CRYSTALLI NE TRI PEPTI DE EPOXY KETONE PROTEASE | NHI Bl TORS Rel at ed
Applications This application clains the benefit of priority to U S

Provi si onstb 24pplostzat i on Serial No. 61/162, 196, filed March/uRg1020609% and
U.S. Provisional Application Serial No. 61/180,561, filed May 22, 2009. The
specifications of the foregoing applications are hereby incorporated by
reference i CRYSTALEIMNEERPE BRI EPOXY KETONH PROTE ASE INHHBIRORY €S,
protein degradation is predom nately medi ated through the ubiquitin pathway
in which proteins targeted for destruction are ligated to the 76 am no acid

pol ypept i gelaééd ABblitdtion@ce targeted, ubiquitinated proteins then serve as
for tEe 26S

substrates proteasone, a nulticatalytic protease, which cl eaves

proteins into ?Hﬂr% Q&a@ibh‘éﬁa%nﬁ Hesabriddreridily ©rU.Sf PlobRidndl &BpIiEaL6H
proteolytic activities. Wile having a general function in Intracellular

protei n t Semavar. 61/dl6éiléé,sfdn@l\/fmdl A, éﬁo%teigdiﬂétli’mmsmlngb/%pplwﬁsomskr@ Nwole in

ant ) don o LS Bb e Sualonr sl TP Ao of s AR BR ORI E vt  on,

anti gen ph@}@wﬁicagmra%ﬁibﬁf&é}%ﬂ&thtm @fir@yo- i nfl ammat ory signals. The 208
proteasone is a 700 kDa cylindrical -shaped nulticatal ytic protease conpl ex

conpr i senggk%uﬁglaymetﬁwgﬁﬁ@,pl zed into four rings. In yeast and other
eukar yot €S, erent asupbunits formthe outer rings and 7 different b
subunits conpr [ ; ' ng sites for
the 19S (PA?OO}HS&I%%I% ?@M@?%ﬁdmm% H&gﬂrrlﬁfe xtzlgh\égegq%%ﬁg{g a physi cal
barrier fabiquitie fathvery iprwdtieopryteirs tetgareidor dostro@ibnbiye tifeed wothd 76 uiim t

rings., Thus, Vi y t he teasone is believed to exist as a 26S particle
("t A 265%@11@9@3 r«ff?labqulwp it asgsked; HRAVISNHST BrodFiBRIRCE REFS ARHIOBITE RN of
Lhe 205 1 R5thoOied Sl AsRIMRCARR1EBrd SR i ek &L eieint b BRI L1 on of
26S prot easone. eavage of am no-term nal prosequences of b subunits
during papept'rdleetlirmtghstht acticaqiots ehraerimagor tpeotnolyad acthiteoniWile lesimires, whi ch
ag{ :/\e“ ? ; }g%leeﬁaﬁ%tl %%h]igl%ﬁ%}gu? d)ggtgglstu;rn%%ers %Po%enalstogle rn?esd%%gcf éiebglra?datugrrl a sat alytic

plays a key role in many processes such as major histocompatibility complex (MHC)

15 class I antigen presentation, apoptosis, cell growth regulation, NF-kB activation, antigen

processing, and transduction of pro-inflammatory signals.

The 20S proteasome is a 700 kDa cylindrical-shaped multicatalytic protease
complex comprised of 28 subunits organized into four rings. In yeast and other
cukaryotes, 7 different o subunits form the outer rings and 7 different  subunits comprise

20 the inner rings. The o subunits serve as binding sites for the 19S (PA700) and 11S
(PA28) regulatory complexes, as well as a physical barrier for the inner proteolytic
chamber formed by the two B subunit rings. Thus, in vivo, the proteasome is believed to
exist as a 268 particle (“the 26S proteasome”). In vivo experiments have shown that
inhibition of the 20S form of the proteasome can be readily correlated to inhibition of 26S

25 proteasome. Cleavage of amino-terminal prosequences of § subunits during particle
formation expose amino-terminal threonine residues, which serve as the catalytic
nucleophiles. The subunits responsible for catalytic activity in proteasomes thus possess
an amino terminal nucleophilic residue, and these subunits belong to the family of N-
terminal nucleophile (Ntn) hydrolases (where the nucleophilic N-terminal residue is, for

30 example, Cys, Ser, Thr, and other nucleophilic moieties). This family includes, for
example, penicillin G acylase (PGA), penicillin V acylase (PVA), glutamine PRPP
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an am no term nal nucl eophilic residue, and these subunits belong to the
famly of Nterm nal nucl eophile (Ntn) hydrol ases (where the nucl eophilic
N-t er mi navoresywse2i s, for exanple, Cys, Ser, Thr, and ecmas2muobsephilic
noi eties). This family includes, for exanple, penicillin G acylase (PGA),
penicillin V acyl ase &;V,gf (ggut am ngr PRPPam dotransferase ( T) and
bact er i al ¥gidpligasfrasnetag) And bacterial ghgraylamategingtfe [n3ddlion&RRy” expressed b
subuni ts, &kllpi@&rslw SO EREAR Gl e iBRE SERDAEY 86 R&rs@srsftﬁ%enueferbmuc' bl e b
subunits tl ch replace thelr normal counterparts,
Bs, Bi andldBcublas[bednmue(IgMPY Hd\ﬂPalanéME@LID hehiclateplact itleiamtrimal t i es of the
pr ot easone, he e of different ti de substrates hree maj or
pr ot eol yt P ”1 riflﬁgpf bfeﬁ%eg Vﬂ%’ft% ?Jlte%ﬁl 18%“@&%?%&@9 °or ot easone:
Chy Bt 1y Phidicasbiie. @ﬁltdugh the (sEbf H])fferé’iﬁ‘ bﬁﬂl&' s8BURScsafh & mhjar g@té&yﬁ{cophobl c
residues; trypsin-like activity ich cleaves after basic residues;

and pepti dtythng&tl@Wbe@wfmd@f%ﬂ@ﬁ @Hkymotﬁ@ﬂb?cloliomaﬁqu( RémH)otryphindikec| eaves
after acidic.r es addl nal har act er| zed tiv have
al so beenacatlsvétﬁglgtﬁt 3’h% Te " Br'o aeftéeggar by r l&p [ 6}]% aichwlte “after

br anched- thaitiiclaelcaes attttisasioans dSINAAR @phdyngtmammephd@hﬁam%mgfabwms mal |
neutral am no acids. The maj or proteasone proteolytic activities appear to
be cont ri BRERD, sypich eleasies ﬁfter@&t ¢ ippidgesi T\é@ addjfipped lgsp Ehaspeterized agyifies

MUt afy onsy| J% s AL e ARG ‘Fot@&%%ﬁ%“%A‘AP Q:tl'vﬂg%ﬂlﬁﬁ sl el ng b

subunl ts a ter these activiti to various degre nproved conpositions
and net hotmntloxd- qim&panmngcﬂn,chnﬁcﬁmatacmtyp Mc&as«mves afdrishiatlorc(s3yl ar e
needed. Sunar he I.nventi on One af pect .of. the invention_rel %t es to
crystal | i AETO DRAQH ITLCAs S RIEEAREIC P T HEF TIPSR tP) ec‘}Pmélbute

phar maceuhjegal )éatﬁﬁlﬁ@ @ft@sb El‘ﬁcéﬁilhiblttoﬁe b@ﬁ’i{ mu%%ﬁ?inrﬁ gﬁHuﬁthand\{'E'e eQéhah%@l kyl
preferably G preferably NH; Is NH N-al O

or C(R8)2¢f pnleefr&lremh;du&ngﬁjgubmm aétndthlése antivitiey do mgmu;selagﬂaes)f R4, R5, R6 R7
and R8 is independently selected fromhydrogen, G _6al kyl, G _
15 Improved compositions and methods for preparing and forrnulating proteasome

inhibitor(s) are needed.

Summary of the Invention

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

Formula (I) or a pharmaceutically acceptable salt thereof,
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wherein
X is O, NH, or N-alkyl, preferably O;
YisN,,S,or C(Rg)z, preferably NH;
25 Z is NH, N-alkyl, O, S or C(R®),, preferably S;

R', R? and R® are hydrogen;



hydr oxyal kyl , G _6al koxyal kyl, aryl, and C _6aral kyl, each of which is
optionally substituted with a group selected from al kyl, am de, am ne,
car boxyl iwoaeiodiosr72a phar naceuti cally acceptabl e salt tRrerastiioo2sibeoxyl
ester, thiol, and thioether, preferably R4, R5and R6, are independently

sel ected from_Ci, 6thioether...C _ hydroxyal kyl , an i _6aral kyl d R7 is
G _6al kyl ?acglafg“aﬁefl%&%mry, ‘s ROy %@1@){6_%%%1%@?%@}, ket G
G _6al kyl . Bri afyqRasafidyRid, QnkotyaiRg, & 195!15@@1_(!%%53?1%%%@%@1?15 @gﬁonauy

(differential scanni'ng”cal ori net ry) thernogr am crystalline conpolnd 1.
Fi gure 2 showssustixiRRDvitiXa geppppeledied figinf flkzlkc vingde) apatet earboxoflicecidgiral | i ne

conpound 1. Figure 3 sho a TG t her ramaof c tal,line conmpound 1.

i gure 8 showsPHGHF USRI ROPROBE AR 1o T IHeLE Eolsbune BoePeber 51 ng
heat s | ow (bot bRRraBPR*NRIME R4S intkpbRRhtY kQ¥etéd BB C FhigbdtBerdCshows a
conpari son of DSC thernograns of crystalline conpound 1 prepared according
to Exanmple 2 (sydareplkybradplearalkyt hR’ iafd-sekalnpioee mef%&ly,d%andﬁgvme 6
shows an XRPD patter f r. u onpound 1 prepared according to Exanple
1 (bottom, aseé‘?)&r}lpog{rheeg aP@@ﬁﬁ?ﬁ%@er ns of crystalline conpound 1 prepared

according,tp anpl e ZI(E‘OE%E Exanple 3 (2nd from bottom, and Exanple 4
(2nd fron&%‘ 0 £ TG t her nogr am of anor phous conpound 1.
Det ai | ed Description of the Invefnti on In certain enbodi nents, the invention
relates to cry§iea | phoveonBetddd W@h@caamgg@emwgyb erRgMLf (1) or a

pharmpceutieali|ng @ﬁ%@{?ﬁ@ﬂ e salt thereof,| wherein Xis O NH or Nalkyl,
preferably QG Y is NH, Nalkyl, O S, or C(R8)2, preferably NH

Figure 2 shows an XRPD (X-ray powder diffraction) pattern of crystalline

compound 1.
Figure 3 shows a TG thermogram of crystalline compound 1.

Figure 4 shows modulated thermograms of amorphous compound 1, reversing

15 heat flow (bottom) and non-reversing heat flow (top).

Figure 5 shows a comparison of DSC thermograms of crystalline compound 1

prepared according to Example 2 (middle), Example 3 (top), and Example 4 (bottom).

Figure 6 shows an XRPD pattern of amorphous compound 1 prepared according
to Example 1 (bottom), as compared to XRPD patterns of crystalline compound 1
20 prepared according to Example 2 (top), Example 3 (2™ from bottom), and Example 4 (2™
from top).

Figure 7 shows a TG thermogram of amorphous compound 1.

Detailed Description of the Invention

25 In certain embodiments, the invention relates to crystalline compounds having a

structure of Formula (I) or a pharmaceutically acceptable salt thereof,



Zis NH, Nalkyl, O S or C(R8)2, preferably S; Rl, R2, and R3 are

hydr ogen; each of R4, R5, R6, R7and R8 is independently selected from

hydr ogen,wQ@i208alokye, C _ hydroxyal kyl, C _6al koxyal kyl , pargis2o1aes126

C _6aral kyl, each of which is optionally substituted with a group sel ected
from al kyl, am de, am ne, carboxyll acid or a pharmaceutically acceptable
salt thereof, carboxyl ester, hIOR aﬁ& t iPoet fferably R4, R5and
R6, are independently sel ect edllf r oth G th| et h ki “*hydr oxyal kyl , and

C _6aral kyl and R7 is G Nnnr eraN Y, d R5 are
G _6t hi oether, and each f};_ al

0 6 ce Stai gy embodi nents, the
invention relates to a talllne conpound of Formula (11) (H) In certain
enbodi nents, the inventiRh relates to a nethod for the preparation of a
crystalline conpound of Fornmula (1) or (Il), conprising one or nore of: (i)
preparing the anorphous conpound, e.g.,laccording to U S. Patent
Application No. 11/595,804; (ii) dissolving the anorphous conpound in an
organi ¢ sol ventyhefcid 1) bringing the solution tosupersaturation; (iv)
isolating the crystals, e.g., by filtering the crystals, by decanting fluid

fromthe crystgllgo NH,RY NaRikyPhRGEraBlyih,abl e separation technique; and (v)
washi ng the crystal’s. In cer?aln embodi’'ments, preparation further conprises

i ndugj ng crystqlghﬁng &gﬁkﬁf&g{tﬁwﬁﬁg he bgﬁmys, preparation further

conprises drying, prefe y unde essure, such as under vacuum

pressure. In c rt us conpound may be dissol ved
in a solvent s @?Q&fggﬁﬁﬁﬁ? %KFfPﬂFSe“%@%$ acet ate, heptanes, hexanes,
i sopropyl acetgﬁ§8 gﬁ%ﬁgnol met hyl et hyl ketone, tetrahydrofuran, toluene,

and wat er, ndFihy rcigﬁ"évreof In certain enbodi ments, the
anor phous conpo nd, of, Formul.a (I may. be dissolved in an organic sol vent

sel ect ed £¥HAf cheBor]ﬁ tRlaFlé R F}“elﬁfi%ﬂi‘@@nth’e%‘?&ﬁ@él frapphydiagen. GretlkehGar of ur an,
Sha colene: oy mkoSASPUISIAR S apf ol SRR, BRLE AR b o>
preflér ably ac esuimtltulted \elth)a gtaipuselveted frorn alkyl, amide, amine, carboxylic acid or a
pharmaceutically acceptable salt thereof, carboxyl ester, thiol, and thioether,
preferably R*, R’and R®, are independently selected from Cjgthioether, C.
shydroxyalkyl, and Cearalkyl and R” is C,alkyl, more preferably, R* and R’ are

C sthioether, and each R is Calkyl

15 In certain embodiments, the invention relates to a crystalline compound of
Formula (II)
OMe
O H O 0
N/ﬁ)kﬁ N
\ =
>/S o OMe o)
Me
uy

In certain embodiments, the invention relates to a method for the preparation of a
20 crystalline compound of Formula (I) or (II), comprising one or more of: (i) preparing the
amorphous compound, e.g., according to U.S. Patent Application No. 11/595,804; (ii)

dissolving the amorphous compound in an organic solvent; (iii) bringing the solution to

-4 -



In certain enbodi nents, bringing the solution to supersaturation conprises
the slow addition of an anti-solvent, such as water, heptanes, hexanes or
anot her pabapioorwstionpol ar liquid mscible with the orgarCt/useéveeti2e
allowing the solution to cool (with or without seeding the solution)

reduci ng the vol une t he sol ution, y.conbi pati on er.eof . certain
enbodi mentWer rﬁgqnngwi felatipe thei Srstily esgjgaf Gllgrine ?BWS%*WQ\! fleaati 1% Pidg an

anti - sol veghy th€ Qﬂjsiam of tﬁaﬁp&ﬁ&' fLftadie sé}fg?dtﬁ)'ﬂtteélﬁfqﬁ%r ﬁ{dbk%‘}?‘w%hlhé) wer, and

reduci ng the vol ume of e 'solution, e.g., by evaporating solvent fromthe
sol uti on. ctystatserlh a¢ntaie nmbddln@ntsspreaaﬂaow ﬁgthtemprsmm imslucing cooolllizatipn be

passi ve ( the soluti to stand at nt. .t enpera or
et tve. (T trtauban liews Eortion s Gerirgeey By oprer GRS HGE) o &
enbodi menpeessurf QuiRhd@dicf Wdulerpré@aRS | ses induci ng precipitation or
crystalllzatlon In certain enbodlnents i nduci ng precipitation or

crystallizatiofy GORI ¢RERIBEHS Wﬁ@ﬁ%oﬂiﬁ%h@é’&m@hﬁg%@ﬁ%' cﬂ?1 BHEU Gk kOReMCCUr'S

in the presence of seed crystals or interact e envi ronnent
(crystall sdwed/\&bMCetsmtmhel a:tgyll awptetel bergancs Orvixaadsi mnpropylcacytatd medemblal n

enbodi nent s t he C ris es washi n el ected
£r om ant 1 el R Kot Erriiyfe Bty B A RLE dheftiufion dibredt. S5
tetrahydr @érbﬂi@@mb&dlhiéﬁ@%he‘é’ﬁfo%hou@ EOIﬁp&QﬂtHf%hhﬁlﬁ (IIFﬁfa?%fe diskHlvE@It /4 N

enbodi nents, the crystals are washed with a conbi nati on of anti-solvent and

t he 6 ganptgamﬁlsvé’ﬁtlt selaﬁte@efrqr@awt@nﬁddlhwﬁn% hexvagn mictlasiol defrahy drofigreey |

while in OHPFE enbodlnent% % kane solyent uch as. hexane . or
oluehie, or 4 Hla 101) ereof certa%n preferred em RAINIENIS,, the,of anic
pent ane, an Aronat: rocarpbon sol ven such ds beénzeneé, toruenhe, or

xyl ene. | Sblc@ftﬁwomeaahe@ahyafﬁfﬁnanmsd@btﬂgltﬁtegp@fewdlﬁh&t@rﬁﬁné bs®tuenashi ng t he
crystalline conpound of Formula (11) with a mx of tetrahydrofuran and an

al kane sol vent | &iath @RbdHEHBME SorRigilpeRE 8M88en R supblshtuitiBh ¥oR@brigsahoni trile
and water. In certain enbodi ments, washing the crystals conprises washing

the cryst slopi aﬁiéltmrqf@u ﬁdtl'@f)lVF@E puchas (Wakgr, bvptames,dieyanes or prpthereholarogdosuch

Sgo I g%ém flqulg' ?C;l% Fiie c%cﬂ)%g%cf V:‘egﬁrzaﬁ?rvtvj ngsd%f ?Gf%mon &y B%It@n{ﬂl Al y pure.
In certai ﬂlltﬁﬂﬁl@@bd’fﬁ@ﬂ&,sowﬂl@nnﬁédﬂcﬁ@ th@Velumefof tiesoliftivat éd dnynenmbaimaennd of
Formil a thereof. In certain embodiments, bringing the solution to supersaturation comprises
adding an anti-solvent, cooling the solution to ambient temperature or lower, and
reducing the volume of the solution, ¢.g., by evaporating solvent from the solution. In
20 certain embodiments, allowing the solution to cool may be passive (e.g., allowing the
solution to stand at ambient temperature) or active (e.g., cooling the solution in an ice

bath or freezer).

In certain embodiments, the method further comprises inducing precipitation or
crystallization. In certain embodiments, inducing precipitation or crystallization
25 comprises secondary nucleation, wherein nucleation occurs in the presence of seed
crystals or interactions with the environment (crystallizer walls, stirring impellers,

sonication, etc.).

In certain embodiments, washing the crystals comprises washing with a liquid
selected from anti-solvent, acetonitrile, heptanes, hexanes, methanol, tetrahydrofuran,
30 toluene, water, or a combination thereof. In certain embodiments, the crystals are washed

with a combination of anti-solvent and the organic solvent. In certain embodiments, the



(I'l) is in the range of about 135 to about 160 OC, about 140 to about 155
0C, about 145 to about 150 OC, or even about 147 to about 149 0C, e.g.,
about 149wO0Qo10kmsert ai n enbodi ments, the DSC of a crystalriise@ooesipound of
Formula (I1) has a sharp endot herm c¢ maxi rum at about 147 0C, e.g.,

resulting fromnelting and decqnposjti.on of the crystalline formas shown
in Figur gaalit.l's‘%e‘}fésr Vach V\gﬁlﬁdapﬁ@ﬁ?@{bm.{ilﬁ}?n%l‘f léﬁnﬁﬁﬂﬂaéﬁoalﬁ%ﬁtt%‘f’ appexgne
crystal | i genGmRosNth QbmEQE Atli8edbdn sdivent, Qudfs bzaft: totucd; orkyl@ye. 10. 60;
11.09; 12.74; 15.27; 17.74; "18.96; 20.58; 20.88; 21.58; 21.78; 22.25;
22.80; 24.25; 24. 66: ; 445 - ; .98 1 ; . 46;
30.78; 32.17: 962@;”1 %ﬁb%meég‘g hlr@hggw S%%.ng';pr%%. ‘g%hé%%%g%é‘ghn%ﬁ gure
2. | n cer t@anpowniaddomaakg]l) tvith aTiixtdfestrabgd@furah asd en ylktad dolveat, sactpaund of

Formula (]1) exhibits from0.0 to 0.3% weight loss in the tenperature range
of 25 to E%newr&?pgaﬁ%ﬁr i"VrﬁtgFai g agetonifrile apd syater o fbeIfANEFROAIRCRSy st al | i ne

conpound g,faslﬁﬁ%ilfﬂél(:ﬁs@eilé %&ﬁris‘%@};vaﬁﬂhgﬁ{ef&ygtﬁliﬂe @mﬁ&ﬁmaw%ﬁhulhfeg%mﬁ does

not conprise es of a solvent n"certain alternative enbodi nents, a
crystal | i mduanembopredercfd skolr embedinichis, ths taloéneas ecbled prigeptvaishingnbodi nent s,
the invention relates to a nmethod for the preparation of a crystalline
conmpound of Foimedrain ¢rhhoditdentscngaystsiling cémpounsiadtfonguia (09 igpabstantedllyFor nul a
(rrr)y (H) wherein Xi ny suitable counterjon, with a conpound of Fornul a
(1V) in aRuisr §aRFEiREM %ﬁmemswhe orslyngpaptatithycrystading coypowyid of kgmpBund of
For my & ( [ hfhrbihen R iaBb f 138!y @8t 166 Pt} 1M BAREHESOLULEAR 14910
supersaturation to permt fornmation of crystals; an 1(1IV) isolating the
crystal s tlooupd 6 Feoraven ylsquall#7 meatmatrpBUHd oof., oA 11), e.g., by
filtering the crystals, by decanting, or by any other suitable separation
techni que. | n becdraimerebdidcicnsthe D8 Ccafipaysnallioé cdrapsandaf FothulagInbis a

puri i ed Eﬁ/arp endothermic maximum at about 147 °C, e.g., resulting from melting and

decomposition of the crystalline form as shown in Figure 1.

15 In certain embodiments, the X-ray powder pattern of a crystalline compound of
Formula (IT) is (8-26°): 8.94; 9.39; 9.76; 10.60; 11.09; 12.74; 15.27; 17.74; 18.96; 20.58;
20.88; 21.58; 21.78; 22.25; 22.80; 24.25; 24.66; 26.04; 26.44; 28.32; 28.96; 29.65; 30.22;
30.46; 30.78; 32.17; 33.65; 34.49; 35.08; 35.33; 37.85; 38.48 as shown in Figure 2.

In certain embodiments, the TG thermogram of a crystalline compound of
20 Formula (II) exhibits from 0.0 to 0.3% weight loss in the temperature range of 25 to 125

°C as shown in Figure 3.

In certain embodiments, a crystalline compound of Formula (I is not solvated
(e.g., the crystal lattice does not comprise molecules of a solvent). In certain alternative

embodiments, a crystalline compound of Formula (IT) is solvated.

25 In certain embodiments, the invention relates to a method for the preparation of a

crystalline compound of Formula (I1),



chromat ography prior to preparation of the solution in the organic solvent.
In certain enbodi nents, preparation further conprises inducing
crystal | iwatzoonosi7a certai n enbodi nents, preparation fuPChas2cionpsizees
washing the crystals, e.g., with a solvent or non-solvent fluid. In certain
enbodi nents, preparation further conprises drying, preferably under reduced
pressure, such as under vacuum pressure.ln certain enbodinents, Xis a
counterion selected from hydrobrom de, hydrochl oride, sulfate, phosphate,
nitrate, acetate, trifluoroacetate, citrate, ne esul fonate, valerate,
oleate, palmtate, stearate, |aurate,gpgnzoate, ate, succinate,

tosyl ate, malonate, naleate, funeratg¢, suc© naye, fartrate, nesylate, 2-
hydr oxyet hanesul fonate, and the Mk ee J fqg | e, Berge et al.
(1977) "Pharmaceutical Saltg§ 3 .NPhgr mYScl. : 1-19.) In certain
enbodi ments, X is selected fReftrifl Qor oz at &) net hanesul fonat e,

t ol uenesul fonate, acetate, | oride, and brom de, preferably
trifluoroacetate. In certain enbodinents, the organic solvent is selected
fromacetonitrile, ethyl acetate, hept s, hexanes, isopropyl acetate,

met hanol , net hyl et hyl ketone, tetrahydrofuran, toluene, and water, or any
conbi nati on thgre -Si?# Q) &g&g@ é‘ccﬁaﬁcﬂﬂh%‘?%ﬁmlﬁ'@ﬁl anor phous conpound of
Formula (I1) nay be solved I n organi c solvgnt sel ected from
acetonitrile, heptanes, hexanes, nethanol ﬂ et rahydr ofuran, and tol uene, or

any conbination thereof. In certain prefé§ d enbodi nents, the organic
asetonitrile, preferably
i fepts, preparation further

sol vent is toluene, tetrahydrofuran,
acetonitrile or toluene. In certain e
conprises washing the crystals of XorfhNaAN). In certain enbodinents,
washi ng the crystals conprises washiAg wilth a |iquid selected from

anti -’sol vent, acetonitrile, heptanes, heXxanes, nethanol, tetrahydrofuran,
t ol uene, water, or a combination therqﬁg In certain enbodi nents, the
crystals are washed with a conbi nation } anti-solvent and the organi c
solvent. In certain enbodinents, the anti-solvent is water, while in other
enbodi ment s i t WhereHhXds khitablevannterian ¢ritha coraroimd o Fopaye e ingp an
aromatic B%Qﬁﬁ%ﬁﬁ@ﬁp sol vent, such as benzene, toluene, or xylene.

OMe
O H O
N/§TJkﬁ \fJ\OH
>\/S © _\OMe
Me ;
10 V)

(i1) preparing a solution of a compound of Formula (II) in the organic solvent; (iii)
bringing the solution to supersaturation to permit formation of crystals; and (iv) isolating
the crystals to provide a crystalline compound of Formula (II), e.g., by filtering the

crystals, by decanting, or by any other suitable separation technique.

15 In certain embodiments a compound of Formula (II) is not purified by

chromatography prior to preparation of the solution in the organic solvent.

In certain embodiments, preparation further comprises inducing crystallization. In
certain embodiments, preparation further comprises washing the crystals, e¢.g., with a
solvent or non-solvent fluid. In certain embodiments, preparation further comprises

20 drying, preferably under reduced pressure, such as under vacuum pressure.
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In certain enbodi nents, preparation further conprises drying the crystals
of both of Fornmula (Il1), preferably under reduced pressure, such as under
vacuum prwe=ureeosi’a certai n enbodi nents, the invention Pelratses0oesiac

phar maceut i cal conposition conprising a crystalline conpound of Formul a
(1) and a pharnaceutlca ptable carrie I.n ce n enbodi ments, the
phar maceut i cal tSH3IsTEP PRI SR e OB e o hﬂ%@éf@%%ﬁ and

i nj ectiongy &l%aﬁoﬁaie %mﬁ& ?hbsﬁﬁtemtm&tab&ae Eﬁ%&&é@&&@%ﬁu@éderl y protein
degradatlon I's cruci al t he mai nt enance of normal cell functions, and the
pr ot easonmeﬂmncsmﬂfegatta,l Vaﬂeratlehdeapﬁ,qiahnmatdﬂgaaadatlaluatepbme@s, lafthte, pr ot easone

controls the.|lev ins, that are ortant C

progressi MU goﬁ?ﬂlﬁf %’ ﬁ%l %ﬁaﬁaﬁpﬁlﬂgﬁt taEtéa\?? §nesf" J(?Fe éxanpl e,
cyclins, GASH neﬁ%a@nﬁlcﬂtﬁe lﬁﬁe(fﬂé@“ﬂo@%kan%le HBorgLet0s - (IW Acad. Sci .
USA (1990) 87:7071-7075; Alnond et al, Leukem a 2% 33 443) . Thus,
it is not Ellﬁﬁpiﬂi?@ltlﬂ@ Saktst, Ji irarmi S¢ingd:pr-62. bé@é@fé‘lﬂaémbvdlwntﬁax is pelenstat e i nt o
t her api es i.0 e t | gnant
and aut oi %ﬂt@ﬂ&g}wx&gte rﬂ%thgrllessaﬁgnates tt(?l ?eﬁe’sul urféltﬂ'e g&\}%? gﬂ?{%b%thcpb Q VI %ro and
in vivo npf&érsblpalvﬂu(&bmw hat mal ignant cells, in general, are susceptible
to proteasome inhibition. In fact, proteasone inhibition has already been
val i dated as apf hfapP&HbdGmshts ath@g aﬁfarsorvféﬁtfsrs@laéte@%npicefmhﬁlepbﬁywel orra
This could be due, in part, to the roliferative malignant cell’
depelrﬁ)dencycqt)ﬁe,th@etapmbm@mw@mémqtftte,rra@ﬁ@ﬂo)b methpliedypkgerd.ns (Rol fe et
Thet ef or el terratEert ARelendRt S5t o BRI FeiPB e HRAEE
treating eheGaephious Q@ﬂipbiuﬂ ds@oadlman(lns tnedyi begliselvad Sy eghnicRoRerhetkteguch
treatnment an effective amount of a proteasone inhibitor conpound discl osed
herei n. ASOUsEqtoREFik; Reptanes, hexpngs: mahierels tefrabydigidisan, pud toluenfdr anymi ted t o,

bl'ood bor E&n&@gtloi{)ﬂhbr%of L'I'Fﬁéeﬁal ggggﬁ%ﬁéd E&b &1ﬁ1eh&hﬂ]'e ) O§a§ﬁ;“c é&%ve{ﬁk fr%g?l’ufn?é)“e

or gans, in tissue and e va ar sy s mted to,
cancler s ofettahgdrbhiagider acdbronide, pbcffmablybarcatomtrllmrcea;sluenecer vi X, chest, colon,
endonetrium esophagus, eye, head, kidney, liver, lung, | yrrph nodes, nouth,

neck, ovari es, Iipestaireasbodimest direparst@it fuffher @ArisesSkhshingSthe 0BStls dfesti s,
Formula (II). In certain embodiments, washing the crystals comprises washing with a
liquid selected from anti-solvent, acetonitrile, heptanes, hexanes, methanol,
tetrahydrofuran, toluene, water, or a combination thereof. In certain embodiments, the
20 crystals are washed with a combination of anti-solvent and the organic solvent. In certain
embodiments, the anti-solvent is water, while in other embodiments it is an alkane
solvent, such as hexane or pentane, or an aromatic hydrocarbon solvent, such as benzene,

toluene, or xylene.

In certain embodiments, preparation further comprises drying the crystals of both

25 of Formula (II), preferably under reduced pressure, such as under vacuum pressure.

In certain embodiments, the invention relates to a pharmaceutical composition
comprising a crystalline compound of Formula (II) and a pharmaceutically acceptable
carrier. In certain embodiments, the pharmaceutical composition is selected from tablets,

capsules, and injections.



throat, and uterus. Specific cancers include, but are not limted to,

| eukem a (acute | ynphocytic |eukem a (ALL), acute mnyel ogenous | eukem a
(AML), chwormnnyiogriphocyti c | eukemi a (CLL), chronic nyel egerusasioloesizem a
(CM), hairy cell leukem a), nmature B cell neoplasnms (snall |ynphocytic

| ynphoma, . B ce ] ] | eykem a, |ynphopl asmacytic | ynphoma (such
as Wl denst¥d g Ve ibgl8BH G Hd¥) $¥$elaeB eni ¢ nargi nal zone | ynphonma, pl asna
cell nyel oma, E@asn&cyton& monoc| onal i mrunogl obul i n dep03|t|on di seases,

heavy chain di S&dasbyprotein dogrsiatipn weireginldp theonainnarqel ofinprpa et funghioms,
| ynph | ynph
b1 ea i o EREMe A8l RS heiptejrd JOAIAMEN pRltES) ThE QG RIARL YRR

cel | | ynmpbatmls ihoti¢valsaspubtains ket ge iBiposhiht foyegilhorts prpgicsssyand apoptosis
effu5|onlynpho d Burkitt |ynphoma/l eukem a), T cell and natural
Killer (N@n%‘@"f ‘WCTB gepkely %ér:aiargnﬁaw 3RS %ﬁkgﬁ%ﬁ-@ca | large
granul ar p&ﬁﬁ%&@ﬁﬁ hIC, #r@é”f\?d%“ %’caN&‘k/%i ‘LﬁfA Yﬁ)9%8‘?‘?b’y1 b@?ﬂ‘%%%n%@ﬂél' t T cell

| eukem a/ [ 'ynphona, €xtranodal ent’éropat hy-type T cel
| ynphoma, Lhdpatiotil0eni e 483e3). Thuphosaot sbipasinigdhdknicbitinglpyotpsome, nycosi s

f id S dr o t plastic | | |
| ymphomm. MY ASROEEETe GRS BT gt YO A ASERE . Feber P SR
unspeci f i gf]ipRni BAEH@binTm &R dlséampb@éﬁdﬁg@na@éﬂlgsﬁ\l&védar ge cel | |ynphona),

Hodgki n' s | ynphoma (nodul ar sclerosi's, mxed celluarity, |ynphocyte-rich,
| ynpfyocyt e depsiied ,fr, Bt mol}%gJ Hb&ds ha{l%%}lb@ﬁ tﬂa)( %‘ﬂgﬁéﬂt%eﬂi’sf ‘ﬁggéﬂef‘aﬁ‘,rﬁr%] .
nmyel oma (nultiple nyel ong, 'ent nyel oma, ring nyeloma), chronic
nyel opr ol slisecpithlww b sesse, inhplondyis [ﬁdcaairotcaswyrwl iohibaianfles already tdksease,

A A R S e

chondr osaggQi@parEWb B KIS PERiferaliPE ARALEANBell TBEHABSHY, ol tﬁ@faro@&kd,m& unor ,
myel oma bone di sease, osteosarcoma, breast cancer éhornone dependent,

hor mone i Méqmmj@md}y regave podteigs Rolfretnbel. é\/I‘QlCMWlI a7 "éﬁaﬁidﬁefsdma&,
fallqpian obla t.ic eas ar |toneal
urerhe DR EORTREHR0D),) ThEBREP B8hih o liRT o T M 8

car ci nomanfeffod)of tﬂmﬁmgmemcemeb@pﬂﬂﬁg a&iﬁfnﬁmérﬁfgl B aGEBjcCaRBcEd @ftsmbler ans,

Mer kel cell carcinonme, Kaposi's sarcong,
treatment an effective amount of a proteasome inhibitor compound disclosed herein. As

used herein, the term “cancer” includes, but is not limited to, blood borne and solid
tumors. Cancer refers to disease of blood, bone, organs, skin tissue and the vascular

20 system, including, but not limited to, cancers of the bladder, blood, bone, brain, breast,
cervix, chest, colon, endometrium, esophagus, eye, head, kidney, liver, lung, lymph
nodes, mouth, neck, ovaries, pancreas, prostate, rectum, renal, skin, stomach, testis,
throat, and uterus. Specific cancers include, but are not limited to, leukemia (acute
lymphocytic leukemia (ALL), acute myelogenous leukemia (AML), chronic lymphocytic

25 leukemia (CLL), chronic myelogenous leukemia (CML), hairy cell leukemia), mature B
cell neoplasms (small lymphocytic lymphoma, B cell prolymphocytic leukemia,
lymphoplasmacytic lymphoma (such as Waldenstrom’s macroglobulinemia), splenic
marginal zone lymphoma, plasma cell myeloma, plasmacytoma, monoclonal
immunoglobulin deposition diseases, heavy chain diseases, extranodal marginal zone B

30 cell lymphoma (MALT lymphoma), nodal marginal zone B cell lymphoma (NMZL),
follicular lymphoma, mantle cell lymphoma, diffuse B cell lymphoma, mediastinal

(thymic) large B cell lymphoma, intravascular large B cell lymphoma, primary effusion
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astrocytoma, pilocytic astrocytoma, dysenbryoplastic neuroepithelial tunor,
ol i godendr ogl i omas, ependynonma, glioblastoma nmultiforne, m xed glionas,

ol i goast rwoyoovmsi72nedul | obl ast ona, retinobl astoma, neurobitsstiomes126

germ noma, teratoma, mali gnant nmesot hel i oma (peri toneal nesotheliom,

peri cardi sot heI ral mesothelio tro en ncreatic
or gast rog’ﬁ’% {(Ta t(:ly F?d‘&iﬁmiaaemi‘tﬂ C?I Wﬁlkh @\i@o‘i gl
pancreati I , I t al
car o nom?eﬁz‘%?%s;???% Nhpe %T AT bt pUeRb AT
adenocar chggyom]vedlg el ldﬁlknlglac edult Edelmtmlacmlaﬂamhome,pram@n@iaﬂ KT celr ci noma,

rodurar °§vm3%§?%e%§§t§aﬁw TRl e sy Repisnacs & WAREPEondy Snonsmal |

cell 4 UngN@@éé}l [§RRFRokh 1s(f§ﬂ$tﬁﬁ@ Sefa?;lrb ﬂd%}ﬁe)cﬁﬁﬁlhﬂﬂd{@ane@ﬁlseﬂﬁ RE@d nona,
car ci nona) cel | Iung carci noma, thyroid carcinong,

| ar ge cel |
prostate tﬁagﬁ:@% lymhﬂmméym@h@ra@tp&mpubmmr @wmmb@ﬁmﬁmll Siaphogun

A R T T A T e,
| i posar compﬂohﬁaqdodmmree@m rﬂled:cbdse]l@smyg@mhbeﬁam@hol@afp@ome dspieed bal

sarcoma, malignant peri pheral nerve sheath tunor/neuro fibrosarcons,
ext r askel é@taﬂepksr&dea@%}%rdmp ompreéwgt)omyﬁlﬁ@aﬂa@ﬁml%wpmaemé!ﬁhrnr ynphoi d

{1 SSPS aeeRa 8bRElzerDlbnA HATEATEIbRITGL, Pagliteration, or a
EhfE hyplor] SRR RSB b R

part| cul ar “type’ o ronic erati vé di seases (CWMPDs)
are cl onamybh)dymlmno/lne}tdlcmrslufemtwe kiiseaﬁesmydedﬁspd}isac ayndeasmmd by
proliferation in the bone narrow of re o [ ineages,

or el gi d
resul ti ng TR @b?g@aa%aﬁlﬂ@fiémph@r%}%%wH‘égrdersealsap%"% ae@ dF%Argwcﬁe r
pl at el et spidhidhR RELbBASLHAIChOAREGrcolSa, BUGH: sdrfind! SR rOhrJORAL RARSTRL

inhibitors for the treatnent of such diseases Is attractive and bei ng
exanm ned g@nt ¢ed>1rmmet, nayelomi-benadisdasg)ios@o§2@TY, be2st mcza{hmpe CMPD can
i ncl e roni.c el ogenous | eukaem a, chr.onic utro ic le m a,
chr obtc. 0BT REEH TOrEorE TR oy et Sr Con it Of cap e Bl RGP
nyel of I br fbk SgesiBis Rl tiophoblAtR QA Baglndpa@nendinGhtastel gl ang RuQmi)C
nyel oproliferative disease. An aspect of the invention is the nethod of

treating bweDcadbeprinena(Bedhisaramaesical cersingma (SCC), malignant melanoma,

dermatofibrosarcoma protuberans, Merkel cell carcinoma, Kaposi’s sarcoma,
astrocytoma, pilocytic astrocytoma, dysembryoplastic neuroepithelial tumor,

20 oligodendrogliomas, ependymoma, glioblastoma multiforme, mixed gliomas,
oligoastrocytomas, medulloblastoma, retinoblastoma, neuroblastoma, germinoma,
teratoma, malignant mesothelioma (peritoneal mesothelioma, pericardial mesothelioma,
pleural mesothelioma), gastro-entero-pancreatic or gastroenteropancreatic neuroendocrine
tumor (GEP-NET), carcinoid, pancreatic endocrine tumor (PET), colorectal

25 adenocarcinoma, colorectal carcinoma, aggressive neuroendocrine tumor,
leiomyosarcoma, mucinous adenocarcinoma, Signet Ring cell adenocarcinoma,
hepatocellular carcinoma, cholangiocarcinoma, hepatoblastoma, hemangioma, hepatic
adenoma, focal nodular hyperplasia (nodular regenerative hyperplasia, hamartoma), non-
small cell lung carcinoma (NSCLC) (squamous cell lung carcinoma, adenocarcinoma,

30 large cell lung carcinoma), small cell lung carcinoma, thyroid carcinoma, prostate cancer
(hormone refractory, androgen independent, androgen dependent, hormone-insensitive),
renal cell carcinoma, and soft tissue sarcomas (fibrosarcoma, malignant fibrous

hystiocytoma, dermatofibrosarcoma, liposarcoma, rhabdomyosarcoma leiomyosarcoma,
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subject in need of such treatnment an effective anount of a proteasone

i nhi bitor conpound di scl osed herein. Mel odi spl astic/nyeloproliferative
di seases,weurotv/msizehr oni ¢ nyel ononocyti c | eukaem a, atypctals2einesize
nyel oid | eukem a, juvenile nyel ononocytic | eukaem a and uncl assifi abl e

nyel odysp| asti ¢/ nyel oproliferative di sease, are characterized by
hyper cel | ?r&’f“i&l?/s%n’tah%m% SHrEd P8Rt P PRIk YR T6AN n one” or nore of

the nyel _0Wnclr?ﬂ%ﬁﬁﬁ%%osa%&ﬂia?&it{a@ﬁel&tﬁﬁos@éo@&r%éﬁw with a conpound or
conposition as described herein can serve to treat these

nyel odyspl atic I | ir-tierat i Mol eqt, in need
of “such tr oat nomeY AR R R Rt rIcE 358 BribhoR BXhE A9 ohuadBl A v

'c\i/'yel ogys pit&ﬁdab@infqeﬂqudg@ﬁbltibgé%)al paetﬁcelﬂarttygoegaof@?burrgl_ef:hﬂaefmﬁpe?qbre_ﬁfem}t%_em cell
i sorders characterize spl asi a.and i neffective haemat opai esis in one
or nore ofliSeaes @VBPSW@C{W&?’I@@WQHO%@.S_t%?ﬁ(eﬁwsermﬁpwwmbg pr ot easome
| nhibi € or phgl e PinNRIBYR R BROADHANGIGR th1HYEER! IRARLORLSink fieT €DY
killing the malignant cell (Braun et al. Cell Death and"Differentiation
(2006) 1ginu|@sei518)mb@ﬁs gﬁgr‘amdocyem;)mzﬂibm& cabl andver platedets indh? 'psriwaﬁn@t hod to
treat MDS conpr,i Si adm ni.stering tq.a subject, in need of such treatnent
anof f oot PPRIARSHETAR e O gt o QUR TR A it B imoREs SPHLF RGBS e r act ory
anenm a, r gffaaGiOid R xam\mefdf(cmdw@ﬂa@mgﬁlﬁéah@éas%omﬁ)fqza@mr.mmt openi a
with multilineage dysplasia, refractory anem a W th excess bl asts,

uncl leﬁ)_ssit f Cézﬁ_rltéﬁgd_em@l sph@@iclarn?lngﬁnﬁweleah@nweqh@uy@pw?q‘phﬂ%ﬁdmmsa, o
associ at eq, Wi i.sol.at.ed del (. chr.omosone._abnor.mal.i tv.. Mas osis is a
oy o 1 or aroncgp RRRRE B iz PO BT (B AR PHC R PRBIRI B or

nmor e or gaBsseitidl iBmbdBshReph asd endlaeiflaBRSchrdiid miyslopatliferafivd dickak®, AUt aneous
mast ocytosi s, indolent system c mastocytosis (ISM,. system . c nmastocytosis
Wit h assodipgeteaf the Bvantionds thetaetbed ebireaiigs (MEBP-coBIPIisINE sdayHstgiis e

( SM AHNMD), ,1..; i ] 0 i -cel.l | eukem a
(o ARV 00 38 S0 LB PO A3 M re Bt st sukent o
enboldi mentorapoundelischosedherem.i s a method to treat nmastocytosis, conprising
adm ni stering an effective anmount of a conpound or conposition disclosed

herein to a subjytddiglagoaseibprélifbratas i8ext)Sich as chronic myelomonocytic

leukaemia, atypical chronic myeloid leukemia, juvenile myelomonocytic leukaemia and
unclassifiable myelodysplastic/myeloproliferative disease, are characterized by
hypercellularity of the bone marrow due to proliferation in one or more of the myeloid

20 lineages. Inhibiting the proteasome with a compound or composition as described herein
can serve to treat these myelodysplatic/myeloproliferative diseases by providing a subject

in need of such treatment an effective amount of the compound or composition.

Myelodysplastic syndromes (MDS) refer to a group of hematopoietic stem cell

disorders characterized by dysplasia and ineffective haecmatopoiesis in one or more of the
25 major myeloid cell lines. Targeting NF-kB with a proteasome inhibitor in these

hematologic malignancies induces apoptosis, thereby killing the malignant cell (Braun et

al. Cell Death and Differentiation (2006) 13:748-758). A further embodiment of the

invention is a method to treat MDS comprising administering to a subject in need of such

treatment an effective amount of a compound disclosed herein. MDS includes refractory
30 anemia, refractory anemia with ringed sideroblasts, refractory cytopenia with

multilineage dysplasia, refractory anemia with excess blasts, unclassifiable
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The proteasone regul ates NF-kB, which in turn regul ates genes involved in
the i nmune and inflammtory response. For exanple, NF-KB is required for
t he expr eweizorn/o8172he i nmunogl obul i n |i ght chai n Kgene, pcimaiska1od281e€ ept or
a-chain gene, the class | major histoconpatibility conplex gene, and a
nunber of cyt okine ene encodi ng, for exanp anul ocyt e

col ony- st Pﬁlﬁft)éwn%agﬁ Pme&ﬂgn}ymdwm%ucmépma aé%ocg%red Wléé}sgf °flgg4)
78:773- 78§QK53@H§Kmhgm@%5&ﬁhﬁh%nbodlnents the invention relates to net hods
of affecting (% l'evel of expression of IL-2, MHG-I, IL-6, TNFa, |FN-b or
any of the oth A i 4. st ng

. of e ot NS BLEHLRAS HeRULY AR R B AR SRS IEEHI GATRIRI9
conmpound onecmmpmsngmnn@dnscmmsﬁmyhemenﬁuwﬁnbmagh@ﬂﬂmﬁmuodhmﬁmbss t he

i nvention includes a qethod of treatlng(ﬁn ut oi mmune disease,Ln a mamal
corrpr5i Si n@laétBHXtH?l%tl’é‘ilq Y SESIETHETAHERAMAVISH §,M§fsy SEMIG RGNS BHha conpound
or comnpos h§sb8§te9§§cﬁ1ﬁl l?a%%aﬂﬁégbﬂ noﬁ"?nas%&l? !1%%‘3%13%& Q%Akﬁ@ﬁ/l@ nis a

di sease or di sor arising fromand direct agal nst an |nd|V|duaI S own
tissues. ns,six@ssystﬁmmmgﬂtmmwm A dpswst call ldilsonid M€ nmbsidell sbaomar e not

limted t tor res ses suc i nf 0 ski n .di seases

el ur ngCHS 6P rE PRl SRS B Aptics ot ke dR Wb FEf e o

scl er oder FR(RRAdo HEhERAMFioslsGSRANTE ﬁg@cﬁﬁﬁfs&&f@w&femmﬁmmry bowel

di sease (such as Crohn's di sease and ul cerative colitis); respiratory

di stiless sympeungeor Comppsitdmdiselasadthoras g @ suboeoy ddlngg(pseéwthsmmwls ARDS) ;
dermatitis; neningitis; encephalitis; uveitis; colitis; glonerulonephritis;
allergic condiﬂhopsn@mmhe&@ukmﬂdm&KBQWha$ﬁhMHnaqyﬂmb$gﬂwsbndh®ﬂ®mﬁw

involving.infiltr on of T cel d chr f.| ammat ONSEes;
L hor osor ipBle st inhRRatlor) sinaRo Fohef et B in BT R S SRFANL:
system c b%‘é@nﬁfuﬁbﬁl@ﬂﬁhpﬁﬂﬁ chath Ogen@“tﬁ@ﬁ Q%ed@{dr'atélﬁm( ng the EMRET |
di abetes nellitus of insulindependent diabetes nellitis nultlple

scl er osi s mapshreaAPIEpat hitich mle&g@@, ad i Bumbgiradicaioking:; gendy ancqdliog, for

encephal onyel it ren veni ons and i nmune
Feophnecs tuttiTi LA RmuberE e ke el SRR PRy Tl Sda by
cyt oki nes cang19b4) ygrnhmxs)esrﬁuxplh%hhm ehméaﬁ!nén@s tEDRL GRS Btes SRMEMEOSI S,
pol ymyositis, granul omatosis and vasculitis; pernicious anem a (Addison's
di sease) ; oflafetisg she laval loy lexggestsemkcefdyma MiH@gieHeé; ‘ENFedhiN-Qlor meyr ofcths syst em

CNS) inflammatory disorder; mul.t
( ) other previo Ylsly-rnentloned protelns eac% method comprising administering to a subject

an effective amount of a proteasome inhibitor compound or composition disclosed herein.
20 In certain embodiments, the invention includes a method of treating an autoimmune
disease in a mammal comprising administering a therapeutically effective amount of a
compound or composition described herein. An “autoimmune disease” herein is a disease
or disorder arising from and directed against an individual’s own tissues. Examples of
autoimmune diseases or disorders include, but are not limited to, inflammatory responses
25 such as inflammatory skin diseases including psoriasis and dermatitis (e.g., atopic
dermatitis); systemic scleroderma and sclerosis; responses associated with inflammatory
bowel disease (such as Crohn's disease and ulcerative colitis); respiratory distress
syndrome (including adult respiratory distress syndrome; ARDS); dermatitis; meningitis;
encephalitis; uveitis; colitis; glomerulonephritis; allergic conditions such as eczema and
30 asthma and other conditions involving infiltration of T cells and chronic inflammatory
responses; atherosclerosis; leukocyte adhesion deficiency; rheumatoid arthritis; systemic

lupus erythematosus (SLE); diabetes mellitus (e.g., Type I diabetes mellitus or insulin
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organ injury syndrone; henolytic anem a (including, but not limted to
cryogl obi nem a or Coonbs positive anem a); mnyasthenia gravis;

ant i gen- an0i2bodpsmonpl ex nedi at ed di seases; anti - gl oner eRCanishasmesné
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that are vir ncogenic tr nsformatlo

o asent - ubrbfiney ad B b oS FOREN R RS SHRR Sukh AR SRSy o s
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class |- rredl ated i mmune responses. Thus, in certain enbodi nment s,
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agent for es ri sing

estposi ng. PHAmh PasnEhhAeb P A EES B v S EEiohingRLT T Lo
herei n. SpeCbdinbs pcsr;tmtél AN, mp@dth@@ @aiiel ehﬁ@e@-ﬁnﬁﬂcﬁl@tobﬁ@l@rrﬁédlat@d

transpl ant-rel ated di seases, such as graft-versus-host disease or host

ver sus- gr 4Peasgs satiedomeruler hasement m@@ﬁwéﬂ%seaa@ﬁnhp&m@hp}dgsya rome;

ther eut t dihe term
"graft agﬁéggeﬁ1 ﬁ%@%ﬁrﬁ?f’%}@%@??& 0 olga?%g ?rgltléehrqléémdg&g &%@%%1 %Om a donor

for t ransbhl&nlsapemphlgm a»utamnranmqapcﬂy&ndo@mfpaﬂnesm%mda cﬁmﬁe diiffenze mat eri al

as, for exa Qfgﬁ %gl ated cells %ECh as islet cells; éssu uch as the

ami otic ctliftash §1T CHLHETIHS MYRINGROMA SORPBEAY 18Recur sor cel I's,
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i nt est i neautbirmodnw@mlb@ytqpﬁnlesophagus). The tubul ar organs can be used to
repl ace damaged portions of esophagus, blood vessels, or bile duct. The

ski ni5grafts cafhbenmaeesysaim amtgnsffaravloges cbilt that &0 vasllpindee@ss hag: t o
damaged int(gestlne or to close certain defec uch as dia hrag tic hernia.

The gr af t "PETRRUNK PERII OHIR P PERCY S &36%1 125 PrOnen At EHACSwhet her

I L gﬁggﬁgv ﬁ{usdca'iuléﬂ ptbREIyIRBRh G atel ISP PEHtRRS B prihft AN T %ﬂﬂpﬁo%gfieg kent is

1nduce MHC class I-mediated immune responses. Thus, in certain embodiments, the
invention relates to a method of using the compound as an immunomodulatory agent for

20 inhibiting or altering antigen presentation in a cell, comprising exposing the cell (or
administering to a subject) to a compound described herein. Specific embodiments
include a method of treating graft or transplant-related diseases, such as graft-versus-host
disease or host versus-graft disease in a mammal, comprising administering a
therapeutically effective amount of a compound described herein. The term "graft" as

25 used herein refers to biological material derived from a donor for transplantation into a
recipient. Grafts include such diverse material as, for example, isolated cells such as islet
cells; tissue such as the amniotic membrane of a newborn, bone marrow, hematopoietic
precursor cells, and ocular tissue, such as corneal tissue; and organs such as skin, heart,
liver, spleen, pancreas, thyroid lobe, lung, kidney, tubular organs (e.g., intestine, blood

30 vessels, or esophagus). The tubular organs can be used to replace damaged portions of
esophagus, blood vessels, or bile duct. The skin grafts can be used not only for burns, but
also as a dressing to damaged intestine or to close certain defects such as diaphragmatic
hernia. The graft is derived from any mammalian source, including human, whether from
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Preferably the graft is bone marrow or an organ such as heart and the donor
of the graft and the host are matched for HLA class Il antigens.

Hi sti ocytwo 2andiosizadritic cell neoplasns are derived fr ecrasagooyties and
accessory cells, which have major roles in the processing and presentation

of antigens to Iy hocytes. Depleting. the proteasone content in dendritic
cel I's hasCHREHS ShGWEdonas: Wrsomsgaesathieidgn 4nﬁda<agﬁnfrlé§lﬁo%§@§n%rmagat te et

al . Cance Pre'?ﬁﬁbly(ﬂ?@%h i$6omARAT A¢88Mn orbAH SuclPR U AR tn§ {H%QféylngpﬁtthQ gratfth e

i nvention conprises adm nistering an effective anount of a conpotnd
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sar coma, LangeHhaiosytieddd dendtiiiocylt woipksmk argerivad rorepHagsayrtesomd,
interdigitating d dr'il_t' g}ecel I sarcorra tunor, follicular dendritic cell
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pr ot easong ias, S@eﬂ\gg e pRACRBARILALA in'd@ndi RALelIdhaLARR VDR EERNGa cel |

type is prollferatln di sorders; thus, an e i ment of the
i nventi ontherr@mug@sntdheedtneamnmr(Ch@patﬂewtrplh6|anazﬁrineer(aﬂ®6b666di4§é{:§§IéS) (LPD)

associ ateg, with di sorders (PID ri.sin ni sterj ng an
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i ncreased i ncidence of |ynphoproliferative disorders, including B-cell and

T-celd neeql wmsmndiustwthoﬁa@ detaiﬂélcrsﬁll nmglasmﬁrmﬁl@d@hismféwé)sar@ymar omes and

ot her pri nger ns ch?hls]uocytomr Y angd} aencstcleﬁ’ rs]ar\émortng grdlgllt'aq%% dewd"rrlljtrllé) c(:je?f | ci ency
virus (H genie o rPnminodippression ti%en 0 have Feceived

solid or g@d’tc&ﬁa/h@ﬂitﬁ* f&lﬁd’tﬂnﬂdahdhﬁlg:f@ﬂltﬁrcoﬁﬁdumaf mgmi $petifidd desdiity ®ESi on
associated with nmethotrexate treatnent. O her PIDs conmonly associated with
LPDs, butS#&®™Minmted to, are ataxia telangiectasia (AT), Wskott-Aldrich
syndrone (WAS), common variabl e i munodeficiency (CVID), severe conbined
i munodef i ci enbynmm Dj) the xrateaskend hlayh‘;ﬁmﬂmwmw be h@neﬁélaélt%maaérseqsmp)
Nij en b eaggg ndrorre ndr.ome, an ut o

Ve

| ynphopr oiwl ]ere @ﬁnﬁpro}%%er%[ﬁ%ﬁx&%une sor ers, thus, an €m gocﬁmen

0]
invention includes the treatment of lymphoproliferative diseases (LPD) associated with

primary immune disorders (PID) comprising administering an effective amount of the
disclosed compound to a subject in need thereof. The most common clinical settings of
immunodeficiency associated with an increased incidence of lymphoproliferative

20 disorders, including B-cell and T-cell neoplasms and lymphomas, are primary
immunodeficiency syndromes and other primary immune disorders, infection with the
human immunodeficiency virus (HIV), iatrogenic immunosuppression in patients who
have received solid organ or bone marrow allografts, and iatrogenic immunosuppression
associated with methotrexate treatment. Other PIDs commonly associated with LPDs,

25 but not limited to, are ataxia telangiectasia (AT), Wiskott-Aldrich syndrome (WAS),
common variable immunodeficiency (CVID), severe combined immunodeficiency
(SCID), X-linked lymphoproliferative disorder (XLP), Nijmegen breakage syndrome
(NBS), hyper-IgM syndrome, and autoimmune lymphoproliferative syndrome (ALPS).

Additional embodiments of the invention relate to methods for affecting the
30 proteasome-dependent regulation of oncoproteins and methods of treating or inhibiting
cancer growth, each method comprising exposing a cell (in vivo, e.g., in a subject, or in

vitro) to the proteasome inhibitor composition disclosed herein. HPV-16 and HPV-18-
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Addi tional enbodi nents of the invention relate to nethods for affecting the
pr ot easone- dependent regul ati on of oncoproteins and nethods of treating or

i nhi bi ti nyocarcws17gr owt h, each net hod conprising exposi rgTASe@bI02{1261 Vi VO,
e.g., in a subject, or in vitro) to the proteasone inhibitor conposition
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treats ng péFadR HtaE uBRARIASESm IRONBE &-Mdrdc I MUTLRET MY cdrtri@ Subj ect an

ef fective anmount "of a proteasone inhibitor conposition disclosed herein.
Anot her agpbedimsntst the inveption raatey olaametbod ritigating pShfclgedremsasife i nhi bit or

conposi ti |:SC rein for thereat t > ative

i seases AP BUREHERERRIL D hRke MEchERE: Thln BLa PRI SE RN e o
damage t océhpositsnvdisidossddibesa. neural trauma (e.g., percussive brain damage,
spinal cord injury, and traumatic damage to the nervous systen), nultiple

sclerosis and ahb@er hdperngtREdlaitRH rBRks aP s 8f fidtdlsomSHihididL n- Barre
syndronme and its variants, acute notor axonal neuropathy, acute

i nf | Wnat eempertinpe disslasedh berpinl fpndigrispmdny of agvdodRigsmsatiSydhshagsend HI V/ Al DS
denentia conplex, . axqno di abet i c neuropathy, Parkinsgn's disease
Hnt | ngt ofo R SwnCTANE Ko it RGN . SEMAE PR s 8L BERE Rp R el . and
viral menhaghltrfmaeoeepRedussivSbrabdaemtgal spikeiresid iajuryahd kraimbee ¢dmaerent i a,
Lewy body denentia, frontal |obe denentia such as Pick's disease,

subcort i cHlc ngERA Y Bm) suetipla sclpiosisiand oHsT BRMBRrgEIcdidneurpathiss e Bear

pal sy), f . cort | i si a),

ot abo i cCPnu Bk gkt AR, SUDALORRR: bRME xR B APy RURS,

def i 16 encinflanandogetvayelinginggobadutvpathnf @clt Fidres Sfsdromea HISH/ANDS 1 s or
chronic rrgni nqi tis). Al zheiner's disease is charact géi zed py extracellular
deposi ts BFMHTEAPHIE BFR0EPN dabeipyeurppalin PREITOR g K § VBEREBR Al

vessel s. Qi’s@%l:s)e,' Iﬁul@ipféesgle'réjs@s, fbﬁ@tgﬂﬁ%arﬁ’sfitic?ﬂuﬂgal,ﬁgd viral meningitis, encephalitis,

vascular dementia, multi-infarct dementia, Lewy body dementia, frontal lobe dementia
such as Pick’s disease, subcortical dementias (such as Huntington or progressive

20 supranuclear palsy), focal cortical atrophy syndromes (such as primary aphasia),
metabolic-toxic dementias (such as chronic hypothyroidism or B12 deficiency), and

dementias caused by infections (such as syphilis or chronic meningitis).

Alzheimer's disease is characterized by extracellular deposits of B-amyloid protein

(B-AP) in senile plaques and cerebral vessels. B-AP is a peptide fragment of 39 to 42

25 amino acids derived from an amyloid protein precursor (APP). At least three isoforms of
APP are known (695, 751, and 770 amino acids). Alternative splicing of mRNA
generates the isoforms; normal processing affects a portion of the B-AP sequence, thereby
preventing the generation of 3-AP. It is believed that abnormal protein processing by the
proteasome contributes to the abundance of B-AP in the Alzheimer brain. The APP-

30 processing enzyme in rats contains about ten different subunits (22 kDa-32 kDa). The 25
kDa subunit has an N-terminal sequence of X-Gln-Asn-Pro-Met-X-Thr-Gly-Thr-Ser,

which is identical to the -subunit of human macropain (Kojima, S. et al., Fed. Eur.
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am no acids derived froman anyloid protein precursor (APP). At |east three
i soforms of APP are known (695, 751, and 770 am no acids). Alternative
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portion of the b-AP sequence, thereby preventing the generation of b-AP. It
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in rats coptlapfsd: Pt rE @R hRIERN oS YRUN S 6RE cldRe34 thDake . T{\g! 25 kDa
subunit haS an N-termnal sequence of X-d n=Asn-Pro-Mt-X-Thr-G y-Thr- Ser,

whi ch i s baehiridaht Asp'-tAle” lorsiubuelbdse dlic dxtmmel luieraioopdi of §Xd.i ma, S. et al .,
Fed. Eur.Biochem Soc, (1992) 304:57-60). The APP-processing enzyne cl eaves

at the G nl5- bysi§deontihe invehtieh, HLSBRS elats ©A MEWUBY bPiReatindeA I2ReMBEs al SO
cl eaves at the Met 1-Aspl bond and the Aspl-Al a2 bond to release the

ext r acel | disgase domriving adgrimisteriog & asgueat apeifeetyciampant olonprotarenes or e,

relates t . r I i .S di I .31 .

adm i ot e eE soPafd e U Pk MR, SUBT Gl Ringnn, o
conpound e eI BSAP ipestcsHiss kakeithghks @itdof BUPpliqurabidiion] redlicidgsharaduci ng
the rate of b-AP processing, reducing the rate of b-AP plaque formation,
reduci ng ph-Athgancetion, s rgdurerathe shnicalrsaensed ddihmgmertsedisdapqii cal si gns of

Al zhei ner's di sease. Fibrosis is the excessive and persistent fornmation of
fi brous connecFibresid isslsuexcessswdl anidrpgrsistamfornetiby pé fipronk icbarcativasgssge owt h of

fibroblasts and _is associ at wi.th activation of the TG--b sigpaling

pat hitky. FESBIGSiTOR ﬁ\?iwa@rﬁ&?réﬁgq g padhoPaNs apd é%asma_éwf Yithr matrix and
can occur aé’MJaHbﬁ‘oP’ﬂhEtTdﬁ*-BXig%Nn%t15a~°t§x!v'%z._ ibARsIR I PQUK Tk vE idEf iR oft | SSUES.
Normal Iy, the |level of intracellular "signaling protein (Smad) that

act i vat escxtrasndet prirgrandfcan aeqpetvitenestualho myT@sudosadronsisatdramdifferentequl at ed
by proteasone tivit

y.(Xu et.al. 00) . However. ccel erat ed, degradati on
of The. ToRe; Sy rkdishe Mo B s RS (R0 P ST Condi 11 ons,
such as cyahdcEipliodbOaiget gdrds @pdd POFLR QIdshiSon € REUMMEEBY Pioddasdhd haSIi,
i di opat hi c pul rmna@/ fibrosis, nyelofibrosis, retr oger Itoneal fibrosis,
pr oghdessi (U aedds 20RD)f iHsmeyris acqrtqinied desindationof e EOF iPovignslisg canpenents
C.Ond' ti Onﬁast‘&%h ogge]?vegif i%%r@t%csé)o%ldﬁlto(ﬁg s\ﬁ%ﬁ Qs %’sﬁé fBlodis! ﬂlﬁ%e‘ﬁgﬁ ﬁ%lrdfs{sb()s' S
di ffuse parenchyna ung di sease, post-vasectony pai n’syndrone,
t uber cul osndomy®icaddiat fibaisis, Atieptlbc aukhanagufitrosik.dnadldfirobik,Setroperitoneal
fibrosis, progressive massive fibrosis, nephrogenic systemic fibrosis. Other conditions
that are often associated with fibrosis include cirrhosis, diffuse parenchymal lung disease,
20 post-vasectomy pain syndrome, tuberculosis, sickle-cell anemia and rheumatoid arthritis.
An embodiment of the invention is the method of treating a fibrotic or fibrotic-associated
condition comprising administering an effective amount of the composition described

herein to a subject in need of such treatment.

The treatment of burn victims is often hampered by fibrosis. Thus, in certain
25 embodiments, the invention relates to the topical or systemic administration of a subject
inhibitor to treat burns. Wound closure following surgery is often associated with
disfiguring scars, which may be prevented by inhibition of fibrosis. Thus, in certain
embodiments, the invention relates to a method for the prevention or reduction of

scarring.

30 Overproduction of lipopolysaccharide (LPS)-induced cytokines such as TNFa is
considered to be central to the processes associated with septic shock. Furthermore, it is
generally accepted that the first step in the activation of cells by LPS is the binding of
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LPS- bi ndi ng proteins, suggesting that the LPS-induced signal transduction
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reperfusion injury results in hypoxia, a condition in whic ereis a
def i & enclthes b nsigatedththagtheisevarity ofimgury fresuliengon dypoxi can borediieddon

causes i ngr. ed, degradation of |1k-Ba,..t.hereby res J. i t Gt 1 vation
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of i nj uryet£50003)NThefefdry p@xtai @abddiacitedfibethwntibn fdae adimditetndt i on of a
proteasone inhibitor (Gao et al., 2000; Bao et al., 2001; Pye et al.,
2003) . ThEPENGrad iShepEGFMdiodirARyEfISI0BfINURECRRFESHIE Askninisieans tQ & sebigst hod

of treatijg, A o SEGHafimGR %ﬁie%ée&%%?duﬁpgﬁfhg ?i&%s'bﬁ&ie %Mb@%h{'tpﬁh&g

adm nistering to a subject 1 n need of such treatnment an etfective anount of
t he 1gr ot edsoloeed hnéibi Eeamplespbiuet cdhdidbms@dnfuereincludExtanpteast timitded,
conditions or injuries inclqu ut  are not JL&%%ed tQ, acute.coronary

syndrome ESHiF FRIPRHY SYHIramE syIncrable glaqyps) crrtarigh perdusyyecdispase (caudiaf ac,

cerebral, peripheral arterial and vascular occlusions), atherosclerosis (coronary sclerosis,
coronary artery disease), infarctions, heart failure, pancreatitis, myocardial hypertrophy,

stenosis, and restenosis.

20 NF-kB also binds specifically to the HIV-enhancer/promoter. When compared to
the Nef of mac239, the HIV regulatory protein Nef of pbj14 differs by two amino acids in
the region which controls protein kinase binding. It is believed that the protein kinase
signals the phosphorylation of kB, triggering kB degradation through the ubiquitin-
proteasome pathway. After degradation, NF-kB is released into the nucleus, thus

25 enhancing the transcription of HIV (Cohen, J., Science, (1995) 267:960). In certain
embodiments, the invention relates to a method for inhibiting or reducing HIV infection
in a subject, or a method for decreasing the level of viral gene expression, each method
comprising administering to the subject an effective amount of a proteasome inhibitor

compound or composition disclosed herein.

30 Viral infections contribute to the pathology of many diseases. Heart conditions
such as ongoing myocarditis and dilated cardiomyopathy have been linked to the

coxsackievirus B3. In a comparative whole-genome microarray analyses of infected
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significant reduction in the amount of secreted envel ope proteins (
et al, J 4% #ibjcpy); anxdtegtivognount 26 sympeyndaddiomipesition disglgsed herein.

In certain embodiments, the disclosed compositions may be useful for the
treatment of a parasitic infection, such as infections caused by protozoan parasites. The

20 proteasome of these parasites is considered to be involved primarily in cell differentiation
and replication activities (Paugam et al., Trends Parasitol. 2003, 19(2): 55-59).
Furthermore, entamoeba species have been shown to lose encystation capacity when
exposed to proteasome inhibitors (Gonzales, et al., Arch. Med. Res. 1997, 28, Spec No:
139-140). In certain such embodiments, the administrative protocols for the proteasome

25 inhibitor compositions are useful for the treatment of parasitic infections in humans
caused by a protozoan parasite selected from Plasmodium sps. (including P. falciparum,
P. vivax, P. malariae, and P. ovale, which cause malaria), Trypanosoma sps. (including T.
cruzi, which causes Chagas’ disease, and T. brucei which causes African sleeping
sickness), Leishmania sps. (including L. amazonesis, L. donovani, L. infantum, L.

30 mexicana, etc.), Pneumocystis carinii (a protozoan known to cause pneumonia in AIDS
and other immunosuppressed patients), Toxoplasma gondii, Entamoeba histolytica,
Entamocba invadens, and Giardia lamblia. In certain embodiments, the disclosed
proteasome inhibitor compositions are useful for the treatment of parasitic infections in
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parasitic infe??ﬁﬁﬂ?“ﬁﬁﬁﬁ?ﬁ%?@“ﬁﬂ%ﬁ%?bﬁ E %gﬁgéﬁmﬁvaﬁﬂ%ﬂ Zoan parasite
sel ected N@HudH @8 IR InkBoRRPOSEBh of HeYRSIRTRAE DOS YAtiSRSs sinfpldH tRACHOGCHS

granul osus, Eineria tenella, Sarcocystis neurona, and Neurospora crassa.

Q her corrpl@i@me% s dstabilfy by bydsalyserperitidl |bbndsounsl simileteannesakorent  of

par tic dIS S_ar, sCr, bgd i,n VD 8%% 77 j ncorpor a ed
her o 1 et OGRS pEIGROR el B gl b E sl f R L BREP R, o1
conposi t i efshel MhériitusfohERSOH®IEC Third, bl ehbodinfxat asthisEnwntibauélateeeoyery in
red blood cells and white blood cells. In certain

method of treating prokaryotic infections, comprising administering to a subject an

effective amount of a proteasome inhibitor compound or composition disclosed herein.

Prokaryotic infections may include diseases caused by either mycobacteria (such as

20 tuberculosis, leprosy or Buruli ulcer) or archaebacteria.

It has also been demonstrated that inhibitors that bind to the 20S proteasome
stimulate bone formation in bone organ cultures. Furthermore, when such inhibitors have
been administered systemically to mice, certain proteasome inhibitors increased bone
volume and bone formation rates over 70% (Garrett, 1. R. et al., J. Clin. Invest. (2003)

25 111: 1771-1782), therefore suggesting that the ubiquitin-proteasome machinery regulates
osteoblast differentiation and bone formation. Therefore, a disclosed proteasome
inhibitor compound or composition may be useful in the treatment and/or prevention of

diseases associated with bone loss, such as osteoporosis.

Thus, in certain embodiments, the invention relates to a method for treating a
30 disease or condition selected from cancer, autoimmune disease, graft or transplant-related

condition, neurodegenerative disease, fibrotic-associated condition, ischemic-related
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such enbodi nents, the long half-life of blood cells may provide prol onged
protection with regard to therapy agai nst recurring exposures to parasites.
I n certaiwoentosrment s, the proteasomne inhibitor conposiPCiransgomysips ovi de
prol onged protection with regard to chenoprophyl axi s agai nst future

i nfection. Prokaryates have an equivalent o the eukaryote 20S. proteasone
particle. ‘9 %ﬁg‘%?qcﬁén EY}EﬂirHaFaSH d’é?lﬁr?éﬂ{l%f‘n‘rﬁ]éeaﬁF%@%?%}%t’? wegoBarticle

i S sinpl efosl RBMpLEAL a@ifiktkaRY QESRpoidd BRBmpB& SR dikdlodd Havgh ol yze peptide
bonds in a simlar nner. For exanple, the nucleophilic attack on the

pepti de bond occurs through the threonine residue on the N-term nus of the
b- subunits. Thus, an enbodi nent of this invention relates to a nethod of

treating prakaryatic dnf ions., co i Si adm nistering to a subject an
effectiveggﬁ%wﬁ¥85P{gk%V§%%3§Eﬁgqﬁﬁﬁﬁﬁ¥¥3?§%%ﬁ%ound or conposition

di scl osed herein. Prokaryotic ipfections.my .inc)ude di seases caused by

ei t her nycobacFempau%{S@e el g s BTl C%Vnelffra&glyn&erﬁﬁpmar% iy or

ar chaebachgichaingldh thagisdldeLrolRaaamRASHd fleebbrddin, hhbdiytWwEighidrate bind to

the 205 proteasone stinulate bone formation in bone organ cultures.
Fur t her nopaienivae s welt knewihingthe erts Fhngeanipda whethibnicomppeissystodiei cal |y to

mce, certain. ro@ea onéﬁinhi itors]jpgregﬁfg bonelvolu and bone

for mat i on®TRPLLCTss SRy odiey Bagy Pgfprmylated potaRiets, papsulgs, grayyles, pavyddy: 01 2003)
1110 1771s%482 br férhpf@i@iladsiigigesionNthel haly GeBriiilb@yiat idjeddiont easone

machi nery regul ates osteoblast differentiati on and bone formation.

Therldf or e(intavpnges. dyenyse Wi 5 BHsUiapeAUs). td6eD BSHBURTEPERIASnYosi ti on may be

useful in : t - r ' ' [ .t h bone
PR e T R T T e T S A
rel ates t éoramulmédactyt drofisfoe@l¢ oigtracids. SElxse famutaivds tarobe pepaed 8d from
cancer, autoi mune di sease, graft or transplant-rel ated condition,

neur odegeRUN&RIIQRI gicamaded LidChFch e g tskrdaat By deuigsd with any |
i scheni c- pglRhEAES g&jdvh{i%eﬁwexcl A RGLERYs £ ¥intd! o dRABhiihfa Rt RNekalyeLi ¢) and

di seases assocl ate bon 0SS, conprising a ering a conpound or
conpldsi t i omrigentda sadlibbengheerd nsuspelmion B8, raatdnonsibingagest, al dontneg dgenpept | de

Epoxy Ket ance: CRIPONAAP. BLERZihoten IR R R NEEFhG chaeBE AOTshe o T
age and body weight of the patient, the nature and severity of the disorder to be treated or
prevented, the route of administration and the form of the drug, in general, a daily dosage
of from 0.01 to 2000 mg of the compound is recommended for an adult human patient,

20 and this may be administered in a single dose or in divided doses. The amount of active

ingredient which can be combined with a carrier material to produce a single dosage form

will generally be that amount of the compound which produces a therapeutic effect.

The precise time of administration and/or amount of the composition that will
yield the most effective results in terms of efficacy of treatment in a given patient will
25 depend upon the activity, pharmacokinetics, and bioavailability of a particular compound,
physiological condition of the patient (including age, sex, disease type and stage, general
physical condition, responsiveness to a given dosage, and type of medication), route of
administration, etc. However, the above guidelines can be used as the basis for fine-
tuning the treatment, e.g., determining the optimum time and/or amount of administration,
30 which will require no more than routine experimentation consisting of monitoring the

subject and adjusting the dosage and/or timing.
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depending on the disorder to be treated and the age, condition, and body
wei ght of the patient, as is well known in the art. For exanple, where the
conpoundsweneiwiwsize adm nistered orally, they may be foroulistadozs246 abl et s,
capsul es, granules, powders, or syrups; or for parenteral adm nistration,

they may be for ted,as injections ( raveno ntranus ular, or

subcut aneous) T B@aﬁ%f@é%#eb?%la@amp&%e 15?@3)5&6@?&%@@% C fegpose

appl i cati Qp.Ry¥, hixerioR! oBition{URQME 5% ?&Hﬁ WM Se, WIEY tﬂ@é’co?@of or mul at ed
as eye drops or eye ointnents. These fornulations can be prepared b
convent|omamdnmah@ﬂﬂamuwnfde%ﬂeﬁmtwahexmbmtWehﬂn@mﬁdwaﬁmunaybb@gnmmbd Wit h
any convent|op tive or exci ent uch as a bi J&§r§ i sintegrating

agent, a WﬂHP/GQﬁ‘“153%%¥Y? S lggPﬁﬁﬁkpﬁ?ﬁﬁmgﬁgﬁF B8 on aid, an

enul s fyi pemplI@Abe, RnfikasLAG REL B reasBnbYEChREaNESH Rtioand/ or a buffer.
Al t hough the dosage wi |l vary depending on the synptons, age and body

wei ght of the Wﬁé?&@éeﬁ&ﬁﬁn&%ﬁHé %E&%?QM§&kﬁ&”%EuE&FhQ%ﬁ?&Qﬁ§at0 be
treated or prevented, the route oyk nistration and e formof the drug,
i n gener abharmadaiticylldasapteblefm4dteroah @nipbsition 2@0@hwig, eficht 4y lopmpousedidi s
recommend r. an adult hu atient, .and be.adm njstered in a
gl dobten iyt iR HBER S e i DR Mool B PR BBt “wh ch can
be conbi negtcupthblcirCie ke ofrsélﬁg téhpdthlPwad WeotherShpgiRndesage form will
general ly be that amount of the conpound which produces a therapeutic

ef f eldt . Themplation2ad nphigjugfous tnthaipstienat Some amm@lps efnataetials fvhi¢hecapsap@si t i on

that wll a 'ﬁaalrrglaéerﬁ 1cem)5tecgftfb (e:tcl V%r I’130 u! tﬁpj n t(asrwn%h%]; laechfsle Cg U ose)fand
tr eat nent Ifj'l glven % e%% ?IIH dge %6 g?rné actr vi Y,

phar macokugddes (52,) stchebisqaly ad doab lsﬂatdhypditﬁto%taﬁ)d{ tah@ WhikingahPaRgbstituted
physi ol ogi cal condition of the patient (including age, sex, disease type

and st ageP-cyelededringRy s¢lbdesecardistdesivatives syyeh 8s M@waﬁbexmeﬁhvbﬂw lybpsege,
dt t b
and type 8%31;%%%1%&%%@)@11618 £cBfe: g&ﬁ%@@%&a&d Qunte (ﬁ) ‘é@/ grelauﬁ QZ)_ 3_ ?Ve

gui del i nes as t basr’ I net uni ng

det elrsm ni tadc; t(&)eemgﬁenm Budh amesoaml‘bmrer amd)uqiposiforﬁmm $9)raats; arch apheantat wi | |
require no. nore th& |ne peri ner t tion consi $§§If nnnlhﬁ£ing t he
subj ect afith RUPUEF Ht}% O S SRl ‘ierﬁllraﬁoﬁ“k% - BRY Sv@canpik(Bkeuti cal Iy
accept abl gj g bR, KERLOYR gyfaﬁé 8l 01t W)B@folst Qucthfa@%?yc'ehgagaﬂﬁml %&Iﬁﬁtbﬁlaﬁd

conpositi and/or  d sage re, within the scope of
polyethylene glycol; (12) esters such as cthyl oleate and cthyl laurate; (13) agar; (14)
buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic
20 acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer’s solution; (19) ethyl
alcohol; (20) phosphate buffer solutions; and (21) other non-toxic compatible substances
employed in pharmaceutical formulations. In certain embodiments, pharmaceutical
compositions of the present invention are non-pyrogenic, i.¢., do not induce significant

temperature elevations when administered to a patient.

25 The term “pharmaceutically acceptable salt” refers to the relatively non-toxic,
inorganic and organic acid addition salts of the inhibitor(s). These salts can be prepared
in situ during the final isolation and purification of the inhibitor(s), or by separately
reacting a purified inhibitor(s) in its free base form with a suitable organic or inorganic
acid, and isolating the salt thus formed. Representative salts include the hydrobromide,

30 hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, valerate, oleate, palmitate,
stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate, maleate, fumarate,

succinate, tartrate, naphthylate, mesylate, glucoheptonate, lactobionate, laurylsulphonate
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sound nedi cal judgment, suitable for use in contact with the tissues of
human bei ngs and aninmal s wi t hout excessive toxicity, irritation, allergic
response,wonronxioer72pr obl em or conpli cati on, conmensur at @CEUskoi@/oesHasconabl e
benefit/risk ratio. The phrase "pharnmaceutically acceptable carrier"” as

used here| means a rnaceu ically pt abl e terial osition, or
vehi cl e, ha%isar%thl Efasal%ran thei lgkes |(§?ee?°re pnlen ergg)ggglp{]é?{? sol vent or

encapsul at‘P%H@éu%Eélaﬁalts’chﬂshaQﬁr §li€ge-MUPS y be "acceptable” in the sense of
bei ng conpatible with t hé ot her |ngred|en%s of the fornulation and not

I nj urious tot otH@da@%}équ§ﬂﬁglt&?§%%{lﬁlﬁt glgﬁlto?%)ﬁt!élg mbﬁ\tqn&%ﬁoﬁ% € as

phar maceutical I'y accep e carriers inclu ars act ose,
gl ucose, amdaiawae 08 mord A)dis tfarctibed greupshndsthegrre @balsle bf fgpotigt o st arch, and
substituted or unsubpstituted b-cy and its

t | |
deri vat i vBRrmageytical %%aptameéalﬁw% ﬁg%erﬁgﬁrple@@rlﬁmwggta lgmh%%es déritEiMbse, and
cel I ul Ose“ﬁlﬁ%%e%tlceﬁ )acggﬁ'ﬁ‘gé edlts ’ﬁ@ﬂé%‘ﬂ%ﬂance@%feﬁﬁb%e &ﬁ))tlvgl |n%h't9x1f( 7)

talc; (8) ‘exciplents, S cocoa butter and suppository waxes oi |l s,
such as pwngﬂmcoaﬂd orgoti¢ batssaddhtlon Isaltsseffah|iovibitor¢i)| Theessaltecani likewaseibee oi |,

il, and | h 11
bol yor's. ' BRE<ASY gt ufaihe Ealdete il SR pEh e ByEBRs Pk oi ycoi -
(12) est eg§araddl§ I@ea@ﬁn%{ﬁ&ﬁunﬁb@ﬁﬁﬁblwﬁ) At iVired A4 BIry with 8 buiBBR basé, Lhth

buffering agents, such as magnesi um hydr oxi de and alunlnun1hydrOX|de; (15)
al gil®¥h c aes hyil@quﬁymg@wief, uoeblcaﬁvpe@te of wylam@@@ldwa&y gedepiable matghcafpmger ' s

sol ution et hyl of te huffer solutions, and (21)
St o A o SR B B G B P R

formul at i efgary bmie rR@réseptatiodiikBinbsalk gharorah saltd ialude henibiutn, eituaf t he
present invention are non-pyrogenic, i.e., do not induce significant
t enper at UPRLAET WY GHE, MABIFSHEaRiaRd dluareem syt aphite dike. Rypesendative

" phar ”aceUg]gﬁ'a'n}{n@s%Qﬁﬁ 'tﬁe fnhtiod &f tsé a(tl(ﬁtu%lﬁgaltrs %&% d & algﬂ% t oxi c,

i norganic organi c aci Itron sa 1tor(s These salts
can Ide pr dpédrybaning, eshylenetdwmmg cthaolfanmiad, dicsladnatainone, piyebrymind, bad thicilda of t he

i nhi bitor arately re cting a purified inhibitor(s) inits free
base fornf%?tﬁr§w§é1?§§F aﬁﬂ% or inorganic acid, and isolating the salt

thus forned. Re resentatlve salts include the hydrobronlde
etting agents, emulsifiers, and lubricants, such as sodium lauryl sulfate and

magnesium stearate, as well as coloring agents, release agents, coating agents,
sweetening, flavoring, and perfuming agents, preservatives and antioxidants can also be

20 present in the compositions.

Examples of pharmaceutically acceptable antioxidants include: (1) water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite, and the like; (2) oil-soluble antioxidants, such as ascorbyl
palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,

25 propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents, such as
citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric

acid, and the like.

Formulations suitable for oral administration may be in the form of capsules,

cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and acacia or
30 tragacanth), powders, granules, or as a solution or a suspension in an aqueous or non-
aqueous liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an elixir or

syrup, or as pastilles (using an inert matrix, such as gelatin and glycerin, or sucrose and
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hydrochl ori de, sulfate, bisulfate, phosphate, nitrate, acetate, valerate,
oleate, palmtate, stearate, |aurate, benzoate, |actate, phosphate,

t osyl at e,woi2oroatogl72nal eat e, funmarate, succinate, tartratrel/usaghobsibat e,
mesyl at e, gl ucoheptonate, |actobionate, | aur yl sul phonat esal ts, and am no

acid salts, and the |ike for exanpl e, Ber.ge et al
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phar maceubolosldlsctmeccepipadit.e salts with phar maceutical |y acceptabl e bases.
The term "pharnmaceutically acceptable salts” in these instances refers to
t he rel ati vel yImaididoxage forms fpaotat admchioragiani(capbase tedets,tpildy) deaketss of an
inhibitor(s). These salt n likew se be prepared in situ during the final
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accept abl endret aly ofdhd ﬁ)ﬁpwxmg: I(ﬂ )aﬁﬂmwnaﬁ;xt@ldew mwhas pﬂamhﬁa@gdbd@aﬂiﬂw

t abl i d tertiary ani t
o kali o RafREREs R i gieh erl s e et 6 hihcBEL AR A BorReRiam
cal ci um maﬁ%&mlc@%s@l Mginatégn g%{’dtﬁlspolwfﬁﬁﬁﬁﬁrdlidbﬁe sﬁ&ﬁﬁ@%ﬁ%ﬁéda&ﬁ

organi ¢ am nes useful for t fornmati on of base addition salts include
et hyl0ani né3) lldn@mmsasﬂch@s gbrcpipl d hedisiarigrsingegprtp ol e nagar-dgat eragioman ne,

pi per azi ncar onag ?atoI I01rk 8p1fo setarc %lgl?l¥caa %certaefgrs Lecat%g, a%ld SOﬁilﬁHlp aft} nate; yetting
agents, enu brican Such "as so rum’lauary & and

magnesi Uﬁ(ﬁtsﬂﬁlh@h@etaﬁﬁlgv@lehtsa@cﬁ@b Parafith; ebb&mptibeh@aREta@ENch as coat i ng
agents, sweetening, flavoring, and perfum ng agents, preservati ves and
ant i oxi daAYACRAR HNBENIHE GHMPOERAAS; () Vt’fﬁ'én&é%ﬁﬂéﬁs ﬁ‘%th?ﬁsfor Ewmlp,ea@e

phar raceubicqt ot BEERE ARG, ARkLON) RSk LR b (P GHoRRINR) )

anti oxi dant's, suchi-as ascorbrc at cystel n
bi sulsf at elubmdits;rsuohaa abhd, sulcfunt stearatedmaphing stbaateandldtpmydth}ﬂme gl29ols,

o |20 Ul e oty O St Fuch s ascar vl feMiate, putylated oo
gﬁl:lhagg Bl R0Rs OACRNEIIYi ks, Ao HaRRad duli&il c%ﬂosﬁé&nﬂﬁ&%ls&E’(ﬁhﬁﬁée%ﬂ%ﬂﬁ@t S,
agents. Solid compositions of a similar type may also be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as lactose or milk sugars, as well as
20 high molecular weight polyethylene glycols, and the like. In certain embodiments the
crystalline tripeptide epoxyketone is administered to a mammal as a capsule. In another
embodiment, the crystalline tripeptide epoxyketone is a compound of formula (I). In a

more preferred embodiment, the crystalline tripeptide epoxyketone is a compound of

formula (II).

25 A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared using binder (for example,
gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative,
disintegrant (for example, sodium starch glycolate or cross-linked sodium carboxymethyl
cellulose), surface-active or dispersing agent. Molded tablets may be made by molding in

30 a suitable machine a mixture of the powdered inhibitor(s) moistened with an inert liquid

diluent.
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citric acid, ethylenediamne tetraacetic acid (EDTA), sorbitol, tartaric
aci d, phosphoric acid, and the |ike. Fornul ations suitable for oral

adm ni st r&Di20ry/w82be i n the form of capsul es, cachets, ppiriussgionadibet s,

| ozenges (using a flavored basi s, usually sucrose and acacia or
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| act ose, LEPR gluc se or *si’f'i cI ¢ aci |nders such

as, for ei@zﬁﬁin@ ﬁl&a,rd@tbyymmm@ deeriil 56y agdhiindeeform @€ bt@tilesoligol yVi nyI
pyrrolldone sucrose, and/or_acaci a; hunmect ants, such_as gl ycerol; (4)

3
di si nt egr SeMPRItEQTEAYHECh endis dissolygd in @t(@raee waden) of smecetheioraile mJ%@t&% o or
tapigra shanfh indhddife bae%rg’usﬁefﬂe%b @o {gélﬁ@l{s?‘ggy QE@ o‘?tpt. i 8&5 jponate; (5)

solution retarding agents, such as para accel er at ors,
such as q upetodiyn@raggeaimanah nmmbe(axﬁp(aumqjesltl()ﬂ dhatveict lrafigasag&ﬂtcﬂve sgeddias(s) f or
exanpl e, acet%r cohoi and Xcerol ost ear at e; absorbents, such as
kaol i n anfNFefit ATty a(cg‘jt 1P@B¥t}°61 gaéHBWteéﬁ’P%{lt ct, Ribh Btdear at e,

magnesi UmySheaf dhiher. SEchrgRlBQéﬁ’é?ﬁlﬁBﬂHﬁ%%oﬁlpﬁg%ﬁs whif 'cb.'ﬁ‘bé fudvhelgud fate, and

m xtures thereof; and coloring agents. In the case of capsul es,
tabl ets, polgmeiit lssbsta:nhes phiavares.elihe @caiveomgrp@snttqaoral§or’myn aligo- emomnlas?ei
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G yeol s, and. ¢ kiand S9E el Rerinl Do e Aer CrySrat TG H BB | do
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active ingredient, the liquid dosage forms may contain inert diluents commonly used in

the art, such as, for example, water or other solvents, solubilizing agents, and emulsifiers

20 such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol,
benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (in particular, cottonseed,
groundnut, corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofuryl alcohol,

polyethylene glycols, and fatty acid esters of sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such as
25 wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,

perfuming, and preservative agents.

Suspensions, in addition to the active inhibitor(s) may contain suspending agents
as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan
esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and

30 tragacanth, and mixtures thereof.

Formulations for rectal or vaginal administration may be presented as a

suppository, which may be prepared by mixing one or more inhibitor(s) with one or more
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enbodi ment, the crystalline tripeptide epoxyketone is a conpound of fornula
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powder ed i nhi itobgﬁﬁ¥ggisﬂﬁneq;mﬁth4@n inert liquid diluent. Tablets, and
ot her sol FFHOSIYY YT SUYEACRS ¥ Yyees, capsules, pills, and granul es,
may optionally be scored oqr, prepared with coati.ngs and shells, such as
enteri ¢ coat i nSTHHA BB HEHChyESH C GBI PERAGWITATy 2150 ncludé pessaries.

phar maceu Iéaig’\r:gyg?,fc%a%’sl, %%l}s,glﬂtst%ﬁ,tfoaﬁm‘af fsﬂlt%% fnfifatRBs bkt &idh S4rids &0

provi de sl contr d release o e active ingredient therein using,

f or exanphme, knhydriohemroioyHerapptopkiael | ul ose i n varying proportions to
provide the desired release profile, other polynmer matrices, |iposones,
and/ or m cr ospbes&g.forbhefpr tytopiealsirerantdezmal dayhinikwaticaxaraplighibitod&)r at i on

t hrough a. bacteriaretaining filter, or by incqrporatin? sterilizing agents
in the foFIRIUSe POERESI TEEH PATEYNH HEHES SFEMRNIOEANS SRISHR W8S dlalbgs-itHd st eri | e

mat efp O QMO T act ol PonbHl ) AP ARALTBE Akl or e use.

These conpositions may al so optionally contaln opacifying agents and may be
of a conppbkirmaocgutichldy adchpiableehers antl vathaatyi prescivagves beffers sor roopetlantr
preferenti%L%y, in a certain portion of the gastrointestinal tract,

opt i onal | YMGTheY BeicqUE: manner. Exanpl es of enbeddi ng conpositions which
can be used include polyneric substances and waxes, The active i ngredient

can al so be i nTht BPEDEHbAISES steEst Hichgels may sRRalpr inadgditiogite FPMARIEPTSY. nore of
the abovesdasichis Mt 8 lifk PR Eveo Ol ths AARAGLORARATRL LAl R ST T at T on

i nclude p ceutically accept e enul si ons, croenul si ons,” sol Uti ons,
suspénsi opndlulesgrdapsativancodyathyilere. glyoladiiconanbdntortites, silodi¢c vad,italgr &di ent , t he

liquid dosage f orns c%nta%n inert diluents comonly used in
zinT oxide, or mixfures thereof.

Powders and sprays can contain, in addition to an inhibitor(s), excipients such as
lactose, talc, silicic acid, aluminum hydroxide, calcium silicates, and polyamide powder,
or mixtures of these substances. Sprays can additionally contain customary propellants,

20 such as chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons, such as

butane and propane.

The inhibitor(s) can be alternatively administered by aerosol. This is
accomplished by preparing an aqueous acrosol, liposomal preparation, or solid particles
containing the composition. A nonaqueous (¢.g., fluorocarbon propellant) suspension

25 could be used. Sonic nebulizers are preferred because they minimize exposing the agent

to shear, which can result in degradation of the compound.

Ordinarily, an aqueous aerosol is made by formulating an aqueous solution or
suspension of the agent together with conventional pharmaceutically acceptable carriers
and stabilizers. The carriers and stabilizers vary with the requirements of the particular

30 composition, but typically include nonionic surfactants (Tweens, Pluronics, sorbitan

esters, lecithin, Cremophors), pharmaceutically acceptable co-solvents such as
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the art, such as, for exanple, water or other solvents, solubilizing
agents, and enmulsif ers such as ethyl alcohol, isopropyl alcohol, ethyl
car bonat eyvoavtwioseicet at e, benzyl al cohol, benzyl benzoatrel/yscapybsne

gl ycol, 1,3-butylene glycol, oils (in particular cottonseed, groundnut,

corn, germ. olive, castor, and sesa oils ycer.ol tetrahydr furyl
al cohol , PoW§EYIYE gW@Olgmesws PEQ{ging Wt‘a@% %@Pe?lglc&Plds BMHI0 agHls sy

m xtures Lhgreqt. bu@ﬁ?s! dag, Weh ofigeNEtShold h&et@é&l& g&fé?&?ﬁzsalr& b%%reﬁ@fbn@' S0

i ncl ude adjuvant’s such as wetting agents, emulsifyrng and suspendi ng
agents, swewmandohgiontl avori ng, coloring, perfuming, and preservative
agents. Suspensions, in addition to the active inhibitor(s) may contain
suspendi ng ageftasdsmaf pertcl&xamaé the addduadyhathgdof gosidaryohtrallebdeivery of

polyoxyethyl e sorbi nd,s itan esters, mcroc allln cel | ul ose,
al umiPnum %t@ﬂp@r@k Ooti,le bB%h %lfﬁ%tdgsagggfamw&r Begpierty; afé SOAMRMOT HMRFTHIKt ur es
thereof. eh@ah &WC é}rmé alAb%Igﬁ@lg A c@dTDARS baLIAMo ﬁﬁ‘)‘ea@ﬁﬂf&r esent ed

as a supp05|tory, e prep by m xing one or more inhibitor(s)
with one 8px nﬁﬁlesnhlbmcbl’(sé an@m theiskat |Trhg reix off pidhrilisx @n beapnireisl byosrtber si ng,

Sal i oy at BOURER yeoatRi Bl EMSare e mBuRoPaR o im iy °

t enper at upgg@nd, therefore, will nelt in the rectumor vaginal cavity and
rel ease the active agent. Formnulations which are suitable for vaginal

admify strati O”Pﬁérﬁﬁc&flfch}%“r‘nsﬂ%%ﬁﬁ)ﬂﬁ bfthis 1B%H%$H%u1té3cﬂ@?d?‘i)areﬁ?elr§1 past es,

foanms, or spray for ations containing such carriers as are known in the
art to bea@ppmwwﬁbmtempﬁnsagemmﬁnﬁnﬂﬁMKnﬂhbnmopmuahomMmmmmhsdemmm

d t | ud wd t t
past es. - cpuireecisaopeerghicSletThaq i hopERLS o SRS FhetRte The

active CogRARRMnsTRYmMAGIdHsXECtdHEBHwaES Whlléh BB fdcORSitbd thit@sterile
phar maceuti cal |y acceptable carrier, and with any preservatives, buffers,

or pr opel inagrtablewriletionymy dbeertsmwuséplﬂomhelswwhlﬂpmas corﬁa@ta@gomdméarrs and

gel ta| i.n_addi |on i.nhi ex0| |ent such ani mal
an dsl eget g% ers aa‘ltcterloga S so whlch 6%ndg¥ gr(m%l?tl i {nlg:a dgictgﬁ:tj)ﬁood o?the

intended recipient or suspendmg or thickening agents.

Examples of suitable aqueous and nonaqueous carriers which may be employed in
the pharmaceutical compositions of the invention include water, ethanol, polyols (such as
glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures

20 thereof, vegetable oils, such as olive oil, and injectable organic esters, such as ethyl
oleate. Proper fluidity can be maintained, for example, by the use of coating materials,
such as lecithin, by the maintenance of the required particle size in the case of

dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetting
25 agents, emulsifying agents, and dispersing agents. Prevention of the action of
microorganisms may be ensured by the inclusion of various antibacterial and antifungal
agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the like. It may also
be desirable to include tonicity-adjusting agents, such as sugars, sodium chloride, and the
like into the compositions. In addition, prolonged absorption of the injectable
30 pharmaceutical form may be brought about by the inclusion of agents which delay

absorption such as aluminum monostearate and gelatin.
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cel lul ose derivatives, polyethylene glycols, silicones, bentonites, silicic
acid, talc, and zinc oxide, or mxtures thereof. Powders and sprays can
cont ai n, Wo 2atdiogi7zon to an i nhibitor(s), excipients suclkrCcagish@aoneses tal c,
silicic acid, alum num hydroxide, calciumsilicates, and polyan de powder,

or m xtures of t hese substances n ditional]y. nt ain customary
propel | ants, sHEIPmECAsH H}aﬁﬁh@rpéw?ag ﬁt@a@?%&h@fd et vb AT DT RS Ut ed
hydr ocar b%&% tRMIF t@édﬂagtﬁ%ﬁ@sa@aaﬁéda@% ﬁmﬁhﬁcmmhjfycaa{ (par &amphe

alter natlvely adm ni stered by aerosol. This is acconplished by preparl ng an

aqueous adelagml absdrippos ofrabanpntepdly adimomstered deag fodmpartdopipdishadont ai ni ng t he
be Lsed.  SOIEAGDArPoEHEe HF <Pt el LI B E e Chey mini m 2o expost ng ¢ he
Ol a1y, an HERRE 4R RIGBIOTS i 6 Sy R PTG i GROLBRIEEUL i on
accopt Abl o R L A Rl O R p R HRTY v e
the requi dmgﬁnmelymertdmd thandtimedf dire wonpodsi folyongr dmytloyedpiheahte pf dnigl ude

noni oni ¢ suyrf act s Pl.ur oni rbit ters cithin,

& erophor B BRAT et g Ty b ity BB DR eSS ekl yet hyl ene
glycol, i p@l@(dmé@starspérﬁi my(lahﬂgairﬁl@ﬁ)u 'De%bbiﬁj@cfh;blé)ﬁoﬁhﬁlaﬁ@ﬂsdare alrgb pRpafdds such
as egC| ne, "buffers gars, or sugar al cohols. Aerosols ﬂ@nerally

are I epabﬁdntremmg tb@tdnm ln 11$>o$qm¢sm1i$nlcrpﬁaln§dmsmlclpa‘@@h@gamﬂwmﬁl dgdded
advantage .of .providing controlled delivery of an inhibitor(s) to the body.

Such dosaglsesuForm; can be made by dissolving or di sper5| ng the agent in the
fl ux

proper nedi um EEﬁbsor .on enhancers .can al SO be us% o i ncrease t

bf the i nhi bi t 3P BRPABHGEROLARENS By SRR AfflLY. Gprcs e sy

control | e@hWar%' $RUrse! Avérbtbras sk CRN LA ddnf18isHRIH RUR. For dkaRSESI NY
the inhibitor(s) in a poI ynmer matrix or gel. Pharmaceutical conpositions of

t hi s i nvetheyore mingisired gablptsoe pnsnisl forpalrhiyninisetien, iigrelatonpeyedetione or nore
I nhi 1%' tor &?&ent”su%%g}{ natnllf%glo\rllm ttolr)llcglny b}9 fotfdRoF ointment; and rectally by

suppositories. Oral administration is preferred.

The phrases “parenteral administration” and “administered parenterally” as used
herein means modes of administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous, intramuscular,

20 intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular,

subarachnoid, intraspinal and intrasternal injection, and infusion.

2% ¢ EE Y

The phrases “systemic administration,” “administered systemically,” “peripheral
administration” and “administered peripherally” as used herein mean the administration

25 of a ligand, drug, or other material other than directly into the central nervous system,
such that it enters the patient’s system and thus, is subject to metabolism and other like

processes, for example, subcutancous administration.

These inhibitors(s) may be administered to humans and other animals for therapy
by any suitable route of administration, including orally, nasally, as by, for example, a
30 spray, rectally, intravaginally, parenterally, intracisternally, and topically, as by powders,

ointments or drops, including buccally and sublingually.
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pharmaceutically acceptable sterile aqgqueous or nonaqueous sol utions,

di spersions, suspensions or enul sions, or sterile powders which nay be
reconsti twoediomns2steril e injectable solutions or di specyiusasiojoese pri or
to use, which may contain antioxidants, buffers, bacteriostats, solutes

whi ch render the fqrnmulation isptonic with the bl ood of the jntended
reci pi ent or SB§%5a&ﬁHa%E?ﬁ¥W? TR§ralnte F“ﬁxﬁﬁﬁﬁ@g”%¥@5WF¥gﬁF€' queous
and nonaqu&gqﬁfa%a{géuléﬁ%ma ‘f&nﬂ%}{cli/egth%rﬁ%ﬁﬂa%@uﬂic{]&l E&ﬁp&mﬁrﬂg%@%ﬂr%ht

conpositions of the invention include water, ethanol, polyols (such as
gl ycer ol , inyenipyd, erecfoghylettd intp phymadegitenty gtgeptible dnvdga foemb bk ednveanehal

sui tabl e m xtures thereof, taple oils, such as olive oil, and
injectablgwﬁFaﬁﬁP%w%gygpg?ﬁﬁgglnggag?hyl ol eate. Proper fluidity can be

mai nt ai ned, for exanple, by t use of coating terials, such as |ecithin,
by tRe maint enéﬁe@?éqsagwwléagﬁw&a%%mtgreévf‘éﬂssﬁnz ¢ pharigecutigaleogipositions

di sper si opphi ARPedbn il BESERIrRY o8 YE oAt ARLE ambDRSE tROMRRS it JrOfISnt Y ciRlsS O

contain adjuvants such as preservatives, wetting agents, enulsifylng
agent s, andedivspendiiewg thedesirsd tierapeent rasporst forttrepattilarpadEntnt@npmrtyeni sns

may be ensured. by.the inclusiop of, varjous antibacterial and antifungal
agents, f&" %Qg%éﬁ%QmﬁﬁﬂgﬂghY”@ﬂPBV%%%%éH&P%“HWEWBW sorbic acid, and the
like. It may al so be desirable.to include tanicity-adjusting agents, such
as sugars, sodiTE?rf‘b‘}ﬂeﬁﬁr?tH’él,Of&rﬁdscg%éd FPIRBOYG 1B atPRareaskée iy a6 roTabis,

addi g on, nf?itﬁ%e%ﬂﬁ%rﬁ‘ﬁ%ﬁcéﬁﬁﬁ&% sQlerhNGetbR &%Iﬁﬁ{ggtgﬁgg&gg%?%ic%ﬁlﬁoﬁ&dw may be

br ought about by the | usion of agents whic sorption such as
al um num boadsingserad. ehaplthrgecatinaticlchamotesstcasd she dompoudd(s) troployed,end) t he

effect of .a drug,. it..i. esirable tao,slow the absqgr.ption.of the drug from
subout aneli<OHF O AtPiiRDTR ot SHRRLRE MRy IR SR I™ GRiR/ 8 B or pt i on of
a parent epalvidedanlh BRbes SHuE@ntRRiRY ko @CRIP), I wWwHRE a RYmBbSRPAIVISGdOT
suspendi ng the drug in an oil vehicle. Injectable depot fornms are made by

form ng mherweapoug ethansubsteaessofor paiehisial edheistiatiobi dopigrlatbad rangpoigner s

suc s pel .yl actijde: pol al i.de. endi.ng on the rati f. d to
o yiior . PaR iRl 651 BPRR) YGRS PRRAT R e et PR e L 2 Pigf iR S o
drug rel easéh gialebdosonhy eddtgid thdeatireisffabntabhpouldsasials adadioh. pley mer s

i ncl ude
dosage will be an effective amount depending on several factors including the overall

health of a patient, and the formulation and route of administration of the selected

compound(s).
20 Definitions

The term “Cy_yalkyl” refers to substituted or unsubstituted saturated hydrocarbon
groups, including straight-chain alkyl and branched-chain alkyl groups that contain from
x to y carbons in the chain, including haloalkyl groups such as trifluoromethyl and 2,2,2-
trifluoroethyl, etc. Copalkyl indicates a hydrogen where the group is in a terminal position,
25 a bond if internal. The terms “C,_yalkenyl” and “C,_yalkynyl” refer to substituted or
unsubstituted unsaturated aliphatic groups analogous in length and possible substitution to

the alkyls described above, but that contain at least one double or triple bond respectively.

The term “alkoxy” refers to an alkyl group having an oxygen attached thereto.
Representative alkoxy groups include methoxy, ethoxy, propoxy, tert-butoxy and the like.
30 An “ether” is two hydrocarbons covalently linked by an oxygen. Accordingly, the

substituent of an alkyl that renders that alkyl an ether is or resembles an alkoxy.
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pol y(orthoesters) and pol y(anhydrides). Depot injectable fornulations are
al so prepared by entrapping the drug in |iposonmes or m croenul sions which
are conpavokbw/mst’d body tissue. The preparati ons of agenTaSawEy/oks2¢i ven
orally, parenterally, topically, or rectally . They are, of course, given

by forns suitaple for _each adm nistration route. For_ exanple, they are
ol i Stered | AN i -6%430%@% el iag ebgﬁ?m;géw S&h?tlt}lﬁgﬁéw%w&ﬁgowye

lotion, oLpfAEMErchy YRRARE hiPEMer. i NfUsion; topically by Iotion or ointment;
and rectally by suppositories. Oral administration is preferred. The

phrases "paren aghm ni >at 1 on' " 1.0i, 5t e . ".Aas used
herei n neans ngﬁégggfqﬁ%ﬂ?%&éfégﬁgg%@%% é?gﬁﬁgﬁ%%ﬁ?§9g$%g§%hﬁgg#%% it

adm ni st r at aghgroupual | y by injection, and includes, without [imtation,

i ntravenous, intranuscular, intraarterial, intrathecal, intracapsular,

intrgorbital, ITR¢@GAFGhRe) ahdtdRideT ARl art-icbbgrRardnt 08l bt anmbiaakeal ,
subcut aneous, subcuticular, intraarticular, subcapsular, subarachnoid,

i nt raspi nand subgtifuipdragapes and|salthihereof. 618 ameichhthastasrbe rapresoptaddydle " syst eni ¢
adm ni stration.e " inistered systemcally,” "peripheral admnistration”
and "adnig&k¥e#b%m%%$}pheralIy" as used herein nean the adm nistration of a
l'igand, drug, or other material other than diyrectly into the central
nervous system such that it entef@ t he patﬁ nt's systemand thus, is

subj ect to netabolism and ot he—IN ke porocespleqR’f or exanpl e, subcut aneous
adm ni stration. These inhibitors(ﬁimnay be gdim ni stered to humans and ot her
animals for therapy by any suitable route oft adm nistration, including

orally, nasall S0 by, _f,or exappl e spray, rectally, intravaginally,
par ent er aPBGTE] R AeHE e reach jiRrien s oA & Brogen B s o1 bRARent 5 or

dropg, | nGicydh NA° REFGCahl R 'BRleS 1oL BoWRh ke RaERT B BEith BeylaiCattRHEL Of

adm ni stration selected, the inhirbitor(s), which may be Used in a suitable
hydrat ed femphctezntitapcydrehgiig fromeipiScaems dnthosingistneurst Rf heprgseats ent

convent | ol TRERBNE - Erisns R REBETRE Tl G nab SRETEm AT Bosage.
I evel s of jfther fehi V& & NBIReicABE Smbodihiatsphdl Has 8R! 62k ''CARPBOSichieR$!,
c.g., R9, RIO, and the nitrogen together do not form an imide. In even more preferred
15 embodiments, R’ and R'® (and optionally R'") each independently represent a hydrogen,
an alkyl, an alkenyl, or -(CH,),,-R®. In certain embodiments, the amino group is basic,

meaning the protonated form has a pK, > 7.00.

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

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

O

//H\N’Rm

1
20 R®
wherein R?, R'? are as defined above. Preferred embodiments of the amide will not

include imides which may be unstable.

The term “aryl” as used herein includes 5-, 6-, and 7-membered substituted or
unsubstituted single-ring aromatic groups in which each atom of the ring is carbon. The
25 term “aryl” also includes polycyclic ring systems having two or more cyclic rings in
which two or more carbons are common to two adjoining rings wherein at least one of the
rings is aromatic, ¢.g., the other cyclic rings can be cycloalkyls, cycloalkenyls,
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of this invention may be varied so as to obtain an anmpbunt of the active
ingredient which is effective to achieve the desired therapeutic response
for a parwDcoloamwspati ent, conposition, and node of adm RCItUSa¢10028126M t hout
being toxic to the patient. The concentration of a disclosed conpound in a

pharmaceuti cal ]y acceptabl e m xtur i1l var ependi ng on several factors,
i ncl udi ng®Y %é}”@@yii;éfy@%s %?ﬁ%@aeéwaﬁaw%r%@aa%rr%rwlsgr@\lléﬁ}wlﬁlﬁ%genmne,
phar”aPokhaﬁﬁﬁﬁmﬁﬁﬁ%éﬁﬁﬁﬁéé}lﬁﬁ095mh9&zﬁ8@R9HQQ(s) enpl oyed, and the route
of admi nistration. In general, the conpositions of this invention may be

provided in a”TﬁQ‘r&%&'scaﬁﬂ&% eireegn O{Ltrﬁ‘&cg/gf}g’ 3beuy frchi ]rgfé%%é’n&f-ar%nﬁ%pound

di scl osed herein, anbng o ubst anc for "parentera mni stration.
Typi cal degstituasigeamanistifutahriabmuthiOh Bdchtavoralod tic o} ingadvgn oThd@eiys wei ght

per day, given in”1-4“divided,Qﬁses. ach divjded dose may contain the sane
or diXf er efitOBRISoARYSCABROYRY | MpehEiugh PORY S WEgS IR Natiae Ao 8F FOEY i ve
ampunt de?fd?fé'rﬁ%s AwRRREHBor hiREL SlrBorsnice ?&h&%&@ﬁw&@éﬁiﬂgﬂ%@'v&ﬂ&&ﬁ af

patient, and t formul ation and route of adm nistration he sel ect ed
conpound( &pst ddefoif thetringsss Jareodyehene'goxthy athky ¢yclic eings sart e syehwiliyiut ed or

unsubsti tut ed .sat urat ed hydrocarbon groyps, ,inecludi ng straight-chain al kyl
and brancﬁ%cgqaé%éﬁy ’Qcﬁ?ﬂm‘é}y ’6@'1%??8‘[[6 (?Qﬂgﬁinﬂ)ofﬁfﬁq%y%ﬁﬁy carbons in the
chain, including hal oal kyl groups such as trifluoromethy|l and 2,2, 2-
trifluoroethyl ,Tg%teém CHRPRY 15 r%ag@éeﬁamwg%ﬂrﬁ%@%ﬂmés o is in a

t er njgnal ﬁ@f#&?gggyﬁﬁﬁy%;ﬂfmﬁﬂmgrnaI. The ternms "C2-yal kenyl " and

"C2_yal ky to substituted or unsubstituted unsaturated aliphatic

groups anal ogous in length anq)possible substigution to the al kyls

described above, but that contpin af |east onejdouble or triple bond

respectively. The term "al kg é{é?ers to auk%h-group havi ng an oxygen
S

attached thereto. Representativé al koxy gro cl ude net hoxy, ethoxy,

pr opoxy, t%rt:b t.oxy and the |like. An "etheﬁ} is(éép hydr ocar bons
coval ent | YFiCHk&dS BYOROTGRTGEH!S AeTordr Ay T hESTbst resaE BIdrogsal kyl
that rendgy §lkkﬂ ah afkekyl -(@PL, BLRESr 4 ShRMmab&SEAR) £ cABLIRIKOY! ThG{BIM
"C _6al koxyal kyl" refers to a G _6al kyl group substituted with an al koxy
group, thbydbger, onaikyy agnlkenpler -(CH,),-R®, where m and R® are as defined above.

15 Where X is an oxygen and R'! or R'" is not hydrogen, the formula represents an “ester”.

Where X is an oxygen, and R'' is a hydrogen, the formula represents a “carboxylic acid”.

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

20 systems having two or more cyclic rings in which two or more carbons are common to
two adjoining rings wherein at least one of the rings is heteroaromatic, e.g., the other
cyclic rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or
heterocyclyls. Heteroaryl groups include, for example, pyrrole, furan, thiophene,
imidazole, isoxazole, oxazole, thiazole, triazole, pyrazole, pyridine, pyrazine, pyridazine

25 and pyrimidine, and the like.

The term “heteroatom” as used herein means an atom of any element other than

carbon or hydrogen. Preferred heteroatoms are nitrogen, oxygen, phosphorus, and sulfur.

The terms “heterocyclyl” or “heterocyclic group” refer to substituted or
unsubstituted non-aromatic 3- to 10-membered ring structures, more preferably 3- to 7-
30 membered rings, whose ring structures include one to four heteroatoms. The term terms
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The term "G _6aral kyl", as used herein, refers to a G _6al kyl group
substituted with an aryl group. The terns "am ne" and "am no" are

art -recogwpzet)/msf2ref er to both unsubstituted and substrraisedoassines and
salts thereof, e.g., a noiety that can be represented by the general

f or mul ae: mherer R9, .R10 and R10 ea dependent.ly. represent .a hydrogen,
an al kyl, %ﬁﬁerawsérly Pr hetere) rgsouporaf nelide el ik BRS SHYLTHBVIRG PP Phe N

atomto Wﬁio?é"C}thﬁ@Yl gé %@Bﬁcﬁ@&)@@h FRMPL LG sBr &SRS YEIWR ﬂﬁéﬁhﬁﬁ rffg@m 4 to 8
atons in the ring structure; R8 represents an aryl, a cycloalkyl’, a

cycl oal kewinbl;enaatﬂwseomﬁcqfdheyhngﬂrlséleipmwclw: Iegg thaeifioneyiclic ziegocarban i nt eger

from1 to referred enbodi nent.s one n be a

b bomy! CcEloty RS RYENITCRMITI R il M St Rer Ty Wt oRs B an i i de.
In ewen nHre%r(EUy@f bfsRgs pieRedi ﬁ?@ia?nplggce@ﬂ@d%mmﬁaﬁl ci@fhé %E@réz‘{n&lo ) each

i ndependent |y represent a hydrogen an al kyl , an al kenyl, (CH2)nrR8 In

certain eﬁﬂ@dﬂh@%@@ﬂp@Héwahﬁmbﬁgh@&@ﬂ%émb@@ﬂﬁf meani ng the protonated form
has a pKa > 7.00. The ternms "am de" and "am do" are art-recogni zed as an
am no- subst i t ufedterar§onkdtcrangtloalicyllide sised Inoeiet sefarhtt a Casnliye graepr esent ed by

t he gener R10 are as defined above. Preferred
enbodinenf@’g t%ﬁﬁﬁgﬁﬁh@“WV&Vﬁ%QPprnclude i m des which may be unstable. The
term"aryl" as_used herejn includes 5- and 7-nmenbered substituted or
unsubst it uted SNRHETE Glﬂbrdé??ar%éhy creé%tﬂaecr ﬁ?lﬁlg&wpe%léﬁlt%eér’r‘ﬂ 4the ring is

carbgn. Th m% Ou?ryl al so includes polycyclic ring systens having two or
nore cyclitc rrng} n which two or nore carbons are common to two adjoining

rings wher el n Al L&Ak St A8 D100% hBuALOIBLLE: 4 SolpoytdRudhar cvol Te

rings can be cyclo enyl s, cyc oa eroaryl s,
and/ or heberedageslaylaetlv16rgﬂ angshawps (fon eﬂ:amiﬁe belmbeme oflpapéﬁliyr@d elogvage of
phenanthrene phenol, anilipe, and t ke terns "carbocycle" and

‘car bocyc rtﬁrldard Hyoregenic ﬁertelerrubrterersuﬁlbaesqeﬂrﬁ\éﬁf SME; BoslbKAML avd &r
unsubst i tFLEdAM gnﬂl n\mb?ba Foq@faﬁer rcnae{m deseofrtPQQOS ro?@ars&ﬁ@. Athﬁlhﬁﬁ{oﬁgvi g

"carbocycle ocycly i'ncl'ude polycyclic ring systens
two Ior noc& act with cornpetltlve uncompetitive, or noncompetitive inhibition. An inhibitor can

bind reversibly or irreversibly, and therefore the term includes compounds that are suicide
substrates of an enzyme. An inhibitor can modify one or more sites on or near the active

site of the enzyme, or it can cause a conformational change elsewhere on the enzyme.

As used herein, the term “orally bioavailable” is meant to describe a compound
20 administered to a mouse at 40 mg/kg or less, 20 mg/kg or less, or even 10 mg/kg or less,
wherein one hour after oral administration such a compound shows at least about 50%, at

least about 75% or even at least about 90% inhibition of proteasome CT-L activity in the
blood.

As used herein, the term “peptide” includes not only standard amide linkage with
25 standard a-substituents, but commonly utilized peptidomimetics, other modified linkages,

non-naturally occurring side chains, and side chain modifications, as detailed below.

The terms “polycyclyl” or “polycyclic” refer to two or more rings (e.g.,
cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls) in
which two or more carbons are common to two adjoining rings, ¢.g., the rings are “fused

30 rings”. Each of the rings of the polycycle can be substituted or unsubstituted.
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cyclic rings in which two or nore carbons are conmon to two adj oi ning rings
wherein at | east one of the rings is carbocyclic, e.g., the other cyclic

ri ngs carwbeonywswal kyl s, cycl oal kenyl s, cycl oal kynyl s, paryisgoioioeties oaryl s,
and/ or heterocyclyls. The term "carbonyl™ is art-recogni zed and i ncl udes
such noieties iﬁ can be repre§enteg b{.the general formul a: mgerein Xis a
bond or repr es&Rt ET8n DEUGATAMC opS Bsed lerein 1S Mt IR1ICINdD FABEIR-Y hydr ogen, an
al kyl, an glkamk nrotédbirit R8 or a pharnmaceutically acceptable salt, Rll
represents a hydrggen, an al kyl, an al kenyl or -(CH2) mR8, where mand RS

are as defi nedTﬁ?%\fﬁ"‘sm%n%a?s& 'gﬁrpag%\ﬁééeﬁgl%%ﬂf}gfe% aocér%&ﬂi%en %&@8@1@8@% ogen,

the fornmula represents an "e I's an oxygen
hydr ogen, istdreatérathamu9@ompaps, esaning titat tomning Xosk kiandOP@s L anfhighdrepnpound,
"heteroaryl"” includes sugititute or unsubstituteg aromatic 5- to 7-

menber ed FICHIE NG EPTFRENAIRS AROBIOFFABPYAS. PrICB e sl HnrRymiRds e
ring strugt 5ﬁ§qhggbyg%ugggrg@mkg tetBLPOQRLAME. The term "heteroaryl” al so
9

i ncl udes polycyclic ri systens having two or nore cyclic rings in which

two or more canrRofng,alfe SIS LA L n Al Ui s 005 WARLE IS AndiRSt Oone
§e®€r§ p@?% e. g ? %? e

of the rings is aroma € other cyclic rings can
cycl oal kyksh ssywdb@dkdoarnyhe, (c @y, KJinyulss suchraglcsncchet shd@ind mpaexdfuch

het er ocycl y] s. teroaryl groups include, for exanple, pyrrole, furan,
t hi opheneds hsffifavgreer apg sy Brecalsergigps, is Wi%@?fgﬁwfim glfé‘lﬁe?n‘wlﬁ%‘%ﬁi e,

fidine. . > Hnde P : o
PYr iy ne, o @yfddial6n oP% Eé)rﬁﬁcﬁﬁkﬁl Rhidh Pyl #lL ?x%gué’ﬁ'&? of: % dE!ags?trl]lgrBB?%toE

"het eroatont’ as used here nmeans an atom o ny el enent an car bon
or hydr ogeymptPme o€ p needidabterditainons sabectiictativg éng subygog evijchphves potoccsgye and

sul fur. The terms. "heterocyclyl” or "heterocyclic grqup”,refer to

subst 1 § ut B ORPESaBST Rt oy ot st e oy ot Sethebivaesisins g fmber
StrUCtUre§fd&&ﬁﬁﬂ@5ﬁk&%@§kﬁmﬁhsﬁ&l(nmﬂﬁﬁﬁ%f9@mﬁﬁ§@§va@@§ﬁoﬁbm&ﬁ§trUCtheS
i ncl ude one to four heteroatons. e termterns”"heterocyclyl™ or

" het er ocy tkdtmegt islapive & sountrrafaddenisol popybaitios, anidfey dshagingrike dppehmgee elo or
nmor yclic rings in which twy o e carbons are co nto.t adj oi ni ng
e ngs whef Eef R Sty Qlred T ot R By GRITRALLGuro D 2 P
cyclic ri P@@Jl&fﬁiﬁ, be., oy alseiskdlly, ande Bk K enyibisificait amdahk iy ditioR by his ,

s,

het er oary and/ or heterocyclyls. ) ) o
infection includes, for example, reducing the number of diagnoses of the infection in a
treated population versus an untreated control population, and/or delaying the onset of
symptoms of the infection in a treated population versus an untreated control population.

20 Prevention of pain includes, for example, reducing the magnitude of, or alternatively

delaying, pain sensations experienced by subjects in a treated population versus an

untreated control population.

The term “prodrug” encompasses compounds that, under physiological conditions,
are converted into therapeutically active agents. A common method for making a prodrug
25 is to include selected moieties that are hydrolyzed under physiological conditions to
reveal the desired molecule. In other embodiments, the prodrug is converted by an

enzymatic activity of the host animal.

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

against developing the unwanted condition), whereas if it is administered after
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Het er ocycl yl groups include, for exanple, tetrahydrofuran, piperidine,

pi perazi ne, pyrrolidine, norpholine, |actones, |lactans, and the |ike.. The
term " C wbevaviosyel oal kyl ", as used herein, refers to &cTiuséablydi2gr oup
substituted with a heterocyclyl group. The term"C _6hydroxyal kyl " refers

to a G _6al kyl group. substituted with a hydrox roup. . used. herein, the
term"i nhpﬁpff%%t?glqw%ﬁ%eavﬁwa@éedo%émoaetha t@&%&hﬁﬁ?r utlsf@-ekgt ptendddices an

activity of 4idiniSiN 2% okt Oor SHBTRL the dxiNahDiuhiv@Rte@LoRiRs e Hdd Griteavage of
Standard fl uorogenic peptide substrates such as suc-LLVY-AMC, Box-LLR AMC

and ZLLE- thamgf).i nhi biti on of various catalytic activities of the 208
proteasone). An inhibitor can act with conpetitive, unconpetitive, or
nonconpet i ti veTheaturti praecasodn” agitelihicmin ancant wdinclade irsmbhy- and

irreversibly, and therefore the termincludes conpounds that are suicide
substr at eSOISHIIULNC BHAASRMEAN i nhi bitor can nodify one or nore sites on or
near the active site of the enzynme, or it can cause a confornmational change
el sewher e on t hBe &y sebstinged getprhiormapigtios aingsuhstiteends Toplagingatgidregsne” i s
meant o gesErbhRoR GAIRRURh.AdMRS! Aol dluAc MRSt AL iRunmpkgger | ess,

20 ng/ kg or less, or even ng/ kg or 1ess, wherein one hour arter oral

adm ni st r adubstitusedohitls’ incopsuhelirsplawspratiseé tastuchBobltitGMiis at adceatahcabout 75%

or even at | east. about 90% j nhi bi.ti on of proteasone CT-L actjvity in the
bl ood. AsWi8dWHie iVﬁl,enﬁer@O tk%whstﬂaéemt@@'anfiﬁm @gu%tanéﬁﬁsl}t ¢ andard ani de

I nkgge WyiyiRkBRILHs B SYRSE ic&ﬁl?@&rﬁi’, e.g%zlﬁé}{%%@ ¥t %b%h{a-h&ﬁgl undergo .
peptidom netics, other nodified I nkages, non-naturally occurring side
chai ns, atrensom®tiohaich avdgi tarcatgemrst, cpdizdadmiclimthatiehoate. Ak esdddrenan,

"pol ycyclyl" or. "polycyglic" refer to t or nor.e.rin (e.qg.,. cycl oal kyl s,
ool el Retie cyRRtRES e igh (il S pruSith S arsf S
whi ch twocQhpdRIdS. GR4 BiRAS adcBt, TRk BId WBstadEMl Hel@e bR IR ang Jelic, t he

rings are "fused rings". Each of the rings of the pol yl;]:écl e can’ be
subst i t ut banelrediand wivdranchade dartrpeyctie prd hjerorreisorrematic angpeh-peneitia | s meant

to | l%d Ud(s:"ublsmﬁuerq]tcs)_of %pg%nf:coc%sﬁ{piohrllj sI \ﬁ%e%re%l%gi%%ns%%sﬁtuents can be one or more and

the same or different for appropriate organic compounds. For purposes of this invention,
the heteroatoms such as nitrogen may have hydrogen substituents and/or any permissible
substituents of organic compounds described herein which satisfy the valences of the
heteroatoms. Substituents can include, for example, a halogen, a hydroxyl, a carbonyl

20 (such as a carboxyl, an alkoxycarbonyl, a formyl, or an acyl), a thiocarbonyl (such as a
thioester, a thioacetate, or a thioformate), an alkoxyl, a phosphoryl, a phosphate, a
phosphonate, a phosphinate, an amino, an amido, an amidine, an imine, a cyano, a nitro,
an azido, a sulthydryl, an alkylthio, a sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a
sulfonyl, a heterocyclyl, an aralkyl, or an aromatic or heteroaromatic moiety. It will be

25 understood by those skilled in the art that the moieties substituted on the hydrocarbon

chain can themselves be substituted, if appropriate.

A “therapeutically effective amount” of a compound with respect to the subject
method of treatment, refers to an amount of the compound(s) in a preparation which,
when administered as part of a desired dosage regimen (to a mammal, preferably a
30 human) alleviates a symptom, ameliorates a condition, or slows the onset of discase

conditions according to clinically acceptable standards for the disorder or condition to be
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The term "substantially pure"” as used herein, refers to a crystalline

pol ynorph that is greater than 90% pure, neaning that contains |ess than
10% of amwoabtuerstenpound, including the correspondi ng acorshaos2s1e6rpound.
Preferably, the crystalline polynorph is greater t han 95% pure, or even
greater than 896 pure. The tern1"prevent|nqr iﬂf recognlz%g and when
dsed in rBRAE] BHE GO HUEIHE & stich cRwnadle Seag sk GRoARRECRRS (p aYpai ) | a
di sease syghicasrcaeqsr. a syndrone conpl ex such as heart failure or any

ot her nedical condition, is well understood in the art, and includes

adm ni strati O”Tﬂéteﬁnc‘&m?@ﬁé}' rsV}!Q'aﬁQl gwag astd2fintd %%”t?a)cug a slfurdel ays
the onset of, synptons 0 I cal h'in asu ject ative to a
subj ect mhummwdmaﬁemdmnnechrme&hhéeﬁmnmm&mhidm‘ﬂﬁbuhmﬁpsemﬁnmnambpfScancer
i ncl udes exanp uci ng the n f detectable ncerous gr owt hs
ina 5popuP]§§’{ o%epé?segfé%w%ﬁegetb%&w &P Fprveidthio.aad ciker el ati ve to
an untreated control popul ation, and/or‘gelaylng t he appearance of

det ect abl e candensgfsh Qj@l@mﬁlﬁéemh tepating 2are grepdnl AnFlyAcsieYF g aisdumeg. @4t ed
control p t C i cant
arount . Progee Brvafindns, ol SE At bERH Ao ey HriuTliioX kiRl
nunber ofuqugm&&asndﬁhﬁduswb&beﬂkmdnmmn a treated popul ati on versus an
untreated control popul ation, and/or del aying the onset of synptons of the
infection in a treated popul ati on versus an untreated control popul ation.
Prevention of pain includes, for exanple, reducing the nmagnitude of, or
alternatively del aying, pain sensations experienced by subjects in a
treated popul ati on versus an untreated control population. The term
"prodrug” enconpasses conpounds that, under physiological conditions, are
converted into therapeutically active agents. A comon nethod for naking a
prodrug is to include selected noieties that are hydrol yzed under
physi ol ogi cal conditions to reveal the desired nolecule. In other

enbodi ments, the prodrug is converted by an enzymatic activity of the host
animal. The term "prophylactic or therapeutic" treatnent is art-recognized
and includes adm nistration to the host of one or nore of the subject
conpositions. If it is adm nistered
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prior to clinical manifestation of the unwanted condition (e.g., disease or
ot her unwanted state of the host animal) then the treatnent is

prophyl acwoep1(i0seg2, it protects the host agai nst devel eprrus2tilo@28iesvant ed
condition), whereas if it is admnistered aftermani festation of the

unwant ed %ondi i,i on, the treatnent is therapeutic, (i.e., it is intended to
di m ni sh, 1 : or stabilize the existing unwanted condition or side
effects thereof). The term "proteasone” as used herein is neant to include
i nTnuno- &n@edstitutive prot easones. The term "substituted" refers to

noi eti es having substituents replacing a hydrogen on one or nore carbons of
t he backbénehesisofidnpoped dnder st ood that "substitution" or "substituted
with" includes the inplicit proviso that such substitution is in accordance
with permitted f#¥Fence of the substitQMeed atom and t p&Msubstit uent ,O¥%hd
that the subst|tugjon €8 (s in a}i'gggrﬁ _cBrpqund, /é/gan whi ch does ot
spont aneoBs¢NH uUNder goVEty BYWAT or rieeHiNdon Ysuch My rigdlr r ghgenment BoaCIrzat i on,
elimnation, et®@ As usé® herein, th® term"substitut&” is contenpbated to
i nclude all perm ssible substituents@f organic conpownds. In a broad
aspect, the perm ssible substituents include acyclic and cyclic, branched

and unbranched, carbocyclic_and heterocyclic, aromatiovand non-aromatic
substituents of organic cg dungs. The perm ssibl e sfbsjit@ents can be one
or nore andPEThEBSgne or d ffﬁr\gu for _dppropriats Q gpounds. For

pur poses ofpigAyings i nvéReNton, )t ke H&er o&cdins such as n'btré\gen may have
hydr ogen substituents and/ d?c amyyper m ssi bl e subst i tuerth @fe or gani c
conpounds descri bed herein Ghi ch sati sfy the val ences &P the heteroat ons.
Substituents can include, for exanple, a halogen, a hydroxyl, a carbonyl
(such as a carboxyl, an al koxycarbonyl, a fornyl, or an acyl), a
t hi ocarbonyl (such as a thioester, a thioacetate, or P& higformate), an
al koxyl, a p horyl , i gqb)osphate’)l phosphonat e, i%rtb\zp@ natHOBTABTANI NO,
an am do, M e, anmrdem e, Ma CydAn®Oaka tni 1FAS, Hn Hizi Ho, OBn suyidahiigh vl ,
an alkylthio, a sulfate, a sulfonate, a sulfanmoyl, a Sul Fgpam do, a
sul fonyl, a heterocyclyl, an aral kyE) or an aromatic BF heteroaromatic
noiety. It will be understood by those skilled in the art that the eties
substituted on the t(%dr ocar bon

e

OMe
o o o o
H H 0
/ﬁ)kN/g(N\_)J\OBn P/C, Hy /ﬁ)kN/Ln/N\.)j\OH + TFA® HN
Nd B S THF g H §
>’ “oMe M)’ “oMe
e

Me F) (©) (H)

OMe
0 0
H (0]
oonrers, A LM
—_— Y
H :OH
M-S
>’ © Some °
Me 1

DIEA, THF

Synthesis of (4)

To a 0 °C solution of N-Boc serine(methyl ether) (43.8 g, 200 mmol),
triethylamine (26.5 g, 260 mmol) and 4-(dimethylamino)pyridine in dichloromethane (1.2
L) was added a solution of benzyl chloroformate (41 g, 240 mmol) in dichloromethane
10 (250 mL) over 30 minutes. The resulting mixture was stirred at the same temperature for

another 3 hours. Saturated aqueous sodium bicarbonate (200 mL) was added and organic
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chain can thensel ves be substituted, if appropriate. A "therapeutically
effective anount” of a conpound with respect to the subject nethod of

t r eat mentwonrefoensi7?eco an anount of the conmpound(s) in a pcepseaviossi2zahi ch,
when admi nistered as part of a desired dosage reginen (to a mamal ,

preferably a human) aII vi at, a.synptom aneliaqra a condit or slows
the onset 4" ‘H?Ss%eaéfé‘t .r?s@wé MARHEST WG Reted M %ﬁﬁ?@?%@@%{%ﬁ o

st andar ds o figrrfhQnsliizaf 5n19'1 f%n/(}'érE WalhddOv et dteat-adqRlouk REdigRS Mt i C
purpose, e.g., at a reas enefl t/risk ratio applicable to any nedi cal

t r eat ment bicTitpenste(200'mh) m&t lbmre (2pefdr)sdriasl aer abdwm sglfata pnd acrddfthmegh above,
havi .f j tached t heret t t.h

" hi oot nef SltecsascBhE gttt eyl P b SR TS i FE P Bifstipe

i ncl ude gy iAYiH éHr@mat%@ﬂ%ShiJ bdll%a g%'ﬂ%ekzﬂfé dnldkeghyl é@et&t@ﬁ@oﬁ@bﬁh&‘ (AY (38 g Qaln

"treating" or "treatme i ncl udes reversing, reducing, or arresting the
synpt ors, lselal“fﬁn‘ii@éIChSﬁagﬁﬁzeda%dLﬁﬁ\igKLWWﬂW@l dgyl@f a condition in nmanner

to inprove or stabilize a subject's condition.Exenplification Exanple 1
Synt hesi s of COmpbawsb/YB[(A) (B) Synthesis of (A) To a O0C sol ution of
JV-Boc serine(methyl ether) (43.8 g, 200 nmmol), triethylamne (26.5 g, 260
mmol ) and 4- (dirtmt(]‘ﬂﬂ mﬁm&m)qfﬂdmlpmmdi(ﬂ) d4chliodmtbirtanthaid (200 mLwess added a
sol ution of benzyl chloro. format 240 mmol ) in di chl or onet hane (250

rrL) over Q@%tﬂﬁw@awﬁﬁ@%dé%%@ NIS@V?H %&W@t%@dstb? Feslingmixfise wappfirred
enpgy at upepk 9@%{&&5&3&%@ fHOMosher §%H1rsa’frﬁ@'scﬂ=9éh éresf&%%a Bdeprhgaat e (200

rrL) was added ani cl ayer was separated, e residual m xture was
ext r act edpuessune endthe mq:smdlﬁtmqﬁac(eﬂ uxd&00gh vds)lum'ldvermgrttgmegiﬂmr% padt d>fayer S

(200 ., Carveiedd: VhEhr U Birrare CR OIS R R But Al e 55, The
sol vents were renpved under reduced pressure and residue was purified by

flash chronmat oéY’é(@éfﬁl”(fs/ ica gel, hexane and ethyl acetate). Conpound (A)

(54 g) was isolated and characterized by LC M5 ( LRVS( m z: 310.16).
To a 0 °C solution of Compound (B) 2/43 8 g, 200 mmol), N-Boc serine(methyl

15 ether) (36.7 g, 167 mmol), HOBT (27 g, 200 mmol) and HBTU (71.4 g, 200 mmol) in
tetrahydrofuran (1.2 L) was added a solution of N,N-diethylisopropylamine (75 g, 600
mmol) in tetrahydrofuran (250 mL) over 10 minutes, and the pH of the resulting mixture
was ~8. The mixture was stirred at room temperature for another 5 hours. Most of the
solvent were removed under reduced pressure at room temperature and diluted with

20 saturated aqueous sodium bicarbonate (400 mL). Then it was extracted with ethyl acetate
(3 x 400 mL), washed with sodium bicarbonate (100 mL) and brine (100 mL). The
combined organic layers were dried over sodium sulfate and filtered through Celite-545.
The solvents were removed under reduced pressure and residue was purified by flash
chromatography (silica gel, hexane and ethyl acetate). Compound (C) (65 g) was isolated

25 and characterized by LC/MS (LRMS (MH) m/z: 411.21).

Synthesis of (D)

To a 0 °C solution of Compound (C) (18 g) in dichloromethane (100 mL) was
added trifluoroacetic acid (80 mL) over 5 minutes, and the resulting mixture was stirred at
the same temperature for another 3 hours. The solvents were removed under reduced

30 pressure and the residue was placed under high vacuum overnight giving the TFA salt of

intermediate (D), which was characterized by LC/MS (LRMS (MH) m/z: 311.15).
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Synthesis of (B) To a 0 OC solution of Conpound (A) (54 g) in

di chl oronet hane (200 nL) was added trifluoroacetic acid (200 nL) over 10
m nut es, wWodotomesresul ting m xture was stirred at the sagg/usenpeesteare for
anot her 3 hours. The solvents were renoved under reduced pressure and the
resi due was pl &;}:ﬂe us\r;&er hi gh vacuum overni ght giving the TFA salt of
Conmpound (B), L dEthar acteri zed by LC/I\/IS (LRMS (MH) mz: 210.1 1).

Synthesis of (C To a 0 OC solution of Conp 200 mol ),
N Boc seri ne( nee iy Qe%qmqn qfzghy} 29*116@817'[11%]6)5 Cﬂgﬂwlitzfligg%ﬁaomﬁﬁdn) and
HBTU (71 r | uti on of
N, N- di et h H%dﬁrg%g‘g‘/ m nej ‘?a/%ﬁde&%‘%roag %@ﬂnﬁ&gétx%&gﬁy ro?gr an ? m.) over
10 m nut eSVerdlﬁdnmbeS Jrdahe tcheting seibtiomyasstiiadra rows ten@eraitve for adatlice 2was
stirred at roomtenperature for another 5 hours of the solvent were
enoved UREr I BanEEd agidgicd léhwﬂ?eﬂm% @%m@{aﬁan%w@@@ewmh
saturat ed t wth
t&%H?d%Hﬁl;aﬁgx ym@iaﬂgﬁggh%n%eﬂlqg%éﬂr& ta %1‘3 %r la¥iRe vt Bl 86

et hyl acetate (3 di unt bi car onate (100 nL) and
brine (106mLand dﬂihtéowrsbdmedsudﬁa‘@aMocst dfiatherdvends wetbrmmdv@l/mdes odfiuced sul f at e

and filtered thro 45 Th ent.s wer d under reduced

o essur o BEYBLRHS aRbieti SRS ¢ AHH CAPBHE T ERS. (ol 1t ca gel
hexane and eth S'\%tei Corrpound (C (65 g) was isolated and

characteri zed é)ff’ RI\/S (M—I) mz: 4 11.21). Synthesis of (D) To a 0 0C

sol ution of Conmpound (C) in dichloromethane (100 nL) was added

tri fl0uor oacet i anc,q € %Cé@l%()f(?ﬁiéﬁoug &Dh(ﬂlé@mob)r?dldtzh@e%%ﬁlﬂ%sz'm xture was
stirred a K pvere
renoved u%l ér @S %Jirj{eﬁégr%d qqé)?&ey E%H%g(g)gal}daaggﬁoqg h| gh vacuum

over ni ght nghol) mgettrdﬂ@zdi{d?ﬂraaz(t%mo ofl.) wak eddaeidi @ﬂlﬁlo(nlb)f,N mleﬂhymlr@yaarrmﬁé erized
by LM (LRMS (M) mz; 3 11 6;@ SyntheS|s of To a 0C sol utjon of
et hyl 2- nbtag) iR ftahyirefusan @08 sl oyeeS (iButgs uyg %?51 1)ea?lﬁ=dta@m0éﬁ9%tﬁldf ur an
(50 m) wgs gfdrduBay SAKRrSRA YRALMNE AenpRRlidt 098might Nt waliHeAL)
15 quenched with saturated aqueous sodium bicarbonate solution (200 mL), and most of the
solvents were removed under reduced pressure. The residual mixture was extracted with
ethyl acetate (3 x 400 mL). The combined organic layers were washed with saturated
aqueous sodium bicarbonate (200 mL) and brine (100 mL), dried over sodium sulfate and
filtered through Celite-545. The solvents were removed under reduced pressure and
20 residue was purified by flash chromatography (silica gel, ethyl acetate with 2%
methanol). Compound (F) (17.1 g) was isolated and characterized by LC/MS (LRMS

(MH) m/z: 436.15).
Synthesis of (G)

To a solution of Compound (F) (17.1 g, 95 mmol) in methanol (300 mL) was
25 added 10% Pd/C (3 g). The resulting mixture was allowed to stir under 1 atmosphere of
hydrogen for 48 hours. The mixture was filtered through Celite 545 and the filter cake
was washed with methanol (~200 mL). The organic layers were concentrated under

reduced pressure and placed under high vacuum to yield Compound (G), which was

characterized by LC/MS (LRMS (MH) m/z: 346.1).
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over 10 mnutes, and the resulting solution was stirred at roomtenperature
for another 2 hours. It was then acidified wth hydrochloric acid (2 N) to
pH=l and wetacwed2wi t h tetrahydrofuran (3 x 100 nl). TireTasawio0esi20©r gani ¢
| ayers were washed with brine (30 nL) and dried over sodium sul fate. Mst
of the solvent§ m?re renmpved under reduced pressure and the residue was

| yophi | i zed t 0P¥t#% f%ﬂﬁﬁ? ound (E) (14 g). Synthesis of (F) To a 0 OC

sol ution of Cb oun g (41 nmmol ) and 2-net hyl -t hi azol e-5- carboxyli c acid

(E) (6.0 g, H(ei’k@O@OXE’@ (Hbmg, %@mmbwe&éﬂm%wwh@ in
t et rahyd | |
el g, 1%08129 ORI S DD Lo am e

appr oxi mb&ilmg&a& wéﬁh@nfo@é&l hﬁd g réacﬁblu Etﬂ‘ré’&ﬁﬁr $tholif #dvidth SREETIESHIMAL Ur e
overnight. It was then quenched wi th saturated aqueous sodi um bi carbonat e

sol utdi on cDDleipoPnsyRRiionsstasing Matcsal Japfasuliimegsolusap ey conrgairated dndad
pressure. re-[iﬂgecf n@gésﬂféaelndfﬂléﬁe%ﬁd&@ﬁ l?éatchﬁn%ﬁ8gle‘1\& ‘rﬁ [136% C%ﬁlg)toﬁltl(?g'ﬁ x 400

m.). The organi‘c layers VBT e was ur at aqueous sodi um
bi car bonat e (2Q0 %%%(?Qg brln (100 m.), dried over sodiumsulfate and
filtered throu e solvents were renoved under reduced

ressure and r e fled chr ilic
gthyl acetate ﬂHE@§ﬁEWﬁHW; @fﬁﬁﬁﬁﬁﬁﬂggnQ n§g§b<?éfﬁmb9%§ ﬁéggand
characterj @@4@}&1&&5 %ETWWS @ﬁrﬁol) é@@HEﬁ"XJ(ISBI@ﬁQWSSm&fOI)(@) To a
sol ution o Conpound . mol) in nethanol (300 nl) was added
10%1@d/ C (e&agydmﬁtn@ QZanﬂLi andgV, Mdamtlelmalaldledﬂf\%mh)ovagtaddedjﬁdér 1
at nospher hydr ogen. f ours xture was, filtered thro h
ot e e RO il o SO TN R st RS b SR
organic |ﬁﬁ%hﬁmﬂﬁsﬁo&@ﬂ@ﬂﬂ&ﬂ@h%ﬂmﬂ%@@&mmﬁﬁu@ﬁ&i&ﬁﬁ@ﬁyﬁﬂuﬁﬂﬁuﬁﬂﬁ@aé under
hi gh vacuumto yield nmpound (G, which was characterized by LC M5 (LRVS

(MH) n z: s@ueon {20gyhy, ﬁ@% mosigtt the-folrenBowersiemgyes undicnedieadpepionicddhe 140 ny,
0.46 mmol }es}’éﬁgl rﬂi;JtﬁFe%s%&l xwe& %vnh ethyl acetate (3 x 40 mL). The combined organic

15 layers were washed with saturated aqueous sodium bicarbonate (20 mL) and brine (10
mL), dried over sodium sulfate and filtered through Celite-545. The solvents were
removed under reduced pressure and residue was purified by HPLC (0.02 M aqueous
ammonium acetate and acetonitrile (66/34) to afford Compound 1 (92 mg), which was

lyophilized and characterized by LC/MS (LRMS (MH) m/z: 533.2).
20 Example 2

Amorphous Compound 1 (50 mg) was dissolved in acetonitrile (1 mL), then
deionized water (2 mL) was added, and the solution brought to supersaturation by slowly
evaporating off 1 mL over about 1-2 weeks. The resulting crystals were filtered, washed
with 1 mL 1:2 acetonitrile-water, and dried under vacuum for 12 hours to provide a

25 crystalline polymorph of Compound 1 (25 mg) with a melting point of 148 °C. The
characteristic DSC curve of the sample is shown in Figure 1 as recorded on a TA

Instruments Differential Scanning Calorimeter 2920 at a heating rate of 10 °C/minute.
Example 3

Amorphous Compound 1 (611 mg) was dissolved in tetrahydrofuran (5 mL),
30 followed by addition of hexanes (5 mL) and the solution was seeded with crystalline

polymorph Compound 1 as prepared in Example 2, and the solution brought to
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niL) and cooled to 0 OC. To this solution was added trifluoroacetic acid (6
m.). The cooling bath was renoved and the reaction stirred for 1 hour at
whi ch ti 'woBh@/whaed conpl et e consunption of starting matraseao/o2sibe
resulting solution was concentrated under reduced pressure and pl aced under

hi gh vacuumto yield TFA salt of und ( hesi s of ound 1 To a
0 0C sol ubyRSFaBFatigngpetiey Y.edﬁ%%ra s of abe&%ﬂ% hyirs. lé.ﬂareﬁ%g?g and (J)
(0.46 mml:%rstalﬂ%ll-re @Yéreﬁgwaﬁleﬂ%vlfmpﬁi fi[‘%tlldﬁﬁhloﬁgrz& h@SQmep aﬂ§ dﬂ@@hﬂde‘rn
tetrahydrofuran and L, L/-dinethyl fofmam de ( was added N

Ndi et hyl i sarpwapfyot émimm(co QrorvLc)e adrpyiellise polyherph odi@mepmd ls(tlﬁﬁ)n@wathat he
sane terrperﬁture for gﬂg{:her 5 hours. It was then quenched with saturated
aqueous s BT ASHLE Y e solution (20 nL), and nost of the solvents were
rem)ved under educed pressure. The residual mxture was then extracted
Wi t h et hy & e (3 x 40 nmL). The conbi ned organi c layers were washed
W th saturated aqueous sodi um bi carbonate and brine (10 nL dr| ed

over sodi um sufmgrehays Eomnouad dd1Thmeuyrs @é#iql‘t’@-lsétgfahﬁ@ﬁsfén 2mls,
d 0. 02 M
Lqueous amiSine(EAHET S RRBaat! ShEMAGRL Y S%E@%f”éﬁﬂ’wiaﬁg?%ﬁ@&’ﬁ%éund L (92

ng), whi clomwmsuhd/d phpﬂepmedl iraBhmjhla2asidethe 2eldtidry wh Chidbg it RVEp drddt)ratidre :

533. 2). Exanpl 2 Anorp Conpoun 0 was di ssolved in
acet oni t r Py &lo eYﬁyyratmaeﬁfs?d)embrﬂ% %é QPYS(WRW?S% dudfaly wesnglterped

sol ufg on Wagﬁég%tﬁ Ps ﬁfﬂ%fu’%ﬁé UhakHed uhyer ShQinY fo‘%‘i%%ﬁttb%a s@c‘ié‘ a diJktaINE"
about 1-2 weeks. The resulti'ng crystals were filtere dwth 1InL 1:2

acet oni t r pblgmagthesf Campbuwidile@8 umgeyvithvackelimgfpoit 2 14DLEs t o prOV| de a
crystalline polynorph of Conpound 1 (25 ng) with a nelting point of 148 OC.
The char agk@npletsic DSC curve of the sanple is shown in Figure 1 as recorded
on a TA Instrunents Differential Scanning Calorineter 2920 at a heating

rate of 10 C mamdbrfhouX@MPoand 1481 RBPUSs GReMeNd tdlubfl(5d nim), hwasd @i ssol ved
in tetrahydrofuran (5 n),
about 100 °C to complete dissolution, then hexanes (50 mL) were added and the solution
15 was seeded with crystalline polymorph Compound 1 as prepared in Example 2, and the
solution brought to supersaturation by slowly evaporating off 60 mL over about 2 days.
The resulting crystals were filtered, washed with 10 mL toluene, and dried under vacuum

for 12 hours to provide a crystalline polymorph of Compound 1 (156 mg) with a melting
point of 149 °C.

20 Example 6

Amorphous Compound 1 (1.4 g) was dissolved in toluene (25 mL), heated to
about 50 °C to complete dissolution, then brought to supersaturation by cooling to 22 °C
and allowing the compound to crystallize for 12 hours. The resulting crystals were
filtered, washed with 5 mL hexanes, and dried under vacuum for 12 hours to provide a

25 crystalline polymorph of Compound 1 (0.94 g) with a melting point of 149 °C.
Example 7
Synthesis of Compound 1
Synthesis of (H)

N-Boc phenylalanine-ketoepoxide (1.0 equivalent) was dissolved in DCM (3 L/kg

30 of N-Boc phenylalanine-ketoepoxide) in a 3-neck round bottom flask under inert
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foll owed by addition of hexanes (5 nmL) and the solution was seeded with
crystalline pol ynorph Conpound 1 as prepared in Exanple 2, and the solution
brought tweupmvwst7arati on by slowy evaporating of f 5 r rCT@Se010AksI0¢ 17
hours. The resulting crystals were filtered, washed with 1nm 1:1

t et r ahydr of ur an- hexanes, . and drie nder  vacuyum for 12 hours to provide a
crystal || AEBIRBROIRCSPIUEBHHES fplgd {1156 o4) Lﬁe@e,ﬁ? K i EUHYIPRPhY a0t 147
0C. Exanmph&icd a‘?‘g?efStQ %ﬁ)ﬂﬁin@ﬁﬂ%‘lﬁ@rﬁal (e%(?lgga{f?tﬁ_)e)b‘é’ﬁﬁw ) %.OTH@Qﬁ&tﬁbn mixture

tetrahydrofuran ( , then toluene ' was added. The sol ution was
seeded wi whas theystaainkd freagpodyimeteph2 Crmpaolstared fas1 pr 2 pawre d MTBIEGROPI e f, and

the sol uti S brought, to supersat urati by sl o evaporating off 20 nL
bver  aboulBodie o FE e GrbRRED BR HER AP iertiana B R RE "% Oh 18
tol usne, ﬁﬁ%tﬁhin@%i&ﬂﬁ@fen‘éﬁ%ﬁﬂ@b%% A2ohouEstahO(BIOVERf N-BhySt al | i ne

pol ynor ph of Conpound 1 (88 ng) with a nelting point of 149 0C. Exanple 5

Aror phous DGsypdamiee-getopxidey yvapihsen diddebthe eeiction wes cerled o3@twiten, -Snadled to
about 100, t | et e, di ssol ut.i t ex 50 1Jx re added and

t he sol utieégr%rngtg%g{ege%reta a\}\%gf’vhcﬁirté;é%éa%{&fniorﬂe&% %&%ﬁ%?’gi &@errvﬁgﬂﬁgns ae pr epar ed

i n Exanpl €ltered andrinkel wioh hiéptare (BMokgbf NiBocsiheaylahhinedctaepoive)s Thal white
evaporati n(aggff 60 nL over about 2 days, The resultin crys:t)al s _were
filtered, Stiswiecthei vrder gagHunt frdeheursahd? or i Eicldabemed aes dhve orithiBPHeurs to
pr Ovliz?de ap&g&%aﬁi%i ne pol ynor ph of Conpound 1 (156 ng) with a nelting point
of 149 0C anpl'e 6 Anorphous Conpound 1 (1.4 g) was dissolved in toluene
(25 nL), heat eg tt;l)es%bo OmS% ’%: to conpl ete dissolution, then brought to
supersaturati onwby co |Indj ) 52 0C and all owi ng the compound to

5 Vi hexanes. _GREPBPOMTLAder b dkdin ¢ gprass i Gur OB dBRU TS al 1 i me
pol ymor phe@fiv MmO HUB A (1(DeQftvAntWY dnld NLniBekyll pPEoRGh&te @FL/AS8f O6mpsXRIP! e 7
(G)) were added to a dry flask under inert atmosphere, and the mixture was stirred at 23
15 °C to complete dissolution. The reaction was then cooled to between -5 and 0 °C, and
diisopropylethylamine (2.1 equivalents) was added over 15 minutes, while maintaining an
internal reaction temperature of less than 0 °C. The reaction mixture was stirred at 0 °C

for 12 hours.

Crude Compound 1 was precipitated by pouring the reaction mixture onto 8%

20 sodium bicarbonate (40 L/kg of Compound (G)) and the suspension of crude Compound
1 was stirred for 12 hours at 20 to 25 °C, followed by stirring at 0 to 5 °C for 1 hour. The
white solid was filtered and rinsed with water (5 L/kg of Compound (G)). The white
solid was then reslurried in water (15 L/kg) for 3 hours at 20 to 25 °C, filtered and rinsed
with water (5 L/kg of Compound (G)) and isopropyl acetate (2 x 2 L/kg of Compound

25 (G)). The white solid was dried under vacuum at 45 °C to constant weight. Yield of
crude Compound 1 was 65%, with HPLC purity of 97.2%.

Crude Compound 1 was completely dissolved in isopropyl acetate (20 L/kg of
crude Compound 1) by stirring and heating at 85 °C. The solution was then hot filtered to
remove any particulate mater and the solution was re-heated to 85 °C to provide clear

30 solution. The clear solution was allowed to cool at 10 °C per hour to 65 °C before adding
seed crystals. The solution was allowed to cool at 10 °C per hour to 20 °C, when

substantial crystallization of Compound 1 occurred. The suspension was stirred at 20 °C
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Synt hesi s of Compound 1 Synthesis of (H) N-Boc phenyl al ani ne- ket oepoxi de
(1.0 equivalent) was dissolved in DCM (3 L/kg of N Boc

phenyl al anonreetrkwsepoxi de) in a 3-neck round bottom f| apkTorsdenn/028126

i nertatnosphere and the solution was cooled in ice bath. Then, TFA (5.0

i val d at ate t iptain the i | t bel
1000 ThEMEE G oA BB HE Dl PGB OYPacE FIBBOoE And
stirred fgpgido WothIsdPoWy3 acdVliBEl (Aol @mM5uBAQ). The purified Compound 1

phenyl al ani ne- ket oepoxi'de) was then added to the reaction m xture while
mai nt ai ni ngs diigd under veqyper &t43r'€ fhed owniaBi0aL 24Hepiratvecop@ntdweighty YatldefBoc
phenyl al api ne- ket pepoxigde) . then.a the reaction was cooled to

bet ween - @0@@8“@8 a§§?902}~ftﬁq—§lhégayr§ty§b§%1 ow crystallization of Conpound
(H). The white solid was filtered and rinsed with heptane (3 L/ kg of N Boc
pheny! al afir¢Erlk & oepoxi de). The white solid was then under vacuum for 12
hours at 22 OC. Yield obtained was 86% w th HPLC purity 99.4% Synthesis
of ConpoudethesGotfsovmeg sy (1.2 equival ents), Conpound (G (1.0

equi val ent), HBTU (1.2 equivalents), HOBT (1.2 equival ents) andN-net hyl
pyrrolidi none Cempbird ¢f) (Cdmpotmateniss) Gompoundd € €O cquizaldnty, HBAEK 1 dnder

i <ol ut 1 B oirgo Bt (5 B HhER"BR4P Ul C TRt omb g2 TPl & iy

di i sopr opy ldgf hydkamideeinér adn®@HELdrRAIThS niwak weideidre@wer3 dStodomplas, Wwhile
mai ntai ning an _internal reaction tenperature of |less than 0 0C. The

reackd on dissalutien. WH reeqtionerpsghenorogledite betneenotipied 0 ¢&..pd Conpound 1 was
precipita i t r i L X% ur %. s0dj I Ca te (40
U ka of cmsiiy PRl 2 SEREILATWL M rt S SO U VR SRR BEA
for 12 hoint&@naltre@ionhdcr@perdGre dfdtdsakad) 1. The reactivg raixtlre tnas thedGtitred afl0 hour .
The white solid was filtered and rinsed with water (5 L/kg of Conpound
(Q). The W' ®Eid was then reslurried in water (15 L/kg) for 3 hours at
20 to 25 0C, filtered and rinsed with water (5 L/ kg of Conpound (G) and

i sopropyl acet dherqaption miytyregvastqueriige bii@ddition of pre-chilled saturated sodium

15 bicarbonate (94 L/kg of Compound (G)), while maintaining internal temperature of less
10 °C. The content was then transferred to a separatory funnel. The mixture was
extracted with ethyl acetate (24 L/kg of Compound (G)), and the organic layer was
washed with saturated sodium bicarbonate (12 L/kg of Compound (G)) and with saturated
sodium chloride (12 L/kg of Compound (G).

20 The organic layer was concentrated under reduced pressure with a bath
temperature of less than 30 °C to 15 L/kg of Compound (G), followed by co-distillation
with isopropyl acetate (2 x 24 L/kg of PR-022). Final volume was adjusted to 82 L/kg of
Compound (G) with isopropyl acetate before heating to 60 °C to obtain a clear solution.
The clear solution mixture was allowed to cool to 50 °C before adding seed crystals. The

25 solution was allowed to cool to 20 °C, when substantial crystallization of Compound 1
had occurred. The suspension was stirred at 0 °C for 12 hours before filtration and rinsing
with isopropyl acetate (2 L/kg of Compound 1). Compound 1 was dried under vacuum at
20 °C for 12 hours to constant weight. Yield of Compound 1 was 48%, with HPLC purity
of 97.4%.

30
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(G). The white solid was dried under vacuum at 45 OC to constant wei ght.
Yield of crude Conpound 1 was 65% w th HPLC purity of 97.2% Crude
Conmpound wowany/w8rpl et el y di ssol ved in isopropyl acetatectaB2ablogsioé crude
Compound 1) by stirring and heating at 85 OC. The solution was then hot
filtered to renmove any particulate mater and the solution was re-heated to
85 0Cto Eﬂ@ﬂ@&gﬂ%lear solution. The clear solution was allowed to cool at
10 OC per hour to 65 0C before addi ng seed crystals. The solution was

al | owed to cooflhege skgledan gerarhgilk receeniey, orbe sile fp apaeyéainnsingno more than

talli i . g T, i i t 20
oL SRR R SPGB TR L5

m ninum of 2 hours
and filtr éicref desedibed hatmg Suich bquisapiite pydl coasidt@t o be dvithinkife edfope foti des
Compaund 1). The purified ound 1 was. dried under vacuumat 45 OC for a
mi ni Pum oftVoRiHAIdsare 60‘@6%%61 F%&&@Hg claimel d of Conpound 1 was 87% with
HPLC purity 97.2% Exanple 8 Synthesis of Conpound 1 Conpound (F% (1.1
equi val ents), Gdidemebovecited rderepess wad eneljcatipprane hareBy sgarpestedhbs) , HOBT
(1.5 equiyglepts) and DMF (8 L/ kg of Conpound (G) were added to a dry
flask under ineft atnosphere, and the m xture was stirred at 23 0Cto

conpl ete dissolution. The reaction was then cooled to between -5 and 0 0C,
and diisopropyl ethylam ne (2.1 equival ents) was added over 15 m nutes,
while maintaining an internal reaction tenperature of |less than 0 0OC. The
reaction m xture was then stirred at 0 OC for 3 hours. The reaction m xture
was quenched by addition of pre-chilled saturated sodi um bi carbonate (94

L/ kg of Compound (G), while maintaining internal tenperature of less 10
0C. The content was then transferred to a separatory funnel. The m xture
was extracted with ethyl acetate (24 L/kg of Conpound (G ), and the organic
| ayer was washed with saturated sodi um bi carbonate (12 L/ kg of Conpound
(G) and with saturated sodiumchloride (12 L/kg of Conpound (G . The
organi c | ayer was concentrated under reduced pressure with a bath
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tenperature of less than 30 0OC to 15 L/kg of Compound (G, followed by
co-distillation with isopropyl acetate (2 x 24 L/ kg of PR-022). Final

vol une wawoadjuwswd to 82 L/ kg of Conmpound (G wth isopcopskoiaoetias e
before heating to 60 OC to obtain a clear solution. The clear solution

m xture %ILowed to cool to 50 OC before adding seed crystals. The

sol ution Mowed to cool to 20 OC, when substantial crystallization of
Compound 1 had occurred. The suspension was stirred at 0 OC for 12 hours
before filtration and rinsing with isopropyl acetate (2 L/kg of Conpound
1). Conpound 1lwas é\rm@aowmareﬁ%aamalg@@@nwdfﬁ ABE b const ant
weight. Yield of Conpound 1 was 48% w th HPLC purity of 97.4% Equi val ents
Those skilled in the art will recognize, or be @ to ascertain using no
nore than routine experinentation, nUﬂHEOUS equi ents to the conpounds
and net hods of use thereof descrpbe ereim Sgch 8uivalents are
considered to be within the scopg of thﬂs ilpventi ga-¥and are covered by the
following clainms. All of thg agoveNci ifed _efﬁre es and publications are
her eby i ncorporated by refihznee. Cai ni A Oret hod for preparing a
crystal line conmpound of Foppla (11) (H coftprising (i) preparing a
solution of a conpound of Fornmula (Il1) in an organic solvent; (ii) bringing
the solution to supersaturation to caugf)fornation of crystals; and (iii)
isolating the crystals. 2. A nethod of claim1, wherein the organic sol vent

is sel ect g Bty - et hyl S . sapropyl
ncet at o COPRiS: A7 BRI 1ot coMHRMR Bp POARLENERn SN e
or any conbi natii)dminghgrteefolution 1 sipérBadratidtn e @&use Byrmatier ef drytthle; avdgéii c
solvent is selec}ed fromacetonitrile, heptanes, hexanes, nethanol,

t et r ahydr of ur alCl34AR tEATYEMS. 4. A nethod of claim 3, wherein the organic
solvent is selected from hexanes, tetrahydrofuran and tol uene.

2. A method of claim 1, wherein the organic solvent is selected from
acetonitrile, ethyl acetate, heptanes, hexanes, isopropyl acetate, methanol, methylethyl

10 ketone, tetrahydrofuran, toluene and water, or any combination thereof.

3. A method of claim 2, wherein the organic solvent is selected from

acetonitrile, heptanes, hexanes, methanol, tetrahydrofuran, and toluene.

4. A method of claim 3, wherein the organic solvent is selected from

hexanes, tetrahydrofuran and toluene.

15 5. A method of any one of claims 1 to 4, wherein bringing the solution to
supersaturation comprises addition of an anti-solvent, allowing the solution to cool,

reducing the volume of the solution, or any combination thereof.

6. A method of claim 5, wherein bringing the solution to supersaturation
comprises adding an anti-solvent, cooling the solution to ambient temperature, and

20 reducing the volume of the solution.

7. A method of claim 5, wherein the anti-solvent is added slowly.
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5. A nmethod of any one of clains 1 to 4, wherein bringing the solution to
supersaturation conprises addition of an anti-solvent, allow ng the

sol uti on wo 20moiog17zeduci ng t he vol ume of the sol ution, ®ecTasyooostizaati on
thereof. 6. A method of claim5, wherein bringing the solution to
supersaturation conpri ses addi ng_an anti-solvent, cooling the solution to
anbi ent t enper it ur e B Oﬁiégﬁ&ﬁnhé’ Vhgendhe pti-salvemt & senctid; fspm hoxangs, et hod
of claim j,Mengiaidhe anti-solvent is added slowy.8. A nethod of claim
5, wherein the anti-solvent is selected from hexanes, toluene and water. 9.
A nmethod of claimb5, wherein the volune reduction is perforned by
evaporation. 19. A ; I Q- f npri si ng
seeding the soluti o%ﬁh%gdgﬁgﬁgg‘gg?&%ltg% %I%?}?%Pﬁ%}s I%:égfr?pﬁfllé%l g washi ng
t he cryst avaporatidn. A net hod of claim 11, wherein the washing conprises
washing with a liquid selected fromanti-solvent, acetonitrile, heptanes,
hexanes, nethanol, tetrahydrofuran, toluene, water, or a conbination

t hereof . 13. Aldet hadnehod bfinp di2,ofwhemeil no YafibtheigecobgpiBingsesdinasis ng with a
conmbi nation of an anti-solvent and the organic solvent. 14. A nethod of
clai m 13, SHB®i n the anti-sol vent i s hexanes or hept anes. 15. A nethod of
any one of clains 1 to 14, wherein isolating the crystals conprises
filtering the crystals. 16. A nethod of any one of clains 1 to 15, further
conprising dryilhg t Remnethgd phelainy hgdurthasgepasmeasshing thaaystalscryst al | i ne
compound having a structure of Fornmula (I1) (11)18. A crystalline conpound
of claim 17, having a DSC thernogram substantially as shown in Figure 1.
19. A crystall lhe cénpetbadobelagn & .nyhereinphs vading ¢esmmrisagywadiing woh aabout 140

liquid selected from anti-solvent, acetonitrile, heptanes, hexanes, methanol,

10 tetrahydrofuran, toluene, water, or a combination thereof.

13. A method of claim 12, wherein washing comprises washing with a

combination of an anti-solvent and the organic solvent.

14. A method of claim 13, wherein the anti-solvent is hexanes or heptanes.
15. A method of any one of claims 1 to 14, wherein isolating the crystals
15 comprises filtering the crystals.

16. A method of any one of claims 1 to 15, further comprising drying the

crystals under reduced pressure.

17. A crystalline compound having a structure of Formula (II)
OMe
0 H O o
\ =
>/S © “OMe ©
Me
20 (I1)



to about 155 0C. 20. A crystalline compound of claim 19, having a nelting
poi nt of about 145 to about 150 0C. 21. A crystalline conpound of claim 17,
havi ng arw®RPD/psat7eer n substantially as shown in Fi gur e PRT/1IR2010A28126
crystalline conpound of claim 17 having 2Qual ues 8.94; 9.39; 9.76; 10.60;
11.09; 12. 74, 17.74; 18.96; 20.58;, 20 88, 21.58: 21.78; 22.25;
22.80; 24.25; 55 &6 664 gEstgline %nﬁwnd?g.cgﬁm 17ghaygne oS %5‘11@1@&?%2&2“ 30. 46:
30. 78; 3251%§tan§§11}6§ssh%é]n4§f‘l%%§ e §8; 35.33; 37.85; 38.48. 23. A nethod for
the preparation of a crystalline conmpound of Formula (I1), (I1) conprising
(i) reacting a conmpound of Formula (1I1) (I1l) wherein X is any suitable
counterion, W 4§ a aouDOMRAe Ofm A1t 7 _hdVidy £ Rﬂ% iR ahyent (1V)
(ii) preparing a so?w’??on o? rngorlrlpoun of Fornﬁ 9% p|Ql’n t he 0secon
organi ¢ stlabent 1559G.i) bringing the solution to supersaturation to permt
formation of crystals; and (iv) isolating the crystals to provide a
crystalline conpound of Forrmula (I11).

5 20. A crystalline compound of claim 19, having a melting point of about 145

to about 150 °C.

21. A crystalline compound of claim 17, having an XRPD pattern substantially

as shown in Figure 2.

22. A crystalline compound of claim 17 having 20 values 8.94; 9.39; 9.76;
10 10.60; 11.09; 12.74; 15.27; 17.74; 18.96; 20.58; 20.88; 21.58; 21.78; 22.25; 22.80; 24.25; 24.66;
26.04; 26.44; 28.32; 28.96; 29.65; 30.22; 30.46; 30.78; 32.17; 33.65; 34.49; 35.08; 35.33; 37.85;

38.48.
23. A method for the preparation of a crystalline compound of Formula (II),
OMe
0O H O 0
\ =
S © “OMe ©
Me
15 (IT)

comprising (i) reacting a compound of Formula (III)

- @)

+
X H3N

o)
(111

wherein X is any suitable counterion, with a compound of Formula (IV) in a second

20 organic solvent
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(i) preparing a solution of a compound of Formula (II) in the second organic solvent; (iii)

bringing the solution to supersaturation to permit formation of crystals; and (iv)

isolating the crystals to provide a crystalline compound of Formula (II).
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