CRYSTALLINE TRIPEPTIDE EPDXY KETONE PROTEASE INHIBITORS Related Applications

This application claims the benefit of priority to U.S. Provisional Application Serial No. 61/162,196, filed
March 20, 2009, and U.S. Provisional Application Serial No. 561/180,561, filed May 22, 2009. The
specifications of the foregoing applications are hereby incorporated by reference in their entirety.
Background of the Invention In eukaryotes, protein degradation is predominately mediated through the
ubiquitin pathway R WRICHIQIE RRPFIAPIE A SIS KRHRUORC i’ﬁ@%&?ﬁé&é‘i‘*{)ﬁi{%ﬁi‘f’@&%&m‘d
polypeptide ubiquitin. Once targeted, ubiquitinated proteins then serve as substrates for the 26S
proteasome, a multicatalytic protease, which cleaves proteins into short peptides through the action of
its three majoR giestelohpigdiaativiiies. While having a general function in intracellular protein turnover,
proteasome-mediated degradation also plays a key role in many processes such as major
histocompatibility cofiplarririey thorstha enageel pravéntaior. Rpopsosis! Aetligoiwth regulation,
NE-KB activaggn, agsigam Brorrssing adiragsaisetion,al RI B RMmARNY AaRRISe iy 88 205

proteasome is a 700 kDa cylindrical-shaped multicatalytic protease complex comprised of 28 subunits
organized int§ #@@pr@ﬁésﬁlﬁ%ﬁ&@gn&ogg&l&ﬂ?&%@@%G’iffé‘?ef‘ff%@ \RREFERRECOUter rings and
7 different 13 guéninite porpdae RRe-HBeh HRgSenthe@ subunits serve as binding sites for the 19S
(PA700) and 1l S (PA28) regulatory complexes, as well as a physical barrier for the inner proteolytic
chamber fornieg: k-t dvod (hsidwnitiskngs. Thus, in vivo, the proteasome is believed to exist as a 26S
particle ("the 26S proteasorne"). In vivo experiments have shown that inhibition of the 20S form of the
proteasome can be Teadiyrouese preeinclbghibition of eéoaBprtsizanaline Cleavaythof amino-terminal
prosequenceginf s BARS AU NG QRFIES Tormation SxRose aminerisimitathteoning fesidues, which

serve as the catalytic nucleophiles, The subunits responsible for catalytic activity in proteasomes thus

possesd an affidGebmsrideibirdphifdrsdigeicdrdinstioadehormtainelmg e i RRTAEE N-terminal
nucleophile (RMmRYHDRsesMherehnrinugleappiliehiderminat kesidurdeifend0exsmple, Cys, Ser,

Thr, and other nu,cle%%ﬂlic moieties). This family includes, for example, penicillin G acylase (PGA),

penicillin V aé%ﬁ%té%ef g\lj’g]ém&ﬁ.ﬁﬁlﬁa 'Fktl‘sf:ht% inajor proteolytic activities. While having a

general function in intracellular protein turnover, proteasome-mediated degradation also

plays a key role in many processes such as major histocompatibility complex (MHC)
15 class I antigen presentation, apoptosis, cell growth regulation, NF-xB activation, antigen

processing, and transduction of pro-inflammatory signals.

The 208 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 B subunits comprise

20 the inner rings. The o subunits serve as binding sites for the 198 (PA700) and 118
(PAZ2R) 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 268 proteasome”). In vivo experiments have shown that
inhibition of the 208 form of the proteasome can be readily correlated to inhibition of 268

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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amidotransferase (GAT), and bacterial glycosylasparaginase. In addition to the ubiquitously expressed
13 subunits, higher vertebrates also possess three interferon-yinducible 13 subunits (LMP7, LMP2 and
MECH.), which replace their normal counterparts, 135,13 and 37 respectively, thus altering the
catalytic activities of the 5proteasome. Through the use of different peptide substrates, three major
proteolytic activities have been defined for the eukaryote 20S proteasome: chymotrypsin-like activity
(CT-L), whichasiabies dftesd dgbThydro phobicrebidensa wrypsimdike boaildiyidi Lo thehich cleaves after
paste residuegh RIARASH IR BERYE S DOl oveIRg. AU IEGE - Wieh glggups after acidic
residues. Two additional less characterized activities 10have aiso f)een ascribed to the proteasome:

BrAAP activitipdnfifls Blagves aftey BrahtHenen A aiing/ bickiserens SrRpmPRatvity, which cleaves
after small neyffalapaino @ciglsinling Wipggtggﬁgmeegﬁgtggw%%%vgy@ﬁmﬁgo be contributed
u

by different catalytic sites, since inhibitors, point mutations in J3 subunits and the exchange of y

interferén-ind%ff‘r@s?@%ugﬂ?ﬂi@%ﬂ?r%%@%?ﬁ?ﬁfé??&%ﬁ@lﬁg%% FBESS M BRIsel Ebmpositions and
methods for prgpatinthandhtemkiaiigaroteaseme ibisitadshammseadeshtSysmary of the Invention

oharmaceuticA1) SLLGHELIE Ll FIERAST 6 DR F1 R D e R R VSN i O, Nt or
N-alkyl, prefetabiwh@h cleaves after basic residues; and peptidylglutamy! peptide hydrolyzing activity
(PGPH), which cleaves after acidic residues. Two additional less characterized activities
10 have also been ascribed to the proteasome: BrAAP activity, which cleaves after
branched-chain amino acids; and SNAAP activity, which cleaves after small neutral
amino acids. The major protcasome proteolytic activitics appear to be contributed by
different catalytic sites, since inhibitors, point mutations in B subunits and the exchange

of y interferon-inducing B subunits alter these activities to various degrees.

15 Improved compositions and methods for preparing and formulating proteasome

inthibitor(s) are needed.

Summarv of the Invention.

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

Formula (1) or a pharmaceutically acceptable salt thereof,
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wherein
X 1s O, NH, or N-alkyl, preferably O;
Y is N, , S, or C(R®),, preferably NH;
25 Z is NH, N-alkyl, O, S or C(R®),, preferably S;

R', R? and R’ are hydrogen;



Y is N" S, or C(R8)2, preferably NH; 25Z is NH, N-alkyl, 0, S or C(R8)2, preferably S; R.", R2, and R2
are hydrogen; each of R4, R5, R6, R7 andR8 is independently selected from hydrogen, Cholkyl, C1_
6hydroxyallcyl, C1_6alkoxyalkyl, aryl, and Ci_6aralkyl, each of which is optionally substituted with a
group selected from alkyl, amide, amine, carboxylic acid or a pharmaceutically acceptable salt thereof,
carboxyl ester, thiol, and thioether, 5preferably R4, R5and R6, are independently selected from
Cl4hioether. @dh ehBArBiRIKRI adRTis Buleakydcatis RitiseCifromlkytimusre Greférably;-R4 and R5 are
Ci.4hioether, and RZhS%QBg%L%C%Eﬁ;&%ﬁ{ﬁt 10688 FIGHIESL cact of GIBUAR L3NS 2 DSC

(differential scanning catorimetry) thermograrm of Ocrystaifine compound 1. Figure 2'shows an
XRPD (X-ray powdetfttaiedonfpagen seesiddine dbrhpsude tmmgurartrshisnaci PG thermogram

of crystalline compoyaghdaceuticaliy kigspatshawsraodulated tharmogiams ehanmegphous compound
1, reversing 15heat flow (bottognrifnd nen-reversing heat flow (top). igure 5 shows a comparison

of DSCheimogram® FEA)StRiiirte #8hibothidPIBrdsrte %E@Fiﬁ‘llﬁ)@’%; f8e5 frmiddle), Example 3

(top), and Example (aatigaikyEigute 6,showsan KRPD, pattermaf-anerabblyscoampaing:| prepared
according to Examp&e It boett eg_}) K: Qolrsnejargﬂ t? XRPD patterns of crystalline compound 1
20prepared accordiné’ﬁolﬁxamb e 2 (top), ’éxa%ple 3 (rd from bottom), and Example 4 (rd from top).

Brief Description of the Fioures

Figure 1 shows a DSC (differential scanning calorimetry) thermogram of

10 crystalline compound 1.

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 amorphoué 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,



Figure 7 shows a TG thermogram of amorphous compound |. Detailed Description of the invention
25In certain embodiments, the invention relates to crystalline compounds having a structure of
FoiHada (I) or a pharmaceutically acceptable salt thereof, wherein X is 0, NH, or N-alkyl, preferably 0;
5Y is NH, N-alkyl, 0, S, or C(R8)2, preferably NH; Z is NH, N-alkyl, 0, S or C(R8)2, preferably S; RI,
R2, and R3 are hydrogen; each of R4, R5, R6, R7and R8 isindependently selected from hydrogen,
Ci_6alkyl, C1- 41Ydroxyalkyl, Cholkoxyalkyl, &§1, aRd CrQoralkgf eagh of which is optionally
10substituted with a group selec::/j%)jblkyl amiq’@,\?he, chrboxyhcacid or a pharmaceutically
acceptable salt thereof, carboxyhgstey; thiol andyfhioetfier, pi‘,defer ly R1, R5and R6, are
independently selected from Cr4h§w er, GxohygroxygRyl, geid Cgy 6aralkyl and R7 is Cl _6alkyl,
more preferably, le and 1:2.5 arc &1_6thioether, and each it is Cr_olkyl. 15In certain embodiments, the
invention relates to a crystalline compound of Formula (ll) In certain embodiments, the invention
relates to a method for the preparation of a ZOcrystainne compound of Formula (1) or (1), comprising
one or more of: (i) preparing the amorphous compound, e.g., according to U.S. Patent Application No.
11/595,804; (ii) diss@hdpg,the amorphous compound in an organic solvent; (iii) bringing the solution to

X 1s O, NH, or N-alkyl, preferably O;

5 Y is NH, N-alkyl, O, S, or C(R®),, preferably NH;
Z.is NH, N-alkyl, O, S or C(Rg)g, preferably S;
RY, R%, and R® are hydrogen;

each of R, R°, R®, R7and R®is independently selected from hydrogen, C,.alkyl, Ci.
shydroxyalkyl, Cisalkoxyalkyl, aryl, and C, saralkyl, cach of which is optionally
10 substituted with a group selected from alkyl, amide, amine, carboxylic acid or a
pharmaceutically acceptable salt thereof, carboxyl ester, thiol, and thioether,
preferably R?, Rand RG, are independently selected from C,sthiocther, Cy.
shydroxyalkyl, and Cysaralkyl and R is C; galkyl, more preferably, R* and R’ are
Cy.¢thioether, and each R is Cisalkyl

is In certain embodiments, the invention relates to a ¢rystalline compound of
Formula (1I)
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In certain embodiments, the mvention relates to a method for the preparation of a
20 crystalline compound of Formula (I) or (1), comprising one or more of: (i) preparing the
arnorphous 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
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supersaturation; (iv) isolating the crystals, e.g., by filtering the crystals, by decanting fluid from the
crystals, or by any other suitable separation technique; and (v) washing the crystals. In certain
embodiments, preparation further comprises inducing crystallization. In certain embodiments,
preparation further comprises drying, preferably under reduced 5pressure, such as under vacuum
pressure. In certain embodiments, the amorphous compound may be dissolved in a solvent
selected fronsugatohitrtiencthylisdetathiapraabs clteuriedcisgtopyy stebtdte dasettiagdluidethylethyl

ketone, tetrahyginiranJolliens, and saletupiATNpoRINAALAR MRseAl 0 certaRsmpodiments, the

amorphous compoundof Formula (I1) may be dissolved in an 10 organic solvent selected from
acetonitrile, hepttesIHEKEITREETRISHEIE, PEIPAFHbIUTEST soanorsemdusingriyyetihBaiion thereof. In
certain preferrgdcembeginanientngRigameSalvast iiguenairiaiahyedratmannatacelepitrile,

preferably acetonitrile or toluene. In certain embodiments, bringing the solution to supersaturation
comprises th@ESW gt Wdh YHB RIS Such as water, heptanes, hexanes or another polar or
non- 15polar liquid miscible with the orgbar'hic soIvth allowin(gltlae solgti%n to, co& (with or ¥vithout

. . r@xce a1n.embpdiments, the amorp oius, compatnd iiay b dis olveginas llven .
seeding the solution), réducing he Volure of thersolution, r-any combinationthereof In certain
embodimentssehritgifigthecsolution. tetlsi pecsatu hatibnasoheprises aciiny baceati:soblisncooling the

solution to ambigns temperature.ariower, ARd tericing fhe ¥olume of the solution, £.gr, Ry evaporating

solvent from the solution. In 20 certain embadiments, allowing the Solution to coot may be passive

(e.g., allowingerieisenmipsingritate avarmbrancasmperaRiEpordatle maybecdsimiyehia gslution in an

ice baﬁf_(b Of_fr%‘-éﬁﬁc solveft Q@fé@ﬂ_&ﬂ%i@%ﬂ&lﬁﬁﬁ%&%ﬂ%@@?ﬂeﬁ&ﬁ@@M&H%%@%@Mzﬁﬂedpitaﬂon or
crystallization. In certain embodiments, inducing precipitation or crystallization 25 comprises

secondary nuIE A RIS RICATRBATIBR BEESTs 17 fREghduefce robeditsital o #it¥ifactions with

the environmegit éarystallizes, wallsystisfngnapetassisoslisaifonbBladstonitilccariadiicenbodiments,
washing the crystals comprises washing with a liquid selected from anti-solvent, acetonitrile, heptanes,
hexanes, methanol,ItetrataydeofocdmS0sohuenm gibtenlvicr comipiratiorn tverenfipneaeriain

embodiments, e Grrsials Ale WASHRLN0.A camtineion slanieghient and-hs srgapig solvent. In

certain embogllments,t e anti-solvent Is water, while in other embodiments it is an alkane solvent,

such & hexape@igeittaneciblearithrbmentehydpbeaibatreonseht slehoasoeridrnethtoiuene, or xylcne.

In certain em@&%@@m&iﬂgﬁﬁi@&ﬁﬁ&(}! Y%W&%%ﬁ@&f%ﬁ[ﬁ%{%ﬁgm&%nd of Formula
(1) with a mix of tetrahydrofuran and an alkane solvent, such as ] .
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, e.g., by evaporating solvent from the solution. In
20 certain embodiments, allowing the solution to cool may be passive (c.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



5 hexanes or heptanes, or with a mix of acetonitrile and water. In certain embodiments, washing the
crystals comprises washing the crystalline compound of Formula (ll) with toluene. In preferred such
embodiments, the toluene is cooled prior to washing. In certain embodiments, a crystalline
compound of Formula (I1) is substantially pure. In certain embodiments, the melting point of the
crystalline compound of Formula 10(ll) is in the range of about 135 to about 160 C, about 140 to about
155 C, about @bstdvabbutwisg, @ hole ewethaboubddimntotaliousl 4G0¢ ecdveatheuthlsdhGane  In certain

embodiments, the DSC of.a crysialling comprind R foimyla dbDas.a.5hare gpdofhermic maximum

at about 147 C,'e.g., resulting from melting and decomposition of the crystalline form as shown in
Figure 1. 15 In certajn @mbedHMBRIMIS Xadmpandey patenmptiscsvatallipereampaund of Formula
(1) is (0-20): 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 compound of Formula (I} with a mx of tefrahydrofuran and an alkane solvent, such as
5 hexanes or heptanes, or with a mix of acetonitrile and water, In certain embodiments,
washing the crystals comprises washing the crystalline compound of Formula (I1) with

toluene. In preferred such embodiments, the toluene is cooled prior to washing.

In certain embodiments, a crystalline compound of Formula (1) is substantially
pure. In certain embodiments, the melting point of the crystalline compound of Formula
10 (II) 1s in the range of about 135 to about 160 °C, about 140 to about 155 °C, about 145 to
about 150 °C, or even about 147 to about 149 °C, e.g., about 149 °C,

In certain embodiments, the DSC of a crystalline compound of Formula (IT) has a
sharp endothermic maximum at about 147 °C, e.g., resulting from mclting 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 (1) is (6-26°): 8.94; 9.39, 9.76; 10.60; 11.09; 12.74; 15.27; 17.74; 18.96; 20.38;
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 crystailine compound of
20 Formula (1) 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 (1I1) is not solvated
(e.g., the crystal lattice does not comprise molecules of a solvent). In certain alternative

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

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

crystalline compound of Formula (II),



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.
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comprising (i) reacting a compound of Formula (1iI)

- 0
X N
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(1)

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

organic solvent

0 ﬁ 0
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(i1) prepaning a solution of a compound of Formula (17} in the organic solvent; (iii)
bringing the solotion to supersaturation to permnit formation of crystals; and (iv) isolating
the crystals to provide a crystaliine compound of Formula (1T}, e.g., by filtering the

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

I5 In certain embodiments a compound of Formula (11) 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

290 drying, preferably under reduced pressure, such as under vacuum pressure.
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In certain embodiments, the TEI thermogram of a crystalline compound of 20Formula (IIl) 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 Foula (ll) is not solvated (e.g., the crystal lattice does not
comprise molecules of a solvent). In certain alternative embodiments, a crystalline compound of
Folinula (Il) is solvated. 25In certain embodiments, the invention relates to a method for the
preparation of a crystatiirieicompuiimdnds. Eomaueufiiyrioscaigrisineot) hedestmonsdompound of Formula

(I 5 wherain iz ianvsiiiabie spneriarwilh .compound hformula (V) in an organic solvent

10(IV) (ii) preparing a solution of a compound of Formula (1) in the organic solvent; (iii) bringing the
solution to suPSHaERETEiRM R PRFRIEfOHAKLBABIIcHERIAn i SsbramicHacEfstals to provide a

crystalline cogpeMpd, ebSyeiR HRAIOAE BalbMdiliarRe B GyRIALS tiv-H8GaRING0t by any other
suitable separatjon technique, 15In certain embodiments a compound of Formula (l) is not purified by

chromatograp By BroT 8 15 reaPdtfo AT e KB1URSH: P TITE G BN icsavé Al (197H certain embodiments,
preparation futhamcesupiseSantuLi rgaerySallization sln tectatnie sxkiadiments, piepeeatian further

comprises washing.the crystals, e.q., with, a salvent or non-solvent flyid. Jn certain gmbodiments,
P , af?ﬂ]m giﬁ]uoroélcettale, meghanesu!_%nateﬁ&uenesu onale, acetate, cﬂllorl%e, anchroml e,
preparation further comprisés

preferably trifluoroacetate.

In certain embodiments, the organic solvent is selected from acetonitrile, ethyl
10 acetate, heptanes, hexanes, isopropyl acetate, methanol, methylethyl ketone,
tetrahydrofuran, toluene, and water, or any combination thereof. In certain embodiments,
the amorphous compound of Formula (II) may be dissolved in an organic solvent selected
from acetonitrile, heptanes, hexanes, methanol, tetrahydrofuran, and toluene, or any
combination thereof. In certain preferred embodiments, the organic solvent is toluene,

13 tetrahydrofuran, or acetonitrile, preferably acetonitrile or toluene.

In certain embodiments, preparation further comprises washing the crystals of
Formula (II). In certain embodiments, washing the crystals comprises washing with a
liquid selected from anti-solvent, acetonitrile, heptancs, 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 (1), 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 (IT) and a pharmaceutically acceptable
carrier. In certain embodiments, the pharmaceutical composition is selected from tablets,

capsules, and injections.



20drying, preferably under reduced pressure, such as under vacuum pressure. In certain
embodiments, X is a counterion selected from hydrobromide, hydrochloride, sulfate, phosphate,
nitrate, acetate, trifluoroacetate, citrate, methanesulfonate, valerate, olcate, palmitate, stearate,
laurate, benzoate, lactate, succinate, tosylate, malonatc, maleate, fumarate, succinate, tartrate,
mesylate, 2- Shydroxyethanesulfonate, and the like. (Sec, for example, Berge et al. (1977)
"Pharmaceutida¢Q] yalimppoidEBpdxy G rtain embodiments, Xis selected from*

(stvstalBiya fimpPoid6Bpded G ath
trifluoroacetate, methanesulfonate, toluenesulfonate, acetate, chloride, and bromide, preferably
trifluoroacetate. In cEFEaHERHESHdRaFdatng Bryasiel Sofhemantameeel hormacsibEowthy |
10acetate, hepianRsHiexanes iiserisaMaseiHacmathanakismstvathyhielong.detrahydrofigan,

toluene, and water, or any combination thereof. In certain embodiments, the amorphous compound of
Formula (1) iS55 AR SRR PN BRo A SO R Sl CletF frovT 8 £E08HAHHIRY! EbERABSSHexanes,
methandl, tetiahyerefiwanhmratiddoluens; o aryness)binationctipiesf Bucedaimpreferred embodiments,
the organic solvent is tolueng, 15tetrahydrofyra nitrile, preferably acetonityile or toluene.

In certain em oitgjri][rlf'%];eortﬁse,l 5?%%5?%“0?@3? a‘gqr %’8rr?{)%g%%@sﬁngo?ﬁé%%i%@‘B? Brihula (11). In certain
embod_imentiwh@mi&a@&h@b:ﬂ;fsté}.@»ééﬁ)pﬁ&es,\iwashmgmp%ﬁ@@ﬂdﬁétéﬁt@fmwsamgso_lvent,
acetonitrie, NeRtaneea AR M AIS S RINU ARG SOl RGAIE) & A.FOMIRALEN thereof. In

certain embodimernts, the 20crystals are' washed with a combination df anti-Solverit and the organic
solvent. In ceftalizemnbauimbpsmiecahitasob dapiadingen rpiteliniavebicdmbodiments it is an alkane
solventbsuch as hexane or pentane, or an aromatic h%drocarbon solvent, such as benzene, toluene, or
xylene! In cEREIASHBbERMEE Repailivit AiraremHigawtiFs iy theserjeketsof both 250f
Formula (11), piiefepably wndetceeomeaahifRBsUE SEHRSUAHRE MRTHIUOH PSSRy beelD Certain
embodiments, the inyention relates to a pharmaceutical compositign comprising a crystalline
compound of ?Eﬁ%ﬁ%\a&ﬁtﬁﬁ%@gﬁ%ﬁﬁ%@% zﬁﬁ REEs %@%@F.W%Wﬁm%ﬁ%ﬁ hts, the
ph_arma_tce utical@cdxmmsmmhdél@l@qmﬂifemﬁvmmaﬁgnmp&mwe@nmldmje;cti_emlse fosessofCrystalline
Trineptide EnguyKatonsrR v CroIRIndaaiadaren is giicitip fgmainiepangg,ghnoal cel

functions, and'the proteasome is intégral to the protein degradation process. The pro%sésome controls

the levidls of prefieins gt die HhpoRtantorisi, cyokiprogabsioncfdhagoptogmm relate to a

method of treating a cancer, comprising administering to a subject in need of such

treatment an effective amount of a proteasome inhibitor compound disclosed herein. As
used herein, the term “cancer” includes, but is not Hmited o, blood borne and solid
tumors. Cancer refers to discase 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, cye, head, kidney, liver, lung, lymph
nodes, mouth, neck, ovaries, pancreas, prostate, recturn, 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, monocional
immunoglobulin deposition discases, 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

-0



5in normal and malignant cells; for example, cyclins, caspases, BCL2 and nF-kB (Kumatori et al.,
Proc. Natl. Acad. Sci. USA (1990) 87:7071-7075; Almond et al., Leukemia (2002) 16: 433-443). Thus,
it is not surprising that inhibiting proteasome activity can translate into therapies to treat various
disease states, such as malignant, nonmalignant and autoimmune diseases, depending on the cells
involved. 10Both in vitro and in vivo models have shown that malignant cells, in general, are

susceptible tdypipbeamome FunksitibmithofasticpkereiasonseuinNilsield andas:aird &dyeh @8K vedlbated as a
therapeutic S&{@Jﬁ%ﬁ@r(ﬁw&ﬂtffgm%aL@szmwiéa@rﬁqacefoamag@gﬁ&%q]%ﬂ%cgﬂipiﬂerﬁkmg,e highly

proliferative malignant cell's endency on the proteasomc syStem to rapidly remove proteins (Rolfe
et al., J. Mol. MEES{YoH peligerremigardult I5reHtiseeovnlyap oo sadyanpdal &fs(d, @rtain

embodimentgghihenayentfipiaiaiete B soethesaiteaipacpanrer. COmprisiegadnipistering to a
subject in ne%? of il;%l‘ treatment an_eéf{fncti\_/%amount of a proteasome inhibitor compound disclosed
herein. > & e R R AR P RO RN R HBL T QAT B ISR BIH EARESSIid tumors.

As us
Cancer referddqdisidsepfdtaotihsnenogameudtiis tisstieiand tbelvarcllas PRsysteny, including, but

not limited to, cancets pf the, bladder, blood, bone, brain, breast, ceryjx, chest, colgn, endometrium,
eophagus. Sy B e T
rectum, renallyskihpstomadhlatestizothoabiahnd itenys. |Spebifiycanderyindiodses daplatedmot limited to,

leukemia (acyg ymphgcyligdey h@ﬂgﬁ%@&%}rﬁs&nﬂﬁkxeﬁ%@mg%Aﬁm%gww iSQSRAIC lymphocytic

25leukemia (CLLl), chronic myelogenous leukemia (CNL); hairy cell , mature B cell
neopldéms (Siigionihsrstdereny mphloma), Breaticomigiennbisratve dkeeasia, lymphoplasmacytic
lymphoma (s%ﬁs@&ﬁé\sﬁmﬁ@emﬁmemgéqﬁwé@@,rﬁ@{&elﬁ%tm@5}9&}@{&@96 lymphoma, plasma cell

rnyeloma, plasmacytoma, monoclonal immunoglobulin deposition diseases, heavy chain diseases,
extranodal mIRGHAP S EBCETEENKIRD ERRI AR srayRTsHERFA S st i R Suhig el
lymphoma (N1 shelligtakasdytoghame daanidese| Hymphoersn difiuse:B otk yiaphema, mediastinal

(thymic) large B cell.lymphoma, intrayascylar large B cell ymphoma, primary effusion lymphoma and
gelvme g B e Y

Burkitt lymphBIHa/FSUKERRTS) THARTPE OB A SRS oS e PRSE STRERTET el

prolymiphocytiefeurken sy hosd|aigegianu lgydyrnivigony iedeuk émiajcal greesive bl Kidédbieukemia,
adult T cell le I al,IN Ne I ly 0 teropathy-type 1 ¢ I lymphoma,
hepatospleniéé1 @ggﬁ%r?&%qﬁﬁfﬁggﬁag%%gceﬁﬂlgﬁE@e{i& n%g?é%gﬁﬁh%gglggd@c?gﬁ yndrome),
primary cutari@étlselhapristimaigeCeldymphorl tpraphora6it paplipsis magisimeunoblastic T

cell lymphoma, inspesifiedBrrinheralre humphama and anantaplic ‘atgrgall lymphoma), Hodgkin's
lymphoma (nodular sclerosis, mixed celluarity, Iymghga/ﬁte-nch, lymphocyte depieted or not depleted,
1é

nodular lympRSESREIRedBIRAl S HRFEIOMmE it SRS AR L BIRYEIoma, smoldering
myelomea), chsppiadmyeigRialie mibvddinnasglionaledysplasticimyeoloredifgrtve disease,
myelodysplast{c syndromes, imm P% ficienc¥-ass iated lymphoproliferative disorders, histiocytic
and dendritic SRS SASIE: TS SR SRR Sl SBP  ER CRF R B Rsarcoma,
malignant giatatatethiumdigmyetorsetisbosdi{pessecaltenstrcdima, breastdtdnmen(haionone

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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15dependent, hormone independent), gynecological cancers (cervical, endometrial, fallopian tube,
gestational trophoblastic disease, ovarian, peritoneal, uterine, vaginal and vulvar), basal cell
carcinoma (BCC), squamous cell carcinoma (SCC), malignant melanoma, dermatofibrosarcoma
protuberans, Merkel cell carcinoma, Kaposi's sarcoma, astrocytoma, pilocytic astrocytoma,
dysembryoplastic neuroepithelial tumor, 20oligodendrogliomas, ependymoma, glioblastoma
multiforme, nfixedngiiermrasireligoastdoptomes Prmbehdid brigbena, newnshéadtoma, neuroblastoma,
germinoma, %gqm&%gmgg&g%g@&@g g%gggggﬁlgpesothelioma, pericardial mcsothelioma,

pleural mesotheliorna), gastro-cntcro-pancreatic or gastroenteropancreatic neuroendocrine tumor

(GEP-NET), careingighnigansisatic #Rdachnefumer iREThselerertaksbrdenncasinamaagolorectal
carcinoma, aggressive ni{uro% r%;lf%c,rine tumor,.leiomyosarcoma inous adenocarcinoma, Signet

u
Ring cell adeHOCHEFEINbHTE,H B8R ARG & RS8Ry obs GRS DRSS RRSBIS LB Sa,
hemangiomadhepaticadeDoma; theal hackias iy pss plasiadhdivlderegensrativedyperplasia,
hamartoma), hap;small celjung carenomadNSCLE) (squamous celliung carcnoma,,
adenocarcindma, 301argé cell ung carcinomay), smail cell [ung carcinomasthyroid carcinoma, prostate
cancer (hormonersilaciobsrantigogeioindes erdenodaet sogdivrdperide m, thopsrgeridsensitive), renal

cell carcinomgy apd 2oft e parcomas (Ihrasartota MakewRAAbreys pustiRaxiome.

dermatofibrosarcoma, liposarcoma, rhabdomyosarcoma leiomyosarcoma, hemangiosarcoma,

synovial sarcatiiectiriatishpripe aptierdhérloahdalh Havmriolureanro84) Bmid 28xtraSikeletal
0SteosgyComghipD M@ﬂ&%@%&ﬁéhﬁy@@%@@m@m@nﬁa&mm&%ﬁ% i sharacterized by an

increase in cell proliferation, or a particular type of cell. The chronic myeloproliferative 5diseases
(CMPDs) are“fSRH FRsiRibsoltiteetiin RAUHHIEBTHE & HiHa FRERBI AL BYF BFIRESRHBIPHS the bone

marrow of onesamtiiraeilhie yheliald intagasssidstitioardninareaspe nitrabessietgrmmiocytes, red
blood cells and/or platelets in the peripher Iglo d. As such, the use. of proteasome inhibitors for the
plate R3fipheral bioad. s el p

treatment of STRF HISEAGEY T8I AL Hy5HP ing Ve @il S MR ET tezlajtno%ai%a (2007) 92:

1124-1229). xGbieMRDheahoihalod & civomicamy@togenasnsieukbe mizggloronicisutrophilic leukaemia,

chronigseosing&gﬁg%%%&q?a@, &9 cythaemia vera, chronic idiopathic myelofibrosis, essential
thrombocythacmia and unclassifiable chronic mycloproliferative disease. An aspect of the invention is

the mgthod of treatiﬂ@y@%%@l&%ﬁ[ ' "!BQréﬁfE}iﬁi%?&ig&é&?sﬁb'lm%qwbﬂ%%gfo%ﬂﬁﬁéﬁ%@tme”t an
effective amount of a protcasome inhibitor 15compound disclosed herein.

Myelodisplast/ki§Ridpibike frhecaisaasdeidsakeqit murmi fyeramsnseyic elirasiizphiypical
chronic myelaigklessheipianyyriaigpnayetomengeylicletkagmvaand.unclassifiahie
myelodysplasﬁic/mé/(ﬂolprolife{:%tlivg disease, are c ara?IFrized bé‘/hhg/%)ercellula{it%/ gf thle .l%zne marrow
due to proliferé%lﬁ T BALDHP hidE %rfetﬁég“rﬁ?%%‘lﬁ é’ﬁ?nie%réﬁélgglln [sjid rgnfﬁreeﬁrc? Sasontewith a
compdlind orlomawsesitibibasddscpbechiteneiwidan senpeundtreabthpsetion as described herein
myelodysplati I iferati i S Dy bravidi |eck:| Q ). treatment an
effective am oﬁ%ﬁgzégéér%tpﬁé%ég cﬁil j’%%ﬁg%(%%@)@%ﬁ%ﬂi%%gﬁé fe{%s#cg igné%%%%%(%ﬂ%%%{efer toa
group of hemaopeiaticete feablicaicor §Eks et araeter 2ddhbyrelyppasiatgmnpreifedtive haematopoiesis

in one or more of the 25major myeloid cell lines. Targeting NF-kB with a proteasome inhibitor in these
Myelodysplasfic syndromes (MDS) refer to a group of hematopoictic stem cell

disorders characterized by dysplasia and ineffective haematopoiesis 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 ¢t

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

invention is 8 method to treat MDS comprising administering to & 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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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 30anemia, refractory anemia with ringed
sideroblasts, refractory cytopenia with multilineagc dysplasia, refractory anemia with excess blasts,
unclassifiablemirpjedsenapiastiadsomdror eanedrssrstiy sprastmeperdmrtrd agdoiseldetiwith isolated
del(5q) chrompgameRRRRMAIMLMasiagytosis is a proliferation of mast cells and their subsequent
accumulation in one or more organ systems. Mastocytosis includes, but is not limited to, cutaneous

ﬁmastocsl/tosis,I indo}ﬂm&wﬁtﬁﬁl@i@ mmlﬂ@yatﬁsis?(g%,&Mﬁtﬁmiﬁzsﬁmﬁd@&%%ﬁﬁﬁmed clonal
aematological non-mast-cell-lineage disease (SM-AHNMD), aggressive systemic mastocytosis
(ASVD, maat BB TLTRER T (A it T SAAEB S RS A B RS e B S ocyoma.
Afrf1otheﬁ em bmleimm;mcmfsthadhivemmmmialmmdo?w&ﬂm?;deﬂym&t@qmﬁsmgl adminoilstgrri]ng an
effective amoynt o compound or composition disclosed herein to.a s t.diagnosed wit
mastocytosis B R R e SR R vohed in he
immune and FEEPRsVAtENS TBSpIAsSOCFosexAile NF-4¢B isukequir EM€dr thecepiéssionef the

immunoglobylipdightchaindc.a61E. {he ks A658PIehrEhainaNR NSRS dalRn fistocompatibility
complex gene, and a number of cytokine génes encoding, for 15example, 1L-2, 1L-6, granulocyte
colony-stimul B et EaRES NS EARB M BEIREPaISCERY 1098787 2388 PIPhus, in certain
embodiments;dhgdnveptisnsiatesntaifariadz et piactingetheailanelof exarassignafstk-2, MHC-I, IL-6,
TINFa, IFN-13 or any of the other previously-mentioned proteins, each method comprising
administering to a slibjegbanseiteciiweiamoNitdg, apidieasame ghibiiareaompaiinet o ¢@mposition
disclosed herein. 20In %ertﬁin em[bodiments tti;e inventi?n qug]es a metQ?d f treating.an

. 1 uiic and miiainma I‘g response. For exdmpie ~Kp2 18 1CquIEg ﬁ)I’%}ﬁ CXPI'BS 1011
autoimmune disease in'a mammal comprising administering a therapeutically effective amount of a
compound orafdhepositiondielsdribBghhdrein xAntathoihRuaetiveasbiihawin bactisdase or disorder
arising from apd dlifeied Againstandndidduals own. tzskies JFXampiRsRhaulpimmung, diseases or

disorders include, but are not limifed to, inflammatory responses’25such as inflammatory skin
diseass incladimplssbridsid- dndrdevmnetinsotony-viopletoerfreititisindyEtemid dombsdeichal and

sclerosis; respopgesoagseeideskyithrnflammaiory bawshAliseass GUehias Liabns dissase and

ulcerative colitis); respiratory distress syndrome (including adult respiratory distress syndrome; ARDS);

detwatitis; meHirigresne teelsralis exmesrcofitls:2gMierhi Brdphitis:. dlidrdiecendiiors such as
eczema and 30asthma:and-aibatFREYNAN:nuRlY ne R IsHig i T.8rllsiaed:eRig iflammatory

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 discase
or disorder arising from and directed against an individual’s own tissues. Examples of
autormmune diseases or disorders include, but are not limited to, inflammatory responses

25 such as inflammatory skin diseases including psoriasis and dermatitis (e.g., atopic
dermatifis); systemic scleroderma and sclerosis; responses associated with inflammatory
bowel disease (such as Crohn's discase and ulcerative colitis); respiratory distress
syndrome (including aduit 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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responses; atherosclerosis; leukocyte adhesion deficiency; rheumatoid arthritis; systemic lupus
erythematosus (SLE); diabetes mellitus (e.g., Type | diabetes mellitus or insulin dependent diabetes
mellitis); multiple sclerosis; Reynaud's syndrome; autoimnume thyroiditis; allergic encephalomyelitis;
Sjogren's syndrome; juvenile onset diabetes; and immune responses associated with acute and
delayed hypersensitivity mediated by cytokines and T-lymphocytes typically found in tuberculosis,
sarcoidosis, piyengesitisibgancdlonyatosilipleddasciditispend cipusianemiat(ocisen's disease);

diseases involyi Kk ol IS, ! _ ). ) Inflam » dj% rder;
multiple orga?‘!]lX{ljr/?}él;J’ir‘%ft gygggé%%&ﬁgﬁ’q%%%f gﬁ%ﬁ%@%ﬁggmﬁﬁ%t ﬁ%llétré %t%{ %%%% (S)b‘fngémia or
Coombs positAaRRfeiagnaY asvreHi grabiscup aae dckmtd dayeompledthegiisel diseases;

anti-glomerulag asemant rosmbranadli maﬂah@&m&iah%mmm%&%!ﬁym?dgwiﬂs: Graves'

disease; Lambert-Eaton myasthenic syndrome; pemphigoid bullous; pemphigus; autoimmune
polyendocrinAtHIERAIREHEPE HERHEE: BETRIGIARS ATBYANTd IRfiasdsdisgrarit BEnERritis,
immune comm&xdwwuiﬂpéd%;mhmra@fbwg%mlyammﬁﬂﬁiﬁﬁtmm%ﬁmmytﬁpenic |
purpura (ITP) or autaimmune thrombocytopenia.. 15The jmmune system screens for. autqglogous cells
that are virally %ﬁ%&&%‘&?’ﬁ%@?ﬁﬁ&e’?a&ﬂé %ﬁ%?@’é“rﬁ?‘?}%ﬁ%h%ﬁ8?1%,/%?11%?&}% QRNFP Beptides on
their surface. dnttaceihslpogtictenlysis g enerdiesisgrallipeptides-fotiprégentapion tedidgghphocytes to

induce MHC Izgg é egi_aﬁgd é%'n e fesponse . Thus, in_certain,em o;li nts, the invention relates
to a method o%lusgl%gsr’?ﬁleic%n?pour% fgcg}]e|mrrrﬁel?r11()rraﬁlgé%?g%8€r:§/a§glgn?%ro @?r%ﬁ%‘ft%%mgf altering antigen

presenitation iﬁlar@'@lmmﬁﬁlméﬁﬁfasmghm@tﬁﬁéﬁoadmm%@’@@Eﬂbmphégaidompound
described hergifoRPEEHFAMOAdINaNRARPLe APEIpEireating arRll or. Yansplgnt-related

diseases, such as graft-versus-host disease or host versus-graft disease in a mammal, comprising
administeringS¥ferapdirhcslig emestaa s SOl A St cBrmYBE AarBRSE BRI erded The telin "graft” as
25 used herein:pafepaite iologinahmassial derived-framadepanien i ausplantationinto a recipient.

Grafts include such diverse m@terial as, for example, isolated cells such as islet cells; tissue such as
the amniotic MEMBIARL SR RRUWBERE Wone marrow, hematopoietic precursor cells, and ocular tissue,

such as.corneal tissye; and organs such as skin, heart, liver s%le n, pancreas, thyrqid lobe, lung,
kidnefl‘l,sjtubular orgalrl:g{!:(le#l(jr.1 u %%é‘é??ﬁ%l BISS K/%%ggig%srceegosp Eggaaesflr?ﬁ‘e] iﬁ%ﬁiea\érr’%l%gns can be
used to replacadizgnaget-pamicrisiafiesopiery s Phtsod weselsy grebilded votiiEhe sitingrafts can be

used not only;for,bUins, B&&@Aﬁg@%&%%mfpp%ﬁmm HSSHRR T (PEI0RG fEMAID gefects such as

diaphragmatic hernia. The gra erived from any mammalian source, including human, whether

from - 13 - caBésrY5iicinyg beididchigsmaccsseasite Gbrbinrdtrstipitndisansstiie mammal.
Preferably the;gafids RONEsAITAWHIGIT iaanHSUChashaar Ankhile-denetRtdhegraftrgnd the host
are matched for HLA class Il antigens. Histiocytic and dendritic cell neoplasms are derived from
phagotJtes a 1biting or altering aftigen 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 discasc 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,
hiver, 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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5accessory cells, which have major roles in the processing and presentation of antigens to
lymphocytes. Depleting the proteasome content in dendritic cells has been shown to alter their
antigen-induced responses (Chapatte et al. Cancer Res. (2006) 66:5461-5468). Thus, another
embodiment of the invention comprises administering an effective amount of a compound or
composition disclosed herein to a subject with histiocytic or dendritic 10cell neoplasm. Histiocytic and
dendritic cell nebpkaseriviokidenpistincsaiveszrsonte; denmgertansipettiistiooposisiaamgerhans cell

sarcoma, inteplgiiatinadendivogal sarsameitumac.lplicyar denditicrelsprcani/iumer and

non-specified dcndritic cell'sarcoma. Inhibition of the proteasome has been shown to be beneficial to
treat disease$Pd8hwherely waehed fa Rlgallrssdliagtestsimmune disorders; thus, an embodiment of
the invention includes, the treatment of lymphoproljferative diseases (LPD) associated with primary

immune disorders (P18 g ARG Eteprog ATsrie 98 Sh B oM R diBded compound to a
subjectin needdhsoepteliheiosheamnapn elivical tetingssohimmunedsficipnaf assesiated with an
increased inc'iden eo Ig(rrﬁ)h%)rolif rativ§ 20disorders, inc ud'ng B-(i?llhan T-C%” neo Ia}sms and
ocytes.. epletin %e.gm easome content 11 de 4%‘1 C cells nas. been %éy&a’n 1(:)88 t?r . .
lymphomas, a}%n]fmm ry immunodeficiency syndromes and other primary immu isorders, infection
with the humdheinmmitgvoesfiordeysvires{ KU phateay ehiCdancamiRros(APHre SEidd oh-padients who have

received solidigrga, o bong rtoN ARATRTS,ANddBtpaCIG imgaAsUpRTEsSinAssagipted with

methotrexate treatment. Other PIDs commonly associated with LPDs, 25but not limited to, are ataxia
telangiectasid {A FPRsKEteemBRsEHtdsTIesed/ sy incern svbir vianab kel shemtisedskoibitsy (CVID),

severg gombingd,ipppinedaficiens 6 UhadinketipRbioRtaliciatyg;disardar ks, Niimegen
breakage syndrome (NBSfmrg{ger-lgl\_/l syndrome, and autoimmune lymphoproliferativc syndrome
(ALPS). AdditidR&FeRsSaihtentacsite At s SRkeaFsmatraEiBitatinedrg ke ot
proteasome-depeadentieg diainmeientens ettins-antametieasdafdieptiogied bibitioggancer growth,
each method comglrising exposing a cell (in vivo, e.g., in a subject, or in vitro) to the proteasome

inhibitor comﬁ%@%oﬁ'disolosed herein. HPV-16 and HPV-18- derived E6 proteins stimulate ATP-and

ublquitin-dependent RikaRRn AR ASIAAAIRNOLPIR I SIS IRURUAGY G i e recessive

oncogenc p53 has been shown to accumulate at the nonpeimissive temperature in a cell line with a

mutatéd thermbribie EiciE Epateardiferstonyse mmyvead tordpsptosisineebnplasofof the
proto-oncoprofeins; ot sRIRHA RN MNOM IR SYRIBRIRCIIE SRS BrPPSRfiGeddR D certain

embodiments, the invention relates to a method for treating p53-related apoptosis, comprising
administering e S{ BRI EREY LA AR MBS FE B B RTsBRIMOATdSClosed herein.
Another aspegisolbthe favarian feaies;ter e tseRiproteRROMAHBRRIOR clinical settings of

immunodeficiency associated with an increased incidence of iymphoproliferative

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 (FHIV), iatrogenic immunosuppression in patients who
bave 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 breskage 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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10compositions disclosed herein for the treatment of neurodegenerative diseases and conditions,
including, but not limited to, stroke, ischemic damage to the nervous system, neural trauma (e.g.,
percussive brain damage, spinal cord injury, and traumatic damage to the nervous system), multiple
sclerosis and other immune-mediated neuropathies (e.g., Guillain-Barre syndrome and its variants,
acute motor axonal neuropathy, acute 15inflammatory demyelinating polyneuropathy, and Fisher

Syndrome), HEVIYDES deptantistioonaplx] Boio A obigudiatsenendeniropitiegiphAih dogradgisvase,
Huntington's diseasg, nultinig 3elerasiss hacteiial,Rarastic, fyngal and\imkmepngits, encephalitis,

vascular dementia, multi-infarct dementia, Lewy body dementia, frontal lobe dementia such as Pick's
disease, sub@6FIEEHERSHEASTRITEN B HERISTROECIP prosdrdasivéh o SupritLitREaEs), focal

cortical atropipy synéraBagsvayen &S iy and ap Bpsiadsinetabelit-lofgrdanyeubas{sdsh as chronic
hypothyroidism 12 deficiency), and dementias ?used by infections ésuch as syphilis or chronic
e"" 5

or
meningftis). degﬁ?f%*?ﬁ 5 SS LIS BY SHPAcHIffar depBSTE SR f3-amyloid protein
(fl-AP) in seniterplaéesarit cerebiahl vessels 4 8rakisfar peptide fragriert ab3Rdeig}2 25amino acids
derived from a1 amyloid protein prectison (APEY. AtIsastiiee, splomms AL ARE Axgnown (695, 751
and 770 amino agldssl.g/ii ernative épﬂcmg RN generg%e%ntthe |s%f6rm“s; normal processing affects
a portion of therBeARosatis@ersd itrereby preventing the generation of 13-AP. It is believed that
abnormal protein processing by the proteasome contributes to the abundance of 13-AP in the

Alzheimer brain. Th& RGBT 38)5£6eE SR erNRTe APl esthoHBSIREPESHROBA BRIEHSRL subunits (22

kDa-32¢kDa).chhp AxikPadsismiell RasiaroNiieimeinakaeateneedebencrative discases and
X-GlIn-Asn-Pro-Met-X-Thr-Gly-Thr-Ser, whjch is identical to the fl-subunit%human macropain (Kojima,

S. et al., Fed ERHUGISASHI O 1Y% PE0Y THRRBHAIEEEILIRY BV Etles at the
GIn15-- Lysladwealdidimibéenre peraesdidaldilidanen, thpienzyndmise, alebwesnattihéaetd tAsp' bond
and the Asp plaz bond ta rejease the extracellular domaln of (3:4P,, Qne. aspegt of the nvention.
therefore, relatés {0 a Metod of tres ing \ZhEimere éisease, comprising Adnyiniste rﬁg to a subject
an effective atholUnndbaprotedsomenih Hibitoraoompotmdaecompdsitenmditclosadeherein. Such
reatment inclyies (gl 0a IR 01 AY, BABRSSIRO NN IARS (AP plaque formation,
reducing the rate o %% ge eratiorrll% n regjufc}(iar‘%g);fhe clinical signs of Elzheimer's di§ease. Fibrosis
is the excessiHETERHATEYSIRIEREFCHMAN oM SRS RS e SovEHissedBrss UG AT the
hyperproliferajye, arawihi ol liRIABIAS E.8RAIE §RS0RIAIEhWAINand 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 3-amyloid protein

(3-AP) in senile plaques and cerebral vessels. P-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 $-AP sequence, thereby
preventing the generation of B-AP. It is believed that abnormal protein processing by the
proteasome contributes to the abundance of B-AP in the Alzhemmer 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. A
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activation of the TGF-13 signaling pathway. Fibrosis involves extensive deposition of extracellular
matrix and can occur within virtually any tissue or across several different tissues. Notmalty, the level
of intracellular signaling protein (Smad) that activates transcription of target genes upon TGF-13
stimulation is regulated by proteasome activity 15(Xu et at., 2000). However, accelerated degradation
of the TGF-13 signaling components has been observed in fibrotic conditions, such as cystic fibrosis,
injection fibro8isgiemucimy ot AR AdITEE)id0EatiE-prinesringycfinrusis|anys|afibroSis, ketroperitoneal

fibrosis, prog ﬁﬁs“"ﬁ%ﬁﬂ?ﬁ?{}{@ Oﬁl@é&?&%o@%ﬁ’ﬂ%‘%@%ﬁ %Séﬁ%éﬁi@%%%a%mr HORAifiong fhat are often

associated with fibrosis include cirrhosis, diffuse parenchymal lung disease, post-vasectomy pain
syndrome, tuberduaedibe dckle-tiil borshitarclorse e pnarsidlalthdesanrmEmbBdiment of the invention is
the method of treating a fibrotic or fibrotic-associated condition comprising administering an effective

amount of the compeBfisR e et isad erem therckupjseisiaadnsthadef fregintettzhmdarsatment of

bum victims igigfies banRRISE PimilEesiss ThuSubi-ceaaiteafmbadiments piae-iysnrtion relates to the
topical or systemic administration of a subjec ,inpibitOé to treat bums. Woundélcfjf?sure following surgery

is often associHtSYWARTHRSHYE ARG SERRE LR i Peverib A B TRAIBREUACT RIHSSE. Thus, in
certain embodimeisf tha inyerionigrpsigabneiked orthglpieyantiomner, redustiomefsearring.
300verproductign of lipopolysaccharide (LPS)-induced cytokines such as TNEct is considered to be
central to theobE ¢ GERC L AR ARSI DR S EHERS Bt MR BrET R S dy%ally accepted that the

first step in the activlgt1 ion of. CE%S by LPS is the bindir]( Oof 'a%Gﬁ LfP to sgecific membrane receptors.

The cc- and f3-subunits of the 208 B?%Feeaas%rﬁgrb&%tr%nplex avd'seeniden ﬁ?@&cégef_%‘}ﬁinding proteins,

suggesting thasmhmg%mnﬁuwgesmmaﬁemsmwdmﬁﬁmb‘elm imng dv tanp ¢hrdpaditic target in the _
reatment or aERNPn:ah9exSQUIARL Ml MmN (R0 L1 didadagp) Therefore, i

certain embodiments, the protea DI COM on may be used for the inhibition of TNFa to
prevent and/crtrectiisdsstioasiverd can psshemidiandrre b dhsiey wneresslssvardlygdanta condition in

which there ig;agaficigng ,W%@I@@ﬁ%l}hﬁﬂ@%ﬂ@ﬁigfﬂ%mﬁ inaoRAIRN, causes
increased der%radat_lon of 1K-Ba, thereby resulting in the activation of NE-KB (Koong et al., 1994). 10It

has been derH8MSHRIERY OT-ttRe sermsoar TRt FaetiatgnisHyBuRaCENBRGENRESHE Wit the

adminigiratiomaf & proteaspnignbibioc{Gaatet aberd000BaaR Bl 200444018 €8aherdds3).
Therefore, ceﬁtai emhodim ntSﬁg tt_}e invention relgte to a method. of treating gn ischemic condition or
reperfusion injﬁ%g T ?Pé’i‘ﬁ°§ SRSt ’"‘E%S’%Ssﬁﬁ?é?:? TSP B SN SFERABISS effective amount

of the proteasarveniyhibidoy! compauiticbpatisglobechherimobxamplediobsiscirconditiorsior injuries
include, but aﬁ%rﬁ%%,'%@é}&r%sﬁ%v{a 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 1s 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 TNFuo, is
considered to be central o the processes associated with septic shock. Furthermore, it is
generally accepted that the first step in the activation of cells by LPS 1s the binding of
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acute coronary syndrome (vulnerable plaques), arterial occlusive disease (cardiac, cerebral, peripheral
arterial and vascular occlusions), atherosclerosis (coronary sclerosis, coronary artery disease),
infarctions, heart failure, pancreatitis, myocardial hypertrophy, stenosis, and restenosis. 20NE-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 h&feleepiaictnspPoteRTRIpRSE sibials tid Plisphsrolbiie R &F ReEBagdgifering IKB

degradation though %@é@%iﬂ@ﬂtﬂﬁ@&?&m%%ﬁﬁ ﬁ%téﬁ@,@%@,@%ﬂﬁ@bth@ﬁ@-iﬁd@@ﬁ%d intq the
nucleus, thus _25enhancm6%f'ghe transcription of HIV (Cohen, J., Science, (1995) 267:960). In certain
embodimentsi§A! FRRSAHEHPREIARE SIS R PRAABY TBF RTHIAAE &F FadleRg IMSPIRFENGUFT PR subject, or
a method for glaeyeasina:Hie;|evelel virakhgens @upession sachsomthpeeasmgisingtagiministering to

the subject an effective amount of a proteasome inhibitor compound or.composition disclosed herein.
30viral nfec T CEAISUAES B e TR ROy AR R AABEL PSS £ BB SN s omgoing
myocarditis diididilated-candimdipopathychawehbelen linked to the coxsackicvirus B3. In a comparative
whole-genome microarray analyses of infected mouse hearts, specific proteasome subunits were

uniformly up-regulaieehirireartsrefaniseonhishosvelopeditiwonic pyddadits8oathyreist, Am J
Pathol 16811%%35%%&Q@@)q@&ﬂ%ﬁ%@ﬁe%ﬂ&@s@?tmw“lﬁﬁ@t&%ﬁ’ﬁeﬁ SYRieMhiR:the viral entry

step where the virus is released from the endosome into the cytosol. The mouse hepatitis virus (MHV)

Sbelongs to tRELEArERRT B Sl bR R i daee e séDEra BdiernesithidRP4ndrome
(SARS)coromayikUuseey deaishbiaitbd Mikolhe 38441648 i 00O:damonstmiasthaliieatmesidof cells

infected with MHV with a proteasome inhibitor resulted in a decreage in viral replication, correlating
it recucec VA ESFARAPEN 5 TRUPSPER (ULALE) LAt oo ROPHal el 28 GITS (HEV),
member of the kepathavitidadori,usfainidy ilikenwisef nhe urestmaty encodedaayeldp proteins to
propagate. Inhibiting the proteasome. degradation.pathway causes a significant reduction in the
oLt of ScEia B e bR e B 5B e AW ion 1o
HBV, other hépmﬁ@@im@eﬁaﬁp@g@mﬁ&@w&y@smﬁmelﬂteasfbimjm_inikpmtmm@tﬁegr_adation
pathway for secrpiionEAQPNOgRRASLS, AR PelARARRESiSHARRR HInghe, ML AcsiRinarmbpdiments, the

invention relates to a method for treating viral infection, such as SARS or hepatitis A, B, C, D and E,
comprising cRACENTGHCEH RIS HeRTmRiertguesa ey drserrebifimsaisitise of a compound or
composition QigelRsEHMNRIA arterial and vascular occlusions), atherosclerosis (coronary sclerosis,

coronary artery discase), 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 IkB, triggering 1xB degradation through the ubiquitin-
proteasome pathway. After degradation, NF-xB is released into the nucleus, thus

25 enhancing the transcription of HIV (Coben, 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 discases. Heart conditions
such as ongoing myocarditis and dilated cardiomyopathy have been linked to the

coxsackicvirus B3. In a comparative whole-genome microarray analyses of infected
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In certain embodiments, the disclosed compositions may be useful for the treatment of a parasitic
infection, such as infections caused by protozoan parasites. The 20proteasome 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: 135 @y isipwiimsticthenssodimenisrenaddmihisraiesl protocbiste efieigsroteasome

25inhibitor cogpgsiions are uselil faydbe deatmant,oh RRrRSIticnieRtioRs Ky humanpgaused by a

protozoan parasite selected from Plasmodium sps. {including P. falciparum, P. vivax, P. malariae, and
P. ovale, whicRBavE&HiaEHE e yBahdsthTatereitiemdrtherinl shienteatides Elagas' disease,
and T. bruceiwich eaiases AIRCAD SleeRINg SEknRSSokaishmanicusPieRINNING Ivamazonesis, L.

donovani, L. infantum, L. 30mexicana, etc.), Pneumocystis carinji (a protozoan knpown to cause
pneumania P ARSE it é’Pﬁfﬁ*ﬁ{fﬁ?&fﬂBﬁ%&%&% RS e RdR R SRioeba
histolytica, EntaxhoshdInvsiensyaivi-6siariatdmilid. Virderfadd miso divenismihstdisgi ased
proteasome ighibiter, comapsitions aLc el iar e isaiment ofparasitc infaetions fp, animals and
livestock caused by a protozoan parasite selected from Piasmodium ermant, Eryp‘fospbridium sps.,
Echinococcusigrariutpdigsti@inrerialsting linitiSemboedstis: hegronacampdriburdspofagrassd. Other
compounds thaj act s RralRaspme NIRRT B e tsatme it PRAslic dissaseR A a.Aagcribed in

WO 98/10779, which is incorporated Sherein in itS entirety. In certain embodiments, the
proteakbmc iHKST CorITsESTBNE FREMRDIBTERSORicHR Ity WP aeHar JShEWRBERR recovery in red
blood cells angonitadelaad-crlisal pseriainsuel embosimentauthedonambatidiiaQfrlioadgells may

provide prolonged protection with regard to therapy against recurrgsg exposures to_parasites. In certain
embodiment< YR BrOtESGHESHRL AL COMbSitions thadBreditd: phorsteder (2 d#ENion with regard
to chemoprophiylakisagainatfietre, i0fertion By rekaiyetesihaveamrgitivaientioothe eukaryote 20S
proteasome partcle, Ao ME, JUBURL SOMBRRIONS! {16 PIAANRIS 290 Rsisly s mPler than
15 certain embodiments, the invention relates to a method for treating viral infection, such as
SARS or hepatitis A, B, C, D and E, comprising contacting a cell with (or administering

to a subject) an effective amount of a compound or composition disclosed 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 protcasome inhibitors (Gonzales, et al., Arch. Med. Res. 1997, 28, Spec No:
139-140). In certain such embodiments, the administrative protocols for the protcasome

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’ discase, 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,
Entamoeba invadens, and Giardia lamblia. In certain embodiments, the disclosed
proteasome inhibitor compositions arc useful for the treatment of parasitic infections in
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eukaryotes, it has the ability to hydrolyze peptide bonds in a similar manner. For 15example, the
nucleophilic attack on the peptide bond occurs through the threonine residue on the N-terminus of the
[3-subunits. Thus, an embodiment of this invention relates to a 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 mycobacterié (sddhvesozBitdvecdUip sisrdemmsyrerzBier atiededr fromatbsamdacteriamant, It has also

been demonscgied i AT BRAING (00 A0S PislRSSPRE. Il bons dgraton n bone

organ cultures. Furthermore, When such inhibitors have been administered systemically to mice,
certain protea8¥msuritiibiiedapsrcRded BoRROVBASHGtAabaD re ToTat dreites v Ec70% (Garrett, |. R.

etal., J. Clin. dayesin{éPPaRl aad d#taldSs) dBeraioteSuanosting Hakiheubiauiipspigieasome

machinery regulates gsteoblast differentiation and bone formation. Therefore, a disclosed proteasome
inhibitorscomgﬁfﬁﬁﬁiaﬁ%émﬁﬁf%tion may be useful in the treatment and/or prevention of diseases

associated with bonf: Ios&,.suc%a osteoporosis. Thus,.in.certain emb dimerht ..the invention relates
n DO UNents 1

to a method for trea m%ea% isease or don%ﬁllgneaéseoffélgt’lengi PR CaNEEY "]lrdin lﬁﬂreoﬁf?g%e, graft or
transplant-relatgdigonditerasite unddey esrenatiy endisb hise d fibt btigrad sdoeidieddoamtiditibn;ageinemic-related
conditions, infect iral, parasit N ' ' o] it e loss, comprising
administering%%(%r% é%%%ﬂg %%’?génl%géE%ﬂhﬁﬁ?gs@?s%%e%i&%i%%& ﬁ%%ﬁggt%ﬁﬂo@ g[(rg%?% line Tripeptide
Epoxy Ketoné&s Boutigde Hipsaphegraias) serdaiser iredshmaein rapsies admmisisioredlipdiaadss forms,

depenging orythe, dispisiae t%hst&ea}ﬁma%m%%&aa%m@gei hadwpidhiakispgtient, as is

well known in the art. For example, where the compounds are to be administered orally, they may be
foimulated as{XBIeREORBYatIbasHPAhNRES BYGY8FS, or syrups: or for parenteral administration, they

may be formulated as injections 10(intravenpus, inframuscular, or subcutaneous), drop infusion
preparations, or su;%)r(ggﬁgﬁé? f“-a(gf: %Bﬁ}%gifg‘?%’&? 8%#3%%%?%6%%@%0%%%3 e route, they may
be Although the subunit composition of the prokaryote 208 particle is simpler than that of

eukaryotes, it has the ability to hydrolyze peptide bonds in a similar manner. For

15 example, the nucleophilic attack on the peptide bond occurs through the threonine residue

on the N-terminus of the 3-subunits. Thus, an embodiment of this invention relates to a

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 archacbacteria.

It has also been demonstrated that inhibitors that bind to the 208 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, I. 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 ostcoporosis.

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-relfated
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formulated as eye drops or eye ointments. These foimulations can be prepared by conventional
means, and if desired, the active ingredient may be mixed with any conventional additive or excipient,
such as a binder, a disintegrating agent, a lubricant, a 15 corrigent, a solubilizing agent, a suspension
aid, an emulsifying agent, a coating agent, a cyclodextrin, and/or a buffer. Although the dosage will
vary depending on the symptoms, age and body weight of the patient, the nature and severity of the
disorder to bectrshitedsoinprei@nteds tyersiiie afradkaimigication dschsbeafsoci aédhettbmicin general, a
Jally dosage il mhibthip 2000 MaA! I compaupddniacemmendea (es agaduit human patient
20and 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 timc of administration
and/or amoum ahihieteoimpesitiondnat=WitindpltidporgpH affestive results in terms of efficacy of
treatment in a given patient will 25depend upon the activity, pharmacokinetics, and bioavailability of a
particular compound;qshysistsgivakeshditivscobtdegatierin(inchddingstge] sexartisefsmtype and stage,

general physi&&l&am&%%&%&%&%&%s%&%@agim q%aa&%dm,tx;?@bqid@@%i aligny,Joute of

administration, etc. However, the above guidelines can be used as the basis for Tine-tuning the

treatment, e.F2Hdtetrinim trebptimiiatimE At sremblinteobadpmessdicne 80bhich will require no
more than rOlAHﬁﬁr@ﬁ&%Ei%&%n@&@Z sensitinaafimenitaangihe.suhiectandiadipsiing{hg dosage

and/or timing. The phrase "p arm_ag:euti,calI)éaacceptable" is employed herein to refer to those
ligands, mateFARScBhipoRigHELripErstaiRR Rrmea b I atithi tHEEBe of sound medical
judgment, suitaleytabusennaeantatininthediasies)ofdpmdnheipgpandoasjmals without excessive
toxicity, irritation, allergic response, ar othey, problem or 5complicatign, commensurate with a
reasonable béﬁ"%?ﬁ?in?gaersat%ap&pafﬁ%%%tpgs%}gﬁﬁ%%%lgg&%%ﬁ% glcec%qﬁﬁ%rﬁéaga%feﬁygéaﬁ &d herein
means a phamrauguttidal\eypcdeptab eym ateradn conpesifiomdatietsicle, sugtymsd liguid or solid filler,
diluent, excipi S0l \( terial. Each carri ptable" in the sense of
being compat%?é’ ﬁ‘%ﬁ‘?ﬁ%ﬁ%ﬂ%ﬁg ég’?g r:)][f‘ &%@%%%%%Jﬁ%%r%{ g%%%?%ﬁﬁ%%é% the patient. Some
examples of FrreskienyHiesi tehos snerasip athriscekitidelly dodeiseplag aghekihdiugmi(d) sugars,
such ai%|aCtO§&w@&ﬁ9§§eﬁ8ﬁi§5§@8%ﬁt,@)s§§ B8 2RUCH 83up0F ol QmPQt&)t&iﬁ?é%th?Qd

substituted or unsubstituted fl-cyclodextrin; (3) cellulose, and its derivatives, such as sodium

carboxymethyPEBSTIES: BifArceisse Al tIte dasaserath i) FRRVERRSPR Se0aPRIPTES) malt; (6)
gelatin; (7) 15igdainBh@xcipianissisueharcoonshtitenangd suppositasywmdesid 9) ailstsaush as peanut
oil, cottonseed oil, safflower ail, sesame oil,.olive ?IJB rn oil, and soybean Oilfi\ 1&? glycols, such as
propylene gly%rcﬁal??’ffﬁg’pﬁ&%f&%ﬁesgc?é%ﬁ%é%,rédg q%)l'%% ARSTUaNt! SeRE IS (12) esters,
such as ethyldléate @fd eth§dlaupaté t{d 3)aparndid)douffieringagents, sichhasmagmesium hydroxide
and alyminu roxide:; inic ik (16) pyr free water; (17) isgtonic saline; (18)

Ringer L soluan e e B B ML e i
compatible substeterisvhich 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, ¢.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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employed in pharmaceutical formulations. In certain embodiments, pilafinaceutical compositions of the
present invention are non-pyrogenic, i.e., do not induce significant temperature elevations when
administered to a patient. 25The 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 freeTbagbrisfmmeacsuitedie erepibler inordnicdenciane iesgrifote salt thus

formed. Represantatingsalis mﬁsggﬁbﬁsbmmmg@f@rgﬁy@ﬁmpéj%ﬁﬁﬁlte&%cg&tﬂtate, phosphate,

nitrate, acetate, valerate, oleate, palmitate, stearate, laurate, benzoate, lactate, phosphate, tosylate,
citrate, maleateuttmatife uderniceuiiaRiater vRegRtRIERE, Hiddyratesint ebRepiae st bionate,
laurylsulphongien salisitang aminovaciaisalisi-angshedilesi(Seq darcxasmiepiblge 6t al. (1977)
"Pharmaceutical Salts”, J. Pharm, Sci. 66; 1-19. es, the inhibitors useful in the

In other ¢
methods of tHEBPEEEHE T SRRISH AL ggﬁhﬁﬁeg#@%#%gpg%éﬁc Hi¥ctional groups and, thus, are
capable of forming Srﬂu Eﬁmgs%e%%% %ﬁﬁ%ﬁiﬁ@&é@ﬁ§1¥vé%¥é?% caytically acceptable bases. The
ally

term "pharmaceutically acceptable salts in these Instances refers to the relatively non-toxic inorganic
and organic hwersahditinalbaies eftaind nrtel Sprmirsséos atrs vehir ik swis asreligrap aredlia situ during

the final isolatiop.apd.prrificafienotne.nhiRiter(). 6 hy-sapalptely reagtiag the: purified inhibitor(s) in

its free acid form with a suitable base, such 10as the hydroxide, carbonate, or bicarbonate of a
pharmaceuticafg@tedpidbdaietat ehbsewrmpaiiona Sewiisamstaeaitealy acceptable

organigpprimapmseeandan Hof istians asnineyMmepresenativa-alialbonalkalinexgath-salfsvaclude the
lithium, sodium, otassiumf‘?g{allcium, gnesium, an iginum salts, and the like. Representative

al
organic aminés O YO ARRTBM OFBREE DS SHIE D SO Tn & BthethIamine,
ethylenediamincrathahoiamine, dicthaoctamine,, piperazimehamnd thbdiket(dae, foubxdmple, Berge et

al, supra).  , Weltig agents, siuulsifers. and bricants, such o sodium louryl skl and

magnesium stedrate, as well‘as co Ol’lhg agents, release agents, coating agents, sweetening,

flavoring, andegerfasirigsagenitssibrose aratived Arpbadtiod dagts el 833onbk; 20pgesont (Mthe

Compol%.tionstalc; (8) excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut
oil, cottonseed oil, safflower oil, sesame oil, olive cil, com oil, and soybean oil; (10)
glycols, such as propylene glycol; {11) polyols, such as glycerin, sorbitol, mannitol, and
polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate, (13) agar; (14)
buffering agents, such as magnestum hydroxide and aluminum hydroxide; (15) algmic

20 acid; (16) pyrogen-free water, (17) isotonic saline; (18) Ringer’s solution; (19) cthyl

alcohol; {20) phosphate buffer solutions; and (21) other non-toxic compatible substances
employed in pharmaceutical formulations. In certain embodiments, pharmaceutical
compositions of the present invention are non-pyrogenic, i.e., do not induce significant

temperature elevations when administered to a patient.

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

succinate, tartrate, naphthylate, mesylate, glucoheptonate, lactobionate, laurvisuiphonate
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Examples of pharmaceutically acceptable antioxidants include: (1) water soluble antioxidants, such as
ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium metabisulfitc, sodium sulfite, and thc
like; (2) oil-soluble antioxidants, such as ascorbyl palmitate, butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), lecithin, 25propyl 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 dilte, and Hormulatonksseithiile tbe.ofatadmieismalioBamgy delif ithiE/Jorm of capsules,

cachets, piIIs,ﬁlgmgcé%gﬁgﬁ%@@A%Maggf‘e&‘bp_qig,)usually sucrose and acacia or 30 tragacanth),

powders, granules, or as a solution or a suspension in an agueous or non-aqueous liquid, or as an

oil-in-water or watertiseb#ieikich aMUISINoRS s iglbxis &Eﬁh&%‘bf%@ﬁr@s’éﬁﬂﬂ@@eﬁ%@%ﬁﬂ inert matrix,
such as gelatin and glycerin, or sucrose and - 22 - acacia) and/or as mouthwashes, and the like, each

containing a SRR HGRE T AR BUHCHAF IO U AR e g PR PR B8 mposition may also
be admgnistergidasachabily eleehasl, aitpasie plsalicanstige fospishfobayal. atmirisiration

(capsules, tahigte, pils, dragiecs, panders- arapules, and Ine like), the aptive ingredient may be
mixed with oné or more pharmacéutically acceptable carriers, such as sodium itralte B dicalcium

phosphate, and/gasigyand thgafoll Mﬂgdc(ﬁbom@!;sof gxtiahﬁbéﬁ;s{s)uéfh% stéirched;loyelodextrMs,
lactose, S“”%@g&%‘d‘%ﬁ%‘? "aARRIel. ARGl Bl &%%(%ic*ﬁ@?o%%?ﬂ?e“ﬁaﬁié‘ﬁo{%‘?é : ple,

carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose, an cia; 10(3)

humectants, seRH#delylyeetat o) piskne irhthiigagdntds Suelsad lagardtes seitbilsrhacarbohate, potato
or tapigga stagelh AlginisRECkSesiale, Slicales.And sedanFarbanals; (S)seliliondelamding agents,

such as paraffinil(G) absorption accelerators, such as quaternary ammonium compounds; (7) wetting
agents, such WELRSPERRIACTE “dhet ISP ER Y RRSHRIF N O EATEG PATRATS) SEHRHIINES, such as kaolin
and bentonite:gtaysy (@hikaluREsabisatHe ARl daltivitsieamieindagnesiumisie d@iRinsolid

polyethylene glycols, sodjum lauryl sulfate, apd mixtures thereqf; and (1Q) coloring.agents. In the case
ot capsules, BRI B s AP SUOH H) isX COBHEE Buttering agente

Solid compositignscofraistmitefiyfie tagbalsoi e efployaditm filtrsinlsoftandahane:filled gelatin
capsulgs usin h excipignts. as:lactose or milk sugars..as well.as 20high molecular,weight
oyt lene SIS A e S S R e S e
administered {&ra fomenmenlasbeespsale spranother embodiment, the crystalline tripeptide

epoxyketone is a compound of foimula (I). In a more preferred embodiment, the crystalline tripeptide
epoxyketone is a COW%@BE&%W& pf)r_s, and lubricants, such as sodium lauryl sulfafe 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 admimstration may be in the form of capsules,

cachets, pills, tablets, iozenges (using a flavored basis, usually sucrose and acacia or
30 tragacanth), powders, granules, or as a solution or a suspension in an agueous 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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25A 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 30a suitable machine a mixture of the powdered
inhibitor(s) meatgeencaadiotreaminerrigias anddmlike, cquiltenaiams ethredsolididabagevornais, such as

dragees, capéalﬁmiﬂwagdagr%@ﬁl%@aa&&ptj@eéﬂws% ofPieRaRathwith g9atings and shells,
|

such as enteric coatings and other coatings well known in the pharmaceutical-formulating art. They
may also be fRFUIIESHEY & B5¥fovide slow or controlled release of the active ingredient Stherein

using, for example, hydroxypropylmethyl cellulose. in varying proportions to provide the desired release
profile, other poIymi&lﬁqgf}i%‘ggéggggxf’éﬁr%ﬁg%}nﬁ%%%g(@%@gefht ?ﬁ%\)ﬁlg%’ Shfivad by, for
examplg, filtrateddyughkdactetialiktairingditteringrdayeincosp drating $teiilizing agents in the form of
sterile solid com ogétﬁi}otrlms,%ich can be dissolveghin ste&ile water, or some othehr st r,il[e injectable

e

. . & acce CdIrers, S ds SOQIU Cr 1 asniale e .
10medium imme |ate}1y efore u ese cémpositions may also optionally dontain opacifying agents

and may be cﬂﬂé/@bmﬁithﬂﬁvﬂam%%iél‘é%@“é thexgonilassirgabdie stsonlyy dederetfarentially, in a
certain portion, gf,ibe.gastoipiasioal uact. PRAQARIMIR aSelavad MannethEiamplesRfigmbedding

compositions which can be used include polymeric substances and waxes. The active ingredient can
also be in mi&BberEasSkEl Pstottaint apBRdpHRR NI R B e Biusecapr/er@ssdibed
excipigots. Liguyidgesaafsfaios fopgatadminisimntiontinsudenhanmascepticalht acsaptable emulsions,

microemulsions, solutions, suspensions, syrups,.and, Iixirs.,ln‘ﬁddition té’ the active ingredient, the
liquid dosage FSPRTE AR PRR TSR tHEN LN R (RS THERTS 41 SAEHRSHEP G mple, water
or other solvafiisehaivhilizingiagenisisandiemylsifigs 29 shehmbethybrlaahs) sishpropyl alcohol, ethyl

carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils
(n partiutar. EH BT R EOE g 08 o ks Al Hierc,

tetre_lhydr_ofury:ﬂc_a)ﬂmdhmld gbdy@tﬂylme@y@ts ,(%)mibafartbp}as:,idl)@ét@?#@ﬂ.mmithmtarnicbmliaag@)s thereof.
Besidag inertgilyents, E'El@h%%l‘é?@&ﬁﬂﬁﬁ'&Q&&@ﬂﬂﬁﬂeﬁﬁﬂfgﬁﬁgﬂ&vs%ﬂﬁﬁﬁﬁﬁ%?ﬁ%ﬂ;%@ agents,

emulsifying and suspending agents, sweetening, flavoring, coloring, pe , reservative
agents.  Swspending salEGRish oM nberRoh ARG EYaire eatals Jushestinglagents as, for
example, ethexylated iaqsteand plaohals,RavRuatly IeReSerRIiRlARA.SQ) biARARI 8IS Mg ocrystalline
cellulose, aluminum metahydroxide, bentonite, agar-agar and 30tragacanth, and mixtures thereof.
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 fripeptide epoxyketone is a compound of formula (I). Ina
more preferred embodiment, the crystalline tripeptide epoxyketone is a compound of

formula (11).

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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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 -24- suitable nonirritating excipients or
carriers comprising, for example, cocoa butter, polyethylene glycol, a suppository wax or a salicylate,
which is solid at room temperature, but liquid at body temperature and, therefore, will melt in the
rectum or vaginal cavity and release the active agent. 5Formulations which are suitable for vaginal
administration also iFrdilitie pessthdes)liddpegs [wreamehges|drpmstesafodnispidhs spray formulations

containing Sugh, FAIKIGES AS AL KIOKNI e AT 0. he ARRAARTAISs and DRERYS fRns fapithe topical or

transdermal administration of an inhibitor(s) include powders, sprays, ointments, pastes, creams,
lotions, gels, St RIRT €8 A m%ﬁamgnwam@éw%w}ﬁ%%w@m%m WAder sterile

conditions withsg Rhimasesdisally @Grepiablecasrissnaptkwith Ay Jreselmiivias dautfers, or
propellants which may be required, The ointments, pastes, creams, and gels may contain, in

addition to inPRETER (&) TexEHERILP K O e YR BRIV LiBRs FAMLTSING WARUEOB&Affins, starch,
tragacanth, 1periddase dehivatvies<atyfih) veseglyeals nsiticanespbomnenitag;silicic acid, talc, and

zinc oxide, or mixturﬁzs thereof. ma Igg\é\{ders ?rtr(]:)l{s%ra s can clp{tmtam in addFio tg an inhibitor(s),
N :

excipients suBR RS TAdiSSe | PS5 "k B8 S S M nS KR St S B U8 abaL°HAY polyamide
powder, or mixturesgdilthese by bstapoesingptayszocanaadditiondlyfeontdisgtstaiiary propellants,

20such as chigrafliaRydineaaens ad aIBtS unsL sl ydragarons, syeh gutane and

propane. The inhibitor(s) can be alternative ministered by aeroso Is Is'accomplished by
prepariflg an Bgdicsusnamdstilylipossniat pldpss atiowositisplidnpaeieterptomttingagtaiie composition. A
nonaqueous (.g;rfHPIRGAIDAMRFAPSIaTY sHSPEARIg KRN e used SRRiGRRhIlizers are

preferred becausethey minimize exposing the agent to shear, which can result in degradation of the
compound. “MoeRmLiReaRr i e sUCHRbRITICREHE B tRGHItAL ARt eRRiBaY s Mution or
suspension ofdhecemtdagathenih qonveaienal Rhasmantuiirily-aceeRiablseanders and

stabilizers. The carriers %nd stabiliéers vary with the r.eqrui&ements f the particular
polymeric substances and waxes. “The active ingredient can also be in micro-encapsulated

15 form, if appropriate, with one or more of the above-described excipients.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. In addition to the
active ingredient, the liquid dosage forms may contain inert diluents commonly used in
the art, such as, for example, water or other solvents, solubilizing agents, and emulsifiers

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

polyethylene glycols, and fatty acid csters 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, cthoxylated 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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30composition, but typically include nonionic surfactants (Tweens, Pluronics, sorbitan esters, lecithin,
Cremophors), pharmaceutically acceptable co-solvents such as polyethylene glycol, innocuous
proteins like serum albumin, oleic acid, amino acids such as glycine, buffers, salts, sugars, or sugar
alcohols. Aerosols generally are prepared from isotonic solutions. Transdermal patches have the
added advantage of providing controlled delivery of 5 an inhibitor(s) to the body. Such dosage forms
can be made Wjtadisswivingomgdispensanes trecamiert dantihd spreplr medipin. cabsobption enhancers can

also be used jaiReRpase ANt AR IRABIAI(S) AGRSAS S T 3ie ghshch flux can be

controlled by either providing a rate controlling membrane or dispersing the inhibitor(s) in a polymer

matrix or gel. [TOPHANERAUiCANEb AL beditisHY SRtHTe delgoraaitBleTef Paairy@maeiministration

comprise oneyRERAPERNIRIIOSEkNHOPHIBALeR With one or more pharmaceutically acceptable
sterile aqueous or nonagueous solutions; dispersions, suspensions or emulsions, or sterile powders

which riay be recoriiitutéstinto sttt ainj@dttiieaolifiontadfrispersions su sl gessusrs which may
contain antio>t<jtlglrzf1ntr§g %%%ger%isbagg%rsio%a%, scr)Iutr%s wﬂ;gqartender th foimulaﬁiqn isotonic with the
blood of the intended reC|p|ér£T’t of uspéncﬁng’gr ﬁ?lc%eﬂlnélaglceﬂﬁ s d]'ré%rsﬁlﬁ e<Bt%tithnle agueous
and nonaqueagseariarsthevohaieyeberemaioyed in the phaimaceutical compositions of the invention
include water, ethanol, polyols (such as glycerol, propylene glycol, polyethylene glycol, and the like),

and suitable mixturd2Cotih&¥EBS, BB Ding, EisHeaR B NEBHs P abIBibitgERIC esters, such
as ethyl oleatgc RERRRAKIGINLEAR RenRRINAINRLforaxaMBlRRY e waaRhsoMiRgMatgrials, such

as lecithin, by the maintenance of the required particle size in the case of dispersions, and by the use
of surfabtants™FHEYE B BELHTTISRARF I S L SR isicddblanteds o aditinasdithfives, wetting
25agents, emillaifysogueigahtacandadispersingaag eis ahyeveniian ofdnaitetioB:ofepigiaarganisms may
be ensured bx}l'[}h% ilgmlcl fi:q[_g %Er\égrious antibacterial and antifimgal agents, for example, paraben,
chlorobutanol, p]ﬁenoﬁ\ysorbl acid, and the like. It may also be desirable to include tonicity-adjusting

agents, such as SUGfeSRRUTLHIGKCS.anl e e nia, s comAvsiATS: 10 AAgR prolonged

absorption of the injectable SOph' imaceutical form may be brought about by the inclusioh of agents
which delay &BsBYstinssckrsaEmhirdiHsspiehlsSarels. Amdegeratiflins, starch, tragacanth,

15 celtulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc, and

zine oxide, or mixtures thereof.

Powders and sprays can contain, in addition to an inhibitor(s), excipients such as
lactose, talc, silicic acid, aluminum hydroxide, calcium silicates, and polyamide 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 (e.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 compeosition, but typically include nonionic surfactants (Tweens, Pluronics, sorbitan

esters, lecithin, Cremophors), pharmaceutically acceptable co-solvents such as
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In some cases, in order to prolong the effect of a drug, it is desirable to slow the absorption of the drug
from subcutaneous or intramuscular injection. For example, delayed absorption of a parenterally
administered drug form is accomplished by dissolving or suspending the drug in an oil vehicle.
5Injectable depot forms are made by forming microcapsule matrices of inhibitor(s) in biodegradable
polymers such as polylactide-polyglycolide. Depending on the ratio of drug to polymer, and the nature
of the particulzelpsiyices elygsibyeehakms arstoind iy retvasebaniberbontoetnraripiesdf other

biodegradabl%%@ﬁﬁg@fﬁdﬁ@@,%x&?b(m%?g a%)amﬂag%'%%Mxﬂ@&%)&%%%ﬁ%&%@fmu'ations

are also prepared 10by entrapping the drug in Tiposomes or microemulsions w are compatible with
body tissue. 1SO1THg f¥apaRations of agents may be given orally, parenteraily, topically, or rectally.
They are, of course, given by forms sujtable for each administration route. For example, they are
administered in tabl %P@ﬁ?&ﬂ@%ﬁaﬁﬁ %?ea(‘,jﬁl(?ﬁd ‘W&fﬁ%‘t‘)ﬂ,fBV&@HS&PT%B}W&%B&)SHOW,
infusiors topicallynbyitotionieteibtmensuehddesiaky-by sipposiidues. dkldadminisipsionds preferred.

The phrases "parenteral administratié)n" ar}&q):"adminislt_gt%ed e[r)a(r:ent raI@/"u%g dysed hereinhgneans modes
- Abs nt s :

L. e agent in the proner mediu QIrption enhancers can als 10 merease
of administration Sther thar emeral andntoplca(flgdmln rafion, usuaﬁy y injection, an(flncludes,

yvithout Iimitap‘ibn,dﬁth_a\mhbiﬂgr(h)ualmgba Igkin2 Jihtreeetel il irflkathachk h_otraoégthjmiti_mraorbital,
intracardiac, inttadel E%i%%&%%ﬁ{rg%&ﬁﬁ%%@%@'diéﬂa-giﬁgﬁf‘eq}iﬁiﬁg)?gsf?%‘f'é:?&iylﬁféﬁ]ﬁe{i ylar,

subcapsular, subarachnoid, intraspinal and intrastemal injection, an usion. phrases
-systemic adriiréigkration,” "administered systemically,” "peripheral administration” and "administered
peripherally" as used herein mean the administration 250f a ligand, drug, or other material other than
directlyinto the centrAPRATAIHSA CORRPSLIRYT 4R BrfomERhliedPeRayetstihnd thus, is subject to
metabolism asthoibhetatike progesses: for axamitisuheuianeaumatsiinibl atiedr mord hese
inhibitors(s) mgx}b(%elcag{ggqisteredé%ruréng s and other animals for Ehgra;ey b a%?/ suitable route of
administration, 1ncluding or?il?ﬁce‘ sa Fys, XS %yfpflg(r)%sx%%“ﬁ?gﬂgc%%ﬁ?a (: Cﬁii%/’?rl ﬂ%ﬂ’/aginally,
parenterally, intrpaisiem all yratdotop wadtyrikspoy powveters; oimtrbe ntsoortdopbiritecitditeg buccally and

sublingually. injectable solutions or dispersions just prior to use, which may contain antioxidants,
15 buffers, bacteriostats, solutes which render the formulation isotonic with the blood of the

intended recipient or suspending or thickening agents.

Examples of suitable aqueous and nonaqueous carriers which may be employed 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 cdmposiﬁons 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 varicus 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 1nto 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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Regardless of the route of administration selected, the inhibitor(s), which may be used in a suitable
hydrated form, and/or the pharmaceutical compositions of the present invention, are formulated into
pharmaceutically acceptable dosage folios by conventional methods known to those of skill in the art.
5Actual dosage levels of the active ingredients in the pharmaceutical compositions of this invention
may be varied so as to obtain an amount of the active ingredient which is effective to achieve the
desired therapeutic esponsesfer ia paitidalaropenietis cdeapoSitibmgand destebd tdsinigiration, without

being toxic toa%,%x?ﬁﬂf?'a%tﬁ@ﬁr&(?%%%(ﬁa%&&éo%%%@lﬁ&%%&&ﬁﬁ%gE&i_ﬂh?‘@&%r%‘ﬁ?émca”y

acceptable 10mixture will vary depending on several factors, including the dosage of the compound to

be administerdRtbasraiiat ekt iHatCRENINESHId RIS SMPO REReINEHID , and the route of

administration;d®renesabutpereppresitionsofthis RKaMion may be provided in an aqueous solution
containing about 0.1-10% w/v of a compound disclosed herein, among other substances, for

parenteYal administragiambly pipat dose roges ate ibinng abautHalctmabowt SOHMke@f body
weight per day,.given in 1-4 divided doses. Each divided dase m ntain.the same ar different
compounds of tS TRURRAEE B HAeE BT o CHECiL SPUGE TR 22 eh factors
including the dwertlifedatter ofnd Patiemtranttihefdimidatioyandraite of, ddnikstfatiop of the selected

compounci(s) A0RE Ao IS T AU MRIBISIRSRIIEE G ggubstiuted saturated

hydrocarbon groups, including straight-chain alkyl and branched-chain alkyl groups that contain from x

to y carbons iPti@Rhespeintaiding Hambakidero Uparstiticaiahfboriand dadlsorzrufiloroethyl,

etc. Copglkyl i%@’ri@ﬁ‘ﬁ%ﬁﬁa@tﬂm@ WhgseiResoMRIs i A de N IDRLR st 2@ BoRd bdaternal. The
tenths "C2.yalkenyl" and "C2_yalkynyl" refer to substituted or unsubstituted unsaturated aliphatic
groups analo{:j‘@ﬁ'.r?in length and possible substitution to the alkyls described above, but that contain at

least one double or Jlrf'lple bondt‘resp%ctive][ . Jhe term "alkoxy" ref IS tto an ﬁlkyl group having an
oxygen attached theref&rf?glbaré%%sn%aﬁ%%na%%a)?&/ é:r%lﬁﬁré hertiaR et ox ) é’ﬁ%%%(f,’ ’[?FOﬁSX)}?tert-butoxy
and the like. HmﬁmaiethéldbitmtwcgihwWt@ﬂal&ﬂ@dm&ﬁﬂﬂﬁytm‘my@&m Accovdingty, the
substituent of,an, alky} Hak LRRARHS ek i ARG B F96MRISHANANORY: totion,

15 ointment, suppository, infusion; topically by lotion or ointment; and rectally by

suppositories. Oral administration is preferred.

The phrases “parenteral administration”™ and “administered parenteraily” 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, infracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutancous, subcuticular, intraarticular, subcapsular,

subarachnoid, intraspinal and intrasternal injection, and infusion.

RS oLk

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, subcutaneous 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, incliding buccally and sublingually.
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The term "Ci_6alkoxyalkyl" refers to a Ci6alkyl group substituted with an alkoxy group, thereby forming
an ether. The term "Ch6aralkyl", as used herein, refers to a Ch6alkyl group substituted with an aryl
group. The terms amine" and "amino" are art-recognized and refer to both unsubstituted and
substituted amines and salts thereof; e.g., a moiety that can be represented by the general formulae:
R9 or 'Rio wherein R9, el and RIir each independently represent a hydrogen, an alkyl, an alkenyl,
10-(CH2)m-R5, or Reeaird! b elikba moge thedwittisthainn atbrated, Wisiokh thiegr @eveticlshed bomplete a

heterocycle hayipgfiamduie f iamsiaiheing R b AcaRIERRIG AR AR EiRaloy, 2

cycloalkenyl, a heterocyclyl or'a polycyclyl; and m is zero or an integer from 1 to 8. In preferred
embodimentsHHK Shé 61 R OB IR HaP R RS THEM, 16 GPIRYe fepacakuriidnrrayeHiRsgbther do not

form an imidey, bngNernnere Plefer gdidbembhediments, R9 and 12.'9 (and optionally Rm.) each
independently represent a hydrogen, an alkyl, an alkenyl, or -(012)m-R8. In certain embodiments, the

amino group is basie danehdisgtHevprosdriatadicsmdrasieplinthg. plarmacdihidecorsp@ivids” and

"amido" are a&- co as an amino-subs i(t)ug .carbon irﬂclg es a moiety.t an be

ognized , ].ca I and.inclt ty that car
epresented 1 5 DARCI AmuaT B0 Ses iy e e e S i e
embodimentssGEthasimigbivvid tho tisoledith¢ritios svkichnyaipbe nnstablepatienT kherpasitiany " as used
herein includeg bz, Ko 8@9&%@%&@9&6@1&&&%@%@4&9%@%&%{1 single-ring aromatic groups in
0 & h -

which each atom of the ring is carbon. The
The concentration of a disclosed compound in a pharmaceutically acceptable

10 mixture will vary depending on several factors, inciuding the dosage of the compound to
be administered, the pharmacokinetic characteristics of the compound(s) employed, and
the route of administration. In general, the compositions of this invention may be
provided in an aqueous solution containing about 0.1-10% w/v of a compound disclosed
herein, among other substances, for parenteral administration. Typica! dose ranges are

15 from about 0.01 to about 50 mg/kg of body weight per day, given in 1-4 divided doses.
Each divided dose may contain the same or different compounds of the invention. The
dosage will be an effective amount depending on several factors including the overall
health of a patient, and the formulation and route of administration of the selected

compound(s).
20 Definitions

The term “Cy jalkyl” refers to substituted or unsubsﬁtuted saturated hydrocarbon
groups, including straight-chain alkyl and branched-chain atkyl groups that contain from
x to y carbons in the chain, including haloalkyl groups such as trifluvoromethyl and 2,2,2-
trifluoroethyl, etc. Coalkyl indicates a hydrogen where the group is in a terminal position,
25 a bond if internal. The terms “C,.yalkenyl” and “C, alkynyl” 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” 1s 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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25term "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, e.g., the
other cyclic rings can be cycloalkyls, cycloalkenyls, - 29 - cycloalkynyls, aryls, heteroaryls, and/or
heterocyclyls. Aryl groups include benzene, naphthalene, phenanthrene, phenol, aniline, and the like.
The terms "carbocycle" and "carbocyclyl”, as used herein, refer to a non-aromatic substituted or
unsubstituted ring infihietme Echsalkory dkitherefeegsio catberlk Thaaepmd §ioaed ooyieke! dkekcarbocycly 1"
also include RR 1%’&5%%}3 haying 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 carbocyclic, e.g., the other cyclic

rings can be cycloalkylsiceyctoalkenmia, cuclaalkymus, AMIS. HaterQanys «angy oniaieracysiyls.

The term "carbonyl" is art-recognized and includes such moieties as can be 10represented by the
general formia™ ORPRR wherein X is a bond or represents an oxygen or a sulfur, and R11

represents a hydroggn an alkyl. an,alkenyl, - CJ—I% -R8 or a pharmaceutically acc atnb e salt, 1211
represeﬂts a hydroggkhé, gﬁnaslkj%wlélﬁ aalﬁgnj%llﬁtljéq(é 2%1 f—%%%%#graén?nrgﬁa%R?Q%ar%méus Szﬁ%é% above.
15Where Xis aud sxygswtahamizgsiot RD senatthydrogemn]dhetioimuldaegneseritsl an tlester”. Where
Xis an oxyge@eg&gl R, fRydrogen, the foimula 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 riniggstructures geclude one to four heteroatoms. The term
heteroaryl" also includes polycyclic ring —N or -mlilt—RW
‘Rm ém'
wherein R, R' and R' cach independently represent a hydrogen, an alkyl, an alkenyl,
10 ~(CH2)m-R®, or R? and R' taken together with the N atom to which they are attached
complete a heterocycle having from 4 to 8 atoms in the ring structure; R represents an
aryl, a cycloalkyl. a cycloalkenyl, a heterocycelyl or a polycyclyl; and m is zero or an
integer from 1 to 8. In preferred embodiments, only one of R® or R'” can be a carbonyl,
e.g., R®, RY and the nitrogen together do not form an imide. In even more preferred
15 embodiments, R” and R'" (and optionalty R'"") each independently represent a hydrogen,
an alkyl, an alkenyl, or —(CHZ),H—RS. 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 moicty that can be represented by the general formula:

O

)LN’R“)

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

mclude imides which may be unstable,

The term “aryl” as used herein mncludes 5-, 6-, and 7-membered substituted or
unsubstituted single-ring aromatic groups in which each é.tom 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, e.g., the other cyclic rings can be éycloalkyis, cycloalkenyls,
-2G.



20systems 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, mm-ole, furan, thiophene, imidazole, isoxazole, oxazole, thiazole, triazote, pyrazole,
pyridine, pyrazine, pyridazine 25and pyrimidine, and the like. The teim "heteroatom™ as used
herein meansatcatbynos.anylsleeteparpthentienrhewrboyeitshydirpgenuprefdoddbaetenoatoms are

nitrogen, oxygglghtgggﬁ&%@ﬁ§n§{;&§%fﬁgmlhﬁﬂ@gﬂ_@g{g{g&yclyl" or "heterocyclic group" refer to

substituted or unsubstituted non-aromatic 3- to 10-membered ring structures, more preferably 3- to

7r-] 30memt|)ered rinhgs]éfvmﬁ?ﬂm&w@tlux@@ =i::~|;&lg&eyaipﬁ,tél>sf@éahﬁ;@f&afgyéﬁ% I henellotenns -30-|
"heterocyclyl” or "heterocyclic group’ alsq include polycyclic ring systems having two or more cyclic
rings i whicH ERS B 6h & TR o BRS GCHGE ST T GREBin 2 S5 one of the rings
is heterbeyclitcetgsitie aier eybdlicyings danibhawiccioalkyisicayeloaiteny s ayglaadomyiscaryls,
heteroaryls, acng{%rl%etg]rg Q@%ﬂsmSH?terocggl I groups inc:lud%(5 g)vr example, tetra&%ofu(rtan,
piperidine, pipgrazinc‘(,g“pyrro Idine, ?noor%lﬁréeliner, ?aét%rnézgﬁglccfgms, andinefiremes &'tetni
"Cl_6heterocieigathyb{ s voed herehocyelers 1o, th€ptbaikykfroumscostitutedoadtlyls, heterocyclyl
group. - cydibmERD., CrARYRIYSIN FIRIR IR A GReRI L Loyppubsttted with a 10nydroxy

group. As used herein, the term ™inhibitor" is meant to describe mpound that blocks or reduces

an activity of an enzyree.(ar-examnle. inhibition ot aratrobticAleavags plistandard fluorogenic peptide
substrates such as suc-LLVY-AMC, Box-LLR-AMC and ZLLE-AMC, inhibition of various catalytic

activitibs of tHEPSBEN Y R0 B A HRiitor 15 can act with competitive, uncompetitive, or

noncompetitive inhibition. An inhibitor can bind reversibly or irteversibly, and therefore the term
includes compounds that are suicide suEstrate'%of ap enzymjiAn inhibitor can modify one or more

sites on or near the active site of the Rorit can ¢ nformational change elsewhere on
the enzyme. As used herein, the term "orally bioavailable" is meant to describe a compound 20

administered §&@dnoxse.AH BIGHHOLIRSH A LB8/KGLANIRSS s RVER MK AIlRRs, Wherein one

hour after oral ad inistraig)ﬁrll uch a compound shows at least about 50%, at least about 75% or even

at least aboufBEY infigHIH Ot PfdtelsBnfl ERMETRAERAN YRS HiRiahle salt. R represents a

hydrogen, an alkyl, an alkenyl or (CH,)n-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, ¢.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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As used herein, the term "peptide" includes not only standard amide linkage with 25standard
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, e.g., the rings
are "fused 30¥imgstckdel of thetenggcdt theypdlybycle adn frd wybstituted pitanmsbibstipted or - The

term proteasgue AsSSANRIGHJR EAPLIG AR IIDUIG: ARG CAING Pgigasomes.  The

term "substantg%?f ure" a usé%\%ereln, refers to a crystalline polymorph that isTgredter than 90%

pure, meaning IRl tanrsinNesy thar 1% bitarpsiieeconiporifer SiRiidmg tietsorresponding

amorphous cepaRauRe Rreferaklyithe crysiallivs, a@zm@%ﬁﬁgea&@om%%%;?me, or even greater
[

than 98% pure. he tefin preventln%‘?‘ is art-recognized, and when used in rélafion to a condition,

such ada locHIHEOSHEHE BN Inskifs; Wiisamels SqtRhydrodasr PPsyftioRriaEsi@isiex such as heart

failure or any gthendnedisahsmiiontimyelhsnederstgalnibe art, and includes 10administration of a
composition which reduces the frequency of, or delays the onset of, symptoms of a medical condition

in a subject relative TheatsubjEtt dvtishegolesikyplf reseied eeetpmfositionCThdisyiprewpntion of cancer

incl_udes, for %ﬁ(gﬁg&%d@ﬁff%iﬂgtélho% gcw%%u fd_etectable cancerous growths in a population of _
patients receiving a prophylactic treatrment relative to an untreated control population, and/or delaying

the appearance of Hpgleteqtalle cancqraus,oramhsdn e reated.RADUALIGN YT SHg,an unteated control

population, e.g., by a statistically and/or clinically significant amount. Prevention of an infection
include8, for SYSMPE R Bucing 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 af UNFAREE o7 BbpOIH, S0PrE0LR RO Bah f RIS et ple.
reducing the maghitud eroicovigitefnatvelyrddlayingnpanisbkitsations erpetieitcachibypsuifjects in a
reated populgign, Keris AN KEAIR.CRNUPLPORKIATON. TNV RIPHII GRGampasses
compounds that, under ph _s!qfo%lléa conditions, are converted into therapeutically active agents. A
common methd& fdMaakihgiiprodiagoes dealyinclodeissletibd PSiptideatoatcard hyahdiyteed under

physiojggical cangditions sglﬁggﬁa,lfébﬁnféhsﬁg%ﬂry'&Cyléﬁcéﬂ%h%s mﬂﬁa@kmqu% Theuadiyg is

converted by an enzymatic activity of the host animal. 1e term "prophylactic or therapeutic”
treatment is aHUFEEYEIIPEH0E AISYRRIB s ad RIRIEETOR Bt HsdevroreoBndntrd sritetbject

compositionsgkhiiisadninisterate. An inhibitor can modify one or more sites on or near the active

site of the enzyme, or it can cause 2 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 iess,
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-1 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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30prior 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 -32- manifestation of the unwanted condition,
the treatment is therapeutic, (i.e., it is intended to diminish, ameliorate, or stabilize the existing
unwanted condition or side effects thereof). The term "proteasome” as used herein is meant to
include immuno- an@comstitutive@sorotasonedierein Thedenhto' sulbsditutedtinefersito moieties having
substituents rgﬁ&&lﬂg@g}gggggsgspn one or more carbons of the backbone. It will be understood that
"substitution” or "substituted with" includes the implicit proviso that such substitution is in accordance

with permitted valeng. od4he subatitied AlemandHhe-aubstiuant are thakibeokIsuhstitition results

in a stable compound, e.g., which does not spontaneously under&o transformation such as by

rearrangement ZESARE SHE CefimtFa SRRt el cREyNreNThate! tat o Ay bl £HNe¥ntemplated to

includezll petmiggibleisubstitussnising argapiocompponns. MddibadBspestahiepRitiissible
substituents includ?elg%cli%@d cgclic branch§d t%nd éggpranched, carbocyclic and heterocyclic,

aromatic and A8TEarbMatic 1 58uhsLERT Brorganic compbiiinds. The permissible substituents can be

one or more and theyga(ye OTAIEIRAL 9L ARRLORKAIE LIRNIAGOMPRHNS LS pYRATER,A! this

invention, the heteroatoms such as nitrogen may have hydrogen substituents ana/or any pelmissible

substituents GheltganitoedFRsBIRRS degerilsed- ichshiswbich satistyoihe paldinescofbiehe@roatoms.
Substituents gapnekide.cfoF SXpIRIEHR halPasRRY AR yRCAREAY 2USHCh-as RiGaERoxXyl, an

alkoxycarbonyl, a formyl, or an acyl), a thiocarbonyl (such as a thioester, a thioacetate, or a

thioforhlate), 3HAMYIAIOR HiioPReRTie b HbihFBicss Sholsauseoh Piisspritsiensst #mino, an
amido, an amjghf@o®s #MiRfedcay aiiAdiiioa aibReidela s iy sl earvalklitie, merfate: a sulfonatc,

a sulfamoyt, a sulfonamido, a.sulfonyl, a heterocyclyl, ralkyl, or an aromatic or heteroaromatic
moiety. I il 8 SEUILIETD Ty B ST G A e B o B E BFF e
hydrocarbon cfidin:cahithenselue gloe gshistitpigd] dfiappf pptiate. receiidthepageticailty effective

amount" of a gorprgoutnq With Jes ec&to tt sutb'?ct method of trea en;[i refers to an ameunt of the
compound(s) iR a ﬁﬁeﬁgﬁalt}fgnowaflﬁg , \?vahcéar?cgar%ﬁg Ere f)élé EL|‘CT)1<'§1}ryt0 léfa %agésifrgehc? gl%%egéaen?%a?men (toa
mammiadl, prefistatipls Soaroah¥aldbictes Hesipmpeoatmelivrates antsattidiopntorisliows the onset of

disease condjfigns,aGearding,to gliniGalv AcreBIaNE standarfa Jar hie.dinorpiet alicengition to be

infection includes, for example, reducing the number of diagnoses of the infection in &
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” cncompasses 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 1s administered after
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treated or the cosmetic purpose, e.g., at a reasonable benefit/risk ratio applicable to any medical

treatment.

The term -thioether" refers to an alkyl group, as defined above, having a sulfur moiety

attached thereto. In preferred embodiments, the "thioether" is represented by -S-alkyl. Representative
thioether groups include methylthio, ethylthio, and the like. As used herein, the term "treating” or
“treatment” includes reversing, reducing, or arresting the symptoms, clinical signs, and underlying
pathology of aesrelitiarierimueyaptithpradéion. shabiizmant ibiberdadisdiiion it Bxaplifcation
Example | Syptagsisiof GRoHeMath LstbRB TnBTEh DR AnTdd TRARNE M QFEA OBNDCM 0

10

15

20

25

30

thereof).

The term “proteasome” as used herein is meant to include immuno- and

constitutive proteasomes.

The term “substituted” refers to moieties having sﬁbstituents replacing a hydrogen
on one or more carbons of the backbone. 1t will be understood that “substitution” or
“substituted with” includes the implicit proviso that such substitution is in accordance
with permitted valence of the substituted atom and the substituent, and that the
substitution results in a stable compound, e.g., which does not spontancously undergo
transformation such ag by rearrangement, cyclization, elimination, etc. As used herein,
the term “substituted” is contemplated to include all permissible substituents of organic
compounds. In & broad aspect, the permissible substituents include acyclic and cyclic,
branched and unbranched, carbocyclic and heterocyclic, aromatic and non-aromatic
substituents of organic compounds. The permissible substituents can be one or more and
the same or different for appropriate organic compounds. For purposes of this invention,
the heteroatoms such as nitrogen may have hydrogen substituents and/or any permissible
substituents of organic compounds described herein which satisfy the valences of the
heteroatoms. Substituents can include, for example, a halogen, a hydroxyl, a carbonyl
(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, 2 nitro,
an azido, a sulfhydryl, an alkylthio, a sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a
suifonyl, a heterocyclyl, an aralkyl, or an aromatic or heteroaromatic moiety. It will be
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 & 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
human) alleviates a symptom, ameliorates a condition, or slows the onset of disease

conditions according to clinically acceptable standards for the disorder or condition to be
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(C)OMe OMe 0 TFA H2NOBNn 0 S. OMe (D)  Synthesis of (A) To a 0 C solution of N-Boc
serine(methyl ether) (43.8 g, 200 mmol), triethylarnine (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 ora#Rrd Ayt wanSEIARRG; tHe W SdeaPRsiabengakrskiratecnlitaldicdhiaPomethane (2 x
400 mL). Thegombingd:grganic layers were washed with saturated aqueous sodium bicarbonate (200
mL) and brine (200 rnL), dried over sodium sulfate and filtered through Celite-545. The solvents were
removed under redupectgressiserand residue avaskpugiting, Sovidasid ebonategiarhyi(siica gel,
e o LSSl GRITRS e L R S R B ARSI R R M

-5 alkyl. Representative thioether groups include methylthio, ethylthio, and the like.

As used herein, the term “treating” or “treatment” includes reversing, reducing, or
arresting the symptoms, clinical signs, and underlying pathology of a condition in manner

to improve or stabilize a subject's condition.
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Synthesis of (B) To a 0 C solution of Compound (A) (54 g) in dichloromethane (200 mL) was
added trifluoroacetic acid (200 mL) over 10 minutes, and the resulting mixture was stirred 10at the
same temperature for another 3 hours. The solvents were removed under reduced pressure and the
residue was placed under high vacuum overnight giving the TFA salt of Compound (B), which was
characterized by LC/MS (LRMS (MH) m/z: 210.11). Synthesis of (C) To a 0 C solution of Compound
(B) (43.8 g, 2Exemnlificationoc serine(methyl 15ether) (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 m%ﬁ?)‘ﬂ’#‘fe’trahydrofuran (250 rnL) over 10 minutes, and the pH of the resulting mixture
wasThe mixglge \ﬁla~3~sgtg d at rogg: temperature for another 5 hours. Most of the solvent were
removed und&?F8&IE @r@ggﬁ? t room temperature and diluted with 20saturated aqueous sodium
bicarbonate (400 mLhyfpen it was extracted with gthyl acetate (3 x 4004pl.), washed withpgpdium
bicarbonate (100 mi) and brirged,@0 mL) The dombined @rganic layefs were dried overfsodium sulfate
and filtered thg RE-54%:, Thesolvantsiwere fethovedwnden (?'bréssggaqatgflhue was
purified by flash chromatograp®§'(silica gel, hexafe and ethyl acetate).dCompound (C) (65 g) was
isolated 25and characterized by LC/MS (LRMS (%H) in/z: 411.21). Syn#hesis of (D) ToaOC
solution of Compound (C) (18 g) in dichloromethane (100 mL) was added trifluoroacetic acid (80 mL)
over 5 minutes, and the resulting mixiidre was stirred at the same terﬁatur for another 3 hours. The

solvents were remoyed,under redyced;30fgressure gpd the residue whs zi\?g under high vacuum
overnight givin@g};’e‘;ﬁﬁﬁsaﬁa@a‘ﬁ %&rﬁ‘reo@_' ), WhiEtTWas Chdrbeteri Oed by LEMS (LRMS (MH) m/z:
311.15). Synthesis of (E o = ~
OMe o
N N H
HCl {aq) 3 _ HOBT, HBTU
Me’&}\coga __Tﬁ_,. MGA}C%H + TRA® HZNL”'N\HLOB” DIEA, THF
o X

(E) oy  OMe

OMe

ChMe
8] 0 (o] 0
H M Q
N/\%HLH/N\;/”\OBIW _ﬁd]_f;ﬁ_z_b N/%HLH/N\:/U\OH + TEAS® HZN
N - \Y = 0
)’S O Some )’S O Nome
Me F) Me (©) H)

DiEA, THF O

OMe
o o)
H 0

HOBT, HBTU N/\#LNL"/ N\_)J\N
" H :H

N} 5
>’ © “OMe

Me 1

wh

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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To a OC solution of ethyl 2-methyl-thiazole-5-carboxylate (15 g, 88 mmol) in tetrahydrofuran (50 mL)
was added aqueous sodium hydroxide solution (5 N, 50 mL) over 10 minutes, and the resulting
solution was stirred at room temperature for another 2 5hours. It was then acidified with hydrochloric
acid (2 N) to pH=1 and extracted with tetrahydrofuran (3 x 100 mL). The combined organic layers were
washed with brine (30 mL) and dried over sodium sulfate. Most of the solvents were removed under

reduced preskiirs watstherrsidibe waguyophitizedves asfsraConbolividoinetizny (Syrithlesis of (F)

10To a 0C sopitionpf GarpReHBeLRY: 6&1{«3@%&1& anchémeihylihiazelemogatpaxyic acid (E) (6.0 g, 42
mmol), HOBT (7.9 g, 50 mm%ﬂand HBTU 18?.58(3, 50 mmol) in tetrahﬁrofuran (800 mL) was added a

solution of N, B IREPIDRHAAIBE S E HIRARSH PR DAL BRbF Bersthivedghntil its pH
reached approyimasaly 8ik. sbhersswingmixbdrenaasstied ptaarade RpAMRIWE guamight. It was
then 15guenched with saturated aqueous sodium bicarbgnate solution (200 mL ), and most of the
solvent Werg’}’éfﬁg\/ %%}ggrpgﬁyfgwc&gglsgpga%@ e@?lﬂ&%?ﬁ%&br‘éwg‘%@é%? Wit Bthyl acetate
(3 x 400 mL) isohe-combinec crganichayerdiseiRvERMId)with 3afurated aqueous sodium bicarbonate
(200 mL) and brine (100 mL), dried over sodium sulfate and filtered through Celite-545. The solvents

were removed unde¥raterded phessure and 20residue was purified by flash chromatography (silica gel,
ethyl acetate with 2% methanol). Compound (F) 17.&Ai fg) was isolated and characterized by LC/MS
I

(LRMS (MH) m/z: 4368.28). SipitHiesisidrmpored B &1 dishiprsnrsdhens (29919 )9%2Fmol) in

methanol (30g4ak}mmsZRReGe P HIO 634)1 Theniesy inommRiuRiEsialaweddastiqunder 1
atmosEQere of edr%[g};:n for 48 hours. ;prr%%gggtur_ewas filtered through Celite 545 and the filter cake

I
was washed ithcERsARBPE86 ) 1Ayerolent @&ﬁ%@%ﬁ%”ﬂﬁ%’?e?é’&ﬁ%ed pressure
and placed updssihrginyakesidosyeldpGord padadh{e)) vaduioh wasnitiargiciep zed THALGIMS (LRMS

ilz: 3 S is of - ner j 0.46 |
e it DR L I ot e A N o i SN G on el acid (5 by, The

cooling bath was re@ﬂ%Y)‘?ééi@B e reaction stirred for 1 hour at which time TLC showed 5complete
consumption of starting material. The resulting solution was concentrated under

To a 0 °C solution of Compound (B) (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-diethylisopropytamine (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 dnied 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 (MB) 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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reduced pressure and placed under high vacuum to yield TFA salt of Compound (H). Synthesis of
compound | To a 0 C solution of aforementioned Compounds (H) (131 mg, 0.380l) and (J) (0.46
mmol), HOBT (75 mg, 0.48 mmol) and HBTU (171 mg, 0.48 mmol) in 10tetrahydrofuran (20 mL) and
N,N-dimethylformamide (10 mL) was added N,N- diethylisopropylamine (1 mL) dropwise. The mixture
was stirred at the same temperature for another 5 hours. It was then quenched with saturated aqueous
sodium bicarbonateSsatationg2@imL), and most of the solvents were removed under reduced pressure.
The residual mixture was then extracted with ethmcetate (3 x 40 ml.). The combined organic

15layers were washEdaftif selutoalsdud sas dbuniieserberrhes e 28§ Brrrd)(ro ml), dried
over sodium syiteiRra-diltesechityaughdgealitenRdns IhgusevRaiswe s iemores wadgr feduced

pressure and residue was purified by HPLC (0.02 M aqueous ammonium acetate and acetonitrile
(66/34) to affSHE"COMPBHTY I W% RIS [yBHPHIZE AP OHERRASHFE B IIRS (LRMS
(MH) myz: 53B02)s 20ExathpleddifiedwiorphowsKieropodnd N(a0yHe) wabslissabdegiin acetonitrile (1
mL), then deipnized water (2 mL) w ed, and the solution brought to supersaturatior by slowly
cvaporating R I ARG S TIoARS PP T Y s AN VaEq it 1 . 1.2
acetonitrile-waler pachdi td ed arsdenwasu fire. fyf ok 2ot dur sdy priovide: as@sordtaline aokedorph of

Compound 1#%?3@9%1%% @r&%ﬁ@%&%‘i%&;ﬂﬁ%g G g&pdmﬁ%ﬁg{cﬁiﬁiﬁg%curve of the sample is

shown in Figure 1 as recorded on a TA'Instruments Different alorimeter 2920 at a
heating rate of 10 "@M;go mple 3 Amorphous Compound 1 (611 mg) was dissolved in
tetrahydrofuran (5 mL), 30followed by addition of hexanes (5 mL) and the solution was seeded with

crystaliine polymorphoGamgaeungidnas peepsyed D rarmpleoD, add the solutiadiaught to
fiterea. wast GHT L 1 0 GBI L ey A et LR EC A 16 22 hours t
provide a crystaihberpelyrhpdpifiobCEOholn dvds (@b dagpitoracins [tind phitsofbdvi@oibExample 4
(~50 g) in tetrahydrofuran (200 ml.) over 5 minutes until its pH reached approximately
8.5. The resulting mixture was stirred at same temperature overnight. It was then
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 bring (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).

Svnthesis 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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Amorphous Compound 1 (176 mg) was dissolved in tetrahydrofuran (5 mL), then toluene (25 mL) was
added. The solution was seeded with crystalline polymorph Compound 1 as prepared in Example 2,
and the solution was brought to supersaturation by slowly evaporating off 20 mL over about 2 days.
The resulting crystals were filtered, 10washed with 15 triL toluene, and dried under vacuum for 12
hours to provide a crystalline polymorph of Compound 1 (88 mg) with a melting point of 149 C.
Example 5  Amo¥phéess@bdfiound 1 (312 mg) was dissolved in toluene (50 mL), heated to about
100 C to complete dissolution, then hexanes (50 ml.) were added and the solution 15was seeded with

crystalline polymorﬁﬂ'@&ﬁbﬁ)‘%ﬂl@%‘ﬁ%ﬁé’fé@h(g&%l@-‘é‘? Pt & oGt Bro e Yb(2
supersaturatigf pyalevi expperatnoialf S0mi ovghaboul2itasacdierestiting)Ciystals were filtered,

washed with 10 mL toluene, and dried under vacuum for 12 hours to provide a crystalline polymorph of

Compound 18E&ReIWiI sermevidgpbiht sreaerctizeEioahpresat whichEmhohS evmpbund 1(1.4 g)
was dissolveddminlisanas 2ty ohsataddenabaut 50 dacnimpeiadissaldiardihasdapught to

supersaturation by cooling to 2 and allowing the compou crystallize for 12 rs. The resulting
crystals Werer?ﬁ{]é(?%?dl?lﬁﬁigﬁceﬁq&H%@%T‘%%gé%%&“é‘ﬁﬁ igﬁ’ﬁ]ﬁg]#é?‘ g%?é&ééf’%m%%%ﬁs to provide a
25crystalline polyrngrgpzeof.c Qound %(9.94 g) with a melting point of 149 C. Example 7 Synthesis of

Compound 1 Synthe)éls ofl(vl-? PP Boc phenylalanine-ketoepoxide (1.0 equivalent) was

dissolved in DCM (3rf,/kg 2905 iNBie6 itsRylalrring kelasadddelin & ek seungpotiam flask under

inert atmosphere and the solution was cooled in ice bath. Then, TFA (5.0 equivalents) was added at a

rate to maintdin thaG el et Rune deii et antd BE Ao Mgl Wseolhdh warmed to

approxigmately:20nGaamarsiifrectiion e reuis My B3 ddkgoahNyBes pfaeawalanine-ketoepoxide)
was then added to the reaction mjxtu hile maintaining mixture temperature below 25 C. Heptane
(26.4 Likg of ?&%@Sﬁﬁaﬂwﬁgﬁmﬁ 1&8@?&8&%@3- S TSt S A o WAL RBGTRN D botween

-5 and 0 C fofa2 #acthhodimtesallovactysiailization of € empetedd tboEhedidit®iselidruas filtered and
rinsed with hegiang, (30,0 N 805 phemvialanine keloepoxidel Je wilg seldapdpen under
vacuum for 12 hoursa . Yield obtained was o, with H

residual mixture was then extracted with ethy! 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 purtfied 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 | as recorded ona TA

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

Amorphous Compound 1 (611 mg) was dissolved m 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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10purity 99.4%. Synthesis of Compound 1 Compound (H) (1.2 equivalents), Compound (G) (1.0
equivalent), HBTU (1.2 equivalents), HOBT (1.2 equivalents) and N-methyl pyrrolidinonc (8 L/kg of
Compound (G)) were added to a dry flask under inert atmosphere, and the mixture was stirred at 23
15C 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 temperztsrbistiesbthian D Evabhatiegactibh mibeure abast dtirhedrat 01€ fosulimbours. Crude

Compound 1 wags.preeiRiaied by RAWINGiHe KaqtiPRMKHEaNRRY%rAseoiumhigagapnate (40 Lkg

of Compound (0)) and the suspension of crude Compound 1 was stirred for 12 hours at 20 to 25 C,
followed by siAtRE A 8 Borrsdp PABIWE THesiiee selrwehmidreeeradihdédme witker (5 Likg of
Compound (OnelfiRepyhitespiidewas 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 (0)) and isopropyl acetate (2 x 2 L/kg of Compound 25(0)).
The white solkwasdfied under vacuum at 45 'V 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 mmﬁommm)dw@ﬁﬁrmg)m fhesttimedan 88rulyrhisol(fiod-vésthen hot
filtered to remgy g any PafticHate Materand fig;seWHOR wag ﬁﬁfﬁ‘éﬂﬁﬁglﬁ%@g&%ﬁ%ﬁ?v'de clear

30solution. The clear solution was allowed to cool at 10 C per hour to 65 C before adding seed
crystals. The Soropdvhassnmesr e Eooruta 8- rpérmstiteromeb el SupSmE€i9stallization of

Compound 1 gegidriedevERE:SHsPESiomIVas stitked: at #0:C a0 cfarh herisafollewear by tirring at 0 to

5 C for a minimum of 2 hours and filtration and rinsing with isopropyl acetate (1 L/kg of crude

Compdfind 1) 4Heptiidd Borpitct RIS YRRLPL FRIEF T dmPES TS Wndiniiiit 24 hours
to constant weigihoYjeldf@fdmpopaundd mgs.8ie nwitniflitt pirky 97.2%. SExample 8 Synthesis of
Compound | Compound (H) (1.1 equivalents), Compound (G) (1.0 equivalent), HBTU (1.5
equivalents), Ex@BiAl{ 5.5 equivalents) and DMF (8 L/kg of Compound (G)) were added to a dry flask

under inert atmosphere, and the mixture was stirred at 23 C to complete
Amorphous Compound 1 (312 mg) was dissolved in toluene (50 mL), heated to

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 ¢) 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-ketocpoxide) in a 3-neck round bottom flask under inert

-39 .



10dissolution. The reaction was then cooled to between -5 and 0 'V, 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 then stirred at 0 C for 3 hours. The reaction mixture was quenched
by addition of pre-chilled saturated sodium 15bicarbonate (94 L/kg of Compound (G)), while
maintaining internal temperature of less 10C. The content was then transferred to a separatory funnel.
The mixture whsocepiracted thithattgharetato (Uit kg wfiC ohhpoulith(G)), andviientigeasic layer was

washed with sagpated S, DIEADROAIR LA r%_éh%%ﬁ@ﬁé@&%ﬁ {E)hangwith, zafaied sodium

chloride 02 L/kg of Compound (G). 20The organi er was concentrated under reduced pressure

with a bath tetfisébapurarsiad &sapripsaneaily 18 ‘L@I@%ﬁ@%ﬁﬁdn@ fap sl WER B (o digtitation with
isopropyl acetaigoZpnetdibiked RIIRRQ824FiRal yelumeiwas adiusigrbiond2dh/ke g Compound (G) with

isopropyl acetate before heating to 60 C to obtain a clear solution. The clear solution mixture was
allowedto coBYHB A B HRFEHECAHIRTGLEE PEREADs CTHECPBES (Afoh W AR to cool to 20 C, when
substantial crystallizriia atGCesopdunak hrd agae B rchbeosuspensinn wasstissadai ¢ for 12
hours before filfratign rinsing. with iso L acetate (2 L/k Caompaund 1). Compound 1 was
dried under va l%ng ?taggaﬁsfg’rgfg?fﬁﬁgggﬁg%{iﬁ% fiﬁ%’é@%@‘g@% ﬁ%&%ﬁ%ﬁ#&d *#as 48%, with
HPLC purity dit@ed%ud3tsEtwivaleptsne (3 THbseSKHRd ishtingl drtwvit-kecegniideorthe ableto
ascertain usi oye.than routine Hnentati Fous.gquivalent the. nds and

1 ry “ihY !1 ’ . 1 [ .
et oo R R S RPLETEISe: T SRBRS o0 R
this Sidlentiopuaiid %ré’covered by the following claims. Al of the above-cited references and

publications are hereby incorporated by reference. We Claim: A method for preparing a crystalline
compound of Formuligsis of Compound 1

Compound (H) (1.2 equivalents), Compound (G) (1.0 equivalent), HBTU (1.2
cquivalents), HOBT (1.2 equivalents) and N-methy! pyrrolidinone (8 L/kg of Compound
(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
nternal 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 1sopropy! 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 solation. 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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5comprising (i) preparing a solution of a compound of Formula (II) in an organic solvent; (ii) bringing
the solution to supersaturation to cause foituation of crystals; and (iii) isolating the crystals. 2.A
method of claim 1, wherein the organic solvent is selected from acetonitrile, ethyl acetate, heptanes,
hexanes, isopropyl acetate, methanol, methylethyl 10ketone, tetrahydrofuran, toluene and water, or
any combination thereof. 3. A method of claim 2, wherein the organic solvent is selected from
acetonitrile, higstahesrshéoltves methanstétahydrtiutaninamdriodfidheurs and filratiesthew!of claim 3,

wherein the orgap éﬁhvgﬁﬁéép’%ﬂﬁﬁ% fomdbeancs, EHANEPTYram 2peRLERS, fomf method of

any one of claims 1 to 4, wherein bri %lor%g the solution to supersaturation comprises addition of an

anti-solvent, dtdRgtHdsoraEErc OB tRR el Ah dBitHe Loitphvsichhy EsiBhation

thereof GoripBiethosk of Shaim:ShvArareipripgngethe solution to supersaturation comprises
adding an anti-solvent, cooling the solution to ambient temperature, and 20reducing the volume of the

solutiort Exémplenethod of claim 5, wherein the anti-solvent is added slowly. 8. A method of
claim 5, wherein the anti-solvent is selected from hexanes, toluene and water. 9. A method of
claim 5, wher&irifivaivofiirmereesciion is performed by evaporation. 510.A method of any one of claims
1 to 9, further comprising seeding the solution. 11. A method of claim 10, further comprising

washing the crystal<ompounfi(Ha ¢héwmpvakeatam- omnrpst& M RN Do BRSEd Washing with a
liquid selecteddfipmami;sobvent 1acejanitiiaishepianes: fexanes costhanal (dPtelsahyaiafusan,

toluene, Water’%ﬁgﬁ mbination thereof. 13. A method of claim 12, wherein washing comprises

washing with & SRS SIoAH - RARRM R AP ARE RSB ATRS LB 23 "C o19mPIHEthod of claim 13,
wherei) the aditisshitiemt iBhbexamnes enfidptanieded to betdberA-fnaith 0d@faaty one of claims 1 to 14,
wherein ISOIaHﬂ?o{;Qgpgfﬁgﬁ}%lgmine (2.1 equivalents) was added over 15 minutes, while maintaining an

internal reaction temperature of less than 0 °C. The reaction mixture was then stirred at 0

°C for 3 hours.

The reaction mixture was quenched by addition of pre-chilled saturated sodium
15 bicarbonate (94 L/kg of Compound (G)), while maintaining internal temperature of less
16 °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 I./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 ciear 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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15comprises filtering the crystals. 16. A method of any one of claims | to 15, further comprising
drying the crystals under reduced pressure. 17. A crystalline compound having a structure of
Formula (1) 20(1l) 18. A crystalline compound of claim 17, having a DSC thermogram
substantially as shown in Figure 1. 19. A crystalline compound of claim 17, having a melting point
of about 140 to about 155 C. 520.A crystalline compound of claim 19, having a melting point of about
145 to about E8aigalents 21, A crystallin.e 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? lg@qﬁ{u _ &%ﬂm%yiﬁéﬁﬁag@?%f be able to ascertain using no more than

routine experimentation, numerous equivalents to the compounds and methods of use
thereof described herein. Such equivalents are considered to be within the scope of this

5 mvention and are covered by the following clairns.

All of the above-cited references and publications are hereby incorporated by

reference,
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28.32; 15.27; 28.96; 17.74; 29.65; 18.96; 30.22; 20.58; 30.46; 20.88; 30.78; 21.58; 32.17; 21.78;
33.65; 22.25; 34.49; 22.80; 35.08;

We Claim:
L. A method for preparing a crystalline compound of Formula (I1)
OMe
O ﬁ o o
\ =
5] O ~OMe O
Me
an
5 comprising (1) preparing a solution of 2 compound of Formula (II) in an organic solvent;

(1i) bringing the solution to supersaturation to cause formation of crystals; and (iii)

isolating the crystals.

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

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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24.25; 35.33; 24.66; 37.85; 23. A method for the preparation of a crystalline compound of
Formula (1), vie 15(11) comprising‘ (i) reacting a compound of Formula (11) 0 (llI) wherein X is
any suitable counterion, with a compound of Formula (IV) in a second 20organic solvent (1V) (i)
preparing a solution of a compound of Formula (Il) in the second organic solvent; (m) bringing the
solution to supersaturation to permit formation of crystals; and (iv) 5isolating the crystals to provide a
crystalline compourftl of FdymmgthodIpf claim 5, wherein the anti-solvent is selected from hexanes,

toluene and water.

9. A method of claim 5, wherein the volume reduction is performed by
gvaporation.
5 10. A method of any one of claims 1 to 9, further comprising sceding the
solution.

11, A method of claim 10, further comprising washing the crystals.

12, A method of claim 11, wherein the washing comprises washing with a
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-sotvent 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 siructure of Formula (II}
o OMe o
H (0]

Nf‘YLLNfY“\:)LN
ys H 6 L H 5
>/ OMe

Me
20 aDn
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I8, A crystalline compound of claim 17, having a DSC thermogram

substantially as shown in Figure 1.

19. A crystalline compound of claim 17, having a melting point of about 140
to about 155 °C.

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 28 values 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.

23, A method for the preparation of a crystalline compound of Formula (11),

0 0
N 0
AL
vs 1o i H g
>/ OMe
Me
ety

comprising (1) reacting a compound of Formula (1)

-, O
X N
O
(1)

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

organic solvent
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(V)

(i1) preparing a solution of a compound of Formula (I1} 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 (11).
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