DERI VATI VES OF 1- AM NO- 2- CYCLOBUTYLETHYLBORONI C ACID Priority Claim

[001] This application clainms priority fromU. S. Provisional Patent

Appl i cat iwo 28awa3eds7No. 61/ 194, 614, filed on Septenber 29CTAGR®9/0Md32Lh 1S
hereby incorporated by reference in its entirety. Field of the Invention
[2] The present invention relates to boronic acid and boronic ester
conpounds useful as proteasone inhibitors. The invention al so provides
pharmaceuti cal conpositions conprising the conpounds of the invention and
met hods of using the conpositions in the treatnment of various diseases.
Background of tHeRIVIMARES®F 1-ARINGC-RCEOMUTY IANINEBGRORRIROWNdS di splay a
vari ety of phar maceutical ly useful biological activities. Shenvi et al.

U S. Pat. i . 499, 082 (1985), discloses that peptide boronic acids ar e

i nhi bi torP ‘° tain proteolytic enzynes. Kettner and Shenvi, U S. Pat.

No. 5, 187 7 (199 t
5, 250, 72606]1?99 s ol Shims Nﬁor,@%{g%{?%})vg%ﬁ%ﬁ}%nt& Plichich sering. N0
trypsin- Iﬁlké4 @k%ﬁbage%eptembee?ﬁmﬁ)oétwhaﬂh is het@bSSmC@aQrateq‘\b‘/ refgrepgegn guentiren092) |

di scloses N-termnally nodified pepti de boronic acids that inhibit the
action ofpidi@sdiie Intdnpgler et al., U S Pat. No. 5,106,948 (1992), discloses
that certain boronic acid conpounds inhibit the growh of cancer cells.
Bachovchijoo2¢t al . TH\Q)r&ZﬁtOlﬁ@Exﬁﬂ Telatel ts bbrosie scidad bbceic bseroompuadsivdefalaapounds

t hat hibit fibro t t
CO?YpOIUE d!sp (h%aﬁcaxlle 0 F it %lvé:n\{lglg alsoqprgwé)ets ﬁf)agm?ce{lt‘}:]al c?glg)ﬁsmoﬁs @ogd qmg%i'tg ester

I cul ar as a
mul ti cat acloylpwlmdxnfdteera@etm@mbmﬁmqg béumnhetqqum]om intthe t@#tmeﬁtof el ul ar
protein tghover. Adans et al., U S Patent No. 5,780,454 (1998), describes
pepti de boronic ester and acid conpounds useful as proteasone inhibitors.

The refer ence al sg dESCI;I bes the use of boronic ester and acid conpounds to
reduce t HRES th ¥ protein degradation, to reduce the activity of

NF-KB in gy cell, t%o{ogté%@a;é; iof & ﬁo&fds ggﬁéﬁaﬁ@ﬁ @fp%%mgé paﬁ%ew in a

cell, t0|n|b|tcc de rowth of a
cancer céﬂllqlogl@h@twlbw ﬁh@nmetfalt\lﬂ&@adepe‘n@&ﬁ& @89, disglqess F@Wepm}rbéton@t al., W

02/096933; %Hhﬁ)ﬁtb@ @f &Halﬁbmteom Qé!/rgéw&ét%er SREnBRTRN. Pht. RS, 5al87,130
05/ 021558 and addi ti onal horonic ester and acid

conpounds! %‘/ﬁhtU Salpét N‘éﬁ&f‘% %Qf (11%93P1§%U1§r]?ﬁt e‘ﬁ’s%@ AN 9317’)t Eesribgacesiofy. [ 5]
Ci echanouRptide Gerohic adl@: thalﬁmﬂailt u@ﬁs%mbe préléass) Bkemart hat, UHPapNotLHSBaE is the
pr ot eol yt ngoney t of rote (s

pr ot ei ns (gér‘gézfia ar OSee oF a8 Odjpdl tlde%%remc %"ﬁ‘?ﬁgaé nlhf)%ﬁgl}evggtydno %B'?ﬁgk?n@f ecul es
of ubi quieeih U. &JPetcNaanOé%Sa(ﬂ@@) dlsslg$e®ﬁe@eﬁmaboromeamoqmmndnmhibi@Fhet easone
pat hway Fgr ﬁoﬁmlsaycei@'@acmcnn m{z' R0 7Rb04PPALBRL pRYShRIRGRAl  processes.
Ri vet et Bi ochem J. 291:1(1993) discloses that the proteasone

di spl ays @W?}Fﬂ%ﬂm ‘@Wﬁ‘t?fqbiﬁﬁta%vatm?a‘ﬁate‘ﬁeptl dyl gl ut anyl - pepti dase
activities. Constitutin the catan% &ﬁ‘%e oflthe 26S pr.oteasonme is the
20S prot dime. v BSPORGERA B1d eger co P‘d@ﬁ BYY§planpronisg 3s | ’g‘iﬁ%? feaches t hat
a vari et yratas@egh mibicaalpst pr@éassresgongblel thr thg niBjoeitylof intlaeeliulviegdrotdiyi turidVE,

Z-Leu- Leu; - s . AIVC is
7 i mo- SRR B NSNS St RBL B CelePald Bl Sbtes 1

20S prot eae‘elrmproteP@]ﬂ@F’ﬂmtelasthzreferﬁhiwlﬁhpidmribeeﬁ)eelmftbsroaln eftengnd acint new
strat egy don SGRHER redhge%rg? 3 uééle t&th d%lrardatloﬁctb CG& t%?a%txég%gNﬁ%Qn glfng) ’
descri bes ah essenti al for e ubiquitin-proteasone

regul at i rigredeqe|thesgie pfdegiadasign 8@5? @m@“b\ﬂ/taﬁelamj ta@t"a@qgsadatrpnelw H@r s teach

that a nqnnanhegmwofaea%@apwd tgnrmﬁb@ﬂmm Héb%déﬁ'c@l@a&n&%n' @ﬁpetaaﬂ woe
cyclin-d (gen en

ki nases , are te raded during
The col | BrEnasse dist.NOGRI SR8 B4 BEREIT St AN OSPALSS reiey EQoHBHadati on
of these JMcRELIIBBiohaS bdrifitistep shdfa0i cbhipoub@l that br@ rdpbAGIte Bsve phkeaibgh itbitktose! |
cycle and to undergo mtosis. [7] Furthernore, the ubiquitin-proteasone

pat hway i Yféqw red for transcriptional regulation. Palonbella et al.
Cell, 78: 1994 taat t
ol "B (190 hBARREHE I BLNAEL B BE pIG AR R

i nhi bi t orcoppertent of the NBqu111¢rprt0t¢mme RFEth ¥y (3 vay@ proteiesare atzetedfopddgradation by

regul ati oRnffai8fRERIIARb MRS bfubidifin! EYEURB0RNAsd diclo3diimt Mk WbigGRONSes. Read
et al., Imunity 2:493-506 (1995), teaches that the ubiquitin-proteaSone
pathmay is required for expression of cell adhesion nolecules, such as
E-selectin, 1CAM1, and VCAM 1. Zetter,, Sem nars in Cancer Biology
4:219-229 (1993), teaches that cell adhesion nolecules are involved in
tunmor netastasis and angi ogenesis in vivo, by directing the adhesion and
extravastation of tunor cells to and fromthe vasculature to distant tissue
sites mnthln the body Nbreover Beg and BaltlnDre Sci ence 274 782 (1996)

M b1 - ol . g Y



WO 2010/ 036357PCT/ US2009/ 005324 [9] Structural analysis reported by Voges
et aL, Annu. Rev. Biochem, 68:1015 (1999) reveals that the 20S proteasone
conpri seswdosuBses7t S, wWith the catal ytic subunits 131, 282/usasvd/0d324 bei ng
responsi bl e for peptidylglutanyl, tryptic, and chynotryptic pepti dase
activity, respectively. Rven et al., Curr. Protein Pept. Sci., 5:153
(2004) discloses that when the proteasone is exposed to certai'n cytokines,
including 1FN-y and TNF-a, the 131, 132, and 135 subunits are replaced with
alternate catalytic subunits, 131i,132i, and 135i, to forma variant form of
t he prot PESGHRINaPatWAY Blaysakey ﬁoimmhwyem%amn@t physibgicayprasesstsi Rivegrea’ol ogy

(Am  Soc.;ddesmyodo .1 Efba6) qiddl0d tidbhe B%@a&%@@é%xaysf!ﬂf/ﬁﬁ‘é Qﬁﬁotﬁypﬁ’& aTnH'e

i nmmunopr ot easone aI SO | S expr. essed constitutive in sone cells derived
f r om hen®@FRSjIyBRiamy!- BRRsidese agiviies. Trastivfing die °§‘G‘g@fef§fes°ftﬂ}?a?§s PIRIFRMEGYHRE speci fi ¢
for the |2nsmmwo% em@&m‘ladﬂ@e}{aﬂm't&”\énfz% v aneel ®Q), tdaefeamyt aagaétyl&tpegmcer S

1 soucs, “UnRH-atoygu s el VAT AN der Brbareari relhEe L8R TR
ef fects. wh[cltf_h]SuAs J\ésnnd@fnoﬁedc tyy7-dnigo-dbeihglcowaiacin @nd 2SA id zqapnxhydhremseme

representg, @egb“gg% ‘?rgtteasgggget for therapeutic intervention. There is thus
a continui ng nee or new and/or inproved proteasone inhibitors.

Descri pt I[m} of t hepﬂo{exs%me mnmk%es%%mmewm@w&n&; RUufiGS mgpounds
that are effective inhibitors of one or nore %etpt dase activities of

pr ot easoffE %%%2Védﬁ§?otﬁ§8§19§@edea§@f=mn epsptial 1ol BN the whiaubingreersRe act i VI t y

in vit rOpanday if régliMeng cNElcR! eopiadhie glodit dnd teRbulis. fIAE adtites tdch #af®Rimberl
various c roliferative diseases. LlS] Conpounds of the inygption are

of the gé?ﬁ]éeryé gulagrYRIPIging. fncluding gyclins, and efdclﬁh%ep??&eréﬂitﬂﬁsaﬂwée%7ept 3 e salt

or bor Onltéﬁlp@ﬁllﬂdcigFﬂah’difdrlqgthE b@r@at by W@ﬁ&@ﬁx{h Cpr&eassm@patﬂwaymrhe?ordé?ed s hydrogen
or an am no%{grouop% bl ocki.ng noi et al i phatic A

f | uor oal (pHYElien ot ﬁ%tﬂ?ﬁfﬁulﬁg Yor “(eéﬂ'i O,Rr?&re_@-ffr%ﬁtf(l RIRAY fifng to undergo
-(CH2) ", nBblls.CON(R4) 2, -(CH2)",-CH2-N(R4) CON(R4) 2, -(CH2), n- CH(R6) N( R4) 2,

-(CH2) , n- CH( R5) - OR5, or -(CHZ) , N-CH(RS) - SR5; WD

2010/ 036 W7PCT/ US2Badt0053M®4 ubiquitin-proteasome pathway is required for transcriptional

regulation. Palombella et al., Cell, 78:773 (1994), teaches that the activation of the transcription
factor NF-xB is regulated by proteasome-mediated degradation of the inhibitor protein IxB. In turn,
NF-xB plays a central role in the regulation of genes involved in the immune and inflammatory
responses. Read et al., Immunity 2:493-506 (1995), teaches that the ubiquitin-proteasome pathway is
required for expression of cell adhesion molecules, such as E-selectin, ICAM-1, and VCAM-1.

Zetter, Seminars in Cancer Biology 4:219-229 (1993), teaches that cell adhesion molecules are
involved in tumor metastasis and angiogenesis irn vivo, by directing the adhesion and extravastation of
tumor cells to and from the vasculature to distant tissue sites within the body. Moreover, Beg and
Baltimore, Science 274:782 (1996), teaches that NF-kB is an anti-apoptotic controlling factor, and
inhibition of NF-xB activation makes cells more sensitive to environmental stress and cytotoxic

agents.

[008] The proteasome inhibitor VELCADE® (bortezomib; N-2-pyrazinecarbonyl-L-
phenylalanine-L-leucineboronic acid) is the first proteasome inhibitor to achieve regulatory approval.
Mitsiades et al., Current Drug Targets, 7:1341 (2006), reviews the clinical studies leading to the
approval of bortezomib for the treatment of multiple myeloma patients who have received at least one
prior therapy. Fisher et al., J. Clin. Oncol., 30:4867, describes an international multi-center Phase 11
study confirming the activity of bortezomib in patients with relapsed or refractory mantle cell
lymphoma. Ishii et al., Anti-Cancer Agents in Medicinal Chemistry, 7:359 (2007), and Roccaro et al.,
Curr. Pharm. Biotech., 7:1341 (2006), discuss a number of molecular mechanisms that may

contribute to the antitumor activities of bortezomib.
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each Ris hydrogen, Cl1_6 aliphatic, Cl1_6 fluoroaliphatic, -(CH2)", - CH2- Rb,
-(CH2),, -CH2- NHC(=NR4) NH- Y, -(CH2)", - CH2- CON(R4) 2,
-(CH2) , , -WbBb20M((R43SCON( R4) 2, - (CH2) m CH( R6) N(R4) 2, - ( CH2PCTAGR{0RDYS30R5, or
-(CH2),,-CH(R5) - SR5; each Y independently is hydrogen, -CN, -NO2, or
-S(0)2-1210; each RB independently is a substituted or unsubstituted nono-
or bicyclic ring system each R4 independently is hydrogen or a substituted
or unsubstituted aliphatic, aryl, heteroaryl, or heterocyclyl group; or two
R4 on the sanme nitrogen atom taken together with the nltr6(§qen atom forma
I

substi t utl® or unstFERra arabEis acrory - VeBeRse fle dFie ey Soghany 687 P19V i ng, in

addi ti on rgv@alt e thd 2085 PEHeAsoRleRBMp Redod éu&gntbf%&nﬁrt&aefa@%c &dBdrﬁtB@Mﬁnén'dlﬁssa ect ed
fromN, O, and S;. each R5 |nde endent drogen or a substituted or

unsubst i OGPBEFRNTHA Kr P%pﬂdﬁg'yqamylh@xpéwa?f Wmoawtﬁ@fW%yeww ePEtiicly-each R6
I ndependaRiteltyr /s Carr SRIBR I Feptt S26, DI53YPEMPEcldsestied wakd hogrblegomalsikpose to

het eroaryl qgro each Rl ndependent s Cl .6 all hatic

"Ry 2 FrrLSRingS Fehaine ol ard N e ol pod TR P TSP ORT T koxy,
aryl oxy, caly@adabloax )i, Bri, 43 pRiNG & 4 Re&t R of Bk Proteattrieahywsigiheved from a
boronic acid corg)I eX| ng agent. [14] Unless otherwi se explicitly stated,
the ter m™BPYPESNES is intended to refer to constitutive proteasone,
TSSO S LA A L B B o5
branched theomméquﬂt?sm alsp ispxphessedgcnesitutivelbi ircsemie selbdmmeétfremylelsaomm ed or

whi ch conteirsts. Ofhe a@hor @ng@stﬂﬂéttnﬁnlﬂtt)rs ‘éﬁb%ﬁ-"é YW ttel 1B9run<gb'r'5tea¥>\6?ﬁé:rna)‘ oW Pr
aromatic. For exanple, suitable al |$ hatic groups include substituted or

unsubst i {258 therany againsipanserstpEiging from eva}tﬁogaq %sﬂms therrkyrptentialy spariRgpRmalgr oups
and hybr itigkses, ik &afastrofidinaRgnd(neyrelogiad! Kiyshgdsadrdai kide &fee¢gl oal kenyl ) al kyl or

(cycl oal kyl )- al kenyl. In various enbodi nents, the aliphatic group has Ito
12 Ito 8011] to 6, Ateidépcediby the@b@e ceierboessthe pfoledjomEheprdsennmm: ithadriayd tirget

aI kenyl " | t . Of | refer
to a sty dy PRier, MR AL B BN R Py PR s 2 Pon
atons. FdhiY¥asposes of the present invention, the term"alkyl" will be used
when the carbon atom attaching the aliphatic group to the rest of the

nol ecul e Descriptidhaff the advestioar bon at om However, an al kyl group may incl ude

[012] The present invention provides compounds that are effective inhibitors of one or more
peptidase activities of the proteasome. These compounds are useful for inhibiting proteasome activity

in vitro and in vivo, and are especially useful for the treatment of various cell proliferative diseases.

[013] Compounds of the invention are of the general formula (Z):

Ra1
22

@)

or a pharmaceutically acceptable salt or boronic acid anhydride thereof, wherein:

Ais0,1,o0r2;

P is hydrogen or an amino-group-blocking moiety;

R*! is C,. aliphatic, Cy.g fluoroaliphatic, -(CHa),,-CHp-RE, -(CHy),»-CH,-NHC(=NR*)NH-Y,
~(CH2)m-CHy-CON(R™),, <(CH,)-CHy-NR*)CON(RY),, -(CHy)m-CHRONR?),,
~(CHy),-CH(R®)-OR’, or -(CH,),-CH(R®)-SR>;



unsaturation at other carbon atons. Thus, al kyl groups include, w thout
limtation, nethyl, ethyl, propyl, allyl, propargyl, butyl, pentyl, and
hexyl . [Woé2ofea3633ar poses of the present invention, thepcerusedlobseyl” wll
be used when the carbon atom attaching the ali phatl C group to the rest of
the nol ecule fornms part of a carbon-carbon doubl e bond. Al kenyl groups
include, without limtation, vinyl, 1-propenyl, 1-butenyl, 1- pentenyl , and
1- hexenyl. [18] For purposes of the present invention, the term"al kynyl"
will be used whgn the carbon atom attaching the allphatlc group,to the rest
of the nol eeagh R™ fiesepmdendly is h!ﬂroaencﬁrb@mhatwcquupmalmheﬂCbtﬁﬁldz)mAJHQ;PhyI gr oups

and 1- nexynyl (PP R bRt s Er R BBt o

| arger noiety, i BRONR? t LoRALL kalhy-cri’gisf.at ed cyclic
al i phatic ring sfgjs”i eng hgl\fl rﬁ c%fn %dg{gj about (144)%\9nbers ‘wher ei n the

aliphatic ringvSys emml Prlog&ald oca tlst((g)tée{do In sone enbodi nents, the

cycloaliphatic is virig 3-8 or 3-6 ring car bon

oo o 3@%@5@' A e e S
y

cyclooctyl, cyclooctenyl, and cyclooctadienyl. In some enbodi ments, the
cycl oal i pha?qC Rj ‘é‘d%{’e‘mel“ﬂ’g‘éﬂyd&?ge’i* Dot oF PIEUWHF“B@]&?*’B%’W%\U??{W 92,

6- 10, or 6- i blcycllc
ring syst em h hkt@%cﬁ 1%ﬁn'gljré‘gpe i %’?\% S%h%g{?f@é‘e 8 ”W{r?glrl:@ggthy e thﬁi}) tt:?t‘%:%?\
substituents aetem ﬁzem@yebsmated pthasubstitntedidy, to Balcmherbd)wrmqslywngha\tlmm

i nt erveni ng r'aﬁ@tlcﬁlttQ{fﬁnltrfoQJner@xp 0 n%{g%@t@#o!nmH@@%h&%ﬁqlemﬁ&h R Olfds;

6- menbered aromatic or 3- non-aronati ¢ ring having 0-3 ring
het er oat Omea%ﬁkeﬁha)gncfeﬁt% B)nl?oggﬁ uﬁsgfh%d%} hrﬁgbsm(uteg ’ah&‘latlcaﬁ}gl ﬁeterzmHsor the
term "cycloaliphatic" includes aliphatic rings that are fuséd to one or
more aryl, heteteroaychl gromr; het erocyclyl rings. Nonlimting exanpl es include
i ndanyl , 5,6,7,§-tetrahydroquinoxalinyl, decahydr onapht hyl, or

t et r ahydr oneaghRhipiependentive's & h@stﬁeteﬁ @ralhsumtitlp@si ahipha(ﬁf:, agthtoabétereary! graipon t he

al i phatic ring. [21] The terns "aryl" and ar- , used al one or as part of
a |l arger rrmaelnljt 1megengeﬁtlausa¢ﬂ@ahﬁhane é]gadd(yixgt—l\](}bbz aryl oxyal kyl", refer to a
C6 to Cl4 aromatic hydrocarbon, conprising one to three rings, each of

whi ch i s optisdhaldrg; substituted. Preferably, the aryl group is a C6_10 aryl
group. Aryl groups i nclude, without limtation, phenyl, napht hyI and

ant hr acenyl 2" dnd 78 eveach rinsleptindantly Bydréxppalignty CEedy, csutaﬁ@xy,loeh]t zsxd@ntoghberar yl
ring, taken tqgether w.th i nterven ms, forman optionally
substi t ut ed fg(g@ goiety deriye JP%EE%r m%?ccl)rraotg“pliexm agf’npto 8- menber ed
non-aromatic ring having 0-3 ring heteroatons selected fromthe group
consi sti d§l4bf 0, NUnlsicbtiervistpxgliciytatedethprierra frypteasorne’ ivigeaded érrefento i ncl udes
groups i RoNHuGe FiteRbMe, ihiniplotealdiRest bb@. one or nore heteroaryl,
cycloaliphatic, or heter ocyclp rings, where the radical or point of

ttach t t | Nonl i it | f h fused
it 1T R R Lt R A e e o

di benzof whabtltuted sidigrthyih, brdneiea] cmcgzl@z @, YJ hydRedrBdnnivRiaiols ¥dmplélely mlrytlad or
|squ|nonI ci nnolinyl, phthal azin ui nazol i nyl , qui noxal i nyl

car bazol yTHih,sERAIE 415 P My GRiEN HVP‘“‘%% el oAl Ty FrOm s RGRAITRIp Stitable

t et rahyd raﬁﬂiatmg}blh;ﬁyrlcludé eibﬁtalhtyddsrmhemqmmlriea&y&rancﬁém ey hlkyl) amdaylydr,

phenant hr hy.dr onapht h n

benzodi oxa r?%ro’u%s Gan% abz%é d{hgr)f(:cng sulch XSA nycﬁoaﬂrl aHF))C{j 'S%'CPQIE gaﬁ%}b ﬁy cyclcbalkyl) tri

pol ycycl iatkkenybr lfvarais embodiments, thbahnhat@rgwmheybtlou@ 1 ty8r leto Br etodr erldlty 3 nono- or
bi cycI i c.Car'gg}g_ term™ aryI " may be used int erchangeabl y with the ternms "aryl
group”, "aryl noiety", and "aryl ring" [22] An "aral kyl" or "arylal kyl™

group cormrsuses anTﬁMrlmsgmsaym " IRy i"eaaaiarm it ashegbnt Or APartbiybrg@ iRy, €i ther
of which o d IS .0 %@ﬁ y sugstltuted Pre{)er C%I@/ t he aralk I
group is” g;' a&'&'i'ew ain 4t PeAEn) | fo 12 Grogagtones- EptaurReses) o kyI

i ncl udi n@fthmptekunuhvdnnm t}ﬁtxermnalkjaewﬂlyﬂe usqzihzemethhyérbonaatmh mapiidyé aiphdigl . [23]
The ter " het r t one or rt of | ar ger
ety &0 Fefdothe st REAhAR conondBR sMA0E, FauSPe A dasiiafte O 0T o
to 14 ring atons, preferably 5 6, 9, or 10 rlng atons; having 6, 10, or 14
TC el ectrons shared in a cyclic array; and having, in addition to carbon
atoms, fromone to four heteroatons. The term "heteroatont refers to

ni trogen, oxygen, or sulfur, and includes any oxidized formof nitrogen or
sul fur, and any quaterni zed formof a basic nitrogen. Thus, when used in
reference to a ring atomof a heteroaryl, the term"nitrogen" includes an
OXI di zed mtrogen (as |n pyr| d| ne N-OXI de) Oertal n nltrogen at ons of

Y T . o o o o, " o r N 1

or



[27] In some enbodi ments, two adjacent substituents on a heterocyclic ring,
taken, together with the intervening ring atons, forman optionally

subst it utwo 2010886353- to 6-nenbered aromatic or 3- to 8- memuse@d/005324
non-aromatic ring having 0-3 ring heteroatons selected fromthe group

consisting of O, N, and S. Thus, the terns "heterocycle", "heterocyclyl",

"heterocyclyl ring", "heterocyclic group", "heterocyclic noiety", and
"heterocyclic radical", are used interchangeably herein, and include groups

in which a heterocyclyl ring is fused to one or nore aryl, heteroaryl, or

cycl oal i pREYratiop phiter cashppiRtons. Thisorfvhgrupsanglydpaythoyt limitptioapmethyl, ethyl,
phenanthrﬁr@ynmhy] p&dp saﬁyﬂﬁgguﬁmkymyl where the radical or point of
attachnment is on the eterocyclyl ring. A het er ocycl yl group may be nono-,
bi-, tri-p1mr pol yeyrqiurposespfmépﬁeabdxyvenmoﬂqetebhﬂalkeﬁyl"wm t&yﬁémmennﬁre

pr ef er abl te fers to an
DRyt or s R AR e Y Bl A B G B Byt B SielBlF o i Yra o Paboh

het er ocycloytle pomdt Atkensy! gnod;spmlmﬂemﬁhyutametamt vioylal-prypesylb b bmtcrut, égpenterfyR8] As
used heredllngl1 Lig term”partially unsaturated” refers to a ring noiety that
|ncI udes Iheast one double or triple bond between ring atonms. The term

“partial I[ylst]msat ur @Iareﬁdrpoké of tAt &@Qﬁﬂn&eﬂtmﬁ%@fmﬁsﬁkﬁyln%l hadid\he et i Pl €
sites of unsaturation, is not intended to include aryl or het er oar yl

noi eti es, cargan i é‘i‘aﬁh‘a%ﬁ’re ﬁ]&!}at‘c groHg] 10 R EFSod phgEnolegulp 85?’?%‘& P garbomggeop 5| ky|
"hal oal keﬁ;}lé bondndIkyhaleapsinotyde, wigHoet lintiati@hetayny hatdpenyl al-biyinyl, abdegymyl, or
al koxy Or QWP R85, he case may be, which is substitut ed with one or nore
hal ogen atons. YRS used herein, the term "hal ogen" or "halo" nmeans F, O,

Br, or I.gbpe termpd t'eHrP J%}J)AhBﬁEﬁ’i%" fised 51‘81%%3 ﬁa?[l o@ﬁlﬂa?%epﬁlue%hl%EEQO yher ein the

haI ogen is fluoro, Inclu 'uori nate ups Exarrpl es of
f | uor oal iSpHater €r I@ﬁ@UbSHSPtH@FC G@“C\%\h’HthMtngISstﬁ“tféﬂnéﬁomf3lf®@h°8wétmﬁ§‘l ers,

di f1 uor orgeRy the 411Ehaftlk Wag @@@ﬁ'xw&ptlor?a'llgf m@m@@a Ny komeZentbodimehith, fitletQE168bIMYIL |
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-N(R+) - C( =NR+) -, -N(R (R) S02-, -N(R+) SO2N(R+)-, -0C(0)-, - OC( 0) 0-,
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group. cycloaliphatic, or heterocyclyl rings, where the radical or point of attachment is on the aromatic ring.



[ 33] Exanmpl es of C3_6 al kyl ene chains that have been "interrupted" with -0-
include. e.g., -CH2OCH2-, -CH20(CH2)2-, -CH20(CH2)3-, -CH20(CH2)4-,

- (0- 12) 20802810/03635CH2) 20( CH2) 2-, - (CH2) 20( CH2) 3-, - ( CH2)P8@O(USkipA9s324
-(CH2)30(CH2)2- , and -(CH2)40(CH2)-. O her exanples of al kyl ene chains
that are "interrupted® with functional groups include -CH2ZCH2-,
-0-124CH2) 2-, -CH2Z(CH2)3-, -CH2Z(CH2)4-, -(Cl-12)2ZCH2-, -(CH2)2Z(CH2)2-,
- (CL-12) 2ACH2) 3-, - (CH2) 3ACHZ) - (CH2) SZ( CH2)2- , and - (CH2)4z(CH2) -
wherein Z |§ one of the ' |nterru ting" functional groups listed above
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subst i t utiedroatyl li&n aryl, or heteroaryl group, and R+ and R* are as
defined above, or fwo adjacent substituents, taken together with their

i nterveni mg] at oms hf @rnmeﬁb&mﬁed@ dﬁ@lanumﬁlwéﬁﬁbﬁﬁte R&terbaYIL faldnldgehasat ur at ed
ri ng havi at ons eI ect e

oup consisting of N, 0, and
S "1 301 Ath G R R GED o SRRy SITIE PR BAErT sy be
subst i t utte8membéredma-aprman rigg lsving Oi3tring hétsroatby et s frarh the lgrduﬁbd)rﬁlstmg of
substitu t t ' " an,. r
non- ar omi? &imﬁ&t eﬂg%%ﬁ#@grh%gr&%cal% etemar usg@ﬁlreﬁ? tagf” ShhaC ¥ ﬁ%psén listed
above f orvhidhe hgigeoarometia réing ixfapad gmongfor alnrearyyIcymallhfeatleroomtgrbcyglvbuus avheret he
foll ow ngge rmﬂea] ourt@(a%* ah%»enﬁi\bd\!ﬁﬁe}egomoﬂm:mg ‘]N‘nmlﬁ%géﬁfnples l}kcltheCOQ R),
=N- NHSQ2R, , or = defi ned above. 40] Suitable
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-C(0)R*, -C2R*, -C(0)-C(0)R* -C(0)- CHRC(O)R*, -SO2R*, -SOZN(R*)Z,
-C(=S)N(R*)2, -C(=NH)-N(R*)2, and -NR*SO02R*; wherein each R* is as defined
above. Aring nitrogen atomof a heteroaryl or non-aronmatic heterocyclic
ring also may be oxidized to formthe correspondi ng N-hydroxy or N-oxide
corrpound A nonI i mt| ng exarrpl e of such a het er oaryl haV| ng an OXI d| zed

. —— M o e



1043]1t wll be apparent to one skilled in the art that certain conpounds

of this invention may exist in tautoneric forns, all such tautoneric forns
of the compaundseizei ng within the scope of the inventi ear/udedoesss3ed herwi se
stated, structures depicted herein are also neant to include all geonetric

(or conformational) isoners, i.e., (Z2) and (E) double bond isoners and (2)
and (E) conformational isoners, as well as all stereochem cal forns of the
structure; i.e., the Rand S configurations for each asymmetric center.

Therefore, single stereochem cal isomers as well as enantioneric and
di ast er ed¥RANIRZO: Rerngpxecol s awnelyl. itogwianlyl. eietehelRgalaziny L quinazainylhe scope of

the i nven;mmemmeqlanmmymaa)amylemulﬁylealehdamsnngqeﬁétﬁaﬁ@] hERkazAil,at i ve to
exa an enant | omarl C

anot her ste i SO t he m. Xt ,
pelppditS - PR R RS MR RS At St et
stat ed, roupaiaybesosei-ctriedr b@ly@clﬁb ﬁne&raalymnnealntor trioydlinQhate prefe@iijyoun d s

whi ch d' fnto%{) cg%!c clfchﬁptgmprhecsar%nC ma b sed mtercgmor eeaI Sv(?/ltt}(xj I ex'rlnsI %et%nrl Fhed
atonms. For exanpfe, conp ound Fﬁw é the rﬁ Fuctare excep or the
r epl acenshg", of "hatewwkgyg@h agy @frwfbgh temderutvéc rmgm@t art pptiohalinsulestitutede The

repl acemggt, "Qéter@argl@]'bﬁf&rsatg Qrmlg)f gﬁ)ufl ’s)lﬁ;stltﬁ)tgd lJy4aq’1e%WaJ'ﬁ' %greﬁﬁa(ﬁ@é?ﬂfl Qr{d)e W![ thin

the scope of the invention. he conpounds 'of fornul a he
vari abl e hp‘eiomhgpd?q&g@ﬁens?deaw %?ﬁﬁﬁ’@nftjlﬁéﬁhﬁbmﬁékl ng noi et y. Non limting
exanpl es bl oc be found in Wit s and

am no- gr noi eties can.,
W o ol *Gr conde SE bRt £ oGS eh S Hamr S e S e ed. )
John W @ytic&aﬂsosmbstitw n§Gd0Q Bi},,or &m&lcllcrg&iupdiafmgm@prefeaibwq 4311@ hetngakomspaedacy| |
and amn ln so
Rc- OReN( %%'\‘;3{%? 85) E)er:zn eltaﬁljogs s(g]areanoa)cyc R ot Oﬂr(u%%e)terge 03r(2mat1c V\H% raélzi R’iéomatlc
sel ected rmg@metrﬁencgmpupb@bmi asltlhctgromfyl gupé al i phatic, D 1D Cl1_6
fluoroaliphatic, -R -T -R, and-R and the variables Tl, RD, R2c, and R4c
have t he [Q281 ues dedépsepbeicipahagimssbeteraqygly), Theteraeselylabheterpeyieke radiel'ogpsin, C1. 4

al kyl, Clhéerf)dybllibr ol hre Mded 1r@errc edtlly (6o akiMi 3- tb Renedtb¥rked 91@15&9@1@ d?fto whi ch
IS substltut(?ﬂ unsHel:r)stl ed. In sogﬁg enmbodi ments, R4c is hy drogen or

C1_4 al kyINoeq fr € PR RS PTOESH &r © dRBBEPHENDS Ryl RSB T045] The
var i abl e sdtiraied ogpafihllpurahtipied rned bdvirighin addisdni tb thrieos atbinisJon® o2mbrageganlent | y
sel eCJ_[ ed one to four, heteroatoms, as defined above. When used in reference to a ring atom of a heterocycle,
the term "nitrogen" includes a substituted nitrogen. As an example, in a heterocyclyl ring haviﬁg 1-3

heteroatoms selected from oxygen, sulfur or nitrogen, the nitrogen may be N (as in 3,4-dihydro-2H-
pyrrolyl), NH (as in pyrrolidinyl), or "NR (as in N-substituted pyrrolidinyl). A heterocyclic ring can
be attached to its pendant group at any heteroatom or carbon atom that results in a stable structure,
and any of the ring atoms can be optionally substituted. Examples of such saturated or partially
unsaturated heterocyclic radicals include, without limitation, tetrahydrofuranyl, tetrahydrothienyl,
pyrrolidinyl, pyrrolidonyl, piperidinyl, pyrrolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,

. decahydroquinolinyl, oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl; diazepinyl, oxazepinyl,

thiazepinyl, morpholinyl, and quinuclidinyl. |

[027] In some embodiments, two adjacent substituents on a heterocyclic ring, taken
together with the intervening ring atoms, form an optionally substituted fused 5- to 6-memberéd
aromatic or 3- to 8-membered non-aromatic ring having 0-3 ring heteroatoms selected from the group
consisting of O, N, and S. Thus, the terms "heterocycle", "heterocyclyl”, "heterocyclyl ring",
"heterocyclic group”, "heterocyclic moiety", and "heterocyclic radical”, are used interchangeably
herein, and include groups in which a heterocyclyl ring is fused to one or more aryl, heteroaryl, or
cycloaliphatic rings, such as indolinyl, 3 H-indolyl, chromanyl, phenanthridinyl, or
tetrahydroquinolinyl, where the radical or point of attachment is on the heterocyclyl ring. A

heterocyclyl group may be mono-, bi-, tri-, or polycyclic, preferably mono-, bi-, or tricyclic, more
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R3a or R3b, wherein the al kylene chain optionally is interrupted by
-C(R5)=C(R5)-, -0=-C, or -0, Each R3a independently is selected fromthe
group consoWiomgexs-F, -OH, -0(CL _Li alkyl), -CN, -NR#rz/Uus20000)3¢L. . 4

al kyl), -CO2H, -02(C _4 alkyl), -C(O)NH2, and -C(0)-NH(Cl..4 alkyl). Each
R3b i ndependently is a CL.3 aliphatic optionally substituted with R3a or
R7. Each R7 is a substituted or unsubstituted aromatic group. In sone
enbodi ments, Ti is a Cl_4 al kyl ene chai n WO 2010/ 036357PCT/ US2009/ 005324
[49] The v rlable R2c is_hal o, -0R5, 13?g?O)RG 802R6 - SO2N(R4) 2,
-N(R4) 2, P9 @(mrpsor b“NF&FC (TB? qu@)ezerocyw TS to Rngstltuted by a

- N( R4) SOBNérBél})cB'l wh@reﬁ(t&)dﬁ@l amdGietefdyclyNp o g mde&ﬁ@e)nﬁﬁareo@l%ﬁ@ suBMtituted.
-C(0O)N(R4) 2, where: each R4 independently is hydrogen or an
optional [[6285ubst i t 4t edd Bdréiphiad teren "partiylly, unbeirétedyasfyrs fo Diinghetiedy hieyiediudes gr oup;
or two R ptr n_ato t aken to eth Wt he. ni en atom
Form an dtionn oS S0FRRebiRER- R0 o TRR sl S3HAEY wibb e PR b Ravi no.

i n addi t ieeampess tikgs having ogjéple sitep pf urGat@atranpigpt h@pentgmecbtmmlmd@péordemdagyl

sel ect ed yfofe088 N heRin RRALS! each R5 independently is hydrogen or an
optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl group;

and each[d26) i ndepen@eahlsyha]oih@ﬁn@gthmmw Yha‘ﬁdétkéﬁyl'tdﬁh@ﬁhlcﬁlkbﬂh%féﬁ@ aplyl, or
heteroarg le RDis a su stl ut ed or unsubstltuted

e varia
aromati c; %g’@ﬁ’{eﬁ))ﬂ org 0’%’355&‘1“866%‘}5%%”@3’?’? 1Chagy S(S‘f‘“ SAATICINF & 8958 i onal |y
fused to haogu b®tnk.t At @ed bareinniseLtbat 'ihhlugeadoxahmmaheaﬁs F h:e,tmr@cyi:ﬂeyémor
cycloalip C r i ar bo at om,i s .unsubstit uted
or is sub@%ﬂaﬁ%}{awgeffiﬁ% %'a%ﬂglp%aﬁ %é{:'ln {Plgh"ﬁ U hssa Ot gflu dn%‘perduog%{irt%on in RD
i s unsubslinhetinaselipe rExamplsaipidiotoalinbatiogroups Reluds; wiRgt llﬁa@hn,sﬂsllbwmeiﬂmlt able ring

Ni trogen ;aheHmk 1F%F?ﬂao$od4a%g@sﬁuo§d&h? 28D- thﬁuo?déh‘lrsy h b YLEHuoMetHY, 1 800) RS,
-C(O)N(R4)2, -0 I phati c, asubs’tltuted or

unsubst i frivegety. Tép%ﬁ‘%ﬂuoroﬁ}‘yla C6- 10 ar(Cl4aI kyl, the aryl portion of which

i's SUbStthJyf ed or subshltut ed. él n sonme errbo ”Tem one or two
saturate ng car ﬁ’“‘hlﬁraﬂn '3 ST 27 Qredlie MpietK tehconpagls Tpats ni ng
substi tupfadadoelpodnldgLm&qfrbtynxcaty@nmmxse aRRBomrsachsas bsigert artselfuryd nh s@has RiH-and 0- 2

and eac b abl e r| nitr n i S substlt ted or is
substl t ut g‘a v%@ﬁ %é) 5°ra°laff [ ° as(ﬁlﬂ)g]kgenecgﬁ [R)Eh %@5 ’ﬁ?ff? 2 C14
al i phati nnkealswtmlﬂy 1hltﬁe&ﬁhg@bfd]bﬂ&ub$d Idomretdraﬁlﬁjuﬂiﬁe Anhdd of 10to 98 wWilhaldhgth of
ar ( Cl4al t he ar orti S substituted or unsubstituted.
Each Rd F%E?@B%Séﬁtf’f\‘l’fl f §°@%T'£%°§@E“Frtﬁ?ﬁ“’tkﬁre‘5 ghoefodershati ng of C1 6
al i phati Cl1_6 fl.yoroal,i at, 2d21d2d 2- , 1d2d8d , where
thepvari &Bﬂes T2, Retgm aﬁgq ‘ e’ pgfers to'?%“’@em %XngouPT Anpaidlene iR’ §3) yes
descri beaomﬁétwne g{oﬁlz,]le;tzcngx awKaleibx @lalﬁysinwa%tsg&arﬂaf Bstdnt Llo&drdh i b O- 2
i ndependent |y sel ected R3a_ or R3b, wherein the a | ene chain optionally is

i nt er r upfdtTbYOIFIBY Lo REFom B0 Sbpiged b amn s s & potymethyien ghoup n

which one or more methylene hydrogen atoms is replaced with a substituent. Suitable substituents
include those described below for a substituted aliphatic group. An alkylene chain also may be

substituted at one or more positions with an aliphatic group or a substituted aliphatic group.

[032] An alkylene chain also can be optionally interrupted by a functional group. An
alkylene chain is "interrupted” by a functional group when an internal methylene unit is replaced with

the functional group. Nonlimiting examples of suitable "interrupting functional groups" include
-C(R*)=C(R*)-, -C=C-, -O-, -S-, -S8(0)-, -S(0)-, -S(O),N(R)-, -N(R*)-, -N(R")CO-, -NR")C(0)-
NR")-, -NRC(ENRD)-NR Y-, -NRY-C=NR")-, -NR)CO,-, -NR)SO,-, -N(RHSONR -,
-0C(0)-, -OC(0)O-, -OC(O)N(R™)-, -C(O)-, -CO,-, -C(ONR -, -C(O)-C(oj-, -C(=NRH-NRH-,
-C(NR")=N-, -C(=NR")-O-, -C(OR*)=N-, -C(R%)=N-O-, or -N(R)-N(R")-. Each R", independently,
is hydrogen or an optionally substituted aliphatic, aryl, heteroaryl, or heterocyclyl group, or two R" on

the same nitrogen atom, taken together with the nitrogen atom, form a 5-8 membered aromatic or non-



R3a and R31la have the val ues descri bed above. [53] Each R d independently
is a substituted or unsubstituted aryl, heteroaryl, heterocyclyl, or

cycl oal i pNet20m/a353%g. [ 54] Each R2d independently is - RCR/US26@M005324

-C(R5)=C(R5) 2,-0R5, -SR6, -S(0)R6, -S02R6, -S2N(R4)2, -N(R4)2, -NR4AC(0) RS,

- NRAC(O)N(R4)2, -N(R4A)C(= NR4A) N(R4)2, N(R4)c(=NR4)-R6, _NR4cO2Re6,
_N(R4)s02R62 N(K )S02N(R4)2, -0-C(0)R5, -0C(0)N(R4)2) -C(0)R5, -0O2RS5,
-C(O)N(R4)2, -C(0)N(R4) - 0R5 C(O) N( R4)c(__ _NR4) _N(R4) 2,

_N(za) c(=NR4 N R4). cr, =NRD)-N(R4)2. [5 ch Rad
i ndepend®Re h%\él?geé‘ta@ﬂ'“?"rt@meﬂ‘fé’gﬁ} Beip c%rﬁﬁ%’@zer°ﬁijmgfe§f]éf53m%%3ﬂ c, G.4
f 1 uor oal spB&hiR*,indepdn@ently {stlydrofth Gl arfloptibnalli adbktihted aliphiic, arfH{efeiobrydlor phat i c) ,

and -N(Ck‘ 4 mhdatl C)2. [56] In sone enbodinents, RDis a substituted or
unsubst | PUFRAHLHBYP or  bi cycl ic ring system sel ect ed from the group

i st ff hi azol yl ,
Coot i azBR i Pt o el iR e BB e g YA s AT Y
pyri di nchn;wH a@H{O{bHF)El}’deIb@i}'f% -cnyasgzwyl(aag@om{ ut@wJO(Csz,

benzot hi ophenyl, indoly benzoxazol yl, benzi soxazoly benzi m dazol yl ,
i ndazol yF(CHp)d‘f’GGW)a : (ﬁ?alph‘t)mﬂz) @ﬂﬂ(CHy)lz " ands(@du)MCH@yIOthmemkrswﬁl
qui nazol i

|, , | h idi_nyl ,
t et rahde%éEﬁer‘ngﬂ%‘srr}% grel : eF&‘Pf g‘?ﬁ%h?’%lﬁrf’% ﬁ?%%‘%k%?o&@ﬁ@% 2 nyl, and
di hydr obefizoxagh. yszz(@Hggrr_@cﬁm@ﬂ ”Q@h%?Z(Bﬁz)&S (@puehbLULEd)CHy).

unsubstitut'ed nono- or bicyclic ring syStem Sélected from the group

consi st i AGHELZ(CHeNRY:land WHDKH(@%) > Whreinif 1dormy>f§he pyteawting funqwarpihglhyns listed

benzi m dabzol yl, quinolinyl, isoquinolinyl, quinoxalinyl,
tetrahydrqu|noI|nyI tetrahydr0|squ|noI|nyI tetrahydrqu|noxaI|nyI and

di hydr Obftﬁﬁgxaz' ”ybne of brfrary! RIS PHE a‘?%ﬁr@&ogﬁ% that v@@ﬁm&ﬁk}l&?[@dﬁﬂ%ﬂ&ﬁg%@' ring

carbon a are substituted he rerral ni ng substitutable
ring car bmwruawnsaatﬁaﬁﬂem fpretignabgepn: Gerdin C\mni"ﬁat@niwﬂﬂd R §e BfficiqRBy stabliy&F ei n:

each Rd Eﬁ%ﬁ&%mﬁ%& ys,ulnﬁar@eéeﬁ&h e&nﬁlﬁamstm‘ 2Hagin op@%w‘i ugm@tlotq;@ 6
al i phat i | 'uoroal i phatic, halo,-Rid d, and -T2-Ra2d; ,
sufficiently stable for pharmaceutical use. Only stable or chemlcally fea51b]e compounds are w1thm

the scope of the present invention. A stable or chemically feasible compound is one which maintains
its integrity long enough to be useful for therapeutic or prophylactic administration to a patient.
Preferably, the chemical structure is not substantially altered when kept at a temperature below -70
°C, below -50 °C, below -20 °C, below 0 °C, or below 20 °C, in the absence of moisture or other

chemically reactive conditions for at least a week.

[035] The term "substituted”, as used herein, means that a hydrogen radical of the
designated moiety is replaced with the radical of a specified substituent, provided that the substitution
results in a stable or chemically feasible compound. The term "substitutable", when used in reference
to a designated atom, means that attached to the atom is a hydrogen radical, which can be replaced

with the radical of a suitable substituent.

[036] The phrase "one or more substituents", as used herein, refers to a number of
substituents that equals from one to the maximum number of substituents possible based on the
number of available bonding sites, provided that the above conditions of stability and chemical
feasibility are met. Unless otherwise indicated, an optionally substituted group may have a
substituent at each substitutable position of the group, and the substituents may be either the same or

differ_ent.

[037] As used herein, the term "independently selected" means that the same or different

values may be selected for multiple instances of a given variable in a single compound.



T2 is a Cl1_3 alkylene chain that is unsubstituted or is substituted with
R3a or each R d independently is a substituted or unsubstituted aryl,
het er oar yWo 2hams3scycl yl , or cycloaliphatic ring; and PCT/USe@o0iR24d

i ndependently is -0OR5, -SR6, -S(0)R6, -S02R6, -SO2N(R4)2, -N(R4)2,
-NRAC(0)R5, -NRAC(O)N(R4)2, -0-C(0)R5, -0C(O)N(R4)2, -C(0)R5, -02R5, or
-C(O)N(R4)2. [58] In sone enbodi nents, the variable Rd has the formula
-QRE, where Qis -0-, -NH, or -CH2-, and RE is a substituted or
unsubstituted aryl teroaryl het er ocycl yl, or cycl oalj hat c.ring. 1In

he
sone embWd¥lment s, Awaryl§ingludipgibe aryh peley B‘rar‘”ﬁ'ﬁé&ﬁé‘i"i’qf ariary elﬂ‘)?? i nyl ,
F)é Er9 i mI di wdroarpﬁlgaﬁdlwhe hefdrg¥@ nfdieRyih hit&bzﬁﬁk)&&hmhéteroaﬁlkoﬂpmhm llkﬁygrouplcg 2

n sone enbodi nents as_ the fornu e is
" e e PG St YR Simaledy sk asithFsSs B Lo S uni e
i s Subst iisktuRRd drboAmEMbeTah byt @ QhetedobryC@bulpahdiuds Uald, e diNyeRM, SCRP=C&R*gel ect ed
fromthe group consisting of acetyl, trifl uoroacetyl apd phenyl,acetyl .

[60] In s08EC-BthER*ehlo (ﬁ)@nt §02R‘5 HAR* 5OV duNRRD NR(@EPIR, CORD i s a

i mol | P ROINHIRAESE) M RS R S e N AR ER e REAE Y
RD- ((0) -,0-0f9Re, -BROR* aoak@mmt*)z, RY(ODEEH, ft»tbzk*wzt@)zmm* -CUDYN(R ] -ayd)-

napht hyl, é&w nol i nyl, quinoxalinyl, ben2| m dazqgl yl, or dihydrohenzoxazi nyl
subst i t UNGRDAREhCONBICENR BNR ReNR DADE 1 M(Rn)- ﬁé@)& CcOEAR eNgodk ments, P

oyr i m ai T MR & ook ER T R DR REY Rer PHR B R B me. ana

RE is a splpghidrH sd SHR twﬁ&dn R¥iE BY bptiohdNly G@stiraleMalPhiiR] arpadit i cul ar
enbodi nment S@P has tﬁ(g)(?u(j}r}riu?ﬂz ) -, epre RD is a phenyl, which is

subst i t ubstdoarleipup, a8diBS tridtR Ten asdﬁﬁrfeé phoe, @r W@-aREcenhyytistivEnts, tFksn togeflst i t ut ed
or uns UbStt}H Eh'él}l_‘.) Qer\pex hgtl lefo aysr %ﬁﬁl @%Jéed u(ﬁg tlﬂytgd g'g%ﬂw u&gﬂ%%&% ﬁdf’hﬁ%f?é'@ ot her

enbodi nen where 11
is G _4 éhkgﬁht@nfesekﬁeldmths g@ﬂpﬁ@ﬁlytlm,g Oﬁyr‘i){hnﬁﬁ pyrazinyl, pyrimdinyl,

napht hyl %'w nol i n i qui noxal i nyl, benzim dazol yl, or di hydr obenzoxa2| nyl
subst it u%8¥ wi t h I!La ‘Rbatlaﬁﬂ’uﬂor? B promatic ey elifBa M. At LOstBIgh e OF or nul a

RD- S02-, mwmmguﬂa’&u $xam§bmﬁtsmtabnte &ﬂasﬁlﬁenu;rbi‘a utestamitawa edbqulug ayAliphi I’gfdilp Byl ,

pyr azi nyl rim ui no in

Enboal eyt Ry i e efite wpBe ARE s Vaca R yrst ny 1

pyr azi nyl:a,rbqfﬁy)Ifhrmrﬁiloﬂydterodﬂﬂ@mhyﬂdthqfdllmhg B, =S qﬂ(moggaNmmy\hz, PBORF,M dazol yl,
or di hydrobenzoxazi nyl substituted with 0-1 Rd and 0-2 R8d. In certain
parti cul aN-NHEOW wENNEICRRA Y- W%‘DXROWHUN&‘*R@%?CII Rmmslrﬁe gy defined aloys.i di nyl |
pyrazi nyI or pyrimdinyl, which is substituted with a substituent of
formul a IMOIRE,  andSuiteble &ibsiituspiseb p subptiefatis nitiegen BOmiof & heioBHERIN2remRtiE e t aj n

ot her paﬁ&érs&tﬁcrrmgrmmé WRMbS 1imRattAS RENR 9 {n@tbsRREt GiR2; Ros a

phenyl, which is Substituted wth a substituent of forrmula -O-RE, and RE is
a subst i CHt&ED)BY, Sﬂlﬁl‘lbS@jN(Rf)@,dC(}‘)SDN(ﬁI*)jy-C(—Nﬂ')FN(BI*)‘jydn¢ I@R*S@Rf mhdnemyelach [ 62]
The varl ble R nd each vari ab nde endent i phati c,
CL 6 flu r&%i‘F F%JWS‘H% Ve "(%ﬂ%“’%e’tf-‘i’ﬁ %”ze‘e"(aéﬂ@ Wt e‘%ﬁiéﬁ ‘ﬁlllgé P
- (CH2) m Gk{2be 3 Rd)Oprrm h&CkR)empotie NhRIYQON(VREK)d2 com]éﬁ@MZ)Am@H@R@)z Ri¢aRp)2
(G_lz)mg‘ﬁ(lgalhegﬁgl'yl gvm agg(_i' %ed" Ing?‘ gén a‘ﬁﬁ?rs rgdp? variables R4, RS,

ues &escr cf

and R6 have t e and the varl 3bl es RB and m have the
val ues d@ggy i bed bele@pn "about" is used herein to mean approximately, in the region of, roughly, or

around. When the term "about" is used in conjunction with a numerical range, it modifies that range
by extending the boundaries above and below the numerical values set forth. In general, the term
"about"” is used herein to modify a numerical value above and below the stated value by a variance of

10%.
[042] As used herein, the term "comprises" means "includes, but is not limited to."

[043] It will be apparent to one skilled in the art that certain compounds of this invention

may exist in tautomeric forms, all such tautomeric forms of the compounds being within the scope of

.10 -



1063] Each RB , Independently, is a substituted or unsubstituted nono- or
bicyclic ring system In sone enbodi nents, each RB i ndependently is a
subst i t utwad 20r0/036850bst i t ut ed phenyl, pyridyl, indolyl, Ipemaisooodmassbyl ,
napht hyl , quinolinyl, quinoxalinyl, or isoquinolinyl ring. In certain
enbodi nents, RB is a substituted or unsubstituted phenyl ring. [64] The

variable mis 0, 1, or 2. In sone enbodinents, mis O or |. [65] In sone
enbodi ments, Rai and Reach i ndependently C1..6 aliphatic, Cl_6
quoroallphatlc or -(CH2)""-CH2-RB, and mis O or 1. In some such

enbodi meftednveriish §“1§%§l9§le¥"fli?ts$§’éfdo%"”ﬁ1ﬁ‘§ﬁ‘!5’§{°¥ef’ hereln a5 pisheant fsiggludedll s o e
enbodi rrergécﬁnetrRa@r cbﬁfoﬁilan&lagllgoma@t ileg (Z)—aﬁaﬂ?)imb%l?&sox@e&s ar{d@ﬁ%)xﬂrt@H( ClL. 4

al kyl) - OH. ert.ai n enbo ben In ath certain
o el St TSl e Fr e e S AT S < o
al i phat i cordiguratfcGkify aathB/RB]etricmemel‘ Tadrefoe it stedotiemidal i:smpamqsy»&ell abenzyl or

phenfat hylenantu%n@e%l: aJcﬁcﬁasY%rom n(! r%m@rés%f %e prJé eggﬁ m%bundparg Qi %g?ﬁg% BERL S s 0

In certain e I nents sone e [ nts, the
i nvent i omversiont Whert omigtugcoiprproighed i pnefsteragishmer (r¢ltive mnatb@resteirepédmbythié ornmul a

(1-A):  Glixef may contain, fd? ExathpRNEA éﬁ%r%hh%h&&k&é’o@a%%‘?%@)@'7@%’566% 9@% &apapi ¢ acid
anhydri de t hereof, wherein each of the variables P, Rai, 2,"A Zi, and Z2

has the whprerts) andumsemem stRb, Lse&ud@s&réflub&ﬁler@b@u @isé Man @gm%da (/). | [ (7 ?%
In certain e nventlo ates to ound of_fornul a
char act elp?rgpé)ancggvh?g Bﬁ%{ %{h 1|n tlg)presence o one or more 1sotop1cz?lly enrwx éj atoms. For
example, compounds havmg the present structure except for the replacement of a hydrogen atom by a
deuterium or tritium, or the replacement of a carbon atom by a 3¢ or MC-enriched carbon are within

the scope of the invention.

[045] In the compounds of formula (), the variable P is hydrogen or an amino-group-

blocking moiety. Non-limiting examples of amino-group-blocking moieties can be found in P.G.M.
Wuts and T.W. Greene, Greene’s Protective Groups in Organic Synthesis (4th ed.), John Wiley &
Sons, NJ (2007), and include, e.g., acyl, sulfonyl, oxyacyl, and aminoacyl] groups.

[046) In some embodiments, P is R%-C(0)-, R%0-C(0)-, R*-N(R*)-C(0)-, R>-S(0),-, or
R°-N(R*)-S(0),-, where R° is selected from the group consisting of Cy .4 aliphatic,

C, ¢ fluoroaliphatic, -RP, -T'-RP, and ~T'-R%", and the variables T', R®, R%®, and R*® have the values
described below.

[047} The variable R*® is hydrogen, C;.4 alkyl, Ci4 fluoroalkyl, or Cg.jg ar(C 4 alkyl, the
aryl portion of which is substituted or unsubstituted. In some embodiments, R*is hydrogen or

Cj.4 alkyl. In certain particular embodiments, R*is hydrogen.

(048] The variable T' is a Cj.6 alkylene chain substituted with 0-2 independently selected
R* or R3b, wherein the alkylene chain optionally is interrupted by —C(R5)=C(R5)-, -C=C,, 6r -O-.
Each R independently is selected from the group consisting of -F, -OH, -O(C1_4A alkyl), -CN,
-N(R4)2, -C(0)(C) 4 alkyl), -COzH, -CO5(C) 4 alkyl), -C(O)NHj,, and -C(O)-NH(C, 4 alkyl). Each
R® independently is a C;_3 aliphatic optionally substituted with R**orR’. Each R’ is a substituted or

unsubstituted aromatic group. In some embodiments, Thisa Ci4 alkylene chain.

- 11 -



WO 2010/ 036357PCT/ US2009/ 005324 Ral HZ1 0 A (I-B) or a

phar maceutically acceptable salt or boronic acid anhydride thereof, wherein
each of twewavisedshes P, Rai, Ra2, A ZlI, and Z2 has t hecvalsoes/oessds
preferred val ues descri bed above for formula (/). [071]In certain
particul ar enbodi nents, the invention relates to a conpound of formula (/),
characterized by formula (I1): [ 72] or a pharmaceutically acceptable salt
or boronic acid anhydride thereof, wherein each of the variables P, ZI, and

Z2 has the values and prefeyred val yues described apove for forpqula (1).
[73] In 4% enbodTheyifiable Rhés Halow i SR - BIOR e SRR 2SR o MRk, f or mul a

e L T e
qui noxal iNgih,, -C@)RELEGRA, B rdyOsNi e wherdP has the formula RD-C(0)-, where RD
is a phenyl, pyridinyl, pyrazinyl, pyrimdinyl, naphthyl, quinolinyl,

qui noxal i nyl , 2L i i i . it ifh O0-1
R and 0-2 RBEN " DEh TARLY by Bbecl DGR AL RISy HERIANEE
RD- C( 0) - hetatoeyclyl RBup; r @vofRy foh tHeRythe nipydeA atomythken Gdgethyttithi thh miydgen st Cfornh S
substituted wt substityent of fornmula -0-RE, and RE is a substituted or
unsubsti £l {’fétt&’"ilp{é%f‘?“teﬁ A t8§f’?*‘é‘?‘1"rre8ﬂ‘ﬁ%rf’cyﬁ%ﬂ Tediyias RIFRAP ieht ¥ose HRY: t he
formul a REr@ghpteroatnine indepiently salepbfiyrth N, OhdndlS; i s substituted with a
substituent of fornmula -0-RE, and RE is a substituted or unsubstituted
pyridi nyl, pyeaziRnjtdependenfhyis hydroenyt an opfidhé]ly substsoeealiphdierangtoptbayeot S, t he
inventiorg1 r el a} s to a conpound of formula (11), wherein P has the formul a
Rc- S02- , TRASPEYREOME @Ry or -TI-RD, where Ti is Cl4 alkylene and RDis a

phenyl, pyridinyls.pyrazinyl, rimdinyl apht hyl , qui nol i nyl ,

qui noxal i nyl , ezb%bﬁi"ﬁ%lp 5%6811%/1115 an g‘%{lo sﬂt?sﬁ?tfpglﬂglﬁt?o%élz?rﬂmem E@%ﬁlp{ uted with
0-1 Rand 0-2 R In sone enbodi nents, P has the formula RD SO2-, where RD
is a subd® uted ofrURERRR s ateRtityisd ARnsubsitkedRTARRc, Rejsroey IR T

pyrim di BydioaliphatiOfhd, B of which WpHRMAY fulddlte a {ubstRRéd RFuRsub ARG KBkis, P has the
formula RD-S02-, where RD is a phenyl, pyridinyl, pysrazinyl, pyrimdinyl,
napht hyl hetgiaeyslyl preysloalighatiasrel Fash satirgecpnerrdanaomy in R ois ugsubsigitesiveisz oxazi ny|

noe”t e PRAA D oAl Rl BoE ARyl STERHR . ©
pyri m di mjth R*ehk¥hEics sGotiable vih@tltrvdeh Atom in BB sdtunbubeiticedér i bl wide RE, and
RE is a substdtuted gr unsybstitut ethL()hﬁnyl. In certain other particul ar

enbodi ment @R p-HPNRRe -£Eu1SL2RD-36NR Inkes dipkayci assubstipfirsipy osubghitugsd | s
substi t uted it su i f formula,-0-RE, .. RE i.s.a substituted or
tbg_ﬂoea\é)fll (Q a% i‘%yﬁ%"4%§(§g{z}1|e%§7ll ?(%erog&mc%s Fll),]si/lﬁl@g or unsubstltuteg.

unsubst i pyri

[051] In some embodiments, one or two saturated ring carbon atoms in R are substituted
with =O; the remaining substitutable ring carbon atoms in RP are substituted with 0-2 Rd and 0-2 Rgd;
and each substitutable ring nitrogen atom in R is unsubstituted or is substituted with -C(O)RS,
-C(O)N(RY),, -CO,R®, -SO,R, -SO,N(R?Y,, C, 4 aliphatic, a substituted or unsubstituted Cg. 1 aryl,
or a Cg.19 ar(Cy.4)alkyl, the aryl portion of which is substituted or unsubstituted. Each R
independently is selected from the group consisting of C, ¢ aliphatic, C;_g fluoroaliphatic, halo, -Rld,

-RZd, -Tz-Rld, and -T2-R2d, where the variables Tz, R]d, RZd, and Rgd have the values described

below.

[052] T2 is a Cy.g alkylene chain substituted with 0-2 independently selected R* or R*,
wherein the alkylene chain optionally is interrupted by —C(R5)=C(R5)-, -C=C-, or -O-. The variables
R and R*® have the values described above.

[053] EachR'® independently is a substituted or unsubstituted aryl, heteroaryl,

heterocyclyl, or cycloaliphatic ring.



[ 075] Represent ati ve exanpl es of conpounds of formula (/) are shown in Table
1. Table 1:Proteasone Inhibitors 12 34 56 6 78 910 1112 1314
WO 2010/036357 PCT/US2009/005324

[054] Each R* independently is -NO,, -CN, ~C(R})=C(R>),, -C=C-R>, -OR?, -SR®,
-S(O)R®, -SO,R®, -SO,NR™Y),, -N(R*),, -NR*C(O)R?, -NR*C(O)NR*),, -NRHC(=NRH-NR*),,
NRHCENRY-RE, -NR*CO,R®, -NRHSO,R®, -NR*SO,NR?),, -0-CO)R®, -OCONR),,
-C(O)R’, -CO,R’, -C(O)NR™Y),, -COOINR™-OR?, -C(OINRHC(=NR*)-NR?),,
NRHCENRY-NRHD-C(O)R, or -C(=NRH-NR*,.

[055] Each R¥ independently is selected from the group consisting of C; 4 aliphatic,
Cj .4 fluoroaliphatic, halo,>-OH, -O(C;.4 aliphatic), -NH,, -NH(C/_4 aliphatic), and -N(C; 4 aliphatic),.

[056] In some embodiments, RP is a substituted or unsubstituted mono- or bicyclic ring
system selected from the group consisting of furanyl, thienyl, pynolyl, isoxazolyl, oxazolyl, thiazolyl,
isothiazolyl, imidazolyl, pyrazolyl, oxadiazolyl, thiadiazolyl, phenyl, pyridinyl, pyridazinyl,
pyrimidinyl, pyrazinyl, benzofuranyl, benzothiophenyl, indolyl, benzoxazolyl, benzisoxazolyl,
benzimidazolyl, indazolyl, purinyl, naphthyl, quinolinyl, isoquinolinyl, cinnolinyl, quinazolinyl,
quinoxalinyl, phthalazinyl, naphthyridinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,
tetrahydroquinoxalinyl, and dihydrobenzoxazinyl. In some embodiments, R is a substituted or

unsubstituted mono- or bicyclic ring system selected from the group consisting of phenyl, pyridinyl,
pyrimidinyl, pyrazinyl, naphthyl, benzimidazoly!, quinolinyl, isoquinolinyl, quinoxalinyl,

tetrahydroquinolinyl, tetrahydroisoquinolinyl, tetrahydroquinoxalinyl, and dihydrobenzoxazinyl.

[057] In some embodiments, one or two saturated ring carbon atoms in R are substituted
with =0, and the remaining substitutable ring carbon atoms in RP are substituted with 0-1 R% and 0-2

RSd, wherein:

each R* independently is selected from the group consisting of C ¢ aliphatic,

C1.¢ fluoroaliphatic, halo, -R'9, -R*%, -T>.R'9, and -T>-R%¢;
T isa C,.3 alkylene chain that is unsubstituted or is substituted with R*or RBb;

eachR'® independently is a substituted or unsubstituted aryl, heteroaryl, heterocyclyl, or
cycloaliphatic ring; and

each R”® independently is -OR®, -SR®, -S(O)R®, -SO,R®, -SON®RY),, -NR™),, -NR*C(O)R?,
NR*C(OIN(R?),, -O-C(O)R®, -OC(O)NR*,, -C(O)R, -CO,R, or -C(O)N(R™),.
[058] In some embodiments, the variable R% has the formula —Q-RE, where Q is ~O-, -NH-,

or —CHj>-, and RE is a substituted or unsubstituted aryl, heteroaryl, heterocyclyl, or cycloaliphatic ring.

- 13-
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In some embodiments, RE is a substituted or unsubstituted phenyl, pyridinyl, pyrimidinyl, pyrazinyl,
piperidinyl, piperazinyl, or morpholiny! ring.
[059] In some embodiments, P has the formula RC-C(O)-, where R® is C 4 alkyl,

Cj-4 fluoroalkyl, or Cg.19 ar(Cy.4) alkyl, the aryl portion of which is substituted or unsubstituted. In
certain such embodiments, P is selected from the group consisting of acetyl, trifluoroacetyl, and

phenylacetyl.

(060} In some other embodiments, P has the formula RD-C(O)-, where R is a substituted
or unsubstituted phenyl, pyridinyl, pyrazinyl, pyrimidinyl, quiqo]inyl, or quinoxalinyl. In certain
embodiments, P has the formula RD-C(O)—, where RP is a phenyl, pyridinyl, pyrazinyl, pyrimidinyl,
naphthyl, quinolinyl, quinoxalinyl, benzimidazolyl, or dihydrobenzoxazinyl substituted with 0-1 RY
and 02 R¥. In certain particular embodiments, P has the formula RD-C(O)-, where RP is a pyridinyl,
pyrazinyl, or pyrimidinyl, which is substituted with a substituent of formula —O-RE, andRFisa
substituted or unsubstituted phenyl. In certain other particular embodiments, P has the formula
RP-C(0)-, where R” is a phenyl, which is substituted with a substituent of formula~O-RF, and RE is

a substituted or unsubstituted pyridinyl, pyrazinyl, or pyrimidinyl.

[061] In some other embodiments, P has the formula R®-SO5-, where R° is RP or -T]-RD,
where T' is Cia alkylene and RP is a phenyl, pyridinyl, pyrazinyl, pyrimidinyl, naphthyl, quinolinyl,
quinoxalinyl, benzimidazolyl, or dihydr'obenzoxazinyl‘ substituted with 0-1 R% and 6-2 R% In some
embodiments, P has the formula RD-Soz-, where R is a substituted or unsubstituted phenyl,
pyridinyl, pyrazinyl, pyrimidinyl, quinolinyl, or quinoxalinyl. In certain embodiments, P has the
formula RD-SOT, where RP is a phenyl, pyridinyl, pyrazinyl, pyrimidinyl, naphthyl, quinolinyl,
quinoxaliny], benzimidazolyl, or dihydrobenzoxazinyl substituted with 0-1 R%and 02 R¥. In certain
particular embodiments, P has the forrﬁula RD-SOr, where RD is a pyridinyl, pyrazinyl, or
pyrimidinyl, which is substituted with a substituent of formula —O~RE, and RE is a substituted or
unsubstituted phényl. In certain other particular embodiments, P has the formula RD-Soz-, where R?
is a phenyl, which is substituted with a substituent of formula —O-RE, and RF is a substituted or
unsubstituted pyridinyl, pyrazinyl, or pyrimidinyl.

[062] The variable Ra], and each variable Raz, independently, is C;_¢ aliphatic,

Cy.¢ fluoroaliphatic, -(CHz)m-CHz-RB, -(CHz)m-CHz-NHC(=NR4)NH-Y, -(CHQ)m-CHz-CON(R4)2,
~(CHy)m-CH-NRHCONRY),, «(CHy),-CHRON(R®,, -(CHy),,-CHR>)-OR, or

-14 .-
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-(CHZ),,,-CH(RS)-SRS, where the variables R4, RS, and R® have the values described above, and the

variables RB and m have the values described below.

[063] Each RB, independently, is a substituted or unsubstituted mono- or bicyclic ring
p y

system. In some embodiments, each R® independently is a substituted or unsubstituted phenyl,
pyridyl, indolyl, benzimidazolyl, naphthyl, quinolinyl, quinoxalinyl, or isoquinolinyl ring. In certain

embodiments, R® is a substituted or unsubstituted phenyl rihg.
[064] The variable m is 0, 1, or 2. In some embodiments, 7 is 0 or 1.

[065] In some embodiments, R®! and R? are each independently Cj_g aliphatic,

C,.¢ fluoroaliphatic, or -(CHz)m-CHZ-RB, and m is 0 or 1. In some such embodiments, RB s
substituted or unsubstituted phenyl.

[066] In some embodiments, R is C).¢ aliphatic, —(CHz)m-CH?_RB, or

-(CH3),,-CH(C, 4 alkyl)-OH. In certain embodiments, R is benzyl. In other certain embodiments,

al .

R™ is -CH,-CH(CHj3)-OH.
[067] In some embodiments, RZ s C,.¢ aliphatic or -(CHz)m-CHzRB. In certain
embodiments, RZ s isopropyl, bénzyl, or phenethyl.

[068] The variable A is 0, 1, or 2. In some embodiments, A is 0 or 1. In certain

embodiments, A is 0.

[069] In some embodiments, the invention relates to a compound of formula ()

characterized by formula (I-4):

O
A \D (I-A)

or a pharmaceutically acceptable salt or boronic acid anhydride thereof, wherein each of the

variables P, Ral, Raz, A, Zl, and Z* has the values and preferred values described above for formula
@.

[070] In certain embodiments, the invention relates to a compound of formula (1)

characterized by formula (I-B):

-15-



4344 46 48

[076] The conmpounds in Table 1 above may al so be identified by

the foll owi ng chem cal nanmes: Conpound Chem cal Nanes 1

[ (1R) - 2- cwol2otmuisyssy 1- ({ (2S) - 2- [ ( 2- napht hyl sul f onyl ) am n®@LT8r52009/005324

phenyl propanoyl | am no) et hyl Thoronic acid 2

{(1R) - 2-cycl obuty1-1-[((25)-2-{[(2-phenoxypyridin-3-yl)carbonyl]amnol -3 -
phenyl pr opanoyDam noJet hyl } boronic acid 3

Ra1

]
RIO H {
P . N’l\n’N\f’B‘ZZ
IiaZHO:
A

m | {-B)

or a pharmaceutically acceptable salt or boronic acid anhydride thereof, wherein each of the

variables P, Ral, Raz, A, Zl, and 7?2 has the values and preferred values described above for formula

D.
[071)

In certain particular embodiments, the invention relates to a compound of formula (I),

characterized by formula (II):

[072]

O
\Q | an

or a pharmaceutically acceptable salt or boronic acid anhydride thereof, wherein each

of the variables P, ZI, and Z* has the values and preferred values described above for formula ).

[073]

In some embodiments, the invention relates to a compound of formula (I), wherein P

has the formula RD-C(O)-, where R” is a substituted or unsubstituted phenyl, pyridinyl, pyrazinyl,

pyrimidinyl, quinolinyl, or quinoxalinyl. In certain embodiments, P has the formula RD-C(O)-, where

RPisa phenyl, pyridinyl, pyrazinyl, pyrimidinyl, naphthyl, quinolinyl, quinoxalinyl, benzimidazoly,

or dihydrobenzoxazinyl substituted with 0-1 R%and 02 R¥. In certain particular embodiments, P has

the formula RD-C(O)-, where RP is a pyridinyl, pyrazinyl, or pyrimidinyl, which is substituted with a

substituent of formula -O-RE, and R is a substituted or unsubstituted phenyl. In certain other

particular embodiments, P has the formula RP-C(O)-, where R is a phenyl, which is substituted with

a substituent of formula —O-RE, and RE is a substituted or unsubstituted pyridinyl, pyrazinyl, or

pyrimidinyl.

[074]

In some other embodiments, the invention relates to a compound of formula (I7),

wherein P has the formula RC-SOZ-, where R® is -RP or -TI-RD, where T is Cj4 alkylene and RPisa

phenyl, pyridinyl, pyrazinyl, pyrimidinyl, naphthyl, quinolinyl, quinoxalinyl, benzimidazolyl, or

dihydrobenzoxazinyl substituted with 0-1 R% and 0-2 R% In some embodiments, P has the formula

=16 -



{(1R) - 2-cycl obutyl-1 -[((25)-2- { [4-hydroxy-3-(norpholin-4-

yl met hypbenzoyl ] am no} -3 -phenyl propanoyDam no] et hyl }boronic acid 4

[ (1R, 4S, Asp-24t10Be35y 1- 1- (cycl obut yl et hyl ) - 9, 9- di oxi do- 3p&Tdisecov/dB32phenyl - 7
- (2-phenylethyl)-9-thia-2,5,8-triazadec-1-yl Thoronic acid 5
N-[(15)-1-benzyl-2-({(1R) -2-cycl obutyl-1-[(3aS, 4S, 6S, 7aR) - 3a, 5, 5-

tri met hyl hexahydr o- 4, 6- net hano- 1, 3, 2- benzodi oxaborol - 2-yl ] et hyl } am no) - 2-
oxoet hyl] - 2, 5-di chl or obenzani de 6

[ (1R) - 2- cBtbopbpinete B2 i & 6BiiuRd bl isbstiedpienpsndiay Damnel p@imidiny,

phenyl propanoyl } am no) et hyl ] boronic acid 7

[ (1R) - 2- cypIolmkoy quinaxplinyp Sy cortafin nbepianesPhente {ooaw ROIS03- where R” is a
h l i I i . | uffiol ninodx ih enzimi r
LR - o o et SR BT, Sl oS bitopion berapidsroll gr o

et hano- 1dikydpbbengidyioxiztintedwit-Oyll R et §2IR°S 16 kérthinmettioylar cdybddictienty, @rhes 2H- 1, 4-
benzoxazi p- 7- bf.onyl ] amipo} - 3- phenyl propanam de . WO | . .

2016/ 036357 PEHTE 2808, bEaRa 6 PE 39 e Ay msing pbich s substitted with o

R) - 2- cycl Qbutdrot idrbh A2 So &S, H2 RPN suf@infedr unsubstituted phenyl. In certain oth

t ri met hyl hexahydr o- 4, 6- net hano- 1, 35,u2- beenzcr)a?sgxsgttl)lgr 8]1(31“5-' y? feétt nflt ei am no) - 2-
oxoet hy1] paRicplaemanyiments P hagui themid R°-SO,-, where R” is a phenyl, which is substituted with a
N-[(15)-1-benzyl-2- ({(1R) x2- ci((él‘obut yl-1-[(3aS, 48, 6S, 7aR)-3a, 5, 5-

tri met hyl WESIEKRU A @ﬂﬂ%*&éﬁ- PeRA & 7S Bubstifiseoh HsEReHIEE BYUDNK PYRERYA O ani no) - 2-
oxoet hy 1] pyfimdigl.oxy- 3- (mor phol i n- 4-yl met hyl ) benzani de

[075] ~ Representative examples of compounds of formula () are shown in Table 1.
Table 1: Proteasome Inhibitors
4 H @ R o T ,(D
,,SiN\;)LN 50N NS N\:)LN 50"
do -\['E)Ho @ro o) ‘\(HD OH
1 2



11 {(1R)-2-cyclobutyl-1 -[((25)-2-{ [(6-phenoxypyridin-3

-yl )sul fonyl ] am no} -3- phenyl propanoyDam no]ethyl } boronic acid 12

(25) - N- { (wB)efvosy3stiobut y1- 1- [ (3aS, 4S, 6S, 7aR) - 3a, 5, 5-t ri metrhyskéveredsgdr o- 4, 6-
met hano- 1, 3, 2- benzodi oxaborol -2-yl]Jethyl} -2-[(2-naphthyl sul fonyDam no] - 3-
phenyl propanam de 13

N-[(15)-1-benzyl-2-({(1R)-2-cycl obutyl-1-[(3aS, 4S, 6S, 7aR) - 3a, 5, 5-

tri met hyl hexahydr o- 4, 6- net hano- 1, 3, 2- benzodi oxabor ol - 2-yl ] et hyl } am no) - 2-
oxoet hy1] - 3- phenoxybenzam de 14

N-[ (15) - 1- benZg1- 2- ({ (1Ry=R- cycl obut y1- 1- [ (3a{'4S, 6S, 7aR)[3a, 5, 5-
hano- 1, 3, 2- benzodi o@%gpl 02- et hyl } am no) - 2-

tri met hyl hex r g 406-
oxoet hy1] - 2- z¢6 mHdazol e- 5- car boxa g-OH

(25)-N-{(1R) - Zi cypcl Qb _@i&ﬁ 4S, 6S, 7aR) rreithI hexahydr o- 4, 6-
met hano- 1, 3, 2- benzodi bor Hyl ] ethyl} -3 -phenyl-R-} (pyridin-3-
yl sul f onyDam no] pr opamar ni de 16

(25)-2-(acetyl am no) - Ns[ (15) - 1- benzy1-2- ({(1R) - 2-cyc} obut yl -

[ (3aS, 4S, 6S, 7aR) - 3a, 5, 5-t ri net hyl hexahydr o- 4, 6- net hano- 1, 3, 2-

benzodi oxabor ol - 2-yl ] et hyl } am no) - 2- oxoet hyl ] - 4- phenyl but anam de 17

[ (1R) - 2-cycl obuty1-1-({(25) - 3-phenyl - 2-[ (pyr azi n- 2-

yl carbonyl ) am no] propanoyl } am no) et hyl ] bo n| c acid 18

{(1R) - 2-cycl op 5 enyl-2- phenyl - zi m dazol - 6-
yl ) car bonyl ] 4 oI ) m no] et hyl } ‘c \c)lLd
0 _ -Q_CHs

B

I, :
0 o) CH,
O,

Q\'rN\/u\ ,O CHs I\/N\/\O\’{N\)LN g-0 EHs
> SN 2

CH,

PReW IU |
Ny S'N\)L B,OH s

0 { : OH

11 ' 12

Tz
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N-[(15)-1-benzyl-2-({(1R) -2-cycl obutyl-1-[(3aS, 4S, 6S, 7aR) - 3a, 5, 5-

tri met hyl hexahydr o- 4, 6- net hano- 1, 3, 2- benzodi oxaborol - 2-yl ] et hyl } am no) - 2-
oxoet hy1]w@-2p19/B635¢t ri f | uor omet hyl ) phenyl ] am no} ni cot i ramiuie002005324

{(1R) - 2-cycl obutyl-1 -[((25)-2-

{[(4-nethyl-3, 4-di hydro-2H 1, 4- benzoxazi n-6- yl)sul fonyl]am no} -3

- phenyl pr opanoyDam no] et hyl }bor onic acid 21
(25)-N-[(15)-1-benzyl-2-({(1R)-2-cycl obutyl-1-[(3aS, 4S, 6S, 7aR) - 3a, 5, 5-

tri met hyl hexahydr o- 4, 6- net hano- 1, 3, 2- benzodi oxabor ol - 2-yl ] et hyl } am no) - 2-
oxoet hy11- 2- [(benzyl suI f onypam no] 4- phenél bﬁlt anam de 22 R -1-[((25)-2-{

[ (25)-2-( tyl no) - 4- ph | but anoyl i
phenyl pro;@m nom cycl obut yl et hyl boNo '&YAL g-O EHa

{(1R) - 2- cycY olary 1y pSsiheqyL2- ([(2- { [30 3 o~®(CH3
(trifluoronethyl )pfﬁsnyﬂ@ § |3d| n- 3- yl)carbonyl] nol CHy
oni '

pr opanoyDani no] et hyl ct's 24

(25)-N-{(1R) - 2-cycl obutyl-1-[(3aS, 4S, 6S, 7aR) - 3a, 5, 5-tri net hyl hexahydr o- 4, 6-
met hano- 1, 3, 2- benzodi adaborol - 2-yl ] ethyl} -2- {[(6-phenoxypyri din-3-

yl ) sul fonyl ] am no} - 3-phenyl pr opanam de 25

(R)-2-cycl obutyl-1-((2S, 3S) - 3- hydr oxy- 2- (6- phenyl pi col i nam do)

but anam do) et hyl boroni ¢ acid 26

—

N\ / .
S'\NH/U\ /l(l)\ H\)?\ CH
B—O CHa HaC” N I e S
H - H \ CH3
BE Qv
CH3
16

19 20
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(R -2-cycl obutyl-1 -((2S,3 S)-3-hydroxy-2-(pyrazine-2-carboxam do) -

but anam do) et hy | boronic acid 27 (R)-2-cycl obutyl-1 -((S)-3 -(4-m

et hyl benawoi2dmy03@35¢ 6- phenyl pi col i nam i do) - propanam do) echysbawenssee aci d
28

(R)-2-cycl obuty1-1-((S)-3-(4-nethyl benzam do) - 2- ( pyr azi ne- 2- car boxam do) -
pr opanam do) et hyl boronic acid 29 ((1 R)-2-cyclobutyl-1 - { ‘

[ (2S) - 3-phenyl-2-({[3-(pyridin-2- ylcarbonyl)phenyl]sul fonyl}

am no) pr opanoyl ] am no} ethyl)boronic acid 30 {(1R)-2-cycl obutyl-1 4(25)-2-

{ [(1-methyl-1Hi i- 4-ypsul fonyl]Jamno } -3 - yl propan oyDam

i nol ethyl } boronis@Facid 3

{(1R) - 2- cychobut 1-1-KQ;5)- {[(6-norpholin-4-ylp idig- -
ypsulfonyliiﬂiT\ -3H§D§n | py QpanoyDani no] et hyji } or dni Ci%H32 I( 1 R)-
1-[ ((2S) - 2-7{T (K- oAl &F o 3-86X8-r3cks- di hydr o- 24& TNAYserz oNaze - 7-

yl ) sul fonyl ] am no} 23> oyl)anlino]-2-c9c|bﬁ?ﬁy?“ethyl } boronic
acid 34 {(1R)-2-cyclob -1-K(2S) - 3- phenyl- 2-{
[(3-{[5-(trifluoronmethyppyridin-2-

yl I oxyl phenyl ) sul f onylZlam nol pr opanoyDani no] et hyl } b@2onic acid 35
{(1R)-2-cycl obutyl-1 -[((2S)-2- { [(2,5-dichl orophenypsul fonyl]am no } -3-
phenyl pr opanoypar ni no] et hyl } boronic acid

IR ID
Na N\:)LN 50" o/I o ,(D
NH O < _H_ OH

H
Na e Ny Ag-a cn,
oo i H 4.
. O CHs
CFs CH,
.23 24
2 b ©Q le hoO
N N\{)LN g-OH N N\{JLN g-OH
o : H on o : H 0w
H,C” YOH HsC” ~OH
25 26

VY
O SNH
0 (@]
H
HsC i
27 28
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36 ((1 R -2-cyclobutyl-1- { [(25)-2-({ [441,3 -oxazol -5 -yl)phenyl]sul
fonyl } am no)-3 - phenyl propanoyl ] am no} ethyDboronic acid 37

{(1R) - 2- oyolotwByss71- [ ((2S) - 2-{[ (4- et hy1- 3, 4- di hydr o- 2IFcT/US20w8 023324821 n- 6-
yl ) carbonyl ] am no} -3 -phenyl propanoyl )am no] ethyl } boronic acid 38

{(1R) - 2-cycl obuty1-1-[((2S)-2-{[ (2, 5-difluorophenypsul fonyl]am nol -3 -
phenyl propanoyl )am i no]ethyl} boronic acid 39 {(1R)-2-cycl obutyl-1

-K(25)-2- { [(6-phenoxypyridin-3-yl)carbonyl]am no } -3 - pheny | propan
oyparnino]ethyl } boronic acid 40 {( | R -2-cyclobutyl-1 -K(25)-2- {

[ (1- et hyl-2-0x0-2, 3 d| hydro- i ndol-5- yl)sulfonyl] am

- 3- phenyl proyl oronic acid 41 H 9

R) - 2- cycl obut 91- 2- ({[ 4- (pyei ‘\Nyl’uos( gRényl ] sul fonyl }
am no) pr opanoyl]ar ni rm)pe hybhbasoni ¢ acid 42 0'0 : H 6k

{(1R) - 2- cycl obut y1- 1- [ (( 25) -3- hydr oxy- 2- { [ ( 6- phenoxypyn-3-

yl ) sul fonyl | am no} but anoy nol et hyl I boroni c acid 43

alR) - 2-cycl obutyl-1- {'[£928) - 3-phenyl-2- ({[4- (pyri di N-y
yl oxy) phenyl ] sul f onyl }*"am no) pr opanoyl ] am no} et hyl ) boroni ¢ acid 44

o™

LR, Tﬂ‘h
&0 N OH do :
@

31 32
FiC
/I H O
SN0 I'S\\,N\:/U\N l?,OH
0o : H OH
34

ci
/( I N Q.0 H OH
cl \)L - N _E

O
O
"
O-CD
I
Iz
o
I

35 36
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R) - 2-cycl obuty1-1-{[(25)-2-({ [3
phenyl ] sul fonyl} am no) -

-(2-net hyl -
3- phenyl propanoyf |l am no | et hypboronic acid 45
-2-({[4- (pyridi n- 3- PCT/US2009/005324

1,3 -thiazol -

xy) phenyl ] sul fonyl } am no) pr opanoyl ] am no} et hyl ) boronic acid 46
(1R) - 2-cycl obutyl-1-[((2S)-3-hydroxy-2-{[(4-nmethyl-3, 4-di hydro-2H-1, 4-
benzoxazi n- 6- yOsul f onyl ] am nol but anoyl ) am nol et hyl } boronic acid 47
[ (1R) - 2-cycl obuty1-1-0(25)-2-[(isoquinolin-5-ylsulfonyl)am noj-3-

phenyl propanoyl } am no) et hyl ] boroni c acid
"boronic acid" refers to a

I n sone enbodi
by dehydratio
Am Chem Soc.
As used herein,

goronl

((1
{(iR)-Z-qyohohmByﬁwl-{[(25)-3-pheny|
yl o

{

cal conpound contq;nlng

ot
0 cid noiety.

cid conpounds C

oroni ¢ acid anhydride" ref
conpound fornmed by conbi n&i on of two or nore nol ecul €

[77] As used herein, the term
(C}DZ noi ety.

orgm onerlc anhydrldes
,\ et al., |

to a chem ca
of a boronic acid

AS8hy reports ollgoner|¢>arylﬁbr@mlc aci ds. [78]

conmpound, with | oss of7one or nore water nol ecul es. I;%\hen m xed with water,

t he boronic acid anhydﬁlde conpound is hydrated to
I n various enbodlnents

three, four,

cyclic or linear conflguratlon

aci d anhydri des eptide bo

|IIustrated )H(

is an |ntege

the boromc

of formula (

acid conpound.
conpri se two,

enbodi nent s,
(" bor oxi ne")

(3):

39

nor e boronlc acid units,
Non- Ilnltln%ﬁgxanples of oligoneric boronic

ic acids conppund of the i i
] I n fornuleag 1@ ggj\g [t vari able n
preferably 0, ,,Pb . I'n sone

‘Hhhydrlde conpound &
wherein n is 1.

| ease the free boronic
t he boronic acid anhydride can
and can have a

ntion are

Qﬁ cyclic trimer

The vari a Whas the fornul a
40
H4C._.OH
Q.0 Ho o
QT WL
LG
42
HC/ St \)LN
3’“( go : H 6H
44
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H ORat N)rErl Ra2 HO A (3) wherein the variables P, Rai, and Rthe val ues
and preferred val ues descri bed above for fornmula (/). [080]In sone

enbodi nenwe,20r03b3mast 80% of the boronic acid present i mrctrhms26oness2e acid
anhydri de conpound exists in a single oligoneric anhydride form In sone
enbodi nents, at |east 85% 90% 95% or 99% of the boronic acid present in
the boronic acid anhydride conpound exists in a single oligoneric
anhydride form 1In certain preferred enbodi nents, the boronic acid
anhydri de conpound consists of, or consists essentially of, a boroxine
having formula (3 . . [81] The roni c acid anhydri de conpound preferably
can be prepar t he espondi ng bor oni &, aC|UaC O'éxpgﬁure to
dehydrati ng di t 1 N. N Bﬁ@, but not I|-3te w ec ystallization,

| yophi | i zation, expos@ire ¥ olhedt, and/or ex-os ﬁylﬁd agent .

Nonlim ting exanpl es of éﬁ[;lee recrystal | i zath*on soIQeHPﬁ;gnclude et hyl
acet ate, dichloromet hane, héxanes, ether, acetonitrile, ethanol, and

m xtures thereof [82]44nNn sone enbodlnents Z1 and Zg together forma

noi ety derived froma %OFOHIC acid coaneX|ng agent. For purposes of the
invention, the term"boronic acid conplexing agent"” refers to any conpound
havi ng at |east two functional groups, each of which can forma coval ent
bond with boron. Nonlimting.exanples of suitable functional groups i ncl ude
am no, hydroxyl, and carbo In some enbodinents, at le one of the
functi onal grous aﬂd oxyl, group. The ter mus}t{% erlved froma
boronic acid cﬁﬁ; e d&ed&" refers to a n8i Permoving the
hydr ogen at ons on1t ¢t onal groups of a bo?6h| i@ conpl exi ng
agent. [83] As used her , the ternms "boronate estéﬁ[:jnd "boronic ester”
are used interchangeably and refer to a chem cal conpound containing a :
-B(Zl')(Z2) noiety, whet’ein at | east one of Z1 or Z248s al koxy, aral koxy, or
aryloxy; or Z1 and Z2 together forma noiety derived froma boronic acid
conpl exi ng agent having at | east one hydroxyl group.

[076] The compounds in Table 1 above may also be identified by the following chemical
names:
Compound Chemical Names
1 [(1R)-2-cyclobutyl-1-({(25)-2-[(2- naphthylsulfonyl)ammo] 3-
phenylpropanoyl}amino)ethyl]boronic acid
2 {(1R)-2-cyclobutyl-1-[((2S)-2-{[(2-phenoxypyridin-3-yl)carbonyl]amino}-3-
phenylpropanoyl)amino]ethyl}boronic acid
3 {(1R)-2-cyclobutyl-1-[((2S)-2-{[4-hydroxy-3-(morpholin-4-
, ylmethyl)benzoyl]Jamino}-3-phenylpropanoyl)amino]ethyl}boronic acid
4 [(1R,45,7S)-4-benzyl-1-(cyclobutylmethyl)-9,9-dioxido-3,6-dioxo-10-phenyl-7-
(2-phenylethyl)-9-thia-2,5,8-triazadec-1-yl]boronic acid
5 N-[(15)-1-benzyl-2-({(1R)-2-cyclobutyl-1-[(3aS,4S5,6S,7aR)-3a,5,5-

trimethylhexahydro-4,6-methano-1,3,2-benzodioxaborol-2- yl]ethyl}ammo) 2-
oxoethyl]-2,5-dichlorobenzamide

6 [(1R)-2-cyclobutyl-1-({(25)-2-[(2,5-dichlorobenzoyl)amino]-3-
phenylpropanoyl}amino)ethyl]boronic acid

7 [(1R)-2-cyclobutyl-1-({(25)-2-[(3-phenoxybenzoyl)amino]-3-
phenylpropanoyl}amino)ethyl]boronic acid

8 (25)-N-{(1R)-2-cyclobutyl-1-[(3aS,485,6S,7aR)-3a,5,5-trimethylhexahydro-4,6-

methano-1,3,2-benzodioxaborol-2-yl]ethyl} -2-{[(4-methyl-3 4-dihydro-2 H-1,4-
benzoxazin-7-yl)sulfonyllamino}-3-phenylpropanamide

-3



[ 84]

are each i ndependently hydroxy,

In the conpounds of fornulae (1),

-B), and (I1),
or aral koxy;

(r-A, (I

al koxy, aryl oxy,

Z1 and Z2
or Zi

and Z2

t oget her woramoz3msrety derived from a boronic acid conplpexiusgooagesse4 | n
sone enbodi nents, Z1 and Z2 are each hydroxy. In sonme other enbodi nents, Z1
and Z2 together forma noiety derived froma conpound having at |east two

hydr oxyl
ring,

het er oatom og het
attached to boron
t he tern1"conpoun

groups s

said chain or

eparated by at

ring conprising carbon atons and, optionally,

| east two connecting atons in a chain or
a

@pthemo

3 e (155D D80
fvftétSP BOLCAH1GRB- (3R 45, o seye

7
Irithe@3hBxA AR & 4] %ﬁn@ﬁn@¥ %@nﬁ&19ﬂboro?@§
oligpﬁénoJ(ﬁ&%%mM y droxyl groups™ refers to

o

n
1 herein,
Ny

conpound*haviug t

the two
at ons,

preferably
2 or 3 ¢annecting

hydridxy!

;,M ﬁi'ﬁéna@%gzw """" S&ﬂ@ewéé AR
ot woLS

bE’&?ﬁﬁ‘é’é’PP’ﬁgz M amigy-& p
’0’8’ -&yImehyDperzamidey; hydr oxy comJ

nventi on,
Jnnecting
referably
und" may

be used
defi ned
not

gr oups.

t he at of

[

ring.
conpl exi
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Scheme 2: RcCO2H CI - Rat O H3NPG O vi 1. peptide coupling conditions Rat

RAN)( O Vil 2. deprotection 1.
WO 2010/036357 PCT/US2009/005324

26 (R)-2-cyclobutyl-1-((2S,3S)-3-hydroxy-2-(pyrazine-2-carboxamido)-
butanamido)ethylboronic acid

27 (R)-2-cyclobutyl-1-((S)-3-(4-methylbenzamido)-2-(6-phenylpicolinamido)-
propanamido)ethylboronic acid

28 (R)-2-cyclobutyl-1-((S)-3-(4-methylbenzamido)-2-(pyrazine-2-carboxamido)-
propanamido)ethylboronic acid

29 ((1R)-2-cyclobutyl-1-{[(2S)-3-phenyl-2-({[3-(pyridin-2-
ylcarbonyl)phenyl]sulfonyl} amino)propanoyljamino}ethyl)boronic acid

30 {(1R)-2-cyclobutyl-1-[((25)-2-{[(1-methyl-1 A-indol-4-y])sulfonyl]amino}-3-
phenylpropanoyl)amino]ethyl}boronic acid

31 {(1R)-2-cyclobutyl-1-[((2S)-2-{[(6-morpholin-4-ylpyridin-3-
yDsulfonyl]amino}-3-phenylpropanoyl)amino]ethyi}boronic acid

32 {(1R)-1-[((2S)-2-{[(6-chloro-3-0x0-3,4-dihydro-2 H-1,4-benzoxazin-7-
ylsulfonyllamino}-3-phenylpropanoyl)amino]-2-cyclobutylethyl }boronic acid

34 {(1R)-2-cyclobutyl-1-[((2S)-3-phenyl-2-{[(3-{[5-(trifluoromethyl)pyridin-2-
ylJoxy}phenyl)sulfonylJamino } propanoyl)amino]ethyl } boronic acid

35 {(1R)-2-cyclobutyl-1-[((2S)-2-{[(2,5-dichlorophenyl)sulfonyl]amino}-3-

: phenylpropanoyl)amino]ethyl} boronic acid

36 ((1R)-2-cyclobutyl-1-{[(25)-2-({[4-(1,3-0xazol-5-y])pheny!]sulfonyl }amino)-3-
phenylpropanoyljamino }ethyl)boronic acid

37 {(1R)-2-cyclobutyl-1-[((25)-2- {[(4-methy]-3,4-dihydro-2 H-1,4-benzoxazin-6-
yl)carbonyl]amino}-3-phenylpropanoyl)amino]ethyl}boronic acid

38 {(1R)-2-cyclobutyl-1-[((25)-2-{[(2,5-difluorophenyl)sulfonyl]amino}-3-
phenylpropanoyl)amino]ethyl}boronic acid

39 {(1R)-2-cyclobutyl-1-[((2S)-2-{[(6-phenoxypyridin-3-yl)carbonyl]amino }-3-
phenylpropanoyl)amino]ethyl} boronic acid

40 {(1R)-2-cyclobutyl-1-[((2S)-2-{[(1-methy]-2-0x0-2,3-dihydro-1H-indol-5-
yDsulfonyl]amino}-3-phenylpropanoyl)amino]ethyl} boronic acid

41 ((1R)-2-cyclobutyl-1-{[(2S)-3-pheny]-2-({[4-(pyridin-2-
yloxy)phenyl]sulfonyl}amino)propanoyl]amino }ethyl)boronic acid

42 {(1R)-2-cyclobutyl-1-[((2S)-3-hydroxy-2-{[(6-phenoxypyridin-3-
yDsulfonyl]amino} butanoyl)amino]ethyl} boronic acid

43 ((1R)-2-cyclobutyl-1-{[(2S)-3-phenyl-2-({[4-(pyridin-4-
yloxy)phenyl]sulfonyl}amino)propanoyl]amino }ethyl)boronic acid

44 ((1R)-2-cyclobutyl-1-{[(2S5)-2-({[3-(2-methyl-1,3-thiazol-4-
yl)phenyljsulfonyl}amino)-3-phenylpropanoyljamino }ethyl)boronic acid

45 ((1R)-2-cyclobutyl-1-{[(25)-3-phenyl-2-({[4-(pyridin-3-
yloxy)phenyl]sulfonyl}amino)propanoyl]amino }ethyl)boronic acid

46 {(1R)-2-cyclobutyl-1-[((2S)-3-hydroxy-2-{[(4-methyl-3,4-dihydro-2 H-1,4-
benzoxazin-6-yl)sulfonyl]amino}butanoyl)aminolethyl} boronic acid

47 [(1R)-2-cyclobutyl-1-({(2S)-2-[(isoquinolin-5-ylsulfonyl)amino]-3-
phenylpropanoyl}amino)ethyl]boronic acid
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CH3 CF3Ce2- peptide coupling conditions CH3 H3C,, R ,cCH3 O

Fel OHi -BuB(OH) 2, ag HC10 Rai 0 HH RcK N ) (NO HWMeOH hexaneRcj kni)')r OrtH O
iv Rai [WORodwessnatively, the order of coupling react ipomassecan/obws24
reversed, as shown in Schenme 2. Thus, an O-protected glycine (vi) is first
coupled with a substituted benzoic acid (ArC2H), followed by ester

hydrol ysis, to form conpound vii. Coupling with conmpound i and boronic acid
deprotection are then acconplished as descri bed above for Schene | to
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[077] As used herein, the term "boronic acid" refers to a chemical compound containing a

-B(OH), moiety. In some embodiments, boronic acid compounds can form oligomeric anhydrides by

dehydration of the boronic acid moiety. For example, Snyder et al., J. Am. Chem. Soc. 80:3611

(1958), reports oligomeric arylboronic acids.

[078] " As used herein, the term "boronic acid anhydride" refers to a chemical compound
formed by combination of two or more molecules of a boronic acid compound, with loss of one or
more water molecules. When mixed with water, the boronic acid anhydride compound is hydrated to
release the free boronic acid compound. In various embodiments, the boronic acid anhydride can
comprise two, three, four, or more boronic acid units, and can have a cyclic or linear configuration.

Non-limiting examples of oligomeric boronic acid anhydrides of peptide boronic acids compound of

RN

B B

~oU NoT SoH
n : M

the invention are illustrated below:

7
B
o7
1
<W/B\O>,B\W
" )
[079] | In formulae (1) and (2), the variable # is an integer from 0 to about 10, preferably 0,

1,2,3, or4. In some embodiments, the boronic acid anhydride compound comprises a cyclic trimer

("boroxine") of formula (2), wherein  is 1. The variable W has the formula (3):
Ra1
(D 3)
wherein the variables P, Ral, and R have the values and preferred values described above

for formula (7).

[080] In some embodiments, at least 80% of the boronic acid present in the boronic acid
anhydride compound exists in a single oligomeric anhydride form. In some embodiments, at least

85%, 90%, 95%, or 99% of the boronic acid present in the boronic acid anhydride compound exists in

=26 -



Schene 3: CF3CO2- OORO1 HOH 6, Rc N11OH HO vii , 17--CH3 i -BuB(OH) 2,
ag HC10"0 Ra H O MeOH hexaneRc NO ;S: HO rt
WO 2010/036357 PCT/US2009/005324

a single oligomeric anhydride form. In certain preferred embodiments, the boronic acid anhydride

compound consists of, or consists essentially of, a boroxine having formula (3).

[081] The boronic acid anhydride compound preferably can be prepared from the
corresponding boronic acid by exposure to dehydrating conditions, including, but not limited to,
recrystallization, lyophilization, exposure to heat, and/or exposure to a drying agent. Nonlimiting
examples of suitable recrystallization solvents include ethyl acetate, dichloromethane, hexanes, ether,

acetonitrile, ethanol, and mixtures thereof.

[082] In some embodiments, 7' and 7* together form a moiety derived from a boronic acid
complexing agent. For purposes of the invention, the term “boronic acid complexing agent” refers to
any compound having at least two functional groups, each of which can form a covalent bond with
boron. Nonlimiting examples of suitable functional groups include amino, hydroxyl, and carboxyl.
In some embodiments, at least one of the functional groups is a hydroxyl group. The term "moiety
derived from a boronic acid complexing agent" refers to a moiety formed by removing the hydrogen

atoms from two functional groups of a boronic acid complexing agent.

[083] As used herein, the terms "boronate ester" and "boronic ester" are used
interchangeably and refer to a chemical compound containing a —B(Zl)(Zz) moiety, wherein at least
one of Z' or Z* is alkoxy, aralkoxy, or aryloxy; or z' and 7 together form a moiety derived from a

boronic acid complexing agent having at least one hydroxyl group.

[084] In the compounds of formulae (1), (I-4), (I-B), and (IT), Z' and Z* are each
independently hydroxy, alkoxy, aryloxy, or aralkoxy; or z'and Z* together form a moiety derived
from a boronic acid complexing agent. In some embodiments, ' and Z? are each hydroxy. In some

other embodiments, ! and Z* together form a moiety derived from a compound having at least two
hydroxyl groups separated by at least two connecting atoms in a chain or ring, said chain or ring
_ comprising carbon atoms and, optionally, a heteroatom or heteroatoms which can be N, S, or O,

wherein the atom attached to boron in each case is an oxygen atom.

{085] As employed herein, the term "compound having at least two hydroxyl groups" refers
to any compound having two or more hydroxyl groups. For purposes of the invention, the two
hydroxyl groups preferably are separated by at least two connecting atoms, preferably from about 2 to
about 5 connecting atoms, more preferably 2 or 3 connecting atoms. For convenience, the term
"dihydroxy compound" may be used to refer to a compound having at least two hydroxyl groups, as
defined above. Thus, as employed herein, the term "dihydroxy compound" is not intended to be
limited to compounds having only two hydroxyl groups. The moiety derived from a compound

having at least two hydroxyl groups may be attached to boron by the oxygen atoms of any two of its
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vi WD 2010/ 036357PCT/ US2009/ 005324 [93] Conpound iii, prepared as

descri bed above for Schene 1, is treated with a sulfonyl chloride in the
presence wo 2a10bmex7such as dii sopropyl et hyl ami ne to af f ecd/useompoossds vi .
Deprotection of the boronic acid noiety is then acconplished as descri bed
above for Schene 1 to afford compound vii. The order of reactions for
preparation of conpound vii also can be reversed in a manner anal ogous to
Schenme 2. Uses, Forrmulation, and Adm nistration [94] The present invention
provi des hgdropod gmﬁts IPI‘b&Irab@r e pﬁrbeﬁtbmj tnm@gérmtcsnscahacmhﬂopmmh eas teetomd he
conpounds _car ayed in V|t Vi.vo r.their ability to inhibit
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ol | por o et At N r BRBTE, 2 b0y VRREn B Dneee BEmC e b Ui i ¢
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non- cont Qért“%‘&a’GE‘P?‘gme’I‘%ﬂZv%‘F%o%etB%ﬁm gty derved fromp Porapidat i on of
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provi des aneﬂw&uwe&ﬂ Pélaﬁrowo%rws%w PRSP %WY%W@O%@P@%@UW of formula (/),
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and a p ceuti accept e carrier. . rmaceutically

e cent AbHSRBAE 54 EA RGBT P AP RDSHTGole o P S ZRHORAE-t hose
conposi t ingghghoictabié. Badettaipsueh entaldimenissthdaroniedidfoompiesing ageotrigemicacidr or gani ¢
acid or base. For reviews of suitable salts, see, e.g., Berge et al, J
Pharm s@energ,@y,;,hg,,gm;;gyg and Rem ngton: The Science and Practice of

Phar macy, 20 ed. A Gennaro Li ppi ncott WIllianms & WI kins, 2000.
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2- hydr oxyet hanesul f onat e, Iactate, mal eat e, net hanesul f onat e,

2- napht hal enesul fonate, nicotinate, oxal ate, panpate, pectinate,

persul fate, 3-phenyl-propionate, picrate, pivalate, propionate, succinate,
tartrate, thiocyanate, tosylate and undecanoate. [0101] Suitabl e base
addition salts include, without |imtation, amoniumsalts, alkali netal
salts, such as lithium sodium and potassiumsalts; alkaline earth netal
salts, such as cal ciumand nmagnesium salts; other multivalent nmetal salts,
such as zinc salts; salts with organi c bases, such as dicycl ohexyl am ne,
N-net hyl - D- gl ucam ne, t-butylam ne, ethylene dianine, ethanolam ne, and
choline; and salts with amno acids such as arginine, lysine, and so forth.
In sone enbodi nents, the pharnaceutlcéIIy acceptable salt is a base
addition salt of a boronlc acid conpound of fornmula (/), wherein Z1 and Z2
are both hydroxy.



[0102] The term "pharnmaceutically acceptable carrier” is used herein to
refer to a material that is conpatible with a recipient subject, preferably
a manmel ,wonn®/@3s37er ably a human, and is suitable for aelrivsesmngs3an active
agent to the target site without termnating the activity of the agent. The
toxicity or adverse effects, if any, associated with the carrier preferably
are comensurate with a reasonable risk/benefit ratio for the intended use
of the active agent. [0103] The terns "carrier", "adjuvant", or "vehicle"
are used Schtme¢ nhangeably herein, and include any and all solvents,
di luents, and other liquid vehicles, dispersion or suspension aids, surface
active agents, pH nndlf rs, isotonic agents, thickening or efdbsifying
agents, preservatlv@s Gﬁqd bi nders, lubricants a-nd thée%f; Ches suited
éﬁéé:énd Practice
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oil, corn oil and soybean oil, col s such as propylene glycol and

pol yet hyleetﬁreca’gP%/%PBFrate‘eg’tsélf &y ‘é’ﬂ@ﬁ‘"ééheé?tﬂlliy’fy“ﬁ)iiceda‘t”léh amﬂ@tqqyrr ing gaecat-e, agar,
al gi ni ¢ ®Bxhdpled cﬁ@tlaaleeepslaé tdﬂﬁlmgﬁ%za@@ﬂs’maud:‘ep\lvitﬂohﬂﬂmtaﬁbrcGabﬁtidﬁmiidd@é’bg&ﬁs, et hanol ,

i sopropyl aIco and, gl ycer ol clodextri such as
hydr oxypr® §pylcy4§wxyc°a§lf gd@@? b?‘%é) Q%’B'FFB‘BH&V‘%@PW 3 'itg%%%ﬁ%@%ﬁ%

| ubr i cantpbosphminmasagsotd) etgnbbraumyiolstyldxattls(dmdlytmgmmbapmMar ate, petrol eum
hydr ocar r I rel easi ng
agent s, ?8%?‘#%% O o e (A R B BN
preservaﬂﬁ@@@w ughieireflop@herets ( al so be present in the conposition,
according to the judgnent of the fornulator. [0104] The pharmaceuti cal
conposi t il of t hEomprraiiiivhereaypbd withnarhesy isreid (RO} leafferdwempoukdhiown i n
the art sy cﬂeeeptfagmﬁsmg ORHiond BB IO for Fle Xbpdng SHeSRMYENGnd i are also
encapsul ating, Tyophilizing, or enulsifying pr cesses anong ot thers

Conposi t isetblerfenrotnding pagepaensdii with REGD . Deprotentinn of fhe bordhin geigmaietyltiem,

8; |eg:jplo'; %I;fgrrﬁsé g/o%(fé)ﬁ)r?d aﬁ V\B%‘o%%norpg%%?léﬂargb%g Wd:ggépsgfj l{}fetrezseestgrrlfllca du 1é gt agzr up
supposi t Giphesic mtijreef@mprm@, thestypuni astescomspingiiy, n orgeripleaneriicasis orervohkionS.

[0105] Acgpe di ng.t o&?bgﬁg 1€e%{jﬁr?d%a%'u9m'em ke conpositions of this
invention ar€ féfnﬁ ar ceutlca1 adm nistration to a mammal ,
preferably a human bei ng. Such pharmaceuti cal comnpositions of the present
invention may be administered orally, parenterally, by inhalation spray,
topically, rectally, nasally, buccally, vaginally or via an inplanted
reservoir. The term"parenteral" as used herein includes subcutaneous,

i ntravenous, intranuscular, intra-articular, intra-synovial, intrasternal
intrathecal, intrahepatic, intralesional and intracranial injection or

i nfusi on techni ques. Preferably, the C@ﬁpositions are adm nistered orally,
i ntravenously, or subcutaneously. The formul ations of the invention may be
designed to be short-acting, fast-releasing, or long-acting. Still further,
conpounds can be adm nistered in a |local rather than system c neans, such
as adnlnlstratlon (e g., by |nject|on) at a tunDr S|te [0106]L|qU|d dosage

o r L 1



[0108] Solid dosage forms for oral adm nistration include capsules, tablets,
pills, powders, and granules. In such solid dosage forns, the active
conpound we 2moxsassi th at | east one inert, pharmaceuti caciryusamoepisabl e

exci pient or carrier such as sodiumcitrate or dical cium phosphate and/ or
a) fillers or extenders such as starches, |actose, sucrose, glucose,
mannitol, and silicic acid, b) binders such as, for exanple,

car boxynet hyl cel | ul ose, al gi nates, gelatin, polyvinylpyrrolidinone,
sucrose, Shanezaci a, c¢) hunectants such as glycerol, d) disintegrating
agents such as agar--agar, calciumcarbonate, potato or tapioca starch

al gini c acid, certalncelhvcatesr;amduﬂmdgunr bvhate e) solution
retardi ng agembs such ref f LS gb ondi sorp el erators such as

guat er nary annnnrunrconpo ds, @)depmtiod Ng agent’s such as, for exanple

cetyl al cohol and gl ycewmol nonostearate, h) absdrbents such as kaolin and
bentonite clay, and i) lubricants such as talc, calcium stearag®s, nagnesi um
stearate, solid polyethylene glycols, sodiumljauryl sulfaﬁﬁ"a &Hnlxtures

thereof. In the case of capsules, tablets and prIIs -the dps form may
al so conprise buffering agents such as phosphdt e§F6P2 c&iydhelt es.
[0109] Solid conpositions of a simlar type may al so be ert yed as fillers

in soft and hard- filled gelatin capsul es using such exci pkents as | actose
or mlk sugar as well as high nol ecul ar wei ght po%*g&&mﬁ&g&mg$ycols and the
| i ke. The solid dosage forns of tablets, dragges, capsules, pills, and
granul es can be prepared with coatings and shglls such as enterlc coatlngs
and ot her coatings well known in the pharnaceNiicaI formul ating art. They
may optionally contain opacifying agents and can ,a sofﬂ%Hof a conposition
t hat they relg@se bhe active, i agnedignt (s) onFy, oﬁ erentially, in a
certain pamgiafnhg |nteQM4¥ﬂ—4racL——opt| i del ayed manner
Exanpl es ®f Enfeddi My conposMeQtdeanet hat c%n be u§é€‘?nclude pol ymeric
subst ances and°wa Solid conpositions of a &nm type may al so be
enployed as fillersTin soft and hard-filled gekati n~Tapsul es using such
exci pients as |lactose or mlk sugar as well as high nol ecul ar wei ght

pol et hyl ene egcoI and the like. [0110] The active conpounds can also be in
m cr o- eni@’r}kur 2t e MSPAVE Ch BiFE O urmséea&%eer B ERteYeras KR 1BBYYRE 2 The

sol i d dogaggadf OfpidiecRl glyaihd @%)Fs firstcBERRASNithGAMSHIURE berRbik h&id (400,19 ANW&S can
be prepared with coatings and shells such as enteric coatings, release

cont r ol | iPHESIESHIPRHYS ‘Oafﬁﬂn eRernddia CryRYAE With Fommri andibarenis aslepratedtioni cal

f or mul at iaRghearatcompishsdiBlie g abdddbel@ I@IRhdn2I1TE affdd@ cadgfolnddy. conpound may be

adm xed with at | east one inert diluent such as sucrose, |actose or starch.
Such dosd&@pe] f or ns Amyxealphoy syothPicirass foap}e;iaeatnmcﬁmkulfbnﬁ@éﬂtiﬂgboraxddhdici onal

bst ther th bl | ubri cant d oth
b et 1 ngoBRYERelR Hetp oS Run LR AR T st a1 1 ne el 1 ui ose. I n

the case of capsules, tablets and pills, the dosage fornms may al so conpri se
buf feri ngcleger3t s. They may optionally contain opacifying agents and can

al so be of a conposition that they rel ease the active ingredient(s) only,

or preferentially, én #Tcertarn part of the intestinal tract Ub tionally,
in a del ayed manner, Wﬁles of enbeddrng conposrtrons *be used

i ncl ude I [ ance waxes.' ‘TT%sag or toplcal or
transdergg(%ggnfﬁrggratldh ofk g;pﬂﬁ HéQgﬁgihhs ’kﬁw\oﬁq ncl ude

oi ntments, pastes, eams, |otfons, gePs“Wﬁ%%ﬁers soPutrgﬂF _Sprays,
i nhal ants or patchess The actiVvke conponent is adni%ed und ¥

sterile
conditions with a pharmaceutically acceptable carrierjand any needed
preservatives or buffers as may be required. Opht hal m &S¢8kPEAatHFon, ear
drops, and eye drops are al so contenpl ated as being thin the scope of
this invention. Additionally, the present invention c ntegphdt§§1the use of
transder nal patcge§F@mh|ca*have t he padslsd, g@wantaq; f pr8 7dEng “control | ed
delivery of a co@ﬁ% Nppathe bady——Sueh—aesa mﬁfgans de by

di ssol ving or dRSpenslng t & conpouft@ibaent he prepetl nEdizunmP Absor ption
enhancers can al so be uség\to i ncreas& the flux of th2 cbgg ound across the
skin. The rate can hg controlled by either providingva ra controlling
menbrane or by di spersing the conmpound in a polynmer matrix or gel. [0112]In
sonme enbodi ments, the conmpound of forrmula (I) is adm nistered
intravenously. In sone such embodi nent¥; the conpound of formula (1)
wherein Z1 and Z2 together forma noiety derived froma boronic acid

conpl exi ng agent can be prepared in the formof a |yophilized powder, as
descri bed in Planondon et al., WO 02/059131, hereby incorporated by
reference |n its entrrety In sone enbodrnents t he Iyophrlrzed pomder also

o o r o [ 1 I oy -~ . M - [



according to the procedures described in Plarnondon et al., WO 02/059131.
Thus, in sone enbodi nents, the nmethod for preparing the |yophilized powder
conpri seswo(2ajo/@3s¥par i ng an aqueous m xture conpri si ng &charseswoosses d
conmpound of forrmula (/), wherein Z1 and Z2 are each hydroxy, and a boronic
acid conpl exi ng agent; and (b) Iyophilizing the m xture. [0115] The

| yophi |l i zed powder preferably is reconstituted by addi ng an aqueous sol vent
suitabl e for pharmaceutical adm nistrations. Exanples of suitable

reconsti tl0A3] on sol Cempmind iicprepghesd asuldstribad aoveriot S¢heoa ], isvedated witk akulfogyl and
hosphat |

Feconsti CaPiap e oSt daowe st BELRLAR ki 0B Hnloft i PBYcF

equi | i briofithe b@oes@@rbmbisth@dh@@pmhshad W@nh@d@b@\@tf@‘rscbmﬁddg afford gempokied

corr espongli 'T“Qecfr&&%fx@&'h%'f& p?&;lm%&] &lé’ﬂlﬁ%d Vi a3 REELBRAN TR SAnerequi |1 bri um
is reached quic e.g., wthin 10-15 mnutes, after the addition of
aqueous ﬁﬁﬂ?ﬁ?HﬁtoT%be"reeq ative concentrations of boronate ester and boronic
acid present at equilibriumis dependent upon paraneters such as, e.g., the
pH of t hesapFerviutarion, betvpRtimtnaiien the nature of the boronic acid corrpl exi ng
agent, and the ratio of boronic acid conpl exing agent to boronate ester
conpound [f¥ksent i fihepreseityropitioh proedeyromdends thd kegpEhieniphitrsrdteut i cal

conposi tingRSsdie. (HEIPYGAL bbe Qrs%fee E AR Yord) Sivd BF Bk &iReofiRfibifdBkAbmd.r at i on
to a pati ent havi ng, or at risk devel opi ng or experiencing a recurrence
of, a pr &eéléﬁ?éﬁﬁ’n%ﬁd%?ﬂ)@tﬂOHPrg't%’r"d’é%TadatFPfe term"patient”, as used herein,

nmeans an p nor.e preferabl h n. Preferred
phar macetﬁ@gLal con{S&fé‘?‘E‘?f ot tf‘erftrf']%a HPRFPTLROY e @ Hég?qﬁﬁ‘%?ﬂ“&toe‘a‘)rfor oral,

i Nt r avenmosg peptidasa doguitica pEoproteasdint i asden abin;mmgldommmeg a cedlriy wbith proeasatrev e
dosage f?rhu'ﬁtlo%‘?{‘ée@ﬂre’a' a3 rhpo%lﬁ?ﬁe%yrg)e&ﬁgré Yo éh @ACXSICQF‘%%'&ME &, SQaRouUnd of
the i nvention are wel vmf) n ounds o outine ex per {ation and

t her ef or éstergr|boropjicagifl anhydridedlieno of the instant invention. In sone

enbodi nents. the pharmaceutical conposition of the invention may, further
conpri se [996bt her tWeer‘&ﬁéiﬂ”ra@%@éﬁﬁsamﬁh@cfﬁ‘é"}eﬂﬁ‘&ﬁﬁeﬂﬁ?ﬂ foratighy COMRIISHEr

Ej hel’apeUtcbrﬁacﬂ@@zniellhISWHIEIESUE}hﬂhlbitlSn Raesvad tith adm/ amﬁitderceslc;dtterematr}ueﬂtr&ew th the
| sease qQr g tr 036357P us2009/ 005

0757 By “pREPR SRR epied B e RGN STt SHRRRA A8 ISR BUPT 1 ci ent
to causecdl rdzetbemratjl aommT@aeeed wlliprscvepaaite cals honcpityctadrwithhiie 1sleb1®r|my of a
prot easo d oLdet AR 1 £A3 phRiRI ded
will dep g% ogAt%F& gg;fhgec{t]?vear?ebggﬁ%f E@P%&lgpﬁ)r g?ﬁ;{nﬁ Bh%}vaé%rs?:e | type
and the |°@h@@w1tbfe& |awMTTé>qMSrTeaesat/oWMré§tecelh@redrl séﬂhderowthregsﬁéqlrdduw% be

under st 0@ghak)kh &a%&@s%efxﬂd?c@lﬁb’i@ﬂ&a@ﬁdaﬁ Ee&ﬁdd%ﬁﬁmea[s@rmgm@é”gr&% aNywiparticul ar
pati ent V\A|| depend up r|et of factors1 i.ncl udin gactlvrty of
the speciPIPEsBHEYTR getﬁi) %féf@ma"betﬁl(‘fﬁ] SWEIhgRE- Coﬁ%ﬁgf I health, sex,
and di et the p m.ni St rat te retron drug
conbi nat |[®f7g t he | Pre %eht% %rf)wﬁ'hfce?lrs(%%tacedw'h emh’bam”sretaé‘??% severr ty of
t he part iabayk éﬂ%ehoselag’ed th giomgh efmemta@ithcted hfels ahmamus embaddfukints et gtolifdntionpeut i ¢
agent Pr g5 &Rkkdlcds RARAS) wma&fab&uhm anmmbbe@o%yrrlamésk YboW dsby e no more
t han the anount that woul d 'nor nal adm nistered in a conposition
conpri si KR40 t’?ﬁ’é%"&‘ﬁ%’iﬁ‘ieﬁs a{ggme eaeoqlwetemeyhr&a nhpiting 6¢lt Prolferatiosy abl y, t he
igg;ntfoﬁnﬁﬁﬂébatrbdhﬂﬁdn ifh melhameul b Gnta@eielisibd domp@d @eoh oiacaaells. 5&%350 about
ooteam)ut.noma.. resent in.a conposition.co isin t agent
2o the. oS BT Pe s BT OReraisB it s SPORSBT G Brep: Sefted i
i nventi Omnqlrgb\grcd'esreaardméd)ﬂ:lwnﬂﬂgo groethtarresy taundero prograinaed cedj deoh (iat ri sk of

devel opi i i rence of, a proteasone-nedi ated di sorder.
As used Hgo ?QSIS)eéﬁﬁ{lhO%éErgng&m?&&ggeg%ne medi at ed di sorder” incl udes any

di sorder o] Seask afineFRp&, tmeq,rverrmrnq)rbvrdés é;]ﬁfHﬁr%@elﬂEal e&ﬁgoe%r%anzpﬁgngw an
increase in pr ot easorre expressi on or acti1 vl t whi ch requl res EI‘ ot easone

act i vi t y commaung effermul (Bt B3 SBHB AT DY @aepéﬁb%rliﬁrb@marceed ?‘H‘é’ﬂﬁﬂ?é@re&

di sor der a pRirseas®aly accprdietchreier. i N whi ch i nhibition of proteasone activity
is beneficial. [0119] For exanpl e, conpounds and pharnmaceutical conpositions
of the i r{ﬁﬂehti onf aphermesefticdlly iaceeptrtdasatrefithe ofmpdirgiof terisvendiisadtidecdun theger ot ei ns
(e.g. d sone
bt (vl ty O Ry BRP o Bier e vl Skt BOUL AR rpeBb bt
rheumatoid arthritis, inflammtory bovgj di sease, asthma, chronic
obstructive pul nonary di sease (COPD) steoarthritis, dermatosis (e.qg.,
atopic dermatitis, psoriasis)), vascular proliferative disorders (e.g.,

at heroscl erosis, restenosis), proliferative ocular disorders (e.g.,

di abetic retinopathy), benign proliferative disorders (e.g., hemangi omas),
aut or mune d| seases (e 9., rruI ti pI e scl er osr S, t| ssue and or gan I’E] ectr on)

oy S o, o o o



[0121] Differences in enzynme kinetics, i.e. the dissociation half-lives,

bet ween various proteasone inhibitors may result in differences in tissue
di stri butworromiostise vari ous inhibitors, which may | ead tgoraistéosnessees in
safety and efficacy profiles. For exanple, with slowy reversible and
irreversible inhibitors a substantial proportion of the nolecules may bind
to proteasones in red blood cells, the vascul ar endothelium and

wel | - perfused organs such as the liver (i.e. the nost 'imediately

avai | abl euitjdreahiRAsoERS Befpe b, JOPRIKinRYE. 66:01TP ISUTRAY Rmindibe SFhe Stk and ght

ohd'atf Zif%%ﬂ%%{@?m%ﬁ?%% 8- GBTe. Danore Wiehs 5 Vithot i ching <o be.
bound by gr Y N&nsntﬂlr %?a%%tles %/uet le(:) ar1c§d a% 1t1I r? ¥a§ inplgée tgé) gH?\? ggsaceﬂ? t nore
I SS I'S u

rapi dly ciate easorne ri e nore e tlveyto
tunors, |adwdtieradginat, iisn?ﬂatwwmm betngamp sulfpoate, istlfate, bufyrsongtrateybaetihomist s, t he
i nventi Orl:aﬁlﬁﬁo?-gxﬁﬁ)ngté) cﬁldﬁ@ﬁtmgrogl%até Eh%f%t;&n@g (ﬁ)d%fsﬁl% et‘l%nteﬁlligﬁéﬂé: fimarate,

corrprl SI ng dm ni steri n% ati ent a conpound of any one of formul as
(1), Aycohgptanggte, olyperqn P&)Phatmém@?lfﬁteta h@tae@%epbwa@xwdmctﬂgﬂ% dsbeenide i on
hal f - | i f ehyBrloiot 28,2 -HyBrd Ry efandiifIakte Sactdtd) mARAE, mgammaksz natphmen@&mum
exhibits a d| ssoci ation haI f-life Ojfatlf’f}si than 10 m nu

[ 0123] Nor P A PHf % RAMBIC e teaRT Ry P‘F?B’t"“%}%\ﬁ‘cbaée ‘P’@%‘F SPREER ¢ he
di scl osedugintectaserphiocpands, tovylste amidindebenqa@ncr eat i ¢ cancer; bl adder cancer;
col orectal cancer; breast cancer, including netastatic br east cancer;
prost at e [BHker ; Suitakl¢ bagé argitian shlte tpehidel eitbert Emitatipn.chmampa votrelts, pisdeperldent

prostat e GRNGRE as IRAR! so® &R GRS potdsdisih Y NHkalife &rth m&ats@%st akh & Jaﬁrw ang®l |
carci noma; hepatocel | ular cancer; |ung cancer, including ., non-snal |

cell | und“aéé‘??ﬁ‘g’rsa](‘ﬁ\lgﬁf(ﬂ)u‘tlvﬁwﬁtﬁ’&q‘ﬁl 6“}1@&51‘19}\53’6?"3? SaétéerSE‘FSﬁHWé’r%aBA@)‘S"*S Al as
adenocar clidyosRex@hminBeV-ethg; D- @Mt - By akihe, ethﬂ@;hd}cdanmge e@m@lamlr&m@r essi ve
eplthella eriton eaI cancer; cervica ance ) ancer;
coophageal” 5 Bur hinBRah el € 3REEE viRt G b 8 e ARthmats 8er)
carci nomh@fna@dqecahjeatdemb@ sple ke basratidinorsalt ofrvdqun&:rmxdccpmpmmd:aﬁfomuﬂa @ncl udi ng
net ast at i 10€ crine tunors; brain tunors, including, e.g., gliomg,
anapl ast |V§1 %fn% QQD ei)(inh}(?'dmxyadul t glioblastoma nultifornme, and adul t
anapl ast i trocy soft .tiss

[0124] Nor{‘ﬁoa]rsn ti ngtrge)r:gfr?lplt%%}%a?e °aﬁ3é?cci§pt%fe el i ‘ﬁ%&jn%’eé“s{" TR0 2HREY ¢ 1 eat ed
Wi t h t he teit Scbopatible prith @ eeeiptantsubiatti mfte@bls ammh@hlelomferamayehm:m, dndikem a

(AML);  chiipieGor B BlARER M e agéhlf%%@tar(gg\ﬂ-té wnma%m;lmg e qaivﬁg B hagtL and
(@\Y I o] ast phas acute | ynphob] astic | eukenta chroni c

| ynphocytl? thlé?ﬁk%rrﬁd‘éers(ee%fﬁ‘)ts lf%@wﬂat%d ‘m%té%l%aéﬂ PJBferabHcﬂ’F JSBERSRIUFRIE VIR Aph o e
(NHL) , i nedsotdbla gsksehéfit edtib @dr theyinpiiedaseantic GANE ag,emcel | 1 ynphorma; B-cell

| ynphoma; T-cell |ynphoma; nultiple nyeloma (MM ; Wl denstroni s

macr ogl oljeloBdhemi Ere tampelcadtigs’ptadimvane’, sy/iveliderese (sbBlerchangedbiydierein, mref inaedeor y
anem a ( r.ef O, RS ef ract ory
anom & wihmeiBSLBRPNRADGY @t ihlla LR SL OB & AR Ronlali Rlesanth

myel opr olagdnés eit mpdifigrgnwionireagenty thlcﬂg]lflgrprSmnlélfmmtmr%%vatw%emb@)hipdnmd or

conposi t ijgickbrs Al ehe iR BWuit@o kR pEiSiBelarlddsaht Rfh d&irRRtRSMor DA Dk Bh 11 SK
erienci n a recurrence in . a cancer selected fromthe

of develo in

group co ?‘1 ?(ré’hff P BT-eSInd) P EREOriRPineat Y ibame ) Wilkjnspt9Rdiscless1 26] | n
some errb@dmcme BdrsSers \Tlshdimmirﬁiuﬁaﬁg);ﬂ‘ﬁrmdﬁhltlballyQEceﬁtfabl& Eenpol@R ahdihoivh tedktiduat St er ed
in conjunction W not herapeutic agent. The ot het ther utlc agent
may al SOQI n %?ptarai fe e rogthg(ée %H’\%Ofa'ga?an convegnonﬁ{c(g"ﬁ?mg T PP RRE R’ﬁee ni sm

I n sone dryouperads of, thetlmntmnmph asthe pendeditg 2y agesitabledicdepal difatt or sthereiseal |y
adni ni st eigghih@inAleleRNbR ndhhd? “Atngnﬂﬂ%&@&#poﬂém@ tHelph@halGhidAg hdct pfd. The
prot easone i nhibitor of the 1nvention mnistered Wt e ot her

t her apeutPEPOSHERt!s Pif icoaiepglaisd @dseawg@mftb% Sﬁ"PRj’frOfﬁ%S la"e%ﬂ;?aﬁw%exélfo@lasg@ form
When adninfitesibie vadh a6 serve @m&&h&ud&ﬂﬁg&eﬁtwmanm&n&&da eJut 4085t RMEd loCioRgeNt
may be adm ni st ered nme as, fol | ow ng

e st PR T Pl dieate. RIS PO RS R DR FUEFY] | 1 some
enbodi nmeufer sebspnet sl asphosphiiespedrtmnated, mhgresiuvh aydrédxXide aad aldlﬁﬂnﬂmS'nb/ﬁbﬁde in
conjunctl - eg here nti.cancer
agent " elrn éms%ngcgﬁd%gg%%nﬁﬁgﬁbﬁg?%@ (fer 8d" 8 o%s(fimrart efarb[nf? aﬁ'g?icer
for pur poses of treating the cancer. [0128] Non-limting exarrpl es of DNA
damagi ng chenot herapeutic agents i ncl utfe



t opoi sonerase | inhibitors (e.g., irinotecan, topotecan, canptothecin and
anal ogs or netabolites thereof, and doxorubicin); topoisonerase ||

i nhi bi t orwo(2e103¢35et oposi de, teni posi de, and daunor ubi cipaxjusadokpbssbs ng
agents (e.g., nelphalan, chloranbucil, busulfan, thiotepa, ifosfam de,
carnustine, |onustine, senustine, streptozocin, decarbazine, nethotrexate,
mtonycin C, and cycl ophospham de); DNA intercalators (e.g., cisplatin,
oxal iplatin, and carboplatin); DNA intercal ators and free radical

gener at omates ps&hg@s&da I“aarryﬂts 0} elevtrdlytes @dcﬁ asprotemine sifateCdisodRumbthydro gen

5-fl uor our aci | ncita

et oot oBfRele. pARRES idPiel BhosIS el Aforigr, MBI ot Tl

[012 9] Chanmehemawwauemoagmmlt Wnthe,qbbBadnx)atesc@hXes rpepbthydatefpo}yoxylmtdpmldr& g
it I c an

ot e St G Al S P CR R PG TR 0 B

CC- 5013 &lagh @@W@@?s}archpeedivlewﬁnﬂ if$ desivativesauptnassodivin cdbaxgmethyl gelpylose |etlmﬂt i ni b

nesyl at e cangsafbictiiultisDicetaR! RIWAESOFE bR tH: ahﬁ , QEISti| eaicgemlpma{s%&%qmo% NF- KB
i nhi bi tors i ncl udi_ng i nhi bitors of I|KB kinase: antibodies which bind to

prot ei ns Wé?‘@)?b?@%‘g’@dw?xﬁs e 3 Pyt q'h%we%mﬁéwr oif: &eseras 91l PEYSI i cat i on
(e.qg. tba&bmmmsoybdah umlgm&s s&ﬁtaypfb;rwe‘ae gl@Marbﬁjb@@ﬂhi]Brﬁ'@l&col afgls REhar

|nh|b|tor enz S requl.at ed ver - expressed
or nct i vareeof Bl Putle RREARRRART BHlobt < Mietinleg. st ST

repl i cat etbanol, ls\mo@@m&ma&&aa&maws&o&mwe&a&m&w kueh @ ld@roxyrayyl Bhi s

I nvention ref der st follo r epar at nd testing
exanpl _es%%?ogie)gg tf(ﬁ’}{tytléﬁ) cycﬁg%ll’é@%f'ﬁnﬁ&ﬁwﬁf g"dﬁ‘&/\}g‘frﬁl SHE gr t est
speci fi cmegepon m@&atemdolamhMcarbmsbechca@mi;terameldarﬂs)ettolmm| @gomdgagansope of
the inve @WXF @%9 '

BOCtert - %Eéta%X %:gg?t g%ﬁ %%f\]}rsret hy rlg%g chf h&ngég%ﬁg ?%%Bé[rg tl%sﬁﬁ%i num
hydri de EMtEAdRISEpRIEHYA msmnm @MWODPWFWWW the jyagmeieof the formulator.

EDCI N- ( 3- di nmet hymam no pyl) - N - et hyl carbodi i m de hydrochl| ori de

[0104] e pharm CCUUC 1 compositions of the invention can be manufactured by methods well
known in the art such as conventional granulating, mixing, dissolving, encapsulating, lyophilizing, or
emulsifying processes, among others. Compositions may be produced in various forms, including
granules, precipitates, or particulates, powders, including freeze dried, rotary dried or spray dried
powders, amorphous powders, tablets, capsules, syrup, suppositories, injections, emulsions, elixirs,

suspensions or solutions.

[0105] According to a preferred embodiment, the compositions of this invention are formulated
for pharmaceutical administration to a mammal, preferably a human being. Such pharmaceutical
compositions of the present invention may be administered orally, parenterally, by inhalation spray,
topically, rectally, nasally, buccally, vaginally or via an implanted reservoir. The term "parenteral" as
used herein includes subcutaneous, intravenous, intramuscular, intra-articular, intra-synovial,
intrasternal, intrathecal, intrahepatic, intralesional and intracranial injection or infusion techniques.
Preferably, the compositions are administered orally, intravenously, or subcutaneously. The
formulations of the invention may be designed to be short-acting, fast-releasing, or long-acting. Still
further, compounds can be administered in a local rather than systemic means, such as administration

(e.g., by injection) at a tumor site.

[0106] Liquid dosage forms for oral administration include, but are not limited to,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In
addition to the active compounds, the liquid dosage forms may contain inert diluents commonly used
in the art such as, for example, water or other solvents, solubilizing agents and emulsifiers such as

ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
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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, and perfuming agents.

[0107] Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or wetting agents
and suspending agents. The sterile injectable preparation may also be a sterile injectable solution,
suspension or emulsion in a nontoxic parenterally acceptable diluent or solvent, for example, as a
solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be employed are
water, Ringer's solution, U.S.P. and isotonic sodium chloride solution. In addition, sterile, fixed oils
are conventionally employed as a solvent or suspending medium. For this purpose any bland fixed oil
can be employed including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid
are used in the preparation of injectables. The injectable formulations can be sterilized, for example,
by filtration through a baéterial-retaining filter, or by incorporating sterilizing agents in the form of
sterile solid compositions which can be dissolved or dispersed in sterile water or other sterile
injectable medium prior to use. Compositions formulated for parenteral administration may be

injected by bolus injection or by timed push, or may be administered by continuous infusion.

[0108] Solid dosage forms for oral administration include capsules, tablets, pills, powders,
and granules. In such solid dosage forms, the active compound is mixed with at least one inert,
pharmaceutically acceptable excipient or carrier such as sodium citrate or dicalcium phosphate and/or
a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol, and silicic acid, b) binders
such as, for example, carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and
acacia, ¢) humectants such as glycerol, d) disintegrating agents such as agar--agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate, e) solution retarding
agents such as paraffin, f) absorption accelerators such as quaternary ammonium compounds, g)
wetting agents such as, for example, cetyl alcohol and glycerol monostearate, h) absorbents such as
kaolin and bentonite clay, and i) lubricants such as talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In the case of capsules, tablets and

pills, the dosage form may also comprise buffering agents such as phosphates or carbonates.

[0109] 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 sugar as well as high molecular weight
polyethylene glycols and the like. The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings and other coatings well

known in the pharmaceutical formulating art. They may optionally contain opacifying agents and can
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also be of a composition that they release the active ingredient(s) only, or preferentially, in a certain
part of the intestinal tract, optionally, in a delayed manner. Examples of embedding compositions that
can be used include polymeric substances and waxes. 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

sugar as well as high molecular weight polethylene glycols and the like.

[0110] The active compounds can also be in micro-encapsulated form with one or more
excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and granules can
be prepared with coatings and shells such as enteric coatings, release controlling coatings and other
coatings well known in the pharmaceutical formulating art. In such solid dosage forms the active
compound may be admixed with at least one inert diluent such as sucrose, lactose or starch. Such
dosage forms may also comprise, as is normal practice, ad_ditional- substances other than inert diluents,
e.g., tableting lubricants and other tableting aids such a magnesium stearate and microcrystalline
cellulose. In the case of capsules, tablets and pills, the dosage forms may also comprise buffering
agents. They may optionally contain opacifying agents and can also be of a composition that they
release the active ingredient(s) only, or preferentially, in a certain part of the intestinal tract,
optionally, in a delayed manner. Examples of embedding compositions that can be used include

polymeric substances and waxes.

(0111} Dosage forms for topical or transdermal administration of a compound of this
invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays, inhalants or
patches. The active component is admixed under sterile conditions with a pharmaceutically acceptable
carrier and any needed preservatives or buffers as may be required. Ophthalmic formulation, ear
drops, and eye drops are also contemplated as being within the scope of this invention. Additionally,
the present invention contemplates the use of transdermal patches, which have the added advantage of
providing controlled delivery of a compound to the body. Such dosage forms can be made by
dissolving or dispensing the compound in the proper medium. Absorption enhancers can also be used
to increase the flux of the compound across the skin. The rate can be controlled by either providing a

rate controlling membrane or by dispersing the compound in a polymer matrix or gel.

[0112] In some embodiments, the compound of formula (I) is administered intravenously. In
some such embodiments, the compound of formula (I) wherein z! and 7 together form a moiety
derived from a boronic acid complexing agent can be prepared in the form of a lyophilized bowder, as
described in Plamondon et al., WO 02/059131, hereby incorporated by reference in its entirety. In
some embodiments, the lyophilized powder also comprises free boronic acid complexing agent.
Preferably, the free boronic acid complexing agent and the compound of formula (Z) are present in the
mixture in a molar ratio ranging from about 0.5:1 to about 100:1, more preferably from about 5:1 to

about 100:1. In various embodiments, the lyophilized powder comprises free boronic acid
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I nternmedi ates were run on a Hew ett-Packard HP1100 using the follow ng
condi ti on®0 2pDIBARIsFor m ¢ Aci d: Phenom nex Luna 5 pm C18PB&0/Us26b9603323 col umm
at 2.5 nL/mn gradient of ACN containing O to 100 percent 0.1% Form c Acid
in H0 for 3 mn. [0134] Amoni um Acet ate: Phenom nex Luna 5 pm C18 50 x 4.6
mm col um at 2.6

complexing agent and the corresponding boronate ester in a molar ratio ranging from about 10:1 to

about 100:1, from about 20:1 to about 100:1, or from about 40:1 to about 100:1.

[0113] In some embodiments, the lyophilized powder comprises boronic acid complexing
agent and a compound of formula (7), substantially free of other components. However, the
composition can further comprise one or more other pharmaceutically acceptable excipients, carriers,
diluents, fillers, salts, buffers, bulking agents, stabilizers, solubilizers, and other materials well known
in the art. The preparation of pharmaceutically acceptable formulations containing these materials is
described in, e.g., Remington: The Science and Practice of Pharmacy, 20th Ed., ed. A. Gennaro,
Lippincott Williams & Wilkins, 2000, or latest edition. In some embodiments; the ﬁharmaceutica]

composition comprises a compound of formula (7), a bulking agent, and a buffer.

[0114] The lyophilized powder comprising the compound of formula (I) can be prepared
according to the procedures described in Plamondon et al., WO 02/059131. Thus, in some
embddiments, the method for preparing the lyophilized powder comprises: (a) preparing an aqueous
mixture comprising a boronic acid compound of formula (1), wherein z! and Z? are each hydroxy, and

a boronic acid complexing agent; and (b) lyophilizing the mixture.

[0115] The lyophilized powder preferébly is reconstituted by adding an aqueous solvent
suitable for pharmaceutical administrations. Examples of suitable reconstitution solvents include,
without limitation, water, saline, and phosphate buffered saline(PBS). Preferably, the lyophilized
powder is reconstituted with normal (0.9%) saline. Upon reconstitution, an equilibrium is established
between a boronate ester compound and the corresponding free boronic acid compound. In some
embodiments, equilibrium is reached quickly, e.g., within 10-15 minutes, after the addition of aqueous
medium. The relative concentrations of boronate ester and boronic acid present at equilibrium is
dependent upon parameters such as, e.g., the pH of the solution, temperature, the nature of the boronic
acid complexing agent, and the ratio of boronic acid complexing agent to boronate ester compound

present in the lyophilized powder.

[0116] The pharmaceutical compositions of the invention preferably are formulated for
administration to a patient having, or at risk of developing or experiencing a recurrence of, a
proteasome-mediated disorder. The term "patient", as used herein, means an animal, preferably a
mammal, more preferably a human. Preferred pharmaceutical compositions of the invention are those
formulated for oral, intravenous, or subcutaneous administration. However, any of the above dosage
forms containing a therapeutically effective amount of a compound of the invention are well within
the bounds of routine experimentation and therefore, well within the scope of the instant invention. In
some embodiments, the pharmaceutical composition of the invention may further comprise another
therapeutic agent. In some embodiments, such other therapeutic agent is one that is normally

administered to patients with the disease or condition being treated.
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m xt ure VEY%t 1588 PY eaT”}‘? ‘%ﬁ‘?&tefiﬂgoﬁf’r é’)ﬁ? {gclpdss apy W?%A?F?é%lorvﬁo?dr\“%‘ﬂ er
(300 ni) ,whhnhllrnﬂalt(o’ﬂ(d)(f)prnte)spmdmtedyB\benieﬁaxllhydrous Na2SO4 and concentrated. The
resi due was purified by columm chronat ography (petrol eum ether: ethyl
acetate 40191 1 - 2Forkxanipde, adrippruatdsiand pramedewitad cOmgddBiony,of 82 %vpitmhede as a

colorles %Se?till Iiri treatment of disorders mediated via proteins (e.g., NFxB, p27Kip, p21WAF/CIP1, p53) which
are regulated by proteasome activity. Relevant disorders include inflammatory disorders (e.g.,
rheumatoid arthritis, inflammatory bowel disease, asthma, chronic obstructive pulmonary disease
(COPD), osteoarthritis, dermatosis (e.g., atopic dermatitis, psoriasis)), vascular proliferative disorders
(e.g., atherosclerosis, restenosis), proliferative ocular disorders (e.g., diabetic retinopathy), benign
proliferative disorders (e.g., hemangiomas), autoimmune diseases (e.g., multiple sclerosis, tissue and
organ rejection), as well as inflammation associated with infection (e.g., immune responses),
neurodegenerative disorders (e.g., Alzheimer’s disease, Parkinson’s disease, motor neurone disease,
neuropathic pain, triplet repeat disorders, astrocytoma, and neurodegeneration as result of alcoholic
liver disease), ischemic injury (e.g., stroke), and cachexia (e.g., accelerated muscle protein breakdown
that accompanies various physiological and pathological states, (e.g., nerve injury, fasting, fever,

acidosis, HIV infection, cancer affliction, and certain endocrinopathies)).

[0120] The compounds and pharmaceutical compositions of the invention are particularly useful
for the treatment of cancer. As used herein, the term "cancer" refers to a cellular disorder

characterized by uncontrolled or disregulated cell proliferation, decreased cellular differentiation,
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proteasome inhibitors include pancreatnc cancer; bladder cancer; colorectal cancer; breast cancer,
including metastatic breast cancer; prostate cancer, including androgen-dependent and androgen-
independent prostate cancer; renal cancer, including, e.g., metastatic renal celf carcinoma;
hepatocellular cancer; lung cancer, including, e.g., non-small cell lung cancer (NSCLC),
bronchioloalveolar carcinoma (BAC), and adenocarcinoma of the lung; ovarian cancer, including,
e.g., progressive epithelial or primary peritoneal cancer; cervical cancer; gastric cancer; esophageal
cancer; head and neck cancer, including, e.g., squamous cell carcinoma of the head and neck;
melanoma; neuroendocrine cancer, including metastatic neuroendocrine tumors; brain tumors,
including, e.g., glioma, anaplastic oligodendroglioma, adult glioblastoma multiforme, and adult

anaplastic astrocytoma; bone cancer; and soft tissue sarcoma.

[0124] Non-limiting examples of hematologic malignancies that can be treated with the
disclosed proteasome inhibitors include acute myeloid leukemia (AML); chronic myelogenous
leukemia (CML), including accelerated CML and CML blast phase (CML-BP); acute lymphoblastic
leukemia (ALL); chronic lymphocytic leukemia (CLL); Hodgkin's disease (HD); non-Hodgkin's
lymphoma (NHL), including follicular lymphoma and mantle cell lymphoma; B-cell lymphoma; T-
cell lymphoma; multiple myeloma (MM); Waldenstrom's macroglobulinemia; myelodysplastic

syndromes (MDS), including refractory anemia (RA), refractory anemia with ringed siderblasts
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Step 2:(25)-2-am no-N1(1R) -2-cyclobutyl-1- [(3a5, 45, 65, 7aR)

- 3a, 5, 5-trinet hyl hexahydro- 4, 6-net hano-1, 3, 2-benzodi oxaborol -

2-yli et hywp-28topisessyl pr opanam de-FI Cl [0140] I nto a 1- neekTrusaevdAobis4 om
flask was added tert-butyl [(15)-1-benzyl-2-({(1R)-2-

cycl obutyl-1-[(3aS, 45, 65, 7aR) - 3a, 5, 5-tri nmet hyl hexahydr o- 4, 6- net hano- 1

, 3, 2- benzodi oxabor ol - 2- yl]ethyllam no)-2-oxoet hyl ] carbamate (0.550 g, 1.05
mol ), nethylene chloride (6.00 nL, 0.0936 nol), and 4.0 M of hydrochloric
aci d i n XRARS), oxfaneftandfiamtith efce@MasBURAEB) e RINBH it frénsferaativh (RAERI Ttand oom

t enper at The sol vent and HCl1 were renoved in vacuo to
give 0.51 lo%&éﬁaqvg%@%%o? desired product as a white solid. Step

3:tert Bm's[(l 5) shte Linbdki h
5 ben;[y]_ 12 n_ e %Zf X lloTﬁn)t/sl’t i 2:10 oundo c%rgpoa;ltlgg oféhe 1gvegt10n is used to treat
t

trimet hyl%&@h%ﬁ@ﬂnme&w deeaiping ose@erbe@ﬁlz@we@mbw@aca,n_'wgnswmdﬁondh@ no) - 2-

oxoet hyl | gadwp ResHasd Ml tptednf2aRMhPheRK cti Fgh te [0141]Into a 1-neck
round- bottom fl ask was added (25)-2-am no-N{(1R)-2-cycl obutyl-1-

I[(3a5I ]45 [ﬁﬁﬁVaR) Bﬁx éﬁnﬁeﬁlb(bd’fﬁénlfbyghﬁﬁé&ﬁs}édléQﬂxﬁnt&'dfﬂfehﬁ@fl;oﬁ,is?ad&irﬁw@édlﬁi oxabor o
-2-yl]et en am 0.511 mmol )., Bpc-honmophe- OH
(171 m Pk SO ERRORPeR 15 el Miaisic she) P Al G 02
N, N- di rretplntyttafsmmarnnde)pérm b a differe, m@HFanivol Jn fooielembatiméys, e other therapeutic
Nd' i sopr 298y ls%k@%gt%&xgalfy%dx%mste%d t%%'an%?ts W&IZ dlgerageo(WcélﬁleﬁL b%l\ét%akg gy ature.
The m xture was stirre roomtenperature overni was renoved
f r om t he PFEgeemeoRNibi ok eliPeinyaRieT mpkedmingtsepdini theeé*m thFrﬁ@euP‘e@e@m@a Hegle f i ed

by prepardatagy ol bﬁ:asla@eﬁ&%a%gégé\fdnhleme@&mmstgbd/@ ad Yol 1 otdr t he
desired product as a

V\{r)‘l solid. %RlO/ 036357 &% 9/ 005324 %t ep
4: (25) -2 ﬂaempﬁ‘&wﬁgﬁ[n { T8y ame’ésﬁeiif’lp“Qr o3 Pryameting asy o flieyyipe #4 mlpf%%{@na%t %5, 7aR)
- 3a, 5, 5- praicas@ibdiyhibiex aftyclineentidn. 6- et hano-1 3 2- benzodi oxaborol -
2-yllethyl }am no) -2- oxoethyl]-4- phenyl butanam deHC1 [0142]Into a
1- neck rd®3d}l bot t oin soing sikbadimentsdalprdteaseme inhibityrlof fofrh@®) €11 is @drhipib@jed in benzy 1- 2-

({(lR) 26l QB Mlantinli laR@Pagbm: ASudedRreidAnoter tahlidiRleh¥deRe XAy dhhy fheft- TBL han
benzodl o}%lﬁra%'f““?t%ﬂd]t‘é% wylestarihsaceiopwmetn ol Famieatss €atBHony 1) - 3- phenyl pr opy!
bamat 98 .000434 t.hyl hl d 0. 047 I
Lna" Chen 287 ¥7 of UNORFBURE SrirEies bt U HeseeinB SRt e 5 %12 ol ) The

m Xture mlssméraseédma)utonsmgnmmm afpote@nfoamptdfedin mdtasdogs bhmwetatwlileyent s
d
TR A A ) PRSI oo oo
, 7aR) - 3a,2 y@tmg agents (e.g., melphalan, chlorambucil, busulfan thlotepa ifosfamide, carmustine,

tri net hyhhaxak, 3hamd, GeBblanRoabadng TRABESHI NRRALRIC, 2addy ISR YhARE no) 2-0
xoet hyI i 4&23@%@& ;nasmqg?) 014%] I n'?o a 20 rrf s1 cintillat |Jgn§é/| gﬂ vvas) added

(2S) - ?55 e.g. f)‘m% 0X9 1;{];{%1,1@51 cagboplatin); DNA intercalators and free radical

generators such as bleomycin; and nucleoside mimetics (e.g., S-fluorouracil, capecitibine,

gemcitabine, fludarabine, cytarabine, mercaptopurine, thioguanine, pentostatin, and hydroxyurea).

[0129] Chemotherapeutic agents that disrupt cell replication include: paclitaxel, docetaxel,
and related analogs; vincristine, vinblastin, and related analogs; thalidomide, lenalidomide, and
related analogs (e.g., CC-5013 and CC-4047); protein tyrosine kinase inhibitors (e.g., imatinib
mesylate and gefitinib); proteasome inhibitors (e.g., bortezomib); NF-xB inhibitors, including
inhibitors of IxB kinase; antibodies which bind to proteins overexpressed in cancers and thereby
downregulate cell replication (e.g., trastuzumab, rituximab, cetuximab, and bevacizumab); and other
inhibitors of proteins or enzymes known to be upregulated, over-expressed or activated in cancers, the

inhibition of which downregulates cell replication.
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cycl obutyl -1-[ (3aS, 4S, 6S, 7aR) - 3a, 5, 5-tri net hyl hexahydr o- 4, 6- net hano-1, 3, 2-b
enzodi oxaborol -2- yl]ethyllam no)-2-oxoet hyl]-4-phenyl butanam deHa (52.0
ng, 0. 083ormmlgss3sacetonitrile (5.20 nL, 0.0996 nol), aeetrivs2@alysied de
(8.68 i.tL, 0.092 nmmol), N, N-diisopropylethylamne (36.4 !'IL, 0.209 rol)
and N, N-di net hyl am nopyridine (0.0005 g, 0.004 nmmol). The m xture was
stirred overnight and the precipitate was filtered and washed with Et20 to
give 0.028 g (53%yield) of product as a white solid. Step 6:{( |

R) - 1-f ((3@30R- [ ( 28)or@er (Hactis yrlvartion 8 méreFgninlidssan@y follawing @lepar@ive and

phenyl pr noyl )am nol - _2-cycl obutyl et hyl } boroni¢c acid [0144]1nto,a 1-neck
P oo ot Raf bR 4ol nhclesRs e Rled P e RE 1 shss s Sy geptnd™

2- ({ (1R) -agyolbe bansyrikd ds [irhi8ag3hd SopS f taRhvedinnSn nytwaynet hyl hexahydr o- 4, 6- net h
ano-1, 3, 2- benzodi oxaborol - 2-yl ] et hyl } am no) - 2- oxoet hyl ] - 4- phenyl but anam de
(24.8 ng, 0.0395 mol ), nethanol (0.237 nL, 5.86 nmol), hexane (0.237 ni,
1.81 mmol ), hydrochloric acid (0.0889 mvol, 0.0889 nmol) and

2- met hyl propyl boronic acid (8.65 ng, 0.0849 mmol). The m xture was stirred
at roomtenperature overnight. The reaction m xture was purified by
preparative TLC in 10% MeOH CH2C12 to give 9.90 ng (51% vyield) of desired
product as a white solid. Ili NVWR (CD30D, 300 WHz, 8): 7.32-7.12 (m 10H);
4.74 (t, J=7.94 Hz, 1H); 4.26 (dd, J= 5.49, 8.55 Hz, 1H); 3.14- 3.05 (m
2H); 2.66-2.55 (m.2H); 2.48-2.41 (m 1H); 2.19-2.05 (m 1H); 2.04-1.89 (m
8H); 1.89-1.69 (m 3H); 1.58-1.36 (m 3H); 1.33-1.22 (m 1H. WO

2010/ 036357PCT/ US2009/ 005324 Exanpl e 3: D-Mannitol ester of
{(1R)-1-[((2S)-2-{[(25)-2-(acetyl am no) - 4- phenyl but anoyl | -

am no} - 3- phenyl propanoyDani no] - 2- cycl obut yl et hyl } boronic acid [0145] To the
above product { (I R- 1 -[((25)-2- { [(25)-2-(acetyl am no)-4-

phenyl but anoyl Jam no} - 3- phenyl pr opanoyDam no] - 2- cycl obut yl et hyl } bor oni ¢
acid (9.90 ng, 0.0201 mol) was added tert-butyl alcohol (1.21 ni, 0.0127
nmol ), water (1.21 ni, 0.0672 nol) and Dmannitol (72.0 ng, 0.395 mmwol). The
solution was frozen at -78 C and placed on | yopholizer for 40 h to afford
80.1 ng (97% yield) of a white powder. Exanple 4:Additional

N-acyl - pepti dyl boroni c acid conmpounds [0146] The foll owi ng boronic acid
conpounds were prepared by procedures anal ogous to those described in
Exanpl es 1-2 above. Al conpounds al so were converted to the correspondi ng
Dmannitol esters as described in Exanple 3. Conpound
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1H NVR (Varian 300mHz) 17 1H NMR (CD30D, 300 MHz, 8): 9.17 (s, 1H);
8.88-8.75 (m 1H); 8.77-8.64 (m 1H); 7.40-7.15 (m 6H); 5.13-4.98 (m 1H);
3.28- 3. 2IWOm10A1%3572. 57-2. 48 (m 1H); 2.26-2.11 (m 1H) PCR2aBe020852{ m 4H);
1.89-1.71 (m 2H); 1.62-1.42(m 3H); 1.42-1.30(m | H). 3 I HNIVIR (CD30D,
300 MHz, 8): 7.66-7.57 (m 2H); 7.35-7.27 (m 5H); 7.27- 7.20 (m | H;
6.80 (d, J= 8.79Hz, IH); 4.98-4.91 (m 1H); 3.77-3.68 (m 7H); 3.24-3.15
(m 2H); 2.62-2.52 (m 5H); 2.51-2.45 (m 1H); 2.19-2.07 (m IH); 2.07-1.93
(m 2H); 1.88-1.71 (m 2H); 1.61-1.38 (m 3H); 1.35-1.23 (m 1H). 23 IH NW\R
(CD30D, 300 MHz, 8): 8.37-8.32 (m EMAMPBES7-8.12 (m 1H); 8.08- 8.01 (m
1H); 7.77-7.70 (m 111); 7.49-7.40 (m 1H); 7.39-7.19 (m 9H); 6.92- 6.85
(m 1H); 5.01-4.91 (m 1H); 3.27-3.19 (m 2H); 2.21-1.92 (m 4H); 1.90-
1.72 (m 2H); Defimtient 40, (m 4H) 1.38-1.25 (m 1H). 2 I'H NVR (CD30D, 300
Mz, 8): 8 35-8.27 (m 111); 21815(m 1H); 7.52- 7.42 (m 2H);

7.35-7. 08 Nn 10H); 5.03 (t, ac?}"mi”*F 32Hz, 1H); 3.19 (d, J= 7.32Hz, 2H);

2 60 2 4800m 1H): 2 29 2 15er(Bnt0)lych|})QnyQ 11-1.94 (m 2H); 1.91-1.71 (m

45(m 7 I H NVR (CD30D, 300 MHz, 8):
7 54 7. 3??‘4 7 31 7. 13" %%genééi}%” 04- 6.99 (m 2H): 4.96-4.89 (m
IH); 3. 2@11?3‘\113 m 2H); 2. 53hls>b4w1a(mnmmydn® 21- 2.07 (m | H; 2.07-1.93
(m 2H); plEg9-1.71 (m 2H); d%scf;?op}le?n a&rme 3H); 1.36- 1.21 (m 1H). 6 IH NWR
(CD30D gg/%lsz 8): 746741%} - 7.35-7.25 (m 6H); 4.99- 4.92 (m
1H) ; 09 (m 2H); 2.5¢imet ‘i"-H) 2.22-1.95 (m 3H); 1.90- 1.72
(m 2H) ; EDCB63-1.40 (m 3H) ]\Zl:(33ﬂmé.th)2é}m(1mroﬂylﬂ)]\/”-eﬂtﬂdcﬁ.rbbd&ﬁﬂe(f@%ﬂﬂbri@00 VHz,
5): 8.17p§Q8 (m 21-1); 7Mac§%t(m 6H); 7.39- 7.21 (m 6H); 5.00 (t, J=
8.30Hz, I H): 3.29-3.21 57-2.48'(m 1H); 224194 (m 3H);
1.90-1.72 (m 2H); 16414110%5{] 3H); 1.40-1.25 (m 1H). WO
2010/ 0368HBPCT/ US2009/ 005324. -hydroxybenztriazole hydrate

homophe-OH homophenylalanine

HPLC high performance liquid chromatography

LC/MS liquid chromatography mass spectrum

LiHMDS lithium hexamethyldisilazide

min minutes

NMM 4-methylmorpholine

R¢ retention time from diode array spectra

TBTU o-benzotriazol-1-yl-N,N,N’,N’-tetramethyluronium tetrafluoroborate
THF tetrahydrofuran

TLC thin layer chromatography

Analytical LC-MS Methods
LCMS conditions

[0131] Analyses of boronic acids were run on a Waters Symmetry 3.5 um C18 6 x 100 mm
ID column using the following gradient:

Solvent A: 1% acetonitrile, 99% water, 0.1% formic acid
Solvent B: 95% acetonitrile, 5% water, 0.1% formic acid
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npl e

(1R) - 2-cycl obutyl-1-[1((2S)-2-{[ (6-phenoxypyridi n-3-yl)sul fonyl ] am no) -
phenylwoaepawsyisyamn no] et hyl ) boronic acid (11) Step PCT/US2009/005324
2S)-N-{(1R)-2-cycl obutyl-1-1(3aS, 4S 6S, 7aR) - 3a, 5, 5-tri met hyl hexahydr o-
4, 6- met hano- 1, 3, 2- benzodi oxabor ol - 2- Aet hyl } - 2-

11(6- phenoxypyri di n-3-yl)sul fonyl | am nol -3- phenyl propanam de [0147]Into
a 20 nL vial was added (25)-2-am no-N-{(1R) -2-cyclobutyl-1-

[ (3aS, 4], 6S, 7aR) -3a, 5, 5-tri nmet hyl hemahydrlo- 4, 6- et hano- 1, 3,

2- benzod|i_oXmixor ol -A Pay| ]iet BYy4W]- 31 phemu]priopanam deHC1(46. 3 ng, 0.109 nmol)
(prepareld as0 descrphed ijn Ezanpl €, TholF (]1.47 mL), NN

di i sopropyl®s hyl amowe ((47. 50@b, ) | and.06- pHenoxy- 3- pyri di ne sul f onyl
chloride (3284 g.)o.0The im Xbmoe was siirrgd at room tenperature overnight.
The producto.gvas| pups.bi ed byspreparatiive TLC on silica plates using 50%
ethyl acletave i ph hexaneg tosgive|35 ng desiired product as a white solid.
Step 2:{(1R)-2-cyclobutyI-1II((25)-2-

{1(6- pheaxjpyr i di Spe@rayif nsarthéddemasIweparumeon a H8wlett-Packard HP1100 using the following

phenyl pr O% %8%“ am nol ethyl I boronic acid [0148]Into a 20 nL vial was added
(28) - N-{? &) -cycl obutyl-1-[(3aS, 4S, 6S, 7aR) - 3a, 5, 5- trinet hyl hexahydr o-

4, 6-nmeth -1, 3, 2-benzadi oxabor ol - 2-yl ] et hyl_.- 2- 6-.phen i.di n- 3-
yOsul Tonltr i not -3kt SPORh Fit VELEE g T e o A Rk

( 2- net hy brpdiopyt AORcOMisin@Ciod 0§ pQccht OO FoMidXeld eainlood Tmaci d (0. 107 nmol ),
nmet hanol (0.285 nL and hexanes (0.285 nlL.) The m xture was stirred at room
t enper at [ $410ver ni Ghkonibh RRethiBepRRNARS 1haY S Lm‘lﬁ?ﬁﬁﬁ@@-'}rﬁ’x{ &thn@l2 @i scar ded.
The remal ning sol vent was renoved in vacuo and the residue purified by

pr epar at inkéni pi@diem o§ ACNcentphiag @& 108 pergenl VMM ORinomunChR€Rit@intth Ogonemih8. 4 ngy
(74% vyield) of desired product as a white solid. 1H NVR (CD30D, 300 MHz,

5): 8. 36p{Sumd): ( g.—_}cg@gg,m_[@ 45D gst%‘é ng?@'yfz 3% feffudm 10H);
e R e R S R

1.37-1.22 (m 1H). anpl e 6: D-Mannitol ester of
{(1R)-2-cycl obutyl-1-[((2S)-2-{[% enoxypyri di n- 3<y_é sul %nyl ] ami no) -

3- phenyl Qé&p%t_)ﬂt)(&ﬂ no|@§5¥ytt) bi6Y c_aoj do[:0449] Tot he: abov pr edugt
{(1R) - 2- cyCl obadetd vl [ (8 o { b 6Bkl Eﬁ%”&l%ﬂa I N- 35 oieaL, znct, ,15’\()@[3&

Exa
5:{
3-

1:(

ypsul f onyl ] am no} - 3- phenyl pr opanoyDam no] et hyl } bor ohi7ecaci d f
0. 0352 mmol ) was added tert-butyl al cohol (é. 12 m, 0.0222 nol),” water
(2.12 m., 0.118 mol), and mannitol -D (12% ng, 0.697 mmwol ). The sol ution was

frozen at ;{(73% C and aced on L tophol i for 40 h. The resulting
{(1R)-2-c SiEs - (- P - "o xypyridin-3-yl)sul fonyl ] am no}
- 3- pheny| pFépahoy) ) At t hyf'Y'bor ofi,c [ C6H1406] was obtai ned as
142.6 ng (97% vyi efd)j of a white powder. ,
Step 1: (3aS5.48.65)-2-(dichloromethyl)-3a,5.5-trimethylhexahydro-4.6-methano-1,3.2-
benzodioxaborole (intermediate 1)
[0135] To a solution of CH,Cl; (80 mL, 1.2 mol) in THF (800 mL) at -80 °C to -90 °C was

added n-BuLi (2.5 M in hexane, 480 mL, 1.2 mol) under N5 and the reaction mixture was stirred for

1.5 h below -80 °C. B(OEt)3 (200 mL, 1.2 mol) was added in one portion and the mixture was stirred
for 1 hat-45 °Cto -30 °C. Aqueous HCI (5 M, 240 mL, 1.2 mol) was then added dropwise at

temperature below -20 °C and the resulting mixture was stirred at -20 °C for 4 h. The organic layer
was separated, and the water layer was extracted with Et0 (100 mL X 2). The combined organic
layer was dried over anhydrous Na;SO4 and concentrated to give an intermediate. The intermediate

was re-dissolved in Et,O (800 mL), and pinanediol (188 g, 1.1 mol) was added to the solution. The
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Exanpl e 7: Addi ti onal N-sul fonyl -peptidyl boronic acid conpounds [0150] The
foll ow ng conpounds were prepared by procedures anal ogous to those

descri bedwonotexvsagzre 5 above. All conpounds al so were cegvarsted/0dss24 he
correspondi ng D-manni tol esters. Conpound 1H NMR (Varian 300nmHz) 12 IH NWR
(CD30D, 300 MHz, 8): 8.33-8.29 (m | H); 8.01-7.89 (m 3H); 7.72- 7.59 (m
3H); 7.12-6.98 (m 5H); 4.23 (t, J= 7.32Hz, 1H); 3.04-2.93 (m IH);
2.89-2.78 (m | H); 2.16-1.66 (m 6H); 1.51-1.26 (m 3H); 1.21-1.09 (m

| H). 8 1htadiMdr nfiGLI8OBEs sti3dd oWdridght &)roon teRPerdturkAnd then &hbehtr&tecﬂﬁ-vﬂcuﬁ)?l’hém 2H) ;

7 07 472%]%#,%55 _pHéﬁ %zlg:glu%pgﬁlroé rFﬁgjl_'apélH@tr?leum FtEﬁr el%}?ﬁ g@itale@ 10 h) 43]2)4%‘1’22( r8n1

(m 1H) afforg Intermegiafent (1909, 602 yR8H2. 13 (m 1H); 2.13-1.99(m 2H); 1.96-1.78
(m 2H); 1.67-1.44 (m 3H) 1.40-1.27 (m lH) 4 1H NVR (CD30D, 300 MHz,
8): 7.393kp3: Pehforé-b-cl dbbu 173a%15 “tritheth hc(x@}l at); 4.17 (s,
2H); 3.87- 4B-m okdm (i edl e . 2.58-2.43
(m 3H); 226210 (m 1H) 207191 (m 2H); 189168 (m 4H); 1.60-1.26
(m 4H) . [018siInpoundTo Mg (13.60 g, 560 mmol) in THF (650 mL) was added DIBAL (1 M in toluene, 9.1

mL, 9.1 mmol) under N,, and the mixture was stirred for 30 min at room temperature. Intermediate
2 (40.6 mL, 360 mmol) was then added dropwise below 40 °C and the reaction mixture was stirred at
room temperature for 2.5 h. After cooling to -78 °C, the solution was transferred to a solution of

intermediate 1 (70 g, 0.267 mol) in THF (400 mL) at -78 °C under N, protection and the resulting

mixture was stirred for 45 min. ZnCl, (1 M in Et;O, 750 mL, 750 mmol) was then added in one
portion, the mixture was allowed to warm to room temperature and stirred overnight. To the reaction
mixture were added ethyl acetate (800 mL) and sat. NH4ClI (350 mL), the mixture was stirred for 1 h
and the organic layer was washed with water (300 mL), brine (300 mL), dried over anhydrous
Na;SO, and concentrated. The residue was purified by column chromatography (petroleum ether:
ethyl acetate =20: 1 ~ 2: 1) to afford intermediate 2 (65 g, 82% yield) as a colorless oil.

Step 3: N-{(1R)-2-cyclobutyl-1-[(3aS.45.65)-3a,5.5-trimethylhexahydro-4.6-methano- 1,3,2-

benzodioxaborol-2-yllethyl}-1.1.1-trimethyl-N-(trimethylsilyl)silanamine (intermediate

3
[0137] To a solution of LIHMDS (1 M in THF, 500 mL, 0.5 mol) in THF (500 mL) at -78 °C
was added a solution of intermediate 2 (130 g, 0.438 mol) in THF (700 mL) under N; protection.

The reaction mixture was allowed to warm to room temperature and stirred overnight. The solvent
was removed by rotary evaporation and the residue was taken up with 1.0 L EtoO/Hex (1:1). The
solution was filtered through a pad of silica gel (300 g) and washed with 500 mL Et;O/Hex (1:1). The
solution was concentrated to give intermediate 3 (166 g, 90%) as a colorless oil.

Step 4: (1R)-2-cyclobutyl- 1-{(3aS.4S5.65)- 3a,5,5-trimethylhexahydro- 4,6-methano-1.3, 2-
benzodioxaborol- 2-yl]ethanamine*C,HO,F; (intermediate 4)

[0138] To a solution of intermediate 3 (166 g, 0.39 mol) in Et;O (1.5 L) was added a

solution of TFA (92 mL, 1.2 mol) in Et,O (500 mL) at -45 °C. The mixture was allowed to warm to
room temperature and stirred for 1 h. The precipitate was collected by filtration and washed with

Et;O (200 mL X 3) to give intermediate 4 (103 g, 71% yield) as a white solid.
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1H NMR (Bruker 400nHz) 1H NMR (CD30D, 400 MHz, 8): 8.37 (s, 1H) 7.62 (d,
1H 7.1-7.3 (m 5H) 6.70 31 (d, 1H 4.52 (m 1H) 4.22 (m IH 3.78 (m 4H)
3.67 (m wboBy@Ba3stm 1H) 2.88 (m | H 2.39 (m 1H 2prt2/US20090bH322. 02 (m
2H) 1.93, (m 2H 1.55 (m 2H 1.45 (m 1H) 1.33 (m 1H 1H NWR (CD30D,
400 MHz, 8): 8.49 (s, 1H) 8.16 (d, 1H) 7.78 (d, 2H) 7.21 34 (m 7H) 7.07
(m 1H 4.61 (m 1H 4.21 (m 1H) 3.03, (m IH 2.8 (m 1H 2.40 (m 1H)
2.15(m 1H 2.0 (m 2H 1.81 (m 2H) 1.55 (m 2H) 1.42 (m | H 1.37(m
1H) Example 2: {(1R)-1-[((2S)-2-{[(25)-2-(acetylamino)-4-phenylbutanoyl]amino}-3-
phenylpropanoyl)amino]- 2-cyclobutylethyl}boronic acid (22).

Step 1: tert-Butyl [(15)-1-benzyl-2-({(1R)-2-cyclobutyl-1-[(3aS.4S.6S5,7aR)-3a,5, 5-
trimethylhexahydro-4.6-methano-1.3,2-benzodioxaborol-2-y!l]ethyl }amino)- 2-
oxoethyl]carbamate

[0139] Into a 1-neck round-bottom flask was added intermediate 4 (496 mg, 1.26 mmol) N-
(tert-butoxycarbonyl)-L-phenylalanine (0.362 g, 1.36 mmo}), TBTU (0.640 g, 1.99 mmol), and N,N-
dimethylformamide (10.0 mL, 0.129 mol). Then N,N-diisopropylethylamine (1.12 mL, 6.40 mmol)
was added dropwise at at -45 °C The cooling bath was removed 20 min later and the mixture was
stirred at room temperature overnight. The reaction mixture was partitioned between ethyl acetate and
water, then the organic layer washed with 3 x 100 mL water and 3 x 100 mL brine. The organic layer
was dried over sodium sulfate and solvent removed in vacuo. The resulting residue was purified by

column chromatography in 40% EA/hex to give 0.55g (84% yield) of product as an off-white solid.

Step2: - (28)-2-amino-N-{(1R) -2-cyclobutyl-1- [(3aS,4S5.6S,7aR) -3a,5.5-trimethylhexahydro-
4.6-methano-1,3, 2-benzodioxaborol- 2-yl]ethyl}-3-phenylpropanamide*HCI

[0140] Into a 1-neck round-bottom flask was added zers-butyl [(15)-1-benzyl-2-({(1R)-2-
cyclobutyl-1-[(3aS$,45,6S,7aR)-3a,5,5-trimethylhexahydro-4,6-methano-1,3,2-benzodioxaborol-2-
ylJethyl}amino)-2-oxoethyl]carbamate (0.550 g, 1.05 mmol), methylene chloride (6.00 mL, 0.0936
mol), and 4.0 M of hydrochloric acid in 1,4-dioxane(6.00 mL, 0.024 mol). The mixture was stirred at
room temperature for 30 minutes. The solvent and HCl were removed in vacuo to give 0.517g (99%

yield) of desired product as a white solid.

Step 3: tert-Butyl [(18)-1-({[(15)-1-benzyl-2-({(1.R)-2-cyclobutyl-1-{(3a5,45.6S,7aR)-3a,5.5-
trimethylhexahydro-4.6-methano-1.3.2-benzodioxaborol-2-yllethyl }amino)-2-
oxoethyllamino}carbonyl)-3-phenylpropyllcarbamate

[0141] Into a 1-neck round-bottom flask was added (25)-2-amino-N-{(1R)-2-cyclobutyl-1-
[(3aS,48,6S,7aR)-3a,5,5-trimethylhexahydro-4,6-methano-1,3,2-benzodioxaborol-2-yl]ethyl}-3-
phenylpropanamide (217 mg, 0.511 mmol), Boc-homophe-OH (171 mg, 0.614 mmol), TBTU (246
mg, 0.767 mmol) and then N,N-dimethylformamide (14.5 mL, 0.187 mol) followed by N,N-
diisopropylethylamine (0.187 mL, 1.07 mmol) dropwise at room temperature. The mixture was stirred
at room temperature overnight The DMF was removed from the reaction mixture under vacuum and
the resulting residue purified by preparative TLC in 40% EtOAc/Hexanes to give 298mg (85%yield)

of the desired product as a white solid.
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"H NMR (CD30D, 400 MHz, 8): 7.91 (d, 1H) 7.55 (d, IH 7.42 (d, IH 7.15 35
(m 5H) 4.61 (m | H)421 (m I H 3.03, (m 1H 2.89 (m | H 2.49 (m
1H) 2. 2IwOrpiokds®h3s2. 05 (m 2H) 1.85 (m 2H) 1.59 (m 2HpcT/us2000mp5324) 1. 37
(m 1H) 1H NWR (CD30D, 400 MHz, 8): 7.45 (m 1H) 7.21 (m 1H) 7.15 (m 6H)
45238 (m I H 431 (m 1H 3.03 (m I H 2.91 (m |I H 2.49 (m 1H) 2.20
(m 1H 2.05 (m 2H) 1.83 (m 2H) 1.58 (m 2H) 1.49 (m | H 1.35 (m 1H)
40 1H NI\/R(CD30D 4OOM-IZ 8): 77(d 1H) 7.49 (s, 11- 1) 712 (m 5H) 6.99
(s, 1H) A i , 3bhutyd- %
2.35 (m 1H 2. 18meth ) :
1H) 1.36(m | H)oxds e 8 20 (d 11 1) 7 92 (t, I'H
7.74 (d, 2 7.15 gm 9H) 4.60 (m 1 420 (m 303éL 2.90 (m
1H) 2. 48 [BHR] 1H) 2Intga [fgckroupg-bottayy figs a%d)iedlte@@ut(v 152 (Al 1.515'12bff\%¥1°22H) 1. 40
(M 1H X{(38)-1-B)cidbutl 1-f3aS,45,65,7aR)-3a,5,5-trimethylhexahydro-4,6-methano-1,3,2- -
benzodioxaborol-2-yl]ethyl }amino)-2-oxoethyl}amino} carbonyl)-3-phenylpropyl]carbamate (298 mg,

0.000434 mol), methylene chloride (3.0 mL, 0.047 mol) and then 4.0 M of hydrochloric acid in 1,4-

dioxane(3.0 mL, 0.012 mol). The mixture was stirred at room temperature for 30 minutes, then

solvents removed in vacuo to give 0.243g (90% yield) of desired product.

Step 5: (28)-2-(acetylamino)-N-[(18)-1-benzyl-2-({ (1 R)-2-cyclobutyl-1-[(3aS.4S5.,6S,7aR)-3a,5,5-
. trimethylhexahydro-4.6-methano-1.3.2-benzodioxaborol-2-yllethyl }amino)-2-oxoethyl]-
4-phenylbutanamide

[0143] Into a 20 mL scintillation vial was added (25)-2-amino-N-[(15)-1-benzyl-2-({(1R)-2-
cyclobutyl-1-[(3a§,45,6S,7aR)-3a,5,5-trimethylhexahydro-4,6-methano-1,3,2-benzodioxaborol-2-
yllethyl}amino)-2-oxoethyl}-4-phenylbutanamide*HCI (52.0 mg, 0.0836 mmol), acetonitrile (5.20
mL, 0.0996 mol), acetic anhydridé (8.68 pL, 0.092 mmol), N,N-diisopropylethylamine (36.4 pL,
0.209 mmol) and N,N-dimethylaminopyridine (0.0005 g, 0.004 mmol). The mixture was stirred
‘overnight and the precipitate was ﬁlfered and washed with Et,O to give 0.028 g (53% yield) of

product as a white solid.

phenylpropanoyl)amino]- 2-cyclobutylethyl}boronic acid

[0144] Into a 1-neck round-bottom flask was added (25)-2-(acetylamino)-N-[(15)-1 -ber;zyl-
2-({(1R)-2-cyclobutyl-1-[(3aS,45,6S,7aR)-3a,5,5-trimethylhexahydro-4,6-methano-1,3,2-
benzodioxaborol-2-yl]ethyl}amino)-2-oxoethyl]-4-phenylbutanamide (24.8 mg, 0.0395 mmol),
methanol (0.237 mL, 5.86 mmol), hexane (0.237 mL, 1.81 mmol), hydrochloric acid (0.0889 mmol,
0.0889 mmol) and 2-methylpropylboronic acid (8.65 mg, 0.0849 mmol). The mixture was stirred at
room temperature overnight. The reaction mixture was purified by preparative TLC in 10%
MeOH/CH,ClI, to give 9.90 mg (51% yield) of desired product as a white solid. 'H NMR (CD;0D,
300 MHz, 8): 7.32-7.12 (m, 10H); 4.74 (t, J= 7.94 Hz, 1H); 4.26 (dd, J = 5.49, 8.55 Hz, 1H); 3.14-
3.05 (m, 2H); 2.66-2.55 (m, 2H); 2.48-2.41 (m, 1H); 2.19-2.05 (m, 1H); 2.04-1.89 (m, 8H); 1.89-1.69
(m, 3H); 1.58-1.36 (m, 3H); 1.33-1.22 (m, 1H).

- 45 -



11-1 NMR (CD30D, 400 MHz, 8): 8.5 (d, 2H) 7.76 (d, 2H) 7.21 (m 9H) 4.55
(m 1H) 4.19 (m 1H) 3.03 (m 1H) 2.90 (m IH) 2.49 (m 1H) 2.18 (m IH)
2.02 (m Wwolot/B&3s¢m 2H) 1.52 (m 2H) 1.48 (m | H) 1. 22Tr(Uspoob/obh324 44 1H
NVMR (CD30D, 400 MHz, 8): 7.49 (s, 1H) 7.21 (m 5H) 6.87 (s, 1H 4.6 (m 3H)
4.22 (m 1H 3.01 (m 1H 2.92 (m | H 2.49 (m 1H) 2.20 (m | H 2.04 (m
2H) 1.82 (m 2H) 1.55 (m 2H) 1.49 (m | H 1.37 (m 1H 1H NWR (DVSO d- 6,
400 MHz, 8): 8.49 (m 2H) 8.05 (m 1H) 7.81 (m 1H) 45 7.65 (m 2H) 7.55
(m 4H) T7ExbéhpleB: 2HManfibl éster of HLR)31-RRSE-2Y[(ASHR-(RceBRantiiv)-LphenyBuaBoyiim 1H)
2.12 (m 1H) 1.91 G@nino}B)phdnylflopinoyRdmlind]- L& clobutykthyl}bdriohiivRd ( CD30D, 400
MHz, 8): 9.28 (s, | H 8.50 (d, I H 8.31 (m 3H 7.72 (t, 47 1H 6.80 (m
5H) 4.52 I0M3] 1H) ; Zo 1B apowe plddyct {QRDT-[(AH)-2 X)) 2-E@ty(amind)-4H) 2.49 (m 1H)

2.25 (M cLEly iR efino 2 Blohehy BrophiBynatiho) - & Gobuefihyd i Borohic2Pia (8o héDo.o201
mmol) was added rert-butyl alcoho! (1.21 mL, 0.0127 mol), water (1.21 mL, 0.0672 mot) and D-
mannitol (72.0 mg, 0.395 mmol). The solution was frozen at -18°C and placed on lyopholizer for 40

h to afford 80.1 mg (97% yield) of a white powder.

Example4:  Additional N-acyl-peptidylboronic acid compounds

[0146] The following boronic acid compounds were prepared by procedures analogous to
those described in Examples 1-2 above. All compounds also were converted to the corresponding D-

mannitol esters as described in Example 3.

Compound TH NMR (Varian 300mHz)

'"H NMR (CD;0D, 300 MHz, 8): 9.17 (s, 1H); 8.88-8.75 (m, 1H); 8.77-8.64 (m,
1H); 7.40-7.15 (m, 6H); 5.13-4.98 (m, 1H); 3.28-3.21 (m, 2H); 2.57-2.48 (m,
1H); 2.26-2.11 (m, 1H); 2.09-1.95 (m, 4H); 1.89-1.71 (m, 2H); 1.62-1.42 (m,
3H); 1.42-1.30 (m, 1H). A

"H NMR (CD;0D, 300 MHz, 8): 7.66-7.57 (m, 2H); 7.35-7.27 (m, 5H); 7.27-
7.20 (m, 1H); 6.80 (d, J = 8.79Hz, 1H); 4.98-4.91 (m, 1H); 3.77-3.68 (m, 7H);
3.24-3.15 (m, 2H); 2.62-2.52 (m, 5H); 2.51-2.45 (m, 1H); 2.19-2.07 (m, 1H);
2.07-1.93 (m, 2H); 1.88-1.71 (m, 2H); 1.61-1.38 (m, 3H); 1.35-1.23 (m, 1H).
"H NMR (CD;0D, 300 MHz, 5): 8.37-8.32 (m, 1H); 8.17-8.12 (m, 1H); 8.08-
8.01 (m, 1H); 7.77-7.70 (m, 1H); 7.49-7.40 (m, 1H); 7.39-7.19 (m, 9H); 6.92-
6.85 (m, 1H); 5.01-4.91 (m, 1H); 3.27-3.19 (m, 2H); 2.21-1.92 (m, 4H); 1.90-
1.72 (m, 2H); 1.63-1.40.(m, 4H); 1.38-1.25 (m, 1H).

"H NMR (CD;0D, 300 MHz, 5): 8.35-8.27 (m, 1H); 8.21-8.15 (m, 1H); 7.52-
7.42 (m, 2H); 7.35-7.09 (m, 10H); 5.03 (t, J=7.32Hz, 1H); 3.19 (d, J= 7.32Hz,
2H); 2.60-2.49 (m, 1H); 2.29-2.15 (m, 1H); 2.11-1.94 (m, 2H); 1.91-1.71 (m,
2H); 1.65-1.45 (m, 3H); 1.45-1.27 (m, 1H).

"H NMR (CD;0D, 300 MHz, 8): 7.54-7.35 (m, 4H); 7.31-7.13 (m, 8H); 7.04-
6.99 (m, 2H); 4.96-4.89 (m, 1H); 3.24-3.13 (m, 2H); 2.53-2.44 (m, 1H); 2.21-
2.07 (m, 1H); 2.07-1.93 (m, 2H); 1.89-1.71 (m, 2H); 1.62-1.39 (m, 3H); 1.36-
1.21 (m, 1H).

'"H NMR (CD30D, 300 MHz, 8): 7.46-7.41 (m, 2H); 7.35-7.25 (m, 6H); 4.99-
6 4.92 (m, 1H); 3.20-3.09 (m, 2H); 2.59-2.48 (m, 1H); 2.22-1.95 (m, 3H); 1.90-
1.72 (m, 2H); 1.63-1.40 (m, 3H); 1.37-1.24 (m, 1H).

"H NMR (CD;0D, 300 MHz, 8): 8.17-8.08 (m, 2H); 7.77-7.51 (m, 6H); 7.39-
14 7.21 (m, 6H); 5.00 (t, J = 8.30Hz, 1H); 3.29-3.21 (m, 2H); 2.57-2.48 (m, 1H);
2.24-1.94 (m, 3H); 1.90-1.72 (m, 2H); 1.64-1.41 (m, 3H); 1.40-1.25 (m, 1H).

17

23
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1.39 (m 1H) 1H NWR (CD30D, 400 MHz, 8): 9.44 (s, 1H) 8.36 (s, 1H 8.04
(d, I H 7.79 (d, 48 1H 7.02 (m 5H) 4.54 (m 1H) 4.20 (m 1H 2.99 (m
1H) 2. 80 wonotbBex722 (m 1H) 2.12 (m 1H) 1.98 (m 2HpcI/UsB000mPs32H) 1. 49
(m I H 1.37 (m 1H 1.23 (m 11-1) Exanple 8:20S Proteasonme Assay

[0151] To 1 p.1_, of test conpound dissolved in DMSO in a 384-wel| black
mcrotiter plate is added 251..LL of assay buffer at 37 C containing human
PA28 activator (Boston Biochem 12 nMfinal) with Ac- WA-AMC (135 sel ective
substrate) (15 uMfinal), followed by 25 1t1 , of assay buffer at 37 C
cont ai ni ng human 20S proteasone (Boston Biochem 0.25 nMfinal). Assay
buf f er i £xeoplsds ed{(@R)-2ayclobh&EPES.S)-2-{K6-phereEypAridines-Q)sofonyBSAinopd7. 4. The
reaction is fol | owBeengirrepamnba@inofetyyiboednis acddtior (37 C, excitation 380 nm
em ssion 460 nm gain 20). Percent inhibition is calculated relative to 0%
i nhi bi ti GRS 1R RAYSEA '.4_\. [B2a3:48.650/ aR hBanht-{riay ;.1...“;
[0152] Corrpounds 13 Sbenzadions lopral s thull 22 i ' gminogds oy
Conpounds 1-9, Phenk r° 1 , 34- 41 43- 45 and 48 exhi b| ted | C50 val ues

| ess tha ann s 10, ited
| C50 val E%s gr eat ergotzl‘n n‘Wlsanﬁ &&gg'a?‘hnﬁﬁv'%g@ '%'K/YCIO% ‘iyh?gfj-*&ggS@ﬁaéf anmpl e
9: Pr ot easised- quﬁﬁihbihﬂab}’\jf%“ﬁelmﬂ(fﬁso 1,3, 2-benzodioxaborol- 2-ylJethyl}-3-

phenylpropanamide*HCI (46.3 mg, 0.109 mmol) (prepared as described in Example, THF (1.47 mL),

NN diisopropylethylamine (47.5 pL), and 6-phenoxy-3-pyridine sulfonyl chloride (32.4 mg.) The
mixture was stirred at room temperature overnight. The product was purified by preparative TLC on

silica plates using 50% ethy! acetate in hexanes to give 35 mg desired product as a white solid.

Step 2: {(1R)-2-cyclobutyl-1-[((25)-2-{[(6-phenoxypyridin-3-y)sulfonylJamino}- 3-
phenylpropanoyl)aminolethyl}boronic acid

{0148] Into a 20 mL vial was added (25)-N-{(1R)-2-cyclobutyl-1-[(3aS,45,65,7aR)-3a,5,5-
trimethylhexahydro- 4,6-methano-1,3,2-benzodioxaborol-2-yl]ethyl}-2-{[(6-phenoxypyridin-3-
yDsulfonyljamino}-3-phenylpropanamide (31.2 mg, 0.047 mmol), (2-methylpropyl)boronic acid (10.4
mg) 1IN hydrochloric acid (0.107 mmol), methanol (0.285 mL and hexanes (0.285 mL.) The mixture
was stirred at room temperature overnight, then the hexane layer was separated and discarded. The

remaining solvent was removed in vacuo and the residue purified by preparative TLC on silica plates

using 10% MeOH in CH,Cl, to give 18.4 mg (74% yield) of desired product as a white solid. 'H
NMR (CD30D, 300 MHz, &): 8.36 (s, 1H); 7.95-7.84 (m, 1H); 7.52-7.39 (m, 2H); 7.33-7.06 (m,
10H); 6.95-6.83 (m, 1H); 4.25-4.13 (m, 1H); 3.09-2.94 (m, 1H); 2.93-2.78 (m, 1H); 2.46-2.32 (m,
1H); 2.26-1.93 (m, 3H); 1.92-1.71 (m, 2H); 1.64-1.37 (m, 3H); 1.37-1.22 (m, 1H).

Example 6:  D-Mannitol ester of {(LR)-2-cyclobutyl-1-[((25)-2-{[(6-phenoxypyridin-3-yl)-
sulfonyl]amino}- 3-phenylpropanoyl)amino]ethyl}boronic acid

[0149] To the above product {(1R)-2-cyclobutyl-1-[((25)-2-{[(6-phenoxypyridin-3-
yl)sulfonylJamino}-3-phenylpropanoyl)amino]ethyl} boronic acid (18.4 mg, 0.0352 mmol) was added
tert-butyl alcohol (2.12 mL, 0.0222 mol), water (2.12 mL, 0.118 mol), and mannitol-D (127 mg,
0.697 mmol). The solution was frozen at -78 °C and placed on lyopholizer for 40 h. The resulting
{(1R)-2-cyclobutyl- 1-[((25)-2-{[(6- phenoxypyridin-3-yl)sulfonyl]amino} -3-phenylpropanoyl)
amino]ethyl}boronic acid*20[C¢H,40¢] was obtained as 142.6 mg (97% yield) of a white powder.
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[ 0153] Enzyne kinetic paraneters including dissociation constants and hal f
lives were determ ned by anal ysis of enzynme progress curves as foll ows:
[ 0154] Pr oweasmmBeisnact i vati on nmeasurenment s wer e obt ai ne@cChyuscemiodsses ng

i ndi vi du

al

progress curves for the hydrolysis of the site-specific

fl uorogeni ¢ 7-am do-4-net hyl coumarin (AM) - | abel ed peptide substrates (135,

Suc- LLVY- AMC, 132, Z-VLR-AMC, and 01, Z-LLE-AMC) at different
Cl eavage of the fluorogenic peptide was conti nuousl y -

concentr

ations.

nmoni t or edExamp 7c hangditioml Masalfbhyl-peptilybotmiceitidcds mpbuls 460nm (X, '

and

plotted.as a function of tinme. All

i nhi bitor

= 360 nm

assays were performed in cuvettes

with 2 miOBPl 50 mMTHERES ipgMpoBMds were Srepivediyigcedres3alogols B Qosadrseribid h

cont i nuoys Egdnipid e
1AM (<1 B! 3 B0ve. WIRFONGEIMAU B ALa B URIbEADSRn

was activated with 0.01% SDS. The rate constant,

ration of human 20S proteasone was O.

/ cobs,

rom.10 to 25
ggﬂn%mf)l e?t nM and

descrlblng t he

conver si[aronigoasa the 1 ni tral vel OC'lfﬂNlﬁﬁ({fﬂ%n%@rﬂﬁ% stare verocity,|vere
est i mat g by momni % i i vi dual
progresd curyes ubi 03 ‘gﬁ% ﬁg d ng
i nhibitijon: - F v 5§9 qggm[];])%g ékp? R fesgence, Vv,
and vs gre the1n 8) ' in the
presence of inhi.b ' A ) t 1" n of [I]
was made to gbtainp 9 2It1r Pf il [ e (B ?t a. The
appar ent| di ssocia 1'3_ ;¢ _ l:ﬂ? onty § east-fit
of the firactional Wﬁgh%u\#ﬁvm’as a ij n of frf‘] were vs i 5 the
st eady gtate vatugl ] et DIU reht '
equation and vo i Sﬂ;’(ﬁlﬁ! 1a}1s 92%17 17%79 égﬁ; u7'e21 %?9 g?n o= v+
(1] K (2 [0455] The, 2%%5 %@, %@él i A RALLIGE
apparent] Ki using g}lit)el bg) gl)e
Compound "H NMR (Bruker 400mHz)
'"H NMR (CD;0D, 400 MHz, 8): 8.37 (s, 1H) 7.62 (d, 1H) 7.1-7.3 (m, 5H) 6.70
31 (d, 1H) 4.52 (m, 1H) 4.22 (m, 1H) 3.78 (m, 4H) 3.67 (m, 4H) 3.01 (m, 1H) 2.88
(m, 1H) 2.39 (m, 1H) 2.19 (m, 1H) 2.02 (m, 2H) 1.93, (m, 2H) 1.55 (m, 2H)
1.45 (m, 1H) 1.33 (m, 1H)
"H NMR (CD;0D, 400 MHz, 8): 8.49 (s, 1H) 8.16 (d, 1H) 7.78 (d, 2H) 7.21
34 (m, 7H) 7.07 (m, 1H) 4.61 (m, 1H) 4.21 (m, 1H) 3.03, (m, 1H) 2.88 (m, 1H)
2.40 (m, 1H) 2.15 (m, 1H) 2.0 (m, 2H) 1.81 (m, 2H) 1.55 (m, 2H) 1.42 (m, 1H)
1.37 (m, 1H)
'"H NMR (CD;0D, 400 MHz, 8): 7.91 (d, 1H) 7.55 (d, 1H) 7.42 (d, 1H) 7.15
35 (m, 5H) 4.61 (m, 1H) 4.21 (m, 1H) 3.03, (m, 1H) 2.89 (m, 1H) 2.49 (m, 1H)
2.21 (m, 1H) 2.05 (m, 2H) 1.85 (m, 2H) 1.59 (m, 2H) 1.45 (m, 1H) 1.37 (m, 1H)
'"H NMR (CD;0D, 400 MHz, 8): 7.45 (m, 1H) 7.21 (m, 1H) 7.15 (m, 6H) 4.52
38 (m, 1H) 4.31 (m, 1H) 3.03 (m, 1H) 2.91 (m, 1H) 2.49 (m, 1H) 2.20 (m, 1H) 2.05
(m, 2H) 1.83 (m, 2H) 1.58 (m, 2H) 1.49 (m, 1H) 1.35 (m, 1H)
'"H NMR (CD30D, 400 MHz, 8): 7.7 (d, 1H) 7.49 (s, 1H) 7.12 (m, 5H) 6.9 (s,
40 1H) 4.62 (m, 1H) 4.26 (m, 1H) 3.26 (s, 3H) 3.0 (m, 2H) 2.85 (m, 2H) 2.35 (m,
1H) 2.18 (m, 1H) 2.02 (m, 2H) 1.82 (m, 2H) 1.55 (m, 2H) 1.41 (m, 1H) 1.36 (m,
1H)
'"H NMR (CD;0D, 400 MHz, 5): 8.20 (d, 1H) 7.92 (t, 1H) 7.74 (d, 2H) 7.15 (m,
41 9H) 4.60 (m, 1H) 4.20 (m, 1H) 3.03 (m, 1H) 2.90 (m, 1H) 2.48 (m, 1H) 2.17 (m,
1H) 2.01 (m, 2H) 1.85 (m, 2H) 1.52 (m, 2H) 1.40 (m, 1H) 1.30 (m, 1H)
'"H NMR (CD30D, 400 MHz, 8): 8.5 (d, 2H) 7.76 (d, 2H) 7.21 (m, 9H) 4.55 (m,
43 1H) 4.19 (m, 1H) 3.03 (m, 1H) 2.90 (m, 1H) 2.49 (m, 1H) 2.18 (m, 1H) 2.02 (m,

2H) 1.82 (m, 2H) 1.52 (m, 2H) 1.48 (m, 1H) 1.32 (m, 1H)
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[0156] The off rate, lcoff, , was mathematically cal cul ated fromthe above

determ ned paraneters using the followng relationship: k K = kon [0157]
rel ati onswopoioiizesshal f-1ife was then determ ned from t hechkafskoogabises usi ng
the followng 1n2 , = - Y2koff WD 2010/036357PCT/ US2009/ 005324 [ 0158] Usi ng

this protocol, dissociation half-lives were determ ned for conpounds 1, 2,
6, 17, 20, 35, 36, 41, 43, and 45. Conpounds 1, 20, 35, 36, 41, 43, and
45, exhibited a tir2 less than 10 min. Conpounds 2, 6, and 17 exhi bited a

tir2 greater than %ONKIRNEBDRSD 2400 MIESS ’?h@g ﬁ%ﬁ‘lwtﬁﬁ)ssﬁ)@”ﬁ 436

Anti prolliferqation ﬁ;;)s;% (0 %’]dﬁ é )2Q{9 (Qit M. jQL{H{D]‘H) n 100 4,
of appropriate ce H)q 2t(Hrg4)rjegl(Hn1pq)l\{t@qy, g{ 7(gr1}lrj - 116, InV|tr3gen)
supple ented—wth—10%fetal—bovire—servm{tnvitro efr)y—are seeded—n wel | s
of a 96{wel | cell léhINMBr(@ @4391&1111@%%&@26%35{1@"@%) a8l @7l Test
conpounds ar®® addel6: @, 2He/ -l 4HEhB (t“héH;)@%@52@r3e91|(ﬁcl}9é3t88dmf%ﬂ D6 hour s
at 37 C| M T or Wtd@ndehi 12 (o 1H) 1. 95 RE) 1. 4 @, 3Hyb# @ 4Bhch wel | And

i ncubat ed for 4 hoy Srv@tcBlos 408 VIESEF b BER, 1Y sls0%a, TREE AGH, YH$% 72 (¢,
47 1H) 6.80 (m, SH) 4.52 (m, 1H); 4.15 (m, 1H); 2.97 (m, 1H) 2.70 (m, 1H) 2.49

(m, 1H) 2.25 (m, 1H) 2.05 (m, 2H) 1.85 (m, 2H) 1.62, (m, 2H) 1.50 (m, 1H)
1.39 (m, 1H)

"H NMR (CD;0D, 400 MHz, 8): 9.44 (s, 1H) 8.36 (s, 1H) 8.04 (d, 1H) 7.79 (d,
1H) 7.02 (m, SH) 4.54 (m, 1H) 4.20 (m, 1H) 2.99 (m, 1H) 2.80 (m, 1H) 2.22 (m,
1H) 2.12 (m, 1H) 1.98 (m, 2H) 1.78 (m, 2H) 1.49 (m, 1H) 1.37 (m, 1H) 1.23 (m,
1H)

48

Example 8:  20S Proteasome Assay

[0151] To 1 pL of test compound dissolved in DMSO in a 384-well black microtiter plate is
added 25 pL of assay buffer at 37 °C containing human PA28 activator (Boston Biochem, 12 nM
final) with Ac-WLA-AMC (35 selective substrate) (15 pM final), followed by 25 uL of assay buffer
at 37 °C containing human 208 proteasome (Boston Biochem, 0.25 nM final). Assay buffer is
composed of 20 mM HEPES, 0.5 mM EDTA and 0.01% BSA, pH7.4. The reaction is followed on a
BMG Galaxy plate reader (37 °C, excitation 380 nm, emission 460 nm, gain 20). Percent inhibition is
calculated relative to 0% inhibition (DMSO) and 100% inhibition (10 pM bortezomib) controls.

[0152] Compounds 1-24 and 29-32, and 34-48 were tested in this assay. Compounds 1-9,
11-14, 16-32, 34-41, 43-45, and 48 exhibited ICs; values less than 50 nM in this assay. Compounds

10, 15, 42, 46, and 47 exhibited 1Csg values greater than 50 nM and less than 150 nM in this assay.

Example 9:  Proteasome Inhibition Kinetics

[0153] Enzyme kinetic parameters including dissociation constants and half lives were

determined by analysis of enzyme progress curves as follows:

[0154] Proteasome inactivation measurements were obtained by monitoring individual
progress curves for the hydrolysis of the site-specific fluorogenic 7-amido-4-methylcoumarin
(AMC)-labeled peptide substrates (85, Suc-LLVY-AMC; 82, Z-VLR-AMC, and B1, Z-LLE-AMC) at
different inhibitor concentrations. Cleavage of the fluorogenic peptide was continuously monitored as
a change in the fluorescence emission at 460nm (Aex = 360 nm) and plotted as a function of time. All

assays were performed in cuvettes with 2 mL of 50 mM HEPES (pH 7.5), 0.5 mM EDTA, at 37 +
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For MIT the netabolized dye is solubilized overnight according to

manuf acturer's instructions (Roche). The optical density for each well is
read at 596 2nmveBpssimary) and 690 nm (reference) for thepiusand/ 0ds04 nm f or
t he WBT using a spectrophotoneter (Ml ecular Devices). For the MT the
reference optical density values are subtracted fromthe values of the
primary wavel ength. Percent inhibition is calculated using the values from
a DVSO control set to 100% Exanple 11: In vivo Tunor Efficacy Mdel

[ 0160] Fr @€, \andivisls ommiimtoedstiHEE- THeG of@nthatirns o GibstrawSvarisd Goth 1026 B pM (06 , or

ther tun |1s . in.10Q ul of .RPML- 1640 ha (Sigma- ' .
asept | camhy: TEPERrLAiT srneos fisktreananl e lel TR SaeT FFRRRBS 11 ank
of femal gnéiatelomtie kil 8 critABahcoRveiiFom FOAHBRIJBIN/BltHe stadyEhtdvelocH)- 26

3/ 8-ga needl e (Becton Di cki nson Ref#309625). Alternatively, sone xenograft
nmodel s ( &etf.estimagbynonlwgyilqagt-syaees seargsaipn wak snefithrgndvideal pogresscaypratiing. | n
these casRequatib@miok tité-agpeRidhior ObwibiHaRg ifhitifae (approxi mately 1 mB) are

i npl ant ed subcut aneously in the right dorsal flank of anesthetized (3-5%

i sof | our ane/ oxygen m xture) C B-17/SCLD mce (age 5-8 weeks, Charles River)
via a 13-ga trocar (Popper &FSong+ [1-Bepi-#pjtig at day 7 after

i nocul ation tunors are neasured tw Cesweekly using a vernier caliper. Tunor

volumes are cal cul at ed usi standard procedures (0.5 | engt h. X wi dt h2)).
ven ¢ he tPrd et Yo Gk B RrBRARECHE 500 B fBTire  andom red
i Nto treatsmBd of GiHMHRS atVds BRYIATIGBE R, Vds AGun@fidh®r FII ®atrERB to obkddSi, oA i
schedul es are determ ned for each experinent based on previous results

obt ai ned spaxfithsHmeardic okhaviate Elepinparent diswyintiomiconstantl Kitfixvasdetetragnedibat ed dose

studies. The control . grou i1l receive vehicle wthout. any drug.

Tyot cari et PRl ERPathransty Wy &S FhithiPe s Padet s aets
(27- ga nesine) fro®ihd timé-d&pe8RnOR YRIDiMIGRAL &lioPind S REAHIANAAHScifydf hga needl e)
routes at various doses and schedul es. Tunor size and body weight are
nmeasur ed 2psipc€&f Bhijigsk and the study is term nated when the control tunors
reach approximately 2000 nmB8. WD 2010/ 036357PCT/ US2009/ 005324 [0161] Wi |l e
the foregoing invention has been d&scribkd in some detail for purposes of
clarity and understandi ng, these pa;ficumar enbodi mnents are to be
considered as illustrative and not re§ﬁf§§£ive. It will be appreciated by
one skilled in the art froma reading of this disclosure that various
changes ig1s5j0r m anthed@kaidtios &Astf KTRAE ca\d‘éuﬁa_mlﬁtonﬂ%h&bﬂi &i [ hd RBotingie
scope of the invention, which is to be defined by the appended cl ai ns

rat her t RERESHY™t he specific enbodi ments. [0162] The patent and scientific
literature referred to herein establishgs, know edge that is available to

those with skill in the art. UnlesX,ot t se defined, all technical and
scientific terns used herein have the pa meani ng as conmonly under st ood
by one of ordinary skill in the art to whkixch this invention bel ongs. The

i ssued patents, applications, and references that are cited herein are
her eby | porated by reference to the sa extent as if each was
speci fi cgﬁﬁ@ and i ﬂ?ﬁoﬁra&aﬁ"? ywﬁsrﬁ’&i‘?hc? Tegily %??Cﬁlétefyi Frff(QBrﬂb‘:‘o‘”‘i’81\feed€|t‘=’'BV"‘°1def erence. In
t he casepaiméters asngy tbd foneiigsrelatibehipr esent di scl osure, including definitions,
will control. WHAT IS CLAIMED IS |.A %onpound of formula (/): (1)

=

K

’ kon
[0157) The half-life was then determined from the ko value using the following
relationship:
; _In2
Yk

of
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or a pharmaceutically acceptable salt or boronic acid anhydride thereof,
wherein: Ais 0, 1, or 2; P is hydrogen or an am no-group-bl ocki ng noiety;
Rai is Clwe 2aloipbssti c, Cl_6 fluoroaliphatic, -(CH2)m CHRPCRBIS2009/005324
-(CH2) ", -CH2- NI - 1C(=NR4) NH Y, - (CH2) m CH2- CON(R4) 2,
-(CH2) m CH2- N(R4) CON(R4) 2, - (CH2) m CH(R6) N(R4) 2, -(CH2) m CH(R5) - OR5, or
-(CH2) m CH( R5) - SR5; each Ri s hydrogen, Cl16 aliphatic, Cl.6 fluoroaliphatic,
-(CH2) m CH2-RB, - (CH2) m CH2- NHC(=NR4) NH-Y, -(CH2)", - CH2- CON( R4) 2,

(ﬁgg QIHESS]\I( R4) C@@B&)saa;oteqogﬁﬁgmiaﬁb'rl(}ﬁﬁ-)liwsﬁﬁ)egqetenﬁﬁbdlzfpmo(ﬂﬁ()m; 1 aaa or

m 5 5 nde ent |

-S(0) 2- R?g B %ISCEBI‘%@ Bﬁgn gﬂjﬁs%agiaﬁé 1‘%’4’ ?"ggg e?‘hB(ﬁ:g&lﬂ’ézt Fstgthagélo nono-
or bicycliif. Cohitbuskst €%hd ﬁ;a&hlbi%d Rﬂ??ﬁ&%ﬂﬁébﬁﬂu&s MhadEs9 geRsPhinfres Ubst i t Ut ed
or unsubstituted aliphatic, aryl, eroaryl, or heterocyclyl group; or two

R4 on the sane nltrogen atom taken together with the nitrogen atom forma
subst i t utfaamele 1fins dp8protifsratign Assayo 8- menber ed heterocyclyl ring having, in

addi tion 30 the nit ro%en atom het er oat ons i nde endent I%‘ sel ect ed
fromN, 095%hg s; 8L 1?%@"P‘Hd’éﬁ‘€?fd@?ﬂr|°‘g's 1%199%06@%0%1?‘35 quBwe medib@g or

u nz ubst ijt(mbie@ 84A PRALCITA,16, aﬁwdrogeyh)ah@lmgtydi w:tl@[O"/g Gk bOGECEN (gmu@n) gach R6
i ndependent a stitute d a r

ot or oar rect Bk o el G aintraRy P el i pRE) fast SfobbipdRes,

or- N(R4) addemto he @¢llslapd e pRtes arg incatratbd Z& Saheureadh °C. nMéTp“enWQﬁtrdagenhgﬂd uexy,

al koxy, ~ggyld ?é&é adcf%ﬁ 18] »58?%«1 irQlibafet f&'lféi %ﬁ 39%%?&&@1‘%9& 6}% IHBIIUQEMWﬂer i ved

froma boronfc acid conplexing agent e conpound alm 1 ein P
i s Re- C( Gyt MTRéhemegboljzed dyrds sqiuRileyd qemjght acrgadigg @)r@nufamrerﬁelnmﬁméy S(0) 2-;
Re is se |(R&§hé)d Thé §pcd1 sy RY Pack KBS Is$dal @959@%%&1’@)' an® Bt inCref&ediRe) for the
fluoroali L d 450 nmR%r thewS'P[gmg a sgectro;ﬂotoﬁ%ter (Molecular Devices). For the MTT the

reference optical density values are subtracted from the values of the primary wavelength. Percent

inhibition is calculated using the values from a DMSO control set to 100%.

Example 11:  In vivo Tumor Efficacy Model

[0160] Freshly dissociated HCT-116 (2-5 x 10%), WSU-DLCL2 (2-5 x 10°), or other tumor
cells in 100 pL of RPMI-1640 media (Sigma-Aldrich) are aseptically injected into the subcutaneous
space in the right dorsal flank of female CD-1 nude mice (age 5-8 weeks, Charles River) using a 1 mL
26 3/8-ga needle (Becton Dickinson Ref#309625). Alternatively, some xenograft models (e.g,.,
CWR22) require the serial passaging of tumor fragments. In these cases, small fragments of tumor
tissue (approximately 1 mm3) are implanted subcutaneously in the right dorsal flank of anesthetized
(3-5% isoflourane/oxygen mixture) C.B-17/SCID mice (age 5-8 weeks, Charles River) via a 13-ga
trocar (Popper & Sons 7927). Beginning at day 7 after inoculation tumors are measured twice weekly
using a vernier caliper. Tumor volumes are calculated using standard procedures (0.5 x (length x
widthz)). When the tumors reach a volume of approximately 200 mm® mice are randomized into
treatment groups and begin receiving drug treatment. Dosing and schedules are determined for each
experiment based on previous results obtained from pharmacokinetic/pharmacodynamic and
maximum tolerated dose studies. The control group will receive vehicle without any drug. Typically,
test compound (100-200 uL) is administered via intravenous (27-ga needle), oral (20-ga gavage
needle) or subcutaneous (27-ga needle) routes at various doses and schedules. Tumor size and body
weight are measured twice a week and the study is terminated when the control tumors reach

approximately 2000 mm’.
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Tl is a C1_6 al kylene chain substituted wwth 0-2 independently sel ected R3a
or R3b, wherein the al kyl ene chain optionally is interrupted by
- C(R5) =C(WB)20100036350- ; RD i s a substituted or unsubstit uPed/UsRIv0A0II24
bicyclic ring system R2 is halo, -0OR5, -SR6, -S(0)R6, -S02R6, -SO2N(R4) 2,
-N(R4)2, -NRAC(O)R5, -NRAC(0)- N(R4)2, _NR4cO2R6, _N(R4)s02R6,,

_N( R4)502N( 4,2 K-GO C0)R5, -0C(0)N( R4)2 C(0)R5, -C2R5, or -C(0)N(R4)2;
each R3a independently is selected fromthe group consisting of-F, -CH,
-0(CL _4[easklyl ), - GMjle thhlfdrébidg mﬂv@(tﬁ)](bﬁ]beéh dilsdﬂ‘jééd)m SOMHJI for@%@ﬁioﬂ al kyl),

0) NH2, | C R3 3
o O 2 e SR el oSG FERek O RRERY S bl -
subst i t utrestiictive. Uniil s tppragtaed bapms&iiled:mglue(mmonaandamw s dwhbslogélat Cl_4
al kyl,  Clafiouf LHRER and%etaﬁ:gaéu]bg gaaérﬁ%eﬂ?%%%ﬁérgdf&{ﬁ %gér%);g%ﬂhhon of whi ch

i's substltutedo unsubsti tut e co aracterized
by for nu|ll@}’e@}0n3)’hlch4!$ to bedgfingy by the appended claims rather than by the specific embodiments.

[0162] The patent and scientific literature referred to herein establishes knowledge that is
available to those with skill in the art. Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. The issued patents, applications, and references that are cited herein are
hereby incorporated by reference to the same extent as if each was specifically and individually
indicated to be incorporated by reference. In the case of inconsistencies, the present disclosure,

including definitions, will control.
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or a pharmaceutically acceptable salt or boronic acid anhydride thereof. 5.

The conpound of claim3, wherein Ais 0. - 54 - 5. The conpound of
claim 3, wbaensiaci’ai and Reach independently Cl.6 ali phacirais26b/00824
fluoroaliphatic, or -(CH2),,-CH2-RB, and mis 0 or 1. 6. The

compound of claim5, wherein RBis a substituted or unsubstituted phenyl.

7. The conmpound of claim®6, wherein Rai is -CH2-RB, and RB i s phenyl.

8. The compound of claim3, wherein Rai is -(CH2)mCH(CL 4 al kyl)-0H.

9. The covipsTIRICIOAIMADAISM 3, wherein RD is substituted on substitutable ring
carbon atons with 0-2 Rd and 0-2 R8d; each Rd independently is selected
fromthe group consisting of Cl.6 aliphatic, d2d, 21d22d, Cl..6

f1 uoroal i phatilc, halcompoumioffoRula@:-R , -T -R 12 is a Cl_6 al kyl ene chain
substituted with 0-2 independently sel ect ed R3a or R3b, wherein the

al kyl ene chain optionally is[interfupted by -CfR5)=C(R5)-, -C=C, or O-;
each R d independently is a Hbst@t ut eR]‘”orH un%ubsti tuted aryl, heteroaryl,

het er ocycl yI or cycloali ph N B~

ZZ

@

or a pharmaceutically acceptable salt or boronic acid anhydride thereof, wherein:

Ais0,1,0r2;

P is hydrogen or an amino-group-blocking moiety;

R*! is C). aliphatic, C,_g fluoroaliphatic, -(CHy),;-CH,-R®, -(CHy),,-CH,-NHC(=NR*)NH-Y,
“(CH2)pCHy-CON(R )y, -(CH2)-CH2-NRHCONR )z, «(CH,)-CHRONR ),
~(CH),-CH(R®)-OR?>, or -(CHy),,-CH(R®)-SR®;

each RZ independently is hydrogen, C,.¢ aliphatic, C; .4 fluoroaliphatic, -(CHz),,,-CHz-RB,
-(CH2),»-CHa-NHC(=NR*)NH-Y, -(CH,),,-CH,-CON(R"),, -(CH,),,-CH,-N(R*)CONR?),,
-(CH2)m-CHRON(R™),, -(CH,),-CH(R®)-OR’, or -(CH,),,-CHR®)-SR;

each Y independently is hydrogen, -CN, -NO,, or —S(O),-R'?;

each RP independently is a substituted or unsubstituted mono- or bicyclic ring system;

each R* independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or

4 . - .
heterocyclyl group; or two R” on the same nitrogen atom, taken together with the nitrogen

atom, form a substituted or unsubstituted 4- to 8-membered heterocyclyl ring having, in

addition to the nitrogen atom, 0-2 ring heteroatoms independently selected from N, O, and S;

b

each R’ independently is hydrogen or a substituted or unsubstituted aliphatic, aryl, heteroaryl, or

heterocyclyl group;
each R independently is a substituted or unsubstituted aliphatic, aryl, or heteroaryl group;
eachR'® independently is C) 4 aliphatic, Cg_;¢ aryl, or —N(R4)2;

mis 0, 1,or2;
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each R2d independently is -NO2, -CN, -C(R5)=C(R5)2,-0R5, -SR6, -S(0)R6,
-S02R6, -SO2N(R4)2; -N(R4)2; -NRAC(0)R5; -NR4AC(0)1\1(R4)2,

- N(R4) C( =MBL)10M3635y 2, _N(R4) c(=NR4) - R6, _NR4Ac02R65 _N( R#rIORRB)9/005324
-N(R4) SO2N(R4) 2, -0-C(0)R5, -0C(0)N(R4)2, -C(0)R5, -02R5, -C(0)N(R4)2;
C(O)N(R4)-0R5, -C(O)N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-N(R4)-C(0)R5, or
C(=NR4) - N(R4) 2; each R3a independently is selected fromthe group
consisting of-F, -OH, -0(CtL _4 alkyl), OCN, -NR4)2, -C(0)(Cl_4 alkyl),
-CO2H, - 002¢ Ghu4? arleIéé/clh)indeﬁ:egﬁ&)]%ox@,@ko}(%%’)w,(&%lk@k%)ﬂ 2" an@athefiRb

i ndependently is a Cl_3 aliphatic substituted or unsubstituted with R3a or
R7, or two sub¥miamasy derRebirgma berenieanidcompiennaagtiiom t aken together with
the carbon atomto which they are attached, forma 3- to 6-nenbered
cycloaliphatic rin each R7 independently, is a substitut

. A d4
unsubstit ut edZaryl %B?COH@PWSQF]?P‘ I PREEIn Bdth RS- Rn@&@hd%nﬁ%%‘kgokel ect ed

fromthe gr . GopsigthReH0f Cl_4 aliphatic, Cl4 fluoroaliphatic, halo,
-OH, -0 S?qﬁaﬁ pha |3;§?b)-2|\|142, -NH(Gi _4 aliphatic), and - N(CL. 4

al i phatic)2:c.an h substitutable ring.nitragen atami.n LS, D
nsubot | ¢t B 89ec1G TOpRR L ReBh o eptitets. CEeuielRa A5 otk i so2rs,
-S2N(R4) 2, Ciplgédc.aliphatic, a substituted or unsubstituted C6.10 aryl, or
a C6_10 ar(Cl _4)alkyl, the aryl portion of which is substituted or

unsubsti tut ed! i‘soa-cT]_Q(élkS?QHeE&Hiﬂqub%aéh i3 inddhRB&GHD sel GRE ROSARY @h&tin 1 N

3
carbon atomin RD I's unsubstituted or 1s substituted wth =0, Rd or R8d;
each unsat ur at eche ilkdene ahdooptiatatipnisiiterRPtd By HORIBER Yut@d- @ -0-s substi t ut ed
with Rd or R8d; each Rd independently is selected fromthe group consisting
of CL.6 al i phafii€a substitutédlor GndubstitedahdnphabicGslic hiag SstemRi d, _R2d, 2_Ri d

R” is halo, -OR’, -SR®, -S(O)R®, -SO,R®, -SO,NRY),, -NR*),, -NR*C(O)R, -NR*C(0)-
NR*Y,, NR*CO,R®, -NRHSOR, -NRHSONR?),, -0-C(O)R’, -OCONR ™,
-C(O)R>,-CO,R’, or -C(O)N(RY,;

each R* independently is selected from the group consisting of —F, -OH, -O(C; 4 alkyl), -CN,
“NR*), -C(O)(C} .4 alkyl), -COH, -CO(C1.4 alkyl), -C(O)NHy, and
-C(0)-NH(C;_4 alkyl);

each R*® independently is a C;.3 aliphatic substituted or unsubstituted with R*or R7;
each R’ is a substituted or unsubstituted aromatic group; and

R* s hydrogen, C;_4 alkyl, Cy_4 fluoroalkyl, or Cg.1g ar(C;.4)alkyl, the aryl portion of which is

substituted or unsubstituted.

3. The compound of claim 2, characterized by formula (Z-B):

Ra1

1
¥ Q H %
pT N)\,fNYB‘Zz
RaZ H o) ot
A

\G | (I-B)

or a pharmaceutically acceptable salt or boronic acid anhydride thereof.
4. The compound of claim 3, wherein A is 0.
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T2 is a Cl1.6 al kyl ene chain substituted wwth 0-2 independently sel ected R3a
or R3b, wherein the al kylene chain optionally is interrupted by

- C(R5) =C(WB)20100036350- ; each Ri d independently is a substiPCutusdooonos324
unsubstituted aryl, heteroaryl, heterocyclyl, or cycloaliphatic ring; each
R2d i ndependently is -NO2, -CN, -C(R5)=C(R5)2, -CC-R5, -ORS, -SR6, -S(0)Rs,
-S02R6, -SO2N(R4)2, -N(R4)25 NRAC(0)R5, -NRAC(O)N(R4)2; -N(RAN(R4) C(=
)c(r_NR4)..NN 4R )-R6, _NR4cO2R6, _N(R4)s02R6, -N(R4)S02N(R4)2, -0-C(0)R5,
-0C(0) N(R4) 2, 5: C( 0)riScomp&RBB claim, WhMERRF 2and RZ are sach flidp:memf)c,QRhphatic,
-C(O)N(R4)C(=NR4)-N(R4)2, _N(R4)c(NR4) _ N(K4 ) C(0)R5, or each R3a

i ndependdaitd fjpojogliphaticeernt-€d )+ Glh-Rhangmaupordonsi sting of -F, -OH, -0(C _4
alkyl), -CN, -N(R4)2, -C(0)(C _4 alkyl), -CO2H, -002(C14 al kyl), -C(0)NH2,
and -C(O)NH(C1_4 alkyl); each R3b i ndep%ndent ly is a Cl..3 aliphatic
substituted orf- unsdbstontpatrddf vlaitrs, RBereio R ~R7a substitutador snsbistiiuted phéngl. R3b on t he
sane carbon atom taken together with the carbon atomto which they are
attached, forma 3- to 6-nenbered cycloaliphatic ring; each R7

i ndependent |y 7t s aTsadpstpotndto€claioro, whercio ®E ib H@IéﬁR%rayd RIS phayer oaryl ring;
each R8d i ndependently is selected fromthe group consisting of Cl1 4
aliphatic, Cl.4 fluoroaliphatic, halo, -OH -0(Cl _4 aliphatic), -1\1112,
-NH(C1.. 4 al i hat i @) commpdurgilof ghiat 3, eh&zin ®Ads ~(CH,),,-CH(C, 4 alkyl)-OH.

9. The compound of claim 3, wherein RP is substituted on substitutable ring carbon

atoms with 0-2 R% and 0-2 R%;

each RY independently is selected from the group consisting of C;_¢ aliphatic,

C1.¢ fluoroaliphatic, halo, -Rld, -RZd, -TJ-RM, -TZ—RZd,

Tz is a C|_¢ alkylene chain substituted with 0-2 independently selected R*®or R3b,
wherein the alkylene chain optionally is interrupted by —C(R5)=C(R5)-, -C=C-, or
-O-;

each R'® independently is a substituted or unsubstituted aryl, heteroaryl, heterocyclyl, or
cycloaliphatic ring;

each R* independently is -NO,, -CN, -C(R*)=C(R>),, -C=C-R®, -OR, -SR®, -S(O)R®,
-SO,R®, -SO,N(RY),, -NRY,, NRYC(O)R®, -NR*C(O)NRY),,
NRHCENRY-NRY,, NRHCENRD-RE, -NR*CO,RS, -NRHSO,R®,
NRHSO,NR*),, -0-C(O)R®, -OC(OINR™Y,, -C(O)R’, -CO,R®, -C(OINRY,,
-C(ONRY-0R?, -C(ONRHCENRY-NRY,, -NRHCENRY-NRH-COR?, or
-C(=NR)-NR);

each R*® independently is selected from the group consisting of —F, -OH, -O(C, 4 alkyl),

-CN, -N(R4)2, 'C(O)(C1_4 alky]), -COzH, -COz(C1_4 alkyl), -C(O)NHz, and
-C(O)NH(C,y 4 alkyl);

each R independently is a C;.3 aliphatic substituted or unsubstituted with R¥or R7, or

two substituents R3b on the same carbon atom, taken together with the carbon atom to

which they are attached, form a 3- to 6-membered cycloaliphatic ring;
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each substitutable ring nitrogen atomin RD is unsubstituted or is
substituted with -C(0)R5, -C(O)N(R4)2, -0O2R6, -S02R6, -SO2N(R4)2, Cl_4

al i phat i cwoaosuizsisvt ut ed or unsubstituted C6_10 aryl, oPCa/USB002005324
ar(Cl4)al kyl, the aryl portion of which is substituted or unsubstituted. 1
1 . The conpound of claim7, wherein RDis a substituted or unsubstituted
nmono- or bicyclic ri ng system sel ected fromthe group consisting of phenyl,
pyridinyl, pyrimdin )/ pyrazinyl, naphthyl, benzim dazolyl, quinolinyl,

i soqui nol i nyl, caatmmadepéh)déntlyHs&tsﬁxedﬂyﬁkd@ﬂthsﬁmhﬂutwlaryl 6rexbﬂé®brydrﬁr(gt soqui nol i nyI

t et r ahydr oqui noxal i nyl, and di hydrobenzoxazinyl. 12. The conpound d of claim

7, char acterl%&HRB%naéaem@m(Je(eztedfn%ﬂ@gmpeamgmgwem]m%cept abl e salt or

boronlc aci d anhydri de thereof, wherein has the fornula RD S02- or RD
-C(0)-; Dis a Subdlbtoslpbeticorala)FaHIBEC, L utighdticyniNdh, -OH(Gis aRphatt)i adr i ng syst em

sel ected fromthe raﬁgﬁgon5|st|ng of phenyl, pyridinyl, pyrimdinyl,

pyrazi nyl, napht zonI qU|noI|nyI i soqui nol i nyl,

qU|noxaI|nyI t et rahydroqui nol i nyl, tetrahydr0|squ|noI|nI

tetrahydroq@ﬂh%&amﬂﬂVN“%aﬁ@gﬂvﬁy@mébGNW§%§EWW9PfBé@&ﬁ“@%ﬁﬁhéﬁ@%ﬁflng car bon

atomin RDis &6%#(2 %OnBtfgd S?f s Eﬁﬁgﬁﬁfhsﬁbﬁdhw t h Esgltuteﬁof unstsF@? each

unsaturated ring’'c atomr it uted wth

Rd or R8d; - 53210aryl|&13@'620dr(d:gg)alk?laﬁlbar%drtiﬂﬂ%D@ﬁﬁdl@ﬁtsdlBﬁmb@d slnambged.r om t he
group consisting of - , and -1 -R, 12 is a Cl1.3 al kyl ene

chain that is unsubstltuted or |s substltuted W|th R3a or R31); each R d
i ndependent | y10.s aTksadosiboundbpdaian, whsdhsti tuted aryl, heteroaryl,
het erocycl yl, or cycloaliphatic ring; each R2d i ndependent ly is -0R5 _SRe,
_s(0)R6, _s@@RGura@iodbasiniom NRIA) GrsubsiNRRE 0} RibstituthRATH 90, M RARY; ‘
-0-C(0)R5, -0C(O)N(R4)2, -C(O0)R5, -02R5, or -C(O)N(R4)2; and
each unsaturated ring carbon atom in R is unsubstituted or is substituted with R® or R ;
each R independently is selected from the group consisting of Cy ¢ aliphatic,

C).¢ fluoroaliphatic, halo, -Rld, -de, -TZ-R]d, -T2-R2d,

T’isa C).¢ alkylene chain substituted with 0-2 independently selected R* or R3b,
wherein the alkylene chain optionally is interrupted by —C(R5)=C(R5)-, -C=C-, or
-O-;

eachR'¢ independently is a substituted or unsubstituted aryl, heteroaryl, heterocyclyl, or
cycloaliphatic ring; '

each R* independently is -NO,, -CN, —C(R*)=C(R>),, -C=C-R’, -OR>, -SR®, -S(O)R®,
-SO,R®, -SO,N(RY,, -NR*Y,, -NR*C(O)R?, -NR*C(O)NR*,,
NRHCENRY-NRY,, -NRHCENRY-RE, -NRYCO,R®, -NRYSO,RE,
NRHSONRY,, -0-C(O)R?, -OC(O)N(R™),, -C(O)R?, -CO,R®, -C(OINR?),,
-C(ONRY-OR’, -C(O)NRHC(=NRY-NR),, -NRHC(E=NRY-NRH-C(OR, or
-CENRY-NR Y,

each R* independently is selected from the group consisting of —F, -OH, -O(C, 4 alkyl),
-CN, -N(R4)2, -C(0)(Cy 4 alkyl), -CO,H, -CO,(C; 4 alkyl), -C(O)NH,, and
-C(O)NH(C_4 alkyl);
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each R8d i ndependently is selected fromthe group consisting of Cl1 4
aliphatic, Cl1 4 fluoroaliphatic, halo, -OH -0(C _4 aliphatic), -NH2,

- N1- 1( C1-woabiopizeds7c), and -N(Cl _4 aliphatic)2- 13Pchszmp53md of
claim12, wherein Rd has the fornula -QRE, Qis -0-, -NH, or -CH2-; and
RE is a substituted or unsubstituted aryl, heteroaryl, heterocyclyl or

cycl oal i phatic ring. 14. The conpound of claim 12, wherein where RD is
a phenyl, pyridinyl, pyrazinyl, or pyrimdinyl, which is substituted with a

substituent of fdééHRji'bﬁ]de;QmBEtly @ad: E%Elﬁh&lc%u&u{wdloﬁ WHs@sdtifed With Wb RE Wt ed
phenyl, pyridinyl, pyrazinyl, or pyrimdinyl. 15. A phar maceuti cal

conposi tion conpri Mmbsatue@ﬁﬁbo @n thedﬂmQ:¢aebomatbma1|akbnaoggﬂlarrwﬁvmarh9a kiow to

acceptable carrier d for tr r, conprising
adm nistering to a‘”B‘é*t‘ theyn?re at?qa@f}]eg'gf %?gucﬁne{nbe fofqll%hat%ﬁg] haceuti cal

conposi tion acc eagll ﬁvqnc}egenﬁl:n%ly isa SISJbstituted or unsubstituted aryl or heteroaryl ring;

each R independently is selected from the group consisting of Cy_4 aliphatic,
C1.4 fluoroaliphatic, halo, -OH, -O(C; 4 aliphatic), -NH,, -NH(C;.4 aliphatic), and
-N(C, 4 aliphatic),; and

each substitutable ring nitrogen atom in R is unsubstituted or is substituted with -C(O)RS,
-C(OINRY),, -CO,R®, -SO,R®, -SO,N(R),, C,.4 aliphatic, a substituted or unsubstituted

Ce.10 aryl, or a Cg.1¢ ar(Cj_g)alkyl, the aryl portion of which is substituted or unsubstituted.

11. The compound of claim 7, wherein R is a substituted or unsubstituted mono- or
bicyclic ring system selected from the group consisting of phenyl, pyridinyl, pyrimidinyl, pyrazinyl,
naphthyl, benzimidazolyl, quinolinyl, isoquinolinyl, quinoxalinyl, tetrahydroquinolinyl,

tetrahydroisoquinolinyl, tetrahydroquinoxalinyl, and dihydrobenzoxazinyl.

12. The compound d of claim 7, characterized by formula (ZI):

O
\Q an

ora pharmaceutically acceptable salt or boronic acid anhydride thereof, wherein:
D D
P has the formula R”-SO,- or R7-C(0O)-;

R is a substituted or unsubstituted mono- or bicyclic ring system selected from the group
consisting of phenyl, pyridinyl, pyrimidinyl, pyrazinyl, naphthyl, benzimidazolyl,
quinolinyl, isoquinolinyl, quinoxalinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,

tetrahydroquinoxalinyl, and dihydrobenzoxazinyl;
each saturated ring carbon atom in RP is unsubstituted or is substituted with =0, Rd, or Rgd;

each unsaturated ring carbon atom in RP is unsubstituted or is substituted with RY or Rgd;
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each R® independently is selected from the group consisting of -R]d, -RZd, -T‘Z-Rld, and —TZ-RZd;
T is a Cy.3 alkylene chain that is unsubstituted or is substituted with R3a or R3b;

each R independently is a substituted or unsubstituted aryl, heteroaryl, heterocyclyl, or

cycloaliphatic ring;

each R*® independently is -OR’, -SR®, -S(O)R®, -SO,R®, -SO,N(R™),, -N(R*),, -NR*C(O)R?,
NR'C(O)N(RY),, -0-C(O)R, -OC(O)N(RY),, -C(O)R?, -CO,R?, or -C(O)N(R*),; and

each R% independently is selected from the group consisting of C;_4 aliphatic,
Cj4 fluoroaliphatic, halo, -OH, -O(C, 4 aliphatic), -NH,, -NH(C, 4 aliphatic), and

-N(C, 4 aliphatic),.

13. The compound of claim 12, wherein R has the formula —Q-RE;
Q is —O-, -NH-, or —-CH>-; and

R is a substituted or unsubstituted aryl, heteroaryl, heterocyclyl or cycloaliphatic ring.

14. The compound of claim 12, wherein where RPisa phenyl, pyridinyl, pyrazinyl, or
pyrimidinyl, which is substituted with a substituent of formula -O-RE, and RE is a substituted or

unsubstituted phenyl, pyridinyl, pyrazinyl, or pyrimidiny).

15. A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.

16. A method for treating cancer, comprising administering to a patient in need of such

treatment a pharmaceutical composition according to claim 15.
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