{ekgf,

R 8 e ex e i S BbPg Ry gl Pagrermining

thé acimlmraspratmscﬁnosﬂmlatures de%ediimami,caﬁ&) seriak nember

th 1 i l,abl f
TESAT THE it SRR plicd derrdlig e ERYSABReF poshy e B
antibbéy arlhEMPTadigibodice (EEM%&BNMW}&E) tid basis fondbrehhinitkg the
BS + 1%T 2 % bovi ne ser . .
PR Bt g AT CoRgupd o LIRS o P Epsingicates that

tha nfifecttd womslet;eau)pbvan at (nBibAtih S thR\ET-Laktieity 6OBdth FoHHBof
St. Louis, ; Tween i S avz%l | ab from Cal b| ochem . San

PrpjeasaEne. cajall thigs RSN oA A dosBIEstonsy peige the walesile nhibits
thé CALL WEHi Byl S1RAE Bshstnitive!piblieRionfY betteyBaf tRA el 0 O

the filter plate wells containing the streptavidin
IMgaIPRFsesoPIea dkatios gEates A ene signifigetheimoleeylp inhibits)

c@%tﬂyﬁﬁﬂhﬁ&%ﬂ@%ﬁ o#tlﬁﬂnﬂuﬂoﬁ%ésgfmqe?é%gn ‘ﬂ?att Iaf the constitutive

Shaki'ng Mul ti Screen-DV Opaque Plates wth
Prpteéﬁélilfh b| ndi ng durapore nmenbrane; available from
MIlipore, Billerica, MA). The unbound nmaterial was
Exampledd: EMS@émaIYe filtration and the beads. were
washed six tines with ELI SA wash/ bl ock buffer 15
( 200A sudaly ELp A rssay max bofapd i UndirRater2 @ phicerieraSeaiat No.

119544404 ¢ m@rp@Fa’ﬁ‘%ﬁ%eﬁﬁH&'eﬂﬁ?e’tgy PA)Eﬂg?Q%M -%‘éé%%%‘i’é Fere treated

f rom Bi onol Meet
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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I mmunopr ot easone subunit LMP7 (rabbit pol ycl ona

anti body; available fromAffinity Bi oReagents,
weebdams1£0O) was diluted 1: 1000 in ELI SA wash/ bt DOR2007/014427

buffer, added to 20 the beags (100 I/well), and

i ncubated for 1 hr at roomtenperature on an orbital

shaker. The beads were washed six tinmes with ELI SA

wash/ bl ock buffer with gentle filtration. Secondary

anti body treatnent (1:5000) and washing are as

described for primary antibody (goat anti-rabbit

ant i body- HRP conj ugate; avail able from Bi osource,

Camapill o, CA). The beads were then resuspended in

[ﬁN & | umi nescent 25 deteﬁg;gn reagent ( Super

y Pico Chenblu i scsnt strateTNl av?agjf
- Rodkf N_LL) Qi rass

on a Tézgﬁeﬁfatﬁ reader .1 Wil /§%8¥j149512

PCT/ US2007/ 014427 101 Cc tion of the actlve S’ ﬁS
of the prote me with th epti de epoxyketone
inhibitor re s in both a decrease in
chynotryptic-like catalytic activity and a decrease

i n binding of LARiRrati nyl ated probe (I nhi bi tighivAdr B
These data suggest that the ELI SA- based assay using

the é@fc?fhtvidm s&adodRHehEs @@Ef/@&ﬁj cévalmﬁé ﬁs;nsAHaﬁsham

i nhi bi activity of 5 Inhibitor B. exe
Bipseaanges P(lﬁcataN@YENIJ Avcse washad[thees diayesi ‘Slﬂtl haml B S ﬁ?eﬂambtlg from

M?dﬁ{:}t%@f ql% ' ﬁ%f'ngen P nﬁ%%&ﬁthkﬂée\fﬁb@ fﬁ%&@éﬁ%em resuspended

] t1on [ mrunopr ot easone
in Emwagb@m&uffer GPBS & t%sTivean 20 $d&eboyine serum albumin; 20

pl/?\{le?]lh IQE&" Wfisfegrld 1d thie g%u@ ofh %Q{&Phlté}cﬁléﬁ\égla’é&l@ aP4ifffe from

tor expands the ut
SiﬁnaSﬁr baise,M&%s Jaweehos avelablerfrony Ctaﬂiaodwu i ieg@fCA).
' 2
De:nrz%m'I n(g \6/58 eg)g% onel'll!(‘%%f)fsstﬁ%%a} Wef V‘)'eat%(f dth Ili'lhlb)é%rz%were added
to rhel ﬁltqmlpmtmlle n‘antaehﬂng thensereptabidin sephevose bez&is:{eémhtshmple

skt BurlE) ER PR o d A S Reare bEpRNe ¢,
(Mati$crbai-Dee0padie: Platy ?&gth lambro&aﬂsﬁautdegtsdu&@qgéa gieﬁﬁﬁsﬂfe;’s
aV@'MVE ﬁ%ﬁﬁ’ﬂipﬂfq?lﬁe maaeg@bwa%wveé by

geAtld Blttatiod @ha e Héadk. h@r@%muaﬁﬂxeés SHRAILIBIAL Wasi/block buffer
ot her cl asses of proteasone inhibitors, including the

CPfugerel®: bor oni ¢ aci d-based inhibitors. 0 NHH O 0 O

HN\N \v. .- Ho - HY O . )
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.
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Inhibitor C 20 To conduct a pharnmacodynam c eval uati on

of an inhibitor, whole blood and PBMC sanples are
waoldragdserl prior to dosing and at nultiple tinPeposI0T014427

after dosing. Lysates arejgrepared and protein

concentration assays perforned to normalize for total

protein in each lysate. The | evel of inhibitor binding

to P5 and LMP7 subunits in whole blood and

PBMCRPM - 8226 cells, respectively, is determ ned by

the 25 streptavidin-capture ELI SA described above.

Standard curves with purified constitutive proteasone

and Qaehpatiopriteaadive seeolthe profeasoms Wit thegpeatida gpoxyketone
mﬂlﬁtl&ﬁ@[eé]}lt\é/nq BQ@JQ (?ec['é%ggﬁl &H&jn ¢l ']Mc%réatatl)btfc act1v1ty an()i a dfecrcase

chem | um nescence signal to an absolute ® amount” (g
in bipdingj af thobietinylFted prels @Iﬂubltomé) EDsScglatrcsugest that thenBLISA-

o SRS AP EH SRR A e o

Inlnbntord} provi des the basis for determ ning the
inhibitory preference of the test conpound. The above
i nhiAy &xempld)y fedtare of thaELIS AybasddD tabsauy 12 that itipesmits t

.J.S nuch re sel ective at inhibiti
i) B e AR BSU < Pioy S B AP P} prefgmumoproteasome
inHibIABA QOMP7§ BEQBe it utilifeRbANTsPECiH O BntikddRds. Of
prot easome inhibition for a given patient, the anmount

of QRilRlind MPiffeg@it Q6 RTsiteprobe(IARDBIto O BxSaddP e tity of the
conmpared to the pre-dose sanple. Praoteasone

ELISAhesed aisay Lordutaspring g ogeyration ofmytiple sougtittive e 1, £2)

andlirhi¥@hSprofealiiié IOMPO! LMP2) uawé diRs PRI I@MultiPié Riykiotth cell line
shortly after dosi ntfg as well as to nonitor recovery of

thap eereapresses bath fopmns ¢ alfqt@\somec dhesspyrded asiiygsite apsay can be

I [ e}
s BB Bt IR soRETL Borf Rl e hRSD G
constitreting) préigh scaangs s pvell) as@niiz e tigbe adtivg siteOobedch(protegsomne. In
ad(?itigih,othe l}iL%}il-based assay is able to determine the pbtency and selectivity of

other classes of proteasome inhibitors, including the peptide boronic acid-based
inhibitors.

Y““HM¢¢ °

Inhibitor C

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
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
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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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i ndependently selected fromO, S, NH, and N Cl _6al kyl;
WOR007449532 opti onal |y a coval ent bond when adj are€nUS2007/014427

an occurrence of A, 20 R g selected fromH,

- Cl. 6al kyl - B, C1.6hydroxyal kyl, C1. 6al koxyal kyl, aryl,

and C, 6ara| kyl; R2 and R3 are each independently

sel ected from aryI C 1.6aral kyl, heteroaryl, and C 1

6heteroaral kyl; R4 is N(RS)L-Q R6; WO 2007/ 149512

PCT/ US2007/ 014427 114 R5 is-sel ected from hydr ogen,

OH, Cl1 6aralkyl, and Cl.6alkyl; R6 is selected from
eVIﬁFd?Q)‘g@ISGa& Berl RQpse, Qﬁchﬁameeamefhfmﬁrﬁfhse ying\a scale of 0
_ I I [ ectd\ng
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asshaeieﬁhﬁ ay altyinhtive ﬁﬁhmyﬂélyfbi\RA R1 4G Wisgat davelops@nd- 30 days
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sel ected from hydr ogen and Cl1_6al kyl; and R14 is
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than a coval ent bond.
All of the above-cited references and publications are hereby incorporated by

reference.
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2. A compound of claim1, wherein R7 and R8 are
i ndependently selected from hydrogen and C |. 6al kyl .
w@52003/14951zonpound of claim 2, wherein R7 and RBCHIUS2007/014427
bot h hydrogen. 4. A conpoumng of any one of clainms 1 to
3, wherein R15 is selected from Cl1_6al kyl and
Cl_6hydroxyal kyl . WD 2007/ 149512 PCT/ US2007/ 014427
115 5. A conpound of claim4, wherein RL5 is sel ected
fromnmethyl, ethyl, hydroxynethyl, and
2-hydroxyethy|. 6. A compound of any one of clains 1
to 5, wherein R5 is hydrogen. 7. A conpound of any one
of clains | to 6, wherein L and Q are absent. 5 8. A
conpound of any one of clainms 1 to 7, wherein R6 is an
WriGlahgi nal  protecting group. 9. A conpound of claim
8, wherein R6 is selected fromt-butoxycarbonyl and

benzlyl oxycar bonyl ., 1Q. A conpound. of anﬁ one _of clai ns
rrpala (

M@apﬁu{%a‘eag Béﬁ“ﬁ@%ﬁ‘?ﬁf@ PriRRhagmgseutically
acgéﬁg@@gggme%lf configuration. 11. A conpound of any
one of clainms | to 10, wherein R is selected from -C
i -6al kylB and C i rbar I7ky| 12n3A conpound of claim

11, wherein R |sslec df om et hy|l > xet hyl ,
isopropyl car bo yrr;\ﬁy éa«}-!* 513 A
conpound of any one o i M8 to 12 V\herel n R2 is

sel ected from C 1.6aPal kR? afR®C © 6het er oar al kyl .
14. A compound of claim 13, wherein R2 is selected
from C 1-6al kyl - phenyl, C1.@hl kyl -i ndol yI ,
Cl. 6al kyl -thienyl, C1. 6a| kyl -t hi azol yl , and
whereiga| kyl - i sot hi azolyl . 15. A conpound of cl ai m 14,
wherein R2 is selected from WD 2007/ 149512 i
eagicyr iismdengrdentiy an arpigtis ox heserparomatia group pptionglly sybsgituted
- I with 1 to 4 substituents;

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

A is optionally a covalent bond when adjacent to an occurrence of Z;
B is absent or is N(Rg)Rlo;

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

M is absent or is C_j;alkyl;

Q is absent or is selected from O, NH, and N-C,_¢alkyl;

X is selected from O, S, 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,_salkyl; or
Z is optionally a covalent bond when adjacent to an occurrence of A;

R! is selected from H, -C,_galkyl-B, C,_¢hydroxyalkyl, C.salkoxyalkyl, aryl, and C,.
¢aralkyl;

R? and R? are each independently selected from aryl, C, garalkyl, heteroaryl, and C,.

¢heteroaralkyl;

R*is N(R)L-Q-R%;
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DDS S and ~ NN D NR wherein Dis selected from
hydr ogen, net hoxy, t-butoxy, hydroxy, cyano,

wo ceoczhiwsnpret hyl , and G -4al kyl; and R i s hydr BgpuoSmn7/ei4427
suitabl e protecting group.1f4 16. A conpound of any one
of clains 1 to 15, wherein R3 is selected from
Cl_6aral kyl and CI -6heteroaral kyl. 17. A conpound of
claim 16, wherein R3 is selected from G -6al kyl - phenyl
and G _6al kyl -indolyl. 18. A conpound of claim17,
wherein R3 is selected from D DI and N 10 R
mhereln Dis selected from hydrogen, nethoxy,
R’tis Brledtsd fromyhrdsngen, OFhrto;caratkyfy andrGreetkylil . and
Cl 4al kyl; and R is hydrogen or a sui t abl e protecting
R°gs erlected Gompbysisogsou Fo-salkylaFy-cakenybfCicalkyms, IArt %-, tarbocyclyl,

R PSR -t@%@%ex%aééﬁ%%f S%fa@%*m“zm‘ i

117 6ﬁacroaradbytp ﬁd\bﬁlﬁﬁlhylm R'97-Gvhwetkeyl-n (BRBO) R *0)P(=0)0-C;.

ol aRbIR s GVG T 2R G St AT K oty azaz-

i SO)CaZsall@l- 'éWZOﬂXﬁﬂmelsﬁlkyl h(RIZpNeC, _bhikg] @R Yh8;-C).

triaz # , raz [ {4 ri dazi )
and 'gﬁ? ﬁmhaf%gcy 151, EtbesiTiiap O il ni e SpiH: or
R 153t ORIV e, alkyl, Cealkyl-ZAZ-C, galkyl, ZAZ-Ch alkyl-
ZAZ-C,galkyl, ZAZ-C, ¢alkyl-ZAZ, or C,¢alkyl-A, thereby forming a ring;
R’ and R® are independently selected from hydrogen, C,¢alkyl, and C,¢aralkyl;
R’ is selected from hydrogen, OH, and C,.salkyl; and

R'? is an N-terminal protecting group;

R'' and R'? are independently selected from hydrogen, metal cation, C,¢alkyl, C;.
salkenyl, C,_¢alkynyl, aryl, heteroaryl, C,_¢aralkyl, and C;_gheteroaralkyl;

each R" is independently selectéd from hydrogen and C,_salkyl; and

R'* is independently selected from hydrogen, C,.salkyl, C,¢alkenyl, C,_¢alkynyl,
carbocylJune 12, 2007clyl, heterocyclyl, aryl, heteroaryl, C,.¢aralkyl, and C,.

cheteroaralkyl;

R" is selected from hydrogen, C.salkyl, Cy¢hydroxyalkyl, C,.salkoxy,
-C(0)OC,.salkyl, -C(O)NHC,¢alkyl, and C,_saralkyl;

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

sequence must be other than a covalent bond.

2. A compound of claim 1, wherein R’ and R® are independently selected

from hydrogen and C,.¢alkyl.
3. A compound of claim 2, wherein R7 and R® are both hydrogen.

4. A compound of any one of claims 1 to 3, wherein R'? is selected from

Ci.salkyl and C, ¢hydroxyalkyl.
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23. A conpound of claim 22, wherein R6 is selected
frompyrrolylnmethyl, furanylnethyl, thienylnethyl,
wo pedazeshyl net hyl , i soxazol yl net hyl, oxazol yl ne¢tywk2007/014427
oxadi azol yl net hyl, thi azol yisnet hyl,
t hi adi azol yl nethyl, triazolylnethyl, pyrazolyl nethyl,
pyridyl met hyl, pyrazi nyl nethyl, pyridazinyl nethyl and
10 pyrimdinylmethyl. 24. A method for the treatnent
of an inmmune-rel ated di sease, conpri sing
adm ni stering a conpound of any one of clains 1 to 23.
25. A method for the treatnent of  cancer, conprising
adnii st &P PPRYPAUNd:Rfglainht. WhersipR o pbsedgeted fpmgmethyly ethyl,
hydroxyhretid®; anf 2BV 188y dtgyr. t he treat ment of inflammation,
conprising admnistering a conpound of any one of
clainms | to 23. 27. A nethod for treating infection,
Conpy.i si NG caRPbINES Rdnythed feIRAUNE 5, FheRiYROehyRfogen.
clainms 1 to 23. 28. A nethod for treating
proliferative disease, conprising admnistering a 20
conppund AtodpyurNéS Hify dilediTEhaitns1@o 23whélin B afBI'@€ absent.
for treating neurodegenerative di sease, conprom sing
adm ni stering a conpound of any one of clains | to 23.
WO 007/ 14 8&chRoR(dTd LRI AME/ T LidDE 1 th TS wh6reirARE vy tekminal
of claiml, wherein an EC50 ratio of the conpound in
ProfRcting &9UP-of constitutive proteasonme activity as
conpared to the EC50 of the conpound in an assay of
i myopr o Ly Vil [ (e . 0 X
conpound %fe‘ 9@?@?“&? ?O‘%lglﬁ]ée{’rvéﬁ%rg{n% %&lﬁarggt&l%én f'}s)st%xyéarbony !
andbestydoxychdoon@l. 0. 5 32. A pharmaceutical conposition,
conprising a pharmaceutically acceptable carrier or

di l uent and a conpound of any one of clainms | to 23.
10. A compound of any one of claims 1 to 9, wherein the carbon bearing R

has a D stereochemical configuration.

11. A compound of any one of claims 1 to 10, wherein R is selected from
-C,6alkylB and C,_garalkyl.

12. A compound of claim ‘11, wherein R' is selected from methyl, ethyl,

isopropyl, carboxymethyl, and benzyl.

13. A compound of any one of claims 1 to 12, wherein R? is selected from

Ci.earalkyl and C, gheteroaralkyl.

14. A compound of claim 13, wherein R? is selected from C,galkyl-phenyl,

C,.salkyl-indolyl, C,alkyl-thienyl, C,.¢alkyl-thiazolyl, and C,_¢alkyl-isothiazolyl.

15. A compound of claim 14, wherein R? is selected from
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wherein D is selected from hydrogen, methoxy, t-butoxy, hydroxy, cyano,

trifluoromethyl, and C,alkyl; and

R is hydrogen or a suitable protecting group.

5 16. A compound of any one of claims 1 to 15, wherein R’ is selected from

C,.¢aralkyl and C,_gheteroaralkyl.

17. A compound of claim 16, wherein R? is selected from C,_galkyl-phenyl
and C,_salkyl-indolyl.

18. A compound of claim 17, wherein R? is selected from

D
D //
| \/‘ and ""7_ N /
. = \ N

10 D R

wherein D is selected from hydrogen, methoxy, t-butoxy, hydroxy, cyano,

trifluoromethyl, and C,.salkyl; and

R is hydrogen or a suitable protecting group.

19. A compound of any one of claims 1 to 18, wherein R® is selected from

15 heteroaryl and C,_¢heteroaralkyl.
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20. A compound of claim 19, wherein R® is heteroaryl.
21. A compound of claim 20, wherein RS is selected from pyrrole, furan,

thiophene, imidazole, isoxazole, oxazole, oxadiazole, thiazole, thiadiazole, triazole,

pyrazole, pyridine, pyrazine, pyridazine and pyrimidine.
5 22. A compound of claim 19, wherein RS is Ci-gheteroaralkyl.

23. A compound of claim 22, wherein R® is selected from pyrrolylmethyl,
furanylmethyl, thienylmethyl, imidazolylmethyl, isoxazolylmethyl, oxazolylmethyl,
oxadiazolylmethyl, thiazolylmethyl, thiadiazolylmethyl, triazolylmethyl,
pyrazolylmethyl, pyridylmethyl, pyrazinylmethyl, pyridazinylmethyl and

10 pyrimidinylmethyl.

24. A method for the treatment of an immune-related disease, comprising

administering a compound of any one of claims 1 to 23.

25. A method for the treatment of cancer, comprising administering a

compound of any one of claims 1 to 23.

15 26. A method for the treatment of inflammation, comprising administering a

compound of any one of claims 1 to 23.

27. A method for treating infection, comprising administering a compound

of any one of claims 1 to 23.

28. A method for treating proliferative disease, comprising administering a
20 compound of any one of claims 1 to 23.
29. A method for treating neurodegenerative disease, compromising

administering a compound of any one of claims 1 to 23.
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30. A compound of claim 1, wherein an ECsg ratio of the compound in an
assay of constitutive proteasome activity as compared to the ECsp of the compound in

an assay of immunoproteasome activity is greater than 1.0.
31. A compound of claim 30, wherein the ECsg ratio is greater than 3.0.

32. A pharmaceutical composition, comprising a pharmaceutically

acceptable carrier or diluent and a compound of any one of claims 1 to 23.



