CRYSTALLINE PEPTIDE EPDXY KETONE PROTEASE INHIBITORS AND THE SYNTHESIS OF
AMINO ACID KETO-EPDXIDES Related Applications This application claims the benefit of priority of
U.S. Provisional Patent 5 Application Serial No. 60/997,613 filed on October 4, 2007 and U.S.
Provisional Patent Application Serial No. 61/008,987 filed on December 20, 2007, the teachings of
which are incor. orr%ted by reference in their entirety. B%ﬁj]ll%rioun of the Invention In e%kar otes,
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ubiquitinated proteins then serve as substrates for the 26S proteasome, a multicatalytic protease,

which cleavesPIOtSIRS UHtoshRd peptides through the action of its three major proteolytic activities.
mg%‘fm‘g ancton |

While havin in intracellular protein turnover, proteasome-mediated degradation
also 15plays a key 0| igJpREMtBIPERTRRStRUAb RS M BIOH M3 I8P RIBIE AN PIgeMIHC) class |

antigen presentation, apoptosis, cell growth regulation, NE-KB activation, antigen processing, and

transdRiction MR ieRRRRRTERLNCSBRAL7 .6 13 Hied 08 FieRdrBRRY iaRddokbiav ki dakabed

mU|tiCata'Y“%Bi]ﬂF@_é’t%’r\CQ@]ﬂ?N696‘9@@@9@@%@&1BH@@@H@@FQ@OWFQW@%HBE%@J@ Uﬁﬂ(’?ﬁ@f‘i‘d (_)ther
20eukaryotes, 7 different a subunits form the outer rings and 7 different B subunits comprise the inner

rings. The a 3INGRRYRIEAOYIFRIRERFR TENHLDIELP A700) and 11S (PA28) regulatory
complexes, as well as a physical barrier for the inner proteolytic chamber formed by the two 13 subunit
rings. Thus, %ﬁ@,—%@%@d@&é&%lieved to exist as a 26S particle (“the 26S proteasome"). In
vivo experiments have shown that 25jnhibition of the 20S form of the proteasome can be readily
cortetated to mibilB FUKSHE SR AR o BRRHOTRAF BIeR2U BB 15 suburnit
duringQparticighfquitiatisetiexpgse whicto gesteinalttrgsiaih éorthidtien, avbilihater eoahdhrccataiytic
nucleophiles. The subunits,responsible for catalytic activity in proteasomes thus possess an amino
tormial nuch STV PSULE A R QO RS0, AL REH BT SRR S BITS
(Ntn) hydroldsethen2efepimaastaunulindltieatalyat nesitewsis;folexvrspeoteys Hes,shortand other
nucleophilic &%ﬁggg)fhwbsgkamgya{gtclcl)undg? Itfso{hree majorewhtic activities. While having a

general function in intracellular protein turnovproteasome-mediated degradation also

15 plays a key role in many processes such as magtodompatibility complex (MHC)
class | antigen presentation, apoptosis, cell gioegulation, NFeB activation, antigen

processing, and transduction of pro-inflammatogyals.

The 20S proteasome is a 700 kDa cylindrical-shapeiticatalytic protease

complex comprised of 28 subunits organized inta fowgs. In yeast and other

20 eukaryotes, 7 different subunits form the outer rings and 7 differprstubunits comprise
the inner rings. The subunits serve as binding sites for the 19S (PAZad 11S
(PA28) regulatory complexes, as well as a phydeatlier for the inner proteolytic
chamber formed by the twbsubunit rings. Thus, in vivo, the proteasomeeiielved to
exist as a 26S particle (“the 26S proteasome”)vivn experiments have shown that

25 inhibition of the 20S form of the proteasome candaalily correlated to inhibition of 26S
proteasome. Cleavage of amino-terminal proseqserigesubunits during particle
formation expose amino-terminal threonine residudsch serve as the catalytic
nucleophiles. The subunits responsible for catabgdtivity in proteasomes thus possess
an amino terminal nucleophilic residue, and thedisits belong to the family of N-

30 terminal nucleophile (Ntn) hydrolases (where thel@ophilic N-terminal residue is, for
example, Cys, Ser, Thr, and other nucleophilic ties@ This family includes, for
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example, penicillin G acylase (PGA), penicillin V acylase (PVA), glutamine PRPP 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 MECL1),
which replace their normal 5counterparts, X, Y and Z respectively, thus altering the catalytic activities

of the proteasgspep|&hprutitl e s RhsETerent pertifleifHhaatesHVRE graianmheteqiyie activities
have been defined for the eukaré/ote 20S proteasome: chymotrypsin-like activity (CT-L), which cleaves

after large h¥RSEHS RIGERLSA b andikadefiatppreasy mmiansralk adwlirpdcitte sidues; and
peptidylglutamyd meatislo Bxprebsdng astivity, HigheRHanige sigrvesoakesaeikasgsidues. Two

additional less characterized activities_have also been ascribed to the proteasome; BrAAP activity,

which cleavddutdr BRRRUAISHE N B hibd AR S MESAR ABNACR VP 9G EHERITARE s after small
neutrad amingoagitkpahe, Majeri@zaseprmvelgotiiic atiptiie s appaf e hatendilhéed by different
catalytic sites, since inhibitors, point mutatiogs iﬁ 13 subunPii'({%and theéExchan e 150fé )
interferon-inBRIRGSPISub b AU &8 QUAHRISH DERLMSERIGRdoree tREHEANAS are
improved cogtpiRside tsaaadesingsintd piepasisgleidde PURERG PIoteasaTEBEItIKS). Summary
of the Invention. . The invention generally relates to the synthesis of protegsome inhibitors and
the 20prepa PG B S FAVER R ACE el R e S PR B RELR e Bhidnton
relates to crystaliinietcerspoes dstbeingcratideiese A d-pupidia() Y ipe pieerngaesiijeally aceapjable
o BRI S e AV i M SASHRY il 16 P BT S 20
have also been ascribed to the proteasome: BrAfWty, which cleaves after
branched-chain amino acids; and SNAAP activity,chtgleaves after small neutral
amino acids. The major proteasome proteolytio/aies appear to be contributed by
different catalytic sites, since inhibitors, pomttations in3 subunits and the exchange

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

What is needed are improved compositions and mstfavgreparing and

formulating proteasome inhibitor(s).

Summary of the | nvention

The invention generally relates to the synthesisrofeasome inhibitors and the
20 preparation and purification of intermediates uk#farefor.

One aspect of the invention relates to crystaltimmpounds having a structure of

Formula (I) or a pharmaceutically acceptable $edtdof,

R 0 R R O RS8
| | X
B N
(\ N ~7 > N I}l
y\) O RO RR O R R* O

|
25 wherein
Xis O, NH, or N-alkyl, preferably O;
Y is NH, N-alkyl, O, or C(R),, preferably N-alkyl, O, or C(®;;

Z is O or C(R),, preferably C(R),;
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RI, R2, R3, and R4 are hydrogen; each of R5, R6, R7, R8, and R9 is independently selected from
hydrogen, CI 6alkyl, Cl 6hydroxyalkyl, Cl 6alkoxyalkyl, aryl, and CI 6aralkyl, each of which is optionally
substituted with a group selected from alkyl, amide, amine, carboxylic acid or a 5pharmaceutically
acceptable salt thereof, carboxyl ester, thiol, and thioether, preferably R5, R6, R7, and R8 are

independently selegtedfrom QhiatkuheCHyeivpdencyalkyl, and C1 6aralkyl and each R9 is hydrogen,
more preferably, R6 and R8 are independently ClI 6alkyl, R5 and R7 are independently CI 6aralkyl and

each R9 is H; m is sadhtegl®; ROMRO KY 2irane 19 misepeinieaty foectewfomraieraye .kl Another
aspect of thein (1) wherein

ention relates to a crystalline compound of Formula, (11l I .
X is any suitgé%% [ﬂﬁgﬁelg?f]el%,& ﬂ%/é(ta e@fyéf#ﬂéjl R 'r%mgiéfvmgm%g%?'?ﬁgysynthesis of
amino acid kaibstipasdesiticagdiog sekehehdh dikwhargite?OR |cardeirgliechtiionoegorotecting group
or a further chain of amino acids, which itself may be optipnally substituted, preferably a protecting
aroupmost BHETEIAER AL A AT Sl o ERB ok A GO 3 LR PR ELRH and ¢
6alkyl; R3 isReletiarl ferrd Rydregedesartmkyly S46atkaxyatindikytiaogyaybhaalkyicteroay!, Cl
Gheteroara'ké’a{ré}ﬂ9| Chaualy g?loyl/drogen, more preferably’ Bnd R are independently Galkyl,

R® and R are independentlyGaralkyl and each Rs H;
m is an integer from O to 2; and
10 n is an integer from O to 2, preferably O or 1.

Another aspect of the invention relates to a ctiyseacompound of Formula (111)

-, (0]
X H,N
O
(1)
wherein X is any suitable counterion.
15 Another aspect of this invention relates to methodshe synthesis of amino acid

keto-epoxides according to scheme (1)

R3 R3
1 R — 1 o
RN RN
RZ O RZ O

(1
wherein

20 R'is selected from a protecting group or a furtheii of amino acids, which itself may
be optionally substituted, preferably a protectyngup, most preferably an
electron withdrawing protecting group;

R? is selected from hydrogen ang.@lkyl;



wherein the method comprises a stereoselective epoxidation under epoxidizing conditions, preferably
an aqueous sodium hypochlorite (bleach) or calcium 5hypochlorite solution in the presence of a
cosolvent selected from pyridine, acetonitrile, dimethylformamide (DMF), dimethylsulfoxide (DMSO),
Nmethylpyrrolidine (NMP), dimethylacetamide (DMA), tetrahydrofuran (THE), and nitromethane. Brief

Description eftedeiadtes fomamardsheremIRyD S HRERIIG, Seaeritg Rl cHFR R dheamparam of
crystalline compound 1. Figure 2 shows an XRPD (X-ray powder diffraction) pattern of crystalline
compound 1. Figur&BeaRiRieaareylrihben ik ¥i 8Rftalline compound 1. 15Figure 4 shows a DSC

thermogram of amorphous compound 1 compared to 3 DSC thermogram of crystalline compound 1.
Figure 5 sholl IR B e SO PSR S LE R P EBE B GHE B patiern of
crystalline compourddditions, pfefpiebly siosguadis Hwfimedigpoakritiegyi)us canpennd 1
compared to the TO 20pattern of crystalline compound 1. Figure 7 shows a DSC curve of an
amorghous sample SPESHEBURGOCIREL IR B SHERRE e RhP b SRS B B Bmpound 1.
Figure 9 shows a D&ietonitréiegfcinsehtatbing aoraeo(Dd ., HigusehBudw M AP N-pattern of a
crystalline compound E. 25Figyre 11 DSC curve of acr lline citrate salt of ound 1.
Figure 15 shows S HEMT BN e A S G e o SR B LA Blgaription o

the Invention and nitromethane.

Brief Description of the Figures

10 Figure 1 shows a DSC (differential scanning caletiny) thermogram of

crystalline compound.

Figure 2 shows an XRPD (X-ray powder diffractiom}tprn of crystalline

compoundL.
Figure 3 shows a TG thermogram of crystalline conmold..

15 Figure 4 shows a DSC thermogram of amorphous contpboompared to a
DSC thermogram of crystalline compouhd

Figure 5 shows an XRPD pattern of amorphous compawompared to the

XRPD pattern of crystalline compoudd

Figure 6 shows a TG thermogram of amorphous conmpbwompared to the TG
20 pattern of crystalline compourid

Figure 7 shows a DSC curve of an amorphous sanfjgienspoundL.
Figure 8 shows the XRPD pattern of amorphous comgau
Figure 9 shows a DSC curve of a crystalline compldtin
Figure 10 shows an XRPD pattern of a crystallin@gound F.
25 Figure 11 shows a DSC curve of a crystalline atsatlt of compound.

Figure 12 shows an XRPD pattern of a crystallinetg salt of compounti



In certain embodiments, the invention relates to crystalline compounds having a structure of Formula
(I) or a pharmaceutically acceptable salt thereof, 5 wherein X is 0, NH, or N-alkyl, preferably O; Y is
NH, N-alkyl, 0, or C(R9)2, preferably N-alkyl, 0, or Z is 0 or C(R9)2, preferably C(R9)2; 10RI, R2, R3,
and R4 are hydrogen; each of R5, R6, R7, R8, and R9 is independently selected from hydrogen,
Cl 6alkyl, Cli5gyiiexpakodfaofadkepyaiyenaipn, and Cl 6aralkyl, each of which is optionally
substituted with a group selected from alkyl, amide, amine, carboxylic acid or a pharmaceutically
acceptable salt theraafeqath@fyibestenciftio] tiaathirbaetrere prefe sadibzRonfo R dsansiRG are

independently selected from CI 6alkyl, CI 6hydroxyalkyl, and C| 6aralkyl h R9 is hydrogen,
mor prefore) REEHLHRB DL Al BRI PGS R TRAbpencenty C1 saraiy anc

each R9 is H; m is an integer from O to 2; and gfs an intggenggom 0 to 2, preferably O or 1. 20In certain
embodiments, X is 0 and RI, R2, R3, and R4 are alfthe ame, prefera ly RI;R2, R3, and R4 are all
hydrogen. In certain such emrbf)\d'ﬁn@];@ 'é, ;| arg’Independe ly selected from CI
6alkyl, Cl 6hydroxyalkyl, and{%ﬂaralkyl, moge preferadsly, ®6 awd R are independently Cl 6alkyl and
R5 and R7 are independently CI 6aralkyl. 25In certain preferred embodiments, X is 0, RI, R2, R3, and
R4 argyall hydrogen, R6 and R8 are both isobutyl, R is phenylethyl, and R7 is phenylmethyl. In
certain embodiments, R5, R6, R7, and R8 are independently selected from hydrogen, CI 6alkyl, CI
6hydroxyalkyl, Cl 6glkexyialkyl, 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,

carboxy! ester, thiolk andthngetiemlalkyl, preferably O;

Y is NH, N-alkyl, O, or C(R),, preferably N-alkyl, O, or C(};
Z is O or C(R),, preferably C(R),;
10 R!, R, R, and R are hydrogen:

each of R R®, R, R, and R is independently selected from hydrogengakyl,
C,.shydroxyalkyl, G_salkoxyalkyl, aryl, and €earalkyl, each of which is optionally
substituted with a group selected from alkyl, amataine, carboxylic acid or a
pharmaceutically acceptable salt thereof, carbegigr, thiol, and thioether, preferably
15 R’ R, R, and R are independently selected fromdalkyl, C,shydroxyalkyl, and G
garalkyl and each R hydrogen, more preferably® Bnd R are independentlyGalkyl,
R® and R are independentlyGaralkyl and each Rs H;

m is an integer from O to 2; and
n is an integer from O to 2, preferably O or 1.

20 In certain embodiments, X is O and, R, R®, and K are all the same, preferably
R', R, R®, and R are all hydrogen. In certain such embodimentsRR R’, and K are
independently selected from galkyl, C;.¢hydroxyalkyl, and @earalkyl, more
preferably, R and R are independently Galkyl and R and R are independently,C

saralkyl.

25 In certain preferred embodiments, X is G, R, R®, and R are all hydrogen, R
and R are both isobutyl, Ris phenylethyl, and Rs phenylmethyl.



5 certain embodiments, at least one of R5 and R7 is Cl 6aralkyl substituted with alkyl, more preferably
substituted with perhaloalkyl. In certain such embodiments, R7 is Cl 6aralkyl substituted with
trifluoromethyl. In certain embodiments, Y is selected from N-alkyl, 0, and CH2. In certain such
embodiments, Z is CH2, and m and n are both 0. In certain alternative such embodiments, 10Z is CH2,

mis 0, and n is 2 ofBeéhtiRt aRBbEINERIS N RICARMPedMeHEpeh iRl seldcteadionn 2. In

certain embodiments, the invention relates to a cfg/stalllne compound of Formula (1) 15 In certain

embodimentY#hagRVe b Sreeirmatkyl YN A R R AL ERAB&ind of

Formula (I) auiflbh ¢oBRitsiHRgPeEebtiTNasE Wtﬁlh@%l@%ﬁ@mwﬂbpmmmﬁm edrh@egriding
to U.S. Patent No. 7,232,818; %‘H.H issolving the amorphous compoun in an organic solvent; (||ey
stals,

bringing the §8'|Gt?c§r?‘t8hs%ﬁ5‘é?§ abn BRIa0 S SR RGERPBR & SSIEL 4APl; \?)ﬂgél%{f?ﬁgﬂe &

e. gh by filterirgttha @fﬁb@dﬁﬂ@b d Y e eRndiac fdmé &amgltﬁe@ralsga@m @mmmm@wmlmtaw Seipeation
technique. In certain embodiments, n further camprises induci| stal |zat|on In certain
oot B SRR T RAER S 6 e o CERIRI )2000 e, PR SERUEN or
non-solvent §uisktieeItaitharmnasionestsylpreparation further comprises 25drying, preferably under
reduced pressure, such as under vacuum pressure. In certain embodiments, the invention relates
to a method for theIpreeaw‘ﬁ@mﬂn‘tmmtdliweisempowwfmﬁwFaWI(A)wdrccm topEtisingocte or more
of: (i) prepari olution af the amor hous h compound m e ared a cordlng
(o for exam B 0SS b CF A0S T8 At GRb Lol L T N A SR .
5supgsaturd@isndblcanse doandtiois f oryatals; m@(m)heolalmemﬁ&adtwmomgerw fitteyiog the

crystals, by de antliégnﬂuir% from the crystals, or by any other suitable separation technique. In certain
embodlment§ %rgp Qil3if further comprises inducing crystallization. In certain embodiments,

prepgratlon fur_ther &OE%E{QﬁSe eﬂ& f%eer%\/%%%ﬂ%%% swgt%ﬁ%/%(?h‘?é d&%{gj s%qlvent fluid. In

certain embodiments, TOpreparation furthet comprises drying, pre y un pressure,
such as undeéouaclaufilpressure. In certain embodiments, the amorphous compound may be
dissolved in an organic solvent selected from acetonitrile, methanol, ethanol, ethyl acetate,

isopropanol, isopropyl acetate, isobutyl acetate, butyl cetate, propy etate, methylethyl ketone,
methylisobutyl

15 (1)

In certain embodiments, the invention relates noeghod for the preparation of a
crystalline compound of Formula (I) or (II), comgirig one or more of: (i) preparing the
amorphous compound, e.g., according to U.S. Paten?,232,818; (ii) dissolving the
amorphous compound in an organic solvent; (iiipgimg the solution to supersaturation

20 to cause formation of crystals; and (iv) isolatihg crystals, e.g., by filtering the crystals,
by decanting fluid from the crystals, or by anyestluitable separation technique. In
certain embodiments, preparation further comptiisgiscing crystallization. In certain
embodiments, preparation further comprises wasthiadiltered crystals, e.g., with a
solvent or non-solvent fluid. In certain embodinsempreparation further comprises

25 drying, preferably under reduced pressure, suaindsr vacuum pressure.



15ketone, and acetone, or any combination thereof. In certain embodiments, the amorphous
compound may be dissolved in an organic solvent selected from acetonitrile, methanol, ethanol, ethyl
acetate, isopropyl acetate, methylethyl ketone, and acetone, or any combination thereof. In certain
embodiments, the amorphous compound may be dissolved in an organic solvent selected from

acetonitrile, methanglcetandnfibyimeaesiaie. imethitaindketanedictimo cameragartiaientaln

certain embodiments, the organic solvent or solvents may be combined with water. In_ certain

embodimentSSAY My SRNEBKARD P15 QUBLIR AR ALHHIR: BB IR LLRATB b BrPLAREENIéht, such
as water or pnifiehrelgidiavidipirsirieswiphanraanin solvitnaiays adpharealwiied idingeb,

reducing the volume of the solution, or an)é 25 combination thereof. In certain embodiments, bringing

the solution {B'<EHRITERIR rHhion FCRIRRHYOs AdRAP AR ARRASIRRRIVESHIiHY MNgBIGHES SPAHBRIR

tempegature IgersakupiibredcgsthMokine of tr9sialytiandedtatinyg evereysting, sotyent/from the
solution. In certajin embodiments, allowing the solytion to cool may be passive (e.g., allowing the
colution o SUIIAT AN RS RYAIEFETBRAIE [0 LBEIAL 1oL BAR PSS Bath or
freezelrl_). _ s!é?z&aabne@rmﬁgiq(?@ntm wtmﬁﬁéﬁfbﬁmﬂm@fnt?ﬂmmbﬁsfdmﬁjwi'_@@@t?@@@&ﬂ@[_l@hg
crystallization. In certain empodiments Ingucin recipitation or crystallizatjon -7- comprises
Comondiany nOYSAT o TSR NP BRI o DR U g e P A etons with
the environnfigiet éerysyalidss avgllswihrangivepeitaraosoaitatici. eie ¢eltatedmbadirbedigents,

hjng th tals . [ hi ith a liquid lected f ti-solvent, tonitril
motniiol, SRS AL GBI RohEe BLAROHET S B BRI leb P P HEWESbly the
crystals are wasladl pittsaueembination of anti-solvent and the organic solvent. In certain

embodiments, the anti-solvent is water. In certain embodiments, washing the crystals
comprises washingltheectgistadhmeotiloemgo tmel arhBarhauda domyptunuithatissalvd dvisitan orgdimicertain
embodiments, a crystalline compound.of Formula (II) is Slégﬁta tiall re. In certain embodiments, the
ot kT e e Gl
about 205 tcaaktate? Kolytgbace2id, touaydcat et Op apsizae, abetity24th v kefdneemethdebodiphents,

the DR of 4 gysialing compaund oL pormula; il hasAsham RACISINIE My 2 aBoHEAL2 C
e.g., résulting and ecomaloa Iono

ne, anlg a a9
rom’melting e crystalline Torm as shown in’'Figure 1.
compound may be dissolved in an organic solveecssdl from acetonitrile, methanol,
ethanol, ethyl acetate, isopropyl acetate, methylétetone, and acetone, or any
combination thereof. In certain embodiments, tm@@hous compound may be
dissolved in an organic solvent selected from ag#tle, methanol, ethanol, ethyl
20 acetate, methylethylketone, or any combinationetbier In certain embodiments, the

organic solvent or solvents may be combined witkewa

In certain embodiments, bringing the solution tpessaturation comprises the
addition of an anti-solvent, such as water or agogolar liquid miscible with the organic
solvent, allowing the solution to cool, reducing trolume of the solution, or any

25 combination thereof. In certain embodiments, brigghe solution to supersaturation
comprises adding an anti-solvent, cooling the smhuto ambient temperature or lower,
and reducing the volume of the solution, e.g., \yperating solvent from the solution.
In certain embodiments, allowing the solution tolamay be passive (e.g., allowing the
solution to stand at ambient temperature) or a¢évg., cooling the solution in an ice

30 bath or freezer).

In certain embodiments, the method further comprisducing precipitation or
crystallization. In certain embodiments inducimggipitation or crystallization
-7 -



20 In certain embodiments, the X-ray powder pattern of a crystalline compound of Formula (Il) is
(9-29): 6.10; 8.10; 9.32; 10.10; 11.00; 12.14; 122.50; 13.64; 13.94; 17.14; 17.52; 18.44; 20.38; 21.00;
22.26; 23.30; 24.66; 25.98; 26.02; 27.84; 28.00; 28.16; 29.98; 30.46; 32.98; 33.22; 34.52; 39.46 as
shown in Figure 2. In certain embodiments, the TO thermogram of a crystalline compound of

Formula (1) exhipliséesechdan: Ficlaighr |0fseife th e tReRHRI ST ANe @ fseh te dPBdeds shown in
Figure 3. 25In certain embodiments, a créstallin,e compound of Formula (11) is not solvated (e.g., the

crystal latticE YS! EIRIAGEPRNMELIBE SMYIINRADL (IR MR LTS dmRRlififsents, a

crystalline cempiedndrofdtenmula (1) is solvated. In certain embodiments, the invention relates to a
method for the preparation of an amorphous compound of Formula (1) comprising one or more of (i)

dissolving the 30crysteditaicempbodit éntan waghitig sl enisti)dcrpmaythsrjution toliquid
supersaturation to se formation of crystals; and (iii) isolgting the crystals, e.g., by filtering the
cryotatt, by GRS ATHOr Ol AR ON B oy DARETRLR Sh ACrIAT: BRI cortain
embodimentieiepasastiaamtzirtres compiisgtointhmiogfpredifgeiocrystattaio ambiosindtisa
preparation further comprises washing, the amorphous compound. In 5certain embodiments, the
ethod oty EOMBVRB SR VB Al LG S S Ia BT PR TP\ R G M pressure.
In certain enslobeimentedtee. invention relates to a crystalline salt of a compound of Formula (1) or (I1),

wherein the salt counterion is selected from bromide, chloride, sulfate, phosphate, nitrate, acetate,
trifluoroacetate, citriteenaihanesotionants vaieshteg dleatry piallnitampsiess Abeg (e aty/skahaeate,

Iacta1'le0 108%0&556%’ tg@flgﬁ@%@ﬁ%ﬁ%%%%hﬁﬁrgﬁr gﬁatset#ccinate, tartrate, mesylate, 2-
helike. '

hydroxyethansulionate, an n certain such embodiments, the salt counterion is selected from

citrate, tartrate, trifIWE)r cefate, [?ﬂ@ﬁ%flg’e s“atmh@%ﬁéﬁ:%“m%&@"g%%%; 1|%preferably

citrate. In certain embodiments, the invention refates to a m aration o

crystalline s#@itt.alogtepeimerobpdimenis( e ompigrepitheteryaiedioe (P prepanic@hif®ambaphous
compound eé%’_i%&%‘f@%iqgﬁ%&o?agﬁfﬁ%%%géat% SBAEsey! #HSL&@?%P& peyng inan

organic solv nging the solution to supersaturation to cause formation of crystals; and (1v)
isolating the ppstiakl 27§, by even e 2hatals, by decanting fluid from the crystals, or by any other

suitable separation technique. In _
In certain embodiments, the DSC of a crystallinempound of Formula (Il) has a

sharp endothermic maximum at about 212 °C, e.gulting from melting and

decomposition of the crystalline form as showniguke 1.

In certain embodiments, the X-ray powder pattera ofystalline compound of
Formula (ll) is §-26°): 6.10; 8.10; 9.32; 10.10; 11.00; 12.14; 122 B064; 13.94; 17.14;
20 17.52; 18.44; 20.38; 21.00; 22.26; 23.30; 24.6692526.02; 27.84; 28.00; 28.16; 29.98;
30.46; 32.98; 33.22; 34.52; 39.46 as shown in [eig@ur

In certain embodiments, the TG thermogram of atahyse compound of
Formula (Il) exhibits from 0.0 to 0.1% weight lassthe temperature range of 25 to 200
°C as shown in Figure 3.

25 In certain embodiments, a crystalline compoundarhtula (ll) is not solvated
(e.g., the crystal lattice does not comprise madecaf a solvent). In certain alternative

embodiments, a crystalline compound of Formulaigl§olvated.

In certain embodiments, the invention relates noeshod for the preparation of an
amorphous compound of Formula (II) comprising onenore of (i) dissolving the

30 crystalline compound in an organic solvent; (iiniging the solution to supersaturation to

-8-



20certain 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 drying, preferably under reduced
pressure, such as under vacuum pressure. In certain embodiments, the invention relates to a method

for the prepasation Rfrmnahsrystaliia sl i@ GOMENdgift s (Y), spmesistoieeegstare of (i)
preparing a solution of a compound of Formula (1) in an organic solvent; (H)_addingiga_suitable acid,;

(Hi) bringing W& S6RMEI HWd Saeb il Ra @ SRRy G EHEH BRIR SEREr AFRNIPLiadidtRg the
crystals, e.gcdiyHitfeiedaienenysiaseby g ieh Briciinsmdbechnysiiisipiaoany e et switable

separation techn!%ﬁe. In certain embodiments, preparation further BOComgprises inducriyg

n
crystallizatioR MRS NS RRRHRS, TR SROHPH R B M aSHIB AR RARHTEARP R ail e ., with a

solverg or nasalMethiuiginie perteie enebastinmenterierpiasiendupias conplisesrdadngeareferably
under reduced pressure, such as under vacuum pressure. In certain embodiments where the salt is

less soluble & sBfe ASHENABEVACU M RYGRS e ARG M SHLE L BOR FRiRtES( R
bring the solgtigyssineasantoratioompoteithtT EoTBOEENEEE, Wrtrailh eoarigitiesusseleatrd from

selected from 5bromide, chloride, sulfate, phosphate, nitrate, acetate, trifluoroacetate, citrate,
o honee S I O GBS, B IUAeSUB HEAr BLe LR SR SIe. tosylate
malonate, maieate, felasaies HEmeinaladiRitisse opasy| datadistualasy ehbeasylfatear)ddb@tike. In

certailjl such embodiments, the salt counterio% is selected from citrate, tartrate, triTIuorr?Zacetate,

methaResulBHEHE A SHR4A IR 18IS BIRIE A d BRGHREE BYErd AR Bt aReY e Certain

embodimentsythexgkganicssdivaatds setetiedikem T tHrtaideianbddiredes, ane JAEBEu ety is
combination t%%r‘eof referably THE or acet%[rt;l]itrile, or a combinatjon thereof. In cerli?in embodiments,
e, gt

a crystalline% gaPﬁoé? g SAHERE~E ?ﬂga(ﬁ?@ef Y Rﬂgﬁ?f’ ;58 S
embodimentshihédaedinpromidy, thecteystdlliorratsate salt of a compound of Formula (1) is in the

range of about 180 to about 190 C or even about 184 to about 188 C. In certain embodiments,
the DSC of a crystdlimetanatenshtdiiree nsniieimy entrarmel i« H jdeth ad Soa th & pdeplaeatinn maaimum
at ab?gt 1870%/5?39ih(reeéc’gll{iggafrgpmpound of Formula (1), qansing one or more of: (i) preparing
the amorphous compound e.g., according to U.SnPBi® 7,232,818; (ii) dissolving the
amorphous compound in an organic solvent; (iiipgimg the solution to supersaturation
to cause formation of crystals; and (iv) isolatihg crystals, e.g., by filtering the crystals,
by decanting fluid from the crystals, or by anyestbluitable separation technique. In
20 certain embodiments, preparation further comptiisgiscing crystallization. In certain
embodiments, preparation further comprises wasthiegrystals, e.g., with a solvent or
non-solvent fluid. In certain embodiments, preparafurther comprises drying,

preferably under reduced pressure, such as undaurapressure.

In certain embodiments, the invention relates noeghod for the preparation of a
25 crystalline salt of a compound of Formula (II), qmming one or more of (i) preparing a
solution of a compound of Formula (1) in an orgasolvent; (ii) adding a suitable acid;
(ii) bringing the solution to supersaturation suse formation of crystals; and (iv)
isolating the crystals, e.g., by filtering the ¢ajs, by decanting fluid from the crystals, or
by any other suitable separation technique. Itaceembodiments, preparation further
30 comprises inducing crystallization. In certain @diments, preparation further
comprises washing the crystals, e.g., with a sélgenon-solvent fluid. In certain
embodiments, preparation further comprises drypngferably under reduced pressure,
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20melting and decomposition of the crystalline form as shown in Figure 11. In certain embodiments,
the X-ray powder pattern of a crystalline citrate salt of a compound of Formula (11) is (9-29): 4.40;
7.22;9.12; 12.36; 13.35; 14.34; 15.54; 16.14; 16.54; 17.00; 18.24; 18.58; 19.70; 19.90; 20.30; 20.42;
21.84; 22.02; 23.34; 23.84; 24.04;

such as under vacuum pressure. In certain embaotknadere the salt is less soluble in a
solvent than the free base, adding the acid tdudig may itself be sufficient to bring

the solution to supersaturation.

In certain embodiments, the salt counterion iscéetefrom selected from
5 bromide, chloride, sulfate, phosphate, nitratetaeetrifluoroacetate, citrate,
methanesulfonate, valerate, oleate, palmitatetegsdaurate, benzoate, lactate,
succinate, tosylate, malonate, maleate, fumaratejrsate, tartrate, mesylate, 2-
hydroxyethansulfonate, and the like. In certaichsembodiments, the salt counterion is
selected from citrate, tartrate, trifluoroacetatethanesulfonate, toluenesulfonate,

10 chloride, and bromide, preferably citrate.

In certain embodiments, the organic solvent isctetefrom THF, acetonitrile,
ether, and MTBE, or any combination thereof, praber THF or acetonitrile, or a

combination thereof.

In certain embodiments, a crystalline citrate s compound of Formula (ll) is
15 substantially pure. In certain embodiments, th#éingepoint of the crystalline citrate salt
of a compound of Formula (1l) is in the range odab180 to about 190 °C or even about
184 to about 188 °C.

In certain embodiments, the DSC of a crystallireate salt of a compound of
Formula (Il) has a sharp endothermic maximum auah87 °C, e.g., resulting from
20 melting and decomposition of the crystalline forsnshown in Figure 11.

In certain embodiments, the X-ray powder pattera ofystalline citrate salt of a
compound of Formula (1) i926°): 4.40; 7.22; 9.12; 12.36; 13.35; 14.34; 15.5%114,
16.54; 17.00; 18.24; 18.58; 19.70; 19.90; 20.3042021.84; 22.02; 23.34; 23.84; 24.04;
24.08; 24.48; 24.76; 25.48; 26.18; 28.14; 28.2062829.64; 31.04; 31.84; 33.00; 33.20;
25 34.06; 34.30; 34.50; 35.18; 37.48; 37.90; 39.48hmsvn in Figure 12.

In certain embodiments, the invention relates ¢oyatalline compound of

Formula (III)
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24.08; 24.48; 24.76; 25.48; 26.18; 28.14; 28.20; 28.64; 29.64; 31.04; 31.84; 33.00; 33.20; 25 34.06;
34.30; 34.50; 35.18; 37.48; 37.90; 39.48 as shown in Figure 12.

(Iln)

wherein X is any suitable counterion.

In certain embodiments, X is a counterion sele@i@a bromide, chloride,

5 sulfate, phosphate, nitrate, acetate, trifluorateecitrate, methanesulfonate, valerate,
oleate, palmitate, stearate, laurate, benzoat@tégasuccinate, tosylate, malonate,
maleate, fumarate, succinate, tartrate, mesylatgdfoxyethansulfonate, and the like.
(See, for example, Berge et al. (1977) “Pharmacal8alts”, J. Pharm. Sci. 66: 1-19.)
In certain embodiments X is selected from trifllexretate, methanesulfonate,

10 toluenesulfonate, acetate, chloride, and bromickfepably trifluoroacetate.

In certain embodiments, the invention relates moethod for the preparation of a
crystalline compound of Formula (Ill) comprisingeoor more of: (i) preparing a
compound of Formula (1V), e.g., according to Biadved. Chem. Letter 1999, 9, 2283-
88 or U.S. Patent Application 2005-0256324, wheR#his a suitable protecting group
15 (e.g., Boc or Chz)

PG-HN
o)

(V)

(i) dissolving the compound of Formula (1V) in arganic solvent; (iii) adding a suitable
acid; (iv) bringing the solution to supersaturatiorcause formation of crystals; and (v)
20 isolating the crystals, e.g., by filtering the dajs, by decanting fluid from the crystals, or
by any other suitable separation technique. Itagseembodiments, preparation further
comprises inducing crystallization. In certain @diments, preparation further
comprises washing the crystals, e.g., with a s¢lgenon-solvent fluid. In certain
embodiments, preparation further comprises drypngferably under reduced pressure,

25 such as under vacuum pressure.
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In certain embodiments, the invention relates to a crystalline compound of Formula (lll) wherein X is
any suitable counterion. In certain embodiments, X is a counterion selected from bromide, chloride,
5sulfate, phosphate, nitrate, acetate, trifluoroacetate, citrate, methanesulfonate, valerate, oleate,
palmitate, stearate, laurate, benzoate, lactate, succinate, tosylate, malonate, maleate, fumarate,

succinate, tartrate, negytaif, ehibsipngatsant lffraigoand thedikedioagofanexseeaiaias gt al.

(2977) "Pharmaceutical Salts", J. Pharm. Sci. 66: 1-19.) In certain embodiments X is selected from

trifluoroacet&d SRS FOSREHAECH bRSAR £l N0 RARPUBINERORIBHRIST dAPEFBMIt Breferably
trifluoroacetaigulibaestain ambasibescothsonNBiTrorakaIas bR, metopdiier i sipwpanaban of a

crystalline compound of Formula (Illéggém rising one or more of: (i) preparing a compound of Formula
(V). e.q., actOeMgBISIob I VB2 eEEHE Pk 1584 H ABRED AR 25052 AbREaRiT
2005-8256 324 I\WheraiRdrém PaSyitablatapmesting vy igiddig. Bdeasy @iizhz)  (IV) (i) dissolving the
compound of Formula (1V) in an organic solvent; (iif) adding a suitable acid; (iv) bringing the solution to
supersaturation to cause formation of crystals; and (v) 20isolating the crystals, e.g., by filtering the
crystals, by decanting fluid from the crystals, or by anyOtker suitable separation technique. In certain
embodiments, preparation further comprises inducind crygiization. In certain embodiments,
preparation further comprises washing the crpstatsye. a solvent or non-solvent fluid. In certain
embodiments, preparation further comprises drying, preferably under reduced pressure, 25such as
under vacuum pressure.

(V)

(i) bringing the solution to supersaturation tasa formation of crystals; and (iii)
isolating the crystals, e.g., by filtering the dajs, by decanting fluid from the crystals, or
10 by any other suitable separation technique. Itaceembodiments, preparation further
comprises inducing crystallization. In certain @diments, preparation further
comprises washing the crystals, e.g., with a sélgenon-solvent fluid. In certain
embodiments, preparation further comprises drypngferably under reduced pressure,

such as under vacuum pressure.

15 In certain embodiments the acid is selected frodrdiyromic, hydrochloric,
sulfuric, phosphoric, nitric, acetic, trifluoroamgtcitric, methanesulfonic, valeric, oleaic,
palmitic, stearic, lauric, benzoic, lactic, succimp-toluenesulfonic, citric, malonic,
maleic, fumaric, succinic, tartaric, methanesulép2-hydroxyethanesulfonic, and the

like. Preferably the acid is trifluoroacetic acid.

20 In certain embodiments, X is a counterion seleftat hydrobromide,
hydrochloride, sulfate, phosphate, nitrate, acetatkioroacetate, citrate,
methanesulfonate, valerate, oleate, palmitatetegsdaurate, benzoate, lactate,
succinate, tosylate, malonate, maleate, fumaratejrsate, tartrate, mesylate, 2-
hydroxyethansulfonate, and the like. (See, fongla, Berge et al. (1977)

25 “Pharmaceutical Salts”, J. Pharm. Sci. 66: 1-18.tertain embodiments, X is selected
from trifluoroacetate, methanesulfonate, toluerfesaite, acetate, chloride, and bromide,

preferably trifluoroacetate.
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In certain embodiments, the invention relates to a method for the preparation of a crystalline
compound of Formula (111), comprising one or more of: (i) preparing a solution of an amorphous
compound of Formula (1V), e.g., according to Bioorg. Med. Chem. Letter 1999, 9, 2283-88 or U.S.
Patent Application 2005-0256324, in an organic 5solvent, wherein PG is a suitable protecting group

(e.g., Boc or Cbz). |n(béHAihtsinpinginesluierdenpepeis iuraiiniulg grussdessioadicaystals; and
(iii) isolating the crystals, e.g., by filtering the crystals, by decanting fluid from the c%stal_s, or 10by any

other suitablB"88P4 SRYPRICHRIRRIE H U NN HBAINEIR s SHE PR PPRARNL AEB A St HB cing

crystallizatioge e tainye Bbaaiaants pprapatato tisyie aestyises wasliethde Mysels.oe.g., with a
solvent or non-solvent fluid. In certain embodiments, preparation further comprises dryin ,Ipreferably
under reducBb RO RIRAURRANESRIddP R ST B ARl o BB MR ESRS KA

selectgd frormgicidiopietign8yeinghiitasy I UTe mhesahy doHiEe (IaeelsT, pritoraaigasiensitric,
methanesulfgnic, valeric, oleaic, palmitic, steaﬁiti, lauric, benioic lactic, succinic, p-toluenesulfonic,

citric, malonfCHAIORSHIAYR AT MIRE QI ey AratalRandish EB-hydroxyethanesulfonic, and the
like. Preferably the Iacid igadtrifluo oa(ietic iCi . 20In ciﬁtainggbo%}mentf, X.is a counteriongj}elected
from hydrobromide, hyaFSERMIGH SO SN R U O HETRARRI B SPRES CRAR
methanesulfaddito valteatenicaiecps| Bilctcasttanate dantEs beanoster lhgtadensscibleatgtosylate,
malonate, maleate, fumarate, succinate, tartrat esylate, 2- hydroxyethansulf te the like.
(oo for exdE AR Sclvent, Saov S B Ao ke diey B e o sl dhern
emqu]'mentany(m_mmﬁmmudmﬂmembﬁmmmm&hmwuﬁeuItonate, acetate,
chloride, an%gé%@gt%rg{i%fr? rcaobrIIthrrigléJso g)(?oclﬁtga?ﬁ anti-solvewnljrgy the solution to ambient

temperature or lower, and reducing the volume efsiblution, e.g., by evaporating

solvent from the solution. In certain embodimettis, anti-solvent is hexanes or

heptanes, preferably heptanes.

15 In certain embodiments, washing the crystals cosegrivashing with a liquid
selected from anti-solvent, ethyl acetate, dichlmethane, or a combination thereof.

Preferably the crystals are washed with anti-sdlyeneferably heptanes.

In certain embodiments, the DSC of a crystallinepound of Formula (111) has a
sharp endothermic maximum at about 137 °C, e.gulting from melting and
20 decomposition of the crystalline form as shownigufe 9.

In certain embodiments, the X-ray powder pattera ofystalline compound of
Formula () is -26°): 8.84; 15.18; 15.32; 16.20; 16.82; 17.66; 181%10; 21.20;
22.58; 23.06; 23.52; 25.32; 26.58; 28.60; 30.0848030.84; 32.20; 36.14; 37.12 as
shown in Figure 10.

25 In certain embodiments, a crystalline compoundarhtula (lll) is not solvated
(e.g., the crystal lattice does not comprise madecaf a solvent). In certain alternative

embodiments, a crystalline compound of Formulg {$llsolvated.

In certain embodiments, the invention relates noeghod for the preparation of a
crystalline compound of Formula (II), comprisingeoor more of (i) preparing a solution
30 of compound of Formula (V) wherein PG is a suigaptotecting group (e.g., Boc or

Cbz), in a first organic solvent
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In certain embodiments, the compound of Formula (IV) may be dissolved in an organic solvent
selected from dichloromethane, ethyl acetate, isopropyl acetate, isobutyl acetate, butyl acetate, propyl
acetate, diethyl ether, methyl tert-butyl ether (MTBE), or any combination thereof. In certain
embodiments, the organic solvent is selected from 5dichloromethane, ethyl acetate, MTBE, or any
combination thereof, preferably either dichloromethane\and MTBE or ethyl acetate and MTBE. In
certain embodiments, bringing the solution to supersa ion comprises the addition of an
anti-solvent, such as hexanes or heptanes or anothef liquiganiscible with the organic solvent, allowing
the solution to cool, reducing the volume of thesseintiony0r3+0any combination thereof. In certain
embodiments, bringing the solution to supersaturation gpmprises 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 certain embodiments, thgynti-solvent is hexanes or heptanes, preferably
heptanes. 15In certain embodiments, washing the crystals comprises washing with a liquid selected

fromhar&ti-s%l@'ﬁ)radeﬁl‘iglaasat@tfaledglzhtﬁr@m@m@agma @ﬁbmtbaéim%t’eatafﬁtiim@mleéhemmiﬁ*s are
washed with anti-solyent, prefera eptanes In cerfain embodiments, the DSC of a crystalline
Compound of FONRIAE (MHSS B CKAEo BT 19 CHIRRLI Bl B8 0, SBE e om
melting and ROdeeetmup ooy pitdiirer ysialjboaiioraf #shaw(in Figure 9. In certain embodiments,
the X-ray powder pattern of a crystalline compound of Formula (I1) is (9-29): 8.84; 15.18; 15.32; 16.20;
16.82; 17.66; 18.26; 19.10; 21.20; 22.58; 23.06; 23.52;\25.32; 26.58; 28.60; 30.08; 30.48; 30.84;
32.20; 36.14; 37.12 as shown in Figure 10. 25In certg bodiments, a crystalline compound of
Formula (lll) is not solvated (e.g., the crystal I&ttice)rd es n@bcomprise molecules of a solvent). In
certain alternative embodiments, a crystalline ‘cafgoungd orFormula (ll1) is solvated. In certain
embodiments, the invention relates to a method for the@reparation of a crystalline compound of
Formula (Il), comprising one or more of (i) preparing a solution 30of compound of Formula (IV)
wherein PG is a suitable protecting group (e.g., Boddb Cbz), in a first organic solvent

wherein X is any suitable counterion, with a commbof Formula (V)

e e

(\N N\_)]\N N\)]\OH

o J o F M o <
Ph

Ph

-~

10 V)

to provide a compound of Formula (11); (vi) prepeyia solution of the compound of
Formula (ll) in a second organic solvent; (vii)riging the solution to supersaturation to
cause formation of crystals; and (viii) isolatig tcrystals to provide a crystalline
compound of Formula (I1), e.g., by filtering theystals, by decanting, or by any other

15 suitable separation technique. In certain embonim@reparation further comprises
inducing crystallization. In certain embodimemteparation further comprises washing
the crystals, e.g., with a solvent or non-solvéndf In certain embodiments, preparation
further comprises drying, preferably under redusex$sure, such as under vacuum

pressure.

20 In certain embodiments, the acid is selected frgdrdbromic, hydrochloric,

sulfuric, phosphoric, nitric, acetic, trifluoroamgtcitric, methanesulfonic, valeric, oleaic,
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(Iv) (i) adding a suitable acid; (iii) bringing the solution to supersaturation to cause formation of
crystals; (iv) isolating the crystals to provide a crystalline compound of Formula (111); 5(v) reacting the
crystalline compound of Formula (Ill) wherein X is any suitable counterion, with a compound of
Formula (V) 0 rNThrNH 11 -"CON o0Ph Ph 10(V) to provide a compound of Formula (lI); (vi) preparing

a solution of shmfiaenReaELOfdRIENBENEDId) RERSCATLBlpaITkISABSINTO () BitigingalBaigolution to
supersaturation to cause formation of crystals; and (viii) isolating the crystals to provide a crystalline

compound of ERIRUIETA e Ui el @R ife TShaRC BN FY GBS eRieras i bie-

separation tgwnigHBl/ fhecsdtn ismiIRdrantgidaeraration further comprises inducing crystallization.
In certain embodiments, preparation further comprises washing the crystals, e.g., with a solvent or

non-solvent fluid. InrcegatiresThbdiiaetsspie pasatonwitioer sslatatigesydinpbgmieésrably under
fom 15 chobl Iy HEEn 8 R R RSB BB AR oG e,
methanesulfordth maésiidfople@icyvalerate, oleate, palmitateratmdaurate, benzoate, lactate,
succinate, tosylate, malonate, maleate, fumaratejrsate, tartrate, mesylate, 2-
hydroxyethanesulfonate, and the like. (See, fangle, Berge et al. (1977)
“Pharmaceutical Salts”, J. Pharm. Sci. 66: 1-18.rertain embodiments, X is selected
10 from trifluoroacetate, methanesulfonate, toluerfesaite, acetate, chloride, and bromide,

preferably trifluoroacetate.

In certain embodiments, the first organic solvergalected from
dichloromethane, ethyl acetate, isopropyl aceistdutyl acetate, butyl acetate, propyl
acetate, diethyl ether, methyl tert-butyl ether @El), or any combination thereof. In

15 certain embodiments, the organic solvent is saleitten dichloromethane, ethyl acetate,
MTBE, or any combination thereof, preferably eitdexhloromethane and MTBE or
ethyl acetate and MTBE.

In certain embodiments, the second organic solgeselected from acetonitrile,
methanol, ethanol, ethyl acetate, isopropanol rigmy acetate, isobutyl acetate, butyl
20 acetate, propyl acetate, methylethyl ketone, mestblylityl ketone, and acetone, or any
combination thereof. In certain embodiments, tm@@hous compound may be
dissolved in an organic solvent selected from ag#tle, methanol, ethanol, ethyl
acetate, acetone, or any combination thereof.ettam embodiments, the organic solvent

or solvents may be combined with water.

25 In certain embodiments, preparation further conggrisashing the crystals of
either or both of Formula (I) or (lll). In certaembodiments, washing the crystals of a
compound of Formula (II) comprises washing witlgaild selected from anti-solvent,
acetonitrile, methanol, ethanol, ethyl acetatetaaw® or a combination thereof.
Preferably the crystals of a compound of Formuleafle washed with a combination of

30 anti-solvent and the organic solvent. In certambediments, washing the crystals

comprises washing the crystalline compound of Féan(il) with methanol and water. In
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palmitic, stearic, lauric, benzoic, lactic, succinic, p-toluenesulfonic, citric, malonic, maleic, fumaric,
succinic, tartaric, methanesulfonic, 2-hydroxyethansulfonic, and the like. Preferably the acid is
trifluoroacetic acid. In certain embodiments, X is a counterion selected from hydrobromide,
5hydrochloride, sulfate, phosphate, nitrate, acetate, trifluoroacetate, citrate, methanesulfonate,

valerate, olegigialaHiBriifientatovaaninteiReparales BCiaianty efinaien insylaiednaleate, maleate,

fumarate, succinate, tartrate, mesylate, 2- hydroxyethanesulfonate, and the like. (See, for example,

Berge et al. MAFFNPHIR-AAQMIHEE'SSIRG TP RIS BKE e 2eRIg!E LSRIGHOMRTAIRREL X is
selected 10fegmbiiseopacriaies. nredTargslylierateydelicosaiptunmafacetaigiachlorise wadHyemide,

preferably trifluoroacetate. In certain embodiments, the first organic solvent is selected from
dichlorometi4H2 285 PARNL BT XBIFBMAGRERARS isobutyl acetate, butyl acetate, propy! acetate,
diethy| ether, methyl tert-butyl ether (MTBE), or any combination thereof..In 15certain embodiments,
the orGanc solvent s CEHRILA A ERABroR ERALHLOBy1 AE (A BRRFED SR BB
thereof, preferdidyheithEodiali(tinetiiane mretehdbBEUIAdettycadetats sund NMTiBiEas urderertaioum
embodiments, the second organic solvent is selected from acetonitrile, methanol, ethanol, ethyl
acetate, isoﬂ%epsf%ﬁ'isopropyl acetate, isobutyl acetate, butyl 20acetate, propyl acetate, methylethyl
ketone, methylisobyiyl ketgne, and Acelane,or anv.aombialion fiesetn gedpin.emBggiments, the
amorphous compound may be dissolved i an organic solvent selected from acetonitrile, methanol,
ethanol, ethylanptéimgaaatystalonamcy cgobirhtid i onendaf (li{idrendia endodaoentsalhe organic

| : : . . . :
comibes wAGHRANE S U SR R S e rel
washing the feoysttiblefsa capsubesicaoidFojectilandl) comprises washing with a liquid selected from

anti-solvent, acetonitrile, methanol, ethanol, ethyl acetate, acetone, or a combination thereof.

Preferably the crystBidsonseinpclad aEesialangihass inidhedsoni of apakikationas: S08htRsolvent
and the organi . Mg di ; i cryst foreal W' i
crystalline c%{}n%%%mli%mjw%% rrTeﬁ[Hgs’nﬁ/ %ﬂ%'ﬂ%v%a{gt%%tl E\K% %g | lﬁﬁﬁ/}ﬂ%@méﬂ%d

for preparing amino acid keto-epoxides accordingcteeme (1)

R3 R3
1 R — 1 ©
RN RN
RZ O RZ O

15
()
wherein
R'is selected from a protecting group or a furtheii of amino acids, which itself may
be optionally substituted, preferably a protectyngup, most preferably an
20 electron withdrawing protecting group;
R? is selected from hydrogen ang.g@lkyl; and
R®is selected from hydrogen.galkyl, Ci.calkoxyalkyl, heterocyclyl, aryl, heteroaryl,
C,-eheteroaralkyl, and Garalkyl; and
wherein the method comprises a stereoselectivei@gimn under epoxidizing
25 conditions, preferably an aqueous sodium hypodkeidnieach) or calcium

hypochlorite solution in the presence of a cosuiselected from pyridine,
acetonitrile, DMF, DMSO, NMP, DMA, THF, and nitrothane.
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certain embodiments, washing the crystals of a compound of Formula (IIl) comprises washing with a
liquid selected from anti-solvent, ethyl acetate, dichloromethane, or a combination thereof. Preferably
the crystals of a compound of Formula (Ill) are washed with anti-solvent, preferably heptanes. 5In
certain embodiments, preparation further comprises drying the crystals of either or both of Formula (11)

or (l11), preferably updesresieathparteties, HECaSAINERT LaselsMaRiasMPeand peidinembodiments,
the invention relates to a pharmaceutical composition comprising a crystalline compound of Formula

(1) or (1) andP SR PRy 10acceptable carrier. In certain embodiments, the pharmaceutical
composition is selected from tab:eta,g%aﬁsulisl? and injections. This invention also relates to

methods for the syﬁ'fh%%'i% & cARRIARIRILE Hﬁ?ﬁﬂﬁﬂ% AWITRYUTRAL Y another
aspect, the inypotibvprevidtgepresthast fof prapsuingnsétistaniddyeioiepaxidesreitor M0 scheme

15 _(Hw inR1.is selected a protecting group or g further chain of amino acids, which itself
ey b oGS RS BTty PIEERAI L Dho s e DS Er ) T d8faron
withdrawing prefectiig pyodin &R 2l isceeteateshitadimeaiiag epexidbbo b adkyt réothBd issrjectEobirom
hydrogen, Cl 6alkyl, Cl 6alkoxyalkyl, heterocyclyl, aryl, heteroaryl, Cl 6heteroaralkyl, and ClI 6aralkyl;
and wiereir RIS R R R U L SR 488 dciions,
preferably apedoaned sstigra hppoenjoatr(blsadinhohgpodhiooiteion in the presence of pyridine.

In certain embodiments, the epoxidation is perfatm&ing a calcium hypochlorite

10 solution in the presence of NMP.

In certain embodiments,'fs selected from a protecting group or a furtheic
of amino acids, which itself may be optionally stitised. In certain such embodiments,

R'is a protecting group, preferably an electron diihwing protecting group.

In certain embodiments,'Rs selected frontbutoxy carbonyl (Boc), benzoyl
15 (Bz), fluoren-9-yImethoxycarbonyl (Fmoc), trichl@thoxycarbonyl (Troc), and
benzyloxy carbonyl (Cbz). In certain such emboditaeR is selected from-butoxy
carbonyl (Boc), benzoyl (Bz), trichloroethoxycarlyb(rroc), and benzyloxy carbonyl

(Cbz), preferably Cbz or Boc. In certain preferemabodiments, Ris Boc.

In certain embodiments,*fs selected from hydrogen,.galkyl, C;.¢alkoxyalkyl,
20 heterocyclyl, aryl, heteroaryl,;Gheteroaralkyl, and Garalkyl. In preferred
embodiments, Ris C,salkyl, preferably isobutyl. In certain preferremiteodiments, &
is C.garalkyl, preferably phenylmethyl, 4-hydroxyphenytimg, or 2-phenylethyl.

In certain embodiments, the stereoselective eptiri#s performed under
conditions that do not result in significant epiimation of the carbon bearing’ Rsuch
25 that there is less than 10%, less than 5%, less2%a or even less than 1% epimerization
of the carbon bearing®R In certain embodiments, the stereoselective idptirn is
performed such that the product is greater thante®@, greater than 95%, greater than
98%, or even greater than 99% diastereomericallg.pu

In certain embodiments, the epoxidation is perfatraiea temperature in the
30 range of about -15 °C to about 10 °C, about -1@°&bout 5 °C, or even about -5 °C to
about 0 °C.
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hypochlorite solution in the presence of a cosolvent selected from pyridine, acetonitrile, DMF, DMSO,
NMP, DMA, THF, and nitromethane. In certain embodiments, the cosolvent is selected from NMP
and pyridine, preferably pyridine. In certain embodiments, the epoxidation is performed using
aqueous sodium hypochlorite in the presence of a cosolvent selected from pyridine, acetonitrile, DMF,

SDMSO, NMP, DMy, détfairreehBitameransedesiarsin A8V ineyadinmhdienewigéerably pyridine. In
certain embodiments, the epoxidation is performed using a 10% aqueous sodium hypochlorite

solution. In EREALMRBYSIMents, the epoxidation is performed using a 10% aqueous sodium
hypochlorite solution in the presence of pgridine. In certain embqdiments, the epoxidation is performed

using a calcium hypochlorite 10solution [j thg|presence of NM > certain embodiments, R1 is
selected from a protecting group orRi~ chain-efami ' ich itself may be optionally
substituted. In certain such embodimegts, B1 is a protecting getoug, preferably an electron withdrawing

protecting group. In certain embodiments, R1 is selected from t-butoxy carbonyl (Boc), benzoyl 15(Bz),

fluoren-9-ylmethoxyearcalyl érmboclintecido thetstenpcarbientil ETeptria sl fmfayley sachahgt (662). In
tai h ' ts, .R1 js select t-but b B b | (B
iehloroeth o R PLoASE) A BERO 1 AIBBIS (s A ) By g SR

preferred emhadiogitsljddteieBoerlioatgrimineembodiments, R3 is selected from hydrogen, Cl 6alkyl,
Cl 6alkoxyalkyl, 20heterocyclyl, aryl, heteroaryl, Cl 6heteroaralkyl, and CI 6aralkyl. In preferred

embodiments, R3 iJ 3 atkplf yastauaiypsotaaynd @m@nmg&f&m&lew%ihmMngﬂMt@ralkyl,
e AT AN ORI s o cerer om0
of the carbounlicgalvhgBE;abediimide (DCC), 1,3-diisopropylcathimide (DIC), 1-(3-
10 dimethylaminopropyl)-3-ethylcarbodiimide (EDC), ydroxyazabenzotriazole (HATU),
carbonyldiimidazole, or 1-hydroxybenzotriazole moydrate (HOBT), and various
cleavage conditions: for example, trifluoraceticdgdFA), HCI in dioxane,
hydrogenation on Pd/C in organic solvents (sucmeihanol or ethyl acetate), boron
tris(trifluoroacetate), and cyanogen bromide, aattion in solution with isolation and
15 purification of intermediates are well-known in tat of peptide synthesis, and are
equally applicable to the preparation of the sulgempounds (Greene, T.W.; Wults,
P.G.M.Protective Groupsin Organic Synthesis, 3% ed.; Wiley: New York, 1999).

In certain embodiments, the amino acid keto-eporidg be further modified by
deprotection of the amine, if applicable, and couypWith a chain of amino acids.
20 Methods for the coupling of such fragments are wediwn in the art (Elofsson, M., et al.
(1999)Chemistry & Biology, 6:811-822; Elofsson, M., et al (199hemistry & Biology,
6:811-822). In a preferred embodiment, the ch&enuno acids comprises one to three

amino acids.

In certain embodiments, the chain of amino acidsahstructure of formula (V1)

25 or a pharmaceutically acceptable salt thereof
0] RG R13
|
9
R N)\[(NYX
R5 RlZ e) R?
(V1)
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25that there is less than 10%, less than 5%, less than 2%, or even less than 1% epimerization of the
carbon bearing R3. In certain embodiments, the stereoselective epoxidation is performed such that the
product is greater than about 90%, greater than 95%, greater than 98%, or even greater than 99%
diastereomerically pure. In certain embodiments, the epoxidation is performed at a temperature in the

30range of apRetelbedadh AlgUh ARl Lo secalipei BB aH, VRN P Branlg aauit 6rC.

In certain embodiments, the compounds in scheme | have the following stereochemistry In

certain embgdimeptirthkysteceoariactivne pexétatidjaie nettoangresicehaihas the Sproduct is greater
than about 90%, greater than 95%, greater than 98%, or even greater than 99% diastereomerically

pure. The isselsferdararus Sk aotEt firmgg @ups G=6§., dngl, @ iytaklydaibandaroopOr e
t-butyloxycarbonyl group (Boc), various coupling reagents, e.g., dicyclohexylcarbodiimide (DCC),
1,3-diisoproplsadbhsdimrhata i) kyH(Brdfedablytdatiyiopropy1)-3-ethylcarbodiimide (EDC),
N-hydroxyazabenzotriazole (HATU), carbonyldiimidazole, or 1-hydroxybenzotriazole monohydrate

(HOBP), and tridbsatibavigsaienigitd Sramiér, dxbimpne Mallytapeaieraity (Pis)abRenin(@ioxaNe,
hydrogenation on Prq{glj%@@wiﬁﬁg\{g%ﬁwgra@.methanol or ethyl acetate), boron
€

tris(trifluoroacetate), and’'cyanog romide, and reaction in solution with isolation and 15purification

of intermedigigs a6 Mig!skAAVULIRAREAIS A RRBlids Draleesifib @i egurtly gpplicable to the

preparation of the subject compounds (Greene, T.W.; Wuts, P.G.M. Protective Groups in Organic
Synthesis, 3rd ed.; $RRYMENE Vi Mosiayrefecahiir e eiithiepi$ @elamino acid keto-epoxide may

be further modified by deprotection of the amine, if applicable, and cou Iing&t\gth a chain of amino
acids. Y is absént or is selected from O, NH, I&Laglkyl, S, SO, S@ CH , and CHC :

10 each Z is independently selected from O, S, NH,Nut salkyl, preferably O; or
Z is optionally a covalent bond when adjacent t@ecurrence of A,

R®, R®, and R are each independently selected fromalkyl, C,.shydroxyalkyl, G.
salkoxyalkyl, aryl, and gearalkyl, any of which is optionally substituted wibne
or more of amide, amine, carboxylic acid (or a #adtreof), ester (including,C

15 salkyl and G.salkyl ester and aryl ester), thiol, or thioethebbstituents;
R?is N(ROLQR™;

R R and R® are independently selected from hydrogen, OH,Gnglkyl,
preferably, R%is selected from hydrogen, OH, ande@lkyl, and R? and R are
independently selected from hydrogen anddalkyl, preferably hydrogen;

20 R is selected from hydrogen,.galkyl, C.¢alkenyl, G.galkynyl, aryl, G.garalkyl,
heteroaryl, G¢heteroaralkyl, BZAZ-C,.galkyl-, R*®Z-C,.galkyl-,
(R™O)(R*0)P(=0)0-G.galkyl-ZAZ-C1.galkyl-, R®ZAZ-C.galkyl-ZAZ-C.
galkyl-, heterocyclylMZAZ-G galkyl-, (R*0)(R*0)P(=0)0-G_galkyl-, (R*"),N-
Crialkyl-, (R*)sN*-Cr.ialkyl-, heterocyclylM-, carbocyclylM-, BSO,C,.galkyl-

25 , and R®SO,NH; preferably G.alkyl, Ci.calkenyl, G.galkynyl, aryl, G.saralkyl,
heteroaryl, G¢heteroaralkyl, BZA-C,.galkyl-, R**Z-Cy_galkyl-,
(R™0)(R™0)P(=0)0-G.galkyl-ZAZ-C1.galkyl-, (R0)(R**0)P(=0)0-G_salkyl-
Z-Cy.galkyl-, R®ZA-C1.galkyl-ZAZ-C4_galkyl-, heterocyclylMZAZ-G_galkyl-,
(R™O)(R*0)P(=0)0O-G.galkyl-, (R*"),N-Cy.galkyl-, (R*)sN*-Cygalkyl-,
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20 Methods for the coupling of such fragments are well known in the art (Elofsson, M., et al. (1999)
Chemistry & Biology, 6:811-822; Elofsson, M., et al (1999) Chemistry & Biology, 6:811-822). In a
preferred embodiment, the chain of amino acids comprises one to three amino acids. In certain
embodiments, the chain of amino acids has a structure of formula (VI) 250r a pharmaceutically

acceptable salt therpabrod)clyyhereiarsaeiofyim inéEneiTsiealkypelaster TONEE WHerGinanit 902,

preferably C=0; or A is optionally a covalent bond when adjacent to an occurrence of Z; L is absent or

is selected from C=RFEEENSRPEHINHrEris ABF PG Rl PHIRE LRRREERL AN O 1 i2alky!,
preferably C| sglkyl: 5Q is ahsent or | lected from 0, NH, and N-Ci 6alkyl, pr. ly Q is absent, O,
or NH, most%re?é{gt%/ 693 §é’}{?0§6ﬁ&>ﬁ§gé@[?¥j)r gﬁ@ﬁﬁa&tﬁ&ﬁh@ﬁ%ﬁ@eﬁ%@x is
COOH, COC1, or CX(Meiiie)z Ast peeisiabhzX as CQaNkYIoA GOEIEby fordilmgphsen;or is
selected from 0, NH, N-Ci 6alkyl, S0 HOR HCO2R17; 10each Z is independently
selectgd from 0, S,%Qgéﬁ&?ﬁ%ﬁgﬁ@éﬁ%gbIglﬁﬁjlgy%é%ﬁéﬂ%wy c%%ﬁ@( W& ivhen adjacent
to an occurrence obAkRPARD, ifid/RA, ane@Gaatkindependmitiyeaele oeclifrence lobakyhdA is
6hydroxyalkyl, ClI oal§8x§alfi [, aryl, and,Cl 6aralkyl an%of thich is optionally substituted with one or
SRR Neleanpantt

more of amide, amif ng?gr( A AT 8!%'6?), er (including C1 15o0alkyl and CI salkyl
ester and aryl:ester) 4hiol, or thioether substjituents: R9 i R10)LOR11 R10, R12 and R13 are
independently sgﬁ%)gd?rrgrhné)e/ Fortbde%nq%gﬁ?!aer? eéﬁ%%%(ﬁ,%%ﬂé‘%b%?%@%&é%lcgd fom hydrogen,
OH, and CI 6alkyl, saldeRYR GnghiRyi3yhrariyideptardantly Seledted, faooh GyoeteremuaiyC| 6alkyl,
prefeygply hydroge[[};referably from hydrogen, metal cation, ands&kyl, or R*® and R° together are

C,-salkyl, thereby forming a ring;
each R’ is independently selected from hydrogen angalkyl, preferably G.calky!;

R'®is independently selected from hydrogen, Olgalkyl, C¢alkenyl, G.calkynyl,
carbocyclyl, heterocyclyl, aryl, heteroaryl;.garalkyl, and G¢heteroaralkyl;

15 provided that in any occurrence of the sequence,Zhkast one member of the
sequence must be other than a covalent bond.

In some embodiments’RR?, and R are selected fromGalkyl or Cy_caralkyl.
In preferred embodiments®& C,.galkyl and R and K are G.garalkyl. In the most
preferred embodiment,°Rs isobutyl, R is 2-phenylethyl, and Rs phenylmethy.

20 In certain embodiments, L and Q are absent dnisRelected from Gealkyl, C.
salkenyl, G.galkynyl, G _earalkyl, and G heteroaralkyl. In certain such embodiments,
RYis C.calkyl and R' is selected from butyl, allyl, propargyl, phenytimg, 2-pyridyl,
3-pyridyl, and 4-pyridyl.

In other embodiments, L is $AQ is absent, and'Ris selected from Cealkyl

25 and aryl. In certain such embodiment$! B selected from methyl and phenyi.

In certain embodiments, L is C=0 an{ & selected from Csalkyl, C.¢alkenyl,
Cuealkynyl, aryl, G.caralkyl, heteroaryl, Csheteroaralkyl, BZA-C,.galkyl-, R*®Z-C,.
galkyl-, (R®0)(R®0)P(=0)0-G_galkyl-, (R*O)(R*®0)P(=0)0-G_galkyl-ZAZ-C1.galkyl-,
(R™O)(R*0)P(=0)0-G.galkyl-Z-C;_galkyl-, R®ZA-C.galkyl-ZAZ-C1._galkyl-,
30  heterocyclylMZAZ-G galkyl-, (R*),N-Cygalkyl-, (R*)sN*-Cy.galkyl-, heterocyclylM-,
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20R11 is selected from hydrogen, ClI 6alkyl, Cl 6alkenyl, Cl 6alkynyl, aryl, Cl 6aralkyl, heteroaryl, CI
6heteroaralkyl, R15ZAZ-C18alkyl-, R18Z-C1 salkyl-, (R150)(R160)P(=0)0-Ci salkyl-ZAZ-Cisalkyl-,
R15ZAZ-Ci salkyl-ZAZ-C1 salkyl-, heterocyclylMZAZ-C1 salkyl-, (R150)(R160)P(=0)0-Ci salkyl-,
(R17)2NCI 12alkyl-, (R17)3N+-Ci 12alkyl-, heterocyclylM-, carbocyclylM-, R18S02Ci 8alkyl- 25, and

R18502NH; paeheradlyv-SRRSOLC) Galkanyhra! Bdicpnirh-alvherdinasattyb bgigi@asl ofy and A is
6heteroaralkyl, R15ZA-Ci salkyl-, R18Z-Ci8alkyl-, (R150)(R160)P(=0)0-Ci salkyl-ZAZ-Cisalkyl-,
(R150)(R160)PERSRAEN LY RIIZIEhaniR pO Y& D08 K EBRB RO UMENS et b5 Nz AZ-Ci
salkyl-, (R158RE6BREHA)e-Ci salkyl-, (R17)2N-Ci salkyl-, (R17)3N+-C18allcyl-, heterocyclylM-,
carbocyclylM-, R18S02Ci salkyl-, and R18S02NH, wherein each occurrence of Z and A is
independently othelrtlvantaicevaladiherms SR8 Cagdkipl Rtbgetheakie, Q BadhdetCanalkyiks Cl

6alkyl-ZAZ-Cj 6alkyl, ZAZ-Ci 6alkylZAZ-Ci 6alkyl, ZAZ-Ci 6alkyl-ZAZ, qr Cl 6alkyl-A, therehy forming a
ing: Sorerdriy &1 ARt S SR G BB QR0 2T TIPSy AL Sy oA
or Cl 4alkyl-fmethgtsinfeaghediaglrrence of Z and A is independently other than a covalent bond; R15

and R16 are independently selected from hydrogen, metal cation, Cl 6alkyl, Cl oalkenyl, ClI 6alkynyl,
aryl, heteroaryl, C| Bacalied canbodirbrtsr hasaByO1 Qpietavabht fatid Sl kagaiymétateetion, and Cl

6alkyl, or R15 apd R thengre Cl 6alkyl. thereby formi rng; each R17 js independently
selected fro%%ﬁd?%é%@%%%%’G%HI%ﬁ?lprtgFeégafﬁ?yé ggﬁ@%éﬁgf@ fr%d"é@%“neé(@%h is'elected from
hydrogen, OieQioga(kytrGl)Geekieyly (At Batioptdnghroetydly tetitenapyobrly Brgkthgteroaryl, Cl

6aralkyl, and CI 6heteroaralkyl; 15provided that in any occurrence of the sequence ZAZ, at least one
memb@r of the seqlienteemerttiss weeatshhrisCotalehisiahsent, iR Gi-salkb embotiiiseand, iS5, R6, and

R7 are selec(tlgﬁéjﬁrgut hW&g{nﬁ&gﬁr}ggﬁmﬁrgpﬁﬁggggfmﬁggg i§ Cl 6alkyl and R5 and

R7 are CI 6aralkyl. In the most preferre 6 IS IS0 is 2-phenylethyl, and R7 is

phenyimethyl. 20In|GesiAiRiABRASIAIAMA, ANd S-tie @R G, sPiEcird fym.Cl Galkyl C1
oalkenyl, ClI 6alkynyl, CI 6aralkyl, and CI 6heteroara|ky. Inm;?rtaln such embodiments, R1 is CI 6alkyl

and R11 is sélétiecpiisYsiv/, MIGEEPaHEN SRBAJIMEeSH B-pxmaprogyddyclaieypyridyl.
In certain embodiments, L and A are C=0, Q is ahsers O, n is an integer

15 from 1 to 8 (preferably 1), and'Ris selected from RZA-C1_galkyl-, R**Z-Cy_galkyl-,
R*ZA-C,.galkyl-ZAZ-C;.galkyl-, (R™O)(R*0)P(=0)0O-G.galkyl-ZAZ-C1.galkyl-,
(R™O)(R*0)P(=0)0-G.galkyl-Z-C,_galkyl-, and heterocyclyIMZAZ-Cgalkyl-, wherein
each occurrence of A is independently other theovalent bond. In certain such
embodiments, Ris heterocyclylMZAZ-G.galkyl- where heterocyclyl is substituted or

20 unsubstituted oxodioxolenyl or NtB(R*®), wherein R? and R* together are Cealkyl-
Y-C1.galkyl, preferably G.salkyl-Y-C_zalkyl, thereby forming a ring.

In certain preferred embodiments, L is C=0, Q isedb, n is an integer from 1 to
8, and R'is selected from (RO)(R"®*0)P(=0)0O-G_galkyl-, (R*"),NCy.galkyl,
(R*3N*(CH,)n-, and heterocyclyl-M-. In certain such embodinse®* is -C;.
25  galkylN(R'), or -C.galkyIN*(R'")3, where R’ is Ci¢alkyl. In certain other such
embodiments, R is heterocyclylM-, where heterocyclyl is selectemin morpholino,

piperidino, piperazino, and pyrrolidino.

In certain embodiments, L is C=0'Rs C,.calkyl, Q is selected from O and NH
and R is selected from Galkyl, cycloalkyl-M, G.caralkyl, and G.gheteroaralkyl. In
30  other embodiments, L is C=0Rs C,ealkyl, Q is selected from O and NH, and' &
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In other embodiments, L is SO2, Q is absent, and R is selected from CI 6alkyl 25and aryl. In certain
such embodiments, R11 is selected from methyl and phenyl. In certain embodiments, L is C=0
and R11 is selected from CI 6alkyl, CI 6alkenyl, CI 6alkynyl, aryl, CI 6aralkyl, heteroaryl, ClI
6heteroaralkyl, R15ZA-Ci salkyl-, R18Z-C1 salkyl-, (R150)(R160)P(=0)0-Ci salkyl-,

(R150)(R16@PLERIN-Wwheadkd-&hiGd SalkrtedRBMNRIGH) REFY) Ohtisatiptopiftisalyt, R15ZA-Ci
salkyl-ZAZ-Ci salkyl-, 30heterocycl ZAZ-Cj salkyl-, (R17)2N-Ci salkyl-, (R17)31)¢-Ci salkyl-,
heterocycly 1R1P |‘Blﬁﬂ}§|yﬂﬁ-,(¥3é Q@ﬂﬁﬁﬁkﬁtéfﬁﬁﬁﬁgﬁféﬁrm WrrdiNEAb B Srence of Z

and A is indgarirRENthheteeaifIRD asostvalisNineend. IThestaiesoipreivents C2OCRE @ is absent, and
R11is H. In certain embodiments, R1 is Cl 6alkyl, R11 is Cl 6alkyl, Q is absent, and L is 5C=0.
In certain sutHhOEMREIRESE 1100 SrANdNBra ,%EQBH%EH?GQWE’W'}Qrﬁﬁlﬁwgﬁfﬂhwéthyl.

In othegr emhadipemHrhdth(@=0, Q is absent, and R11 is Cl6arallcyl. In certain such embodiments,
R11 is selected from 2-phenylethyl, phenylmethyl, (4- methoxyphenyl)methyl, (4-chlorophenyl)methyl,

and (4-fluorophenylymastiginléinbotiarers)adisngment is $0-Q, Rtthsen® RigetidpaliyiCand R11 is
aryl. In certain suc badi ts i bstituted or unsubstituted phenyl. In certain embpdiments,
0, 0 TG A R i e I e LR Y o, AR PECU BB ments,
R11 is cycloprapyl sringelpbedghtly otttaithembacbiretots, hasate Ay doerting, Qritsgabisecrfaiis 0, n is an
integer 15from 1 to 8 (preferabl nd R11 s selected from RisZA:£i salkyl-, R18Z-Ci salkyl-,
RisaCi sl RO A ARG oAty R S ST EAR PRSI, (OB B(<0)0-Ci
salkyl:@-Ci szl Yt beligiodychridtias peieatylemietene eathant @ ehsengiahisRetependently
other than a covalent, bond. In certai ch embodiments, R7 is heterocyclyl1MZAZ-Ci - where
neterooycy 116 SREHRGA 6 B e BBy P (0 Srmbotimant 16 s

absent, Y is selected from NH and N-@lkyl, and R° and R* together are Csalkyl-Y-

Cw.zalkyl. In another preferred embodiment, L is C¥Qs absent, and Rand R*

together are Czalkyl-Y-Cy.zalkyl. In another preferred embodiment, L and & @=0O,

15  and R%and R* together are Galkyl-ZA-C1.,alkyl. In another preferred embodiment, L

and A are C=0 and’Rand R* together are Calkyl-A.

In certain embodiments, the chain of amino acidsahstructure of formula (V1)

RQ\H(J)\ )R;(H X
R® H ¢ \F|{/7
(Vi)
20 wherein
each A is independently selected from C=0, C=S,2@0d preferably C=0; or
A is optionally a covalent bond when adjacent tmecurrence of Z;
each B is independently selected from C=0, C=S,S@gl preferably C=0;
D is absent or is {galkyl;
25 G is selected from O, NH, and N-galkyl;
K is absent or is selected from C=0, C=S, and, §&ferably K is absent or is C=0;

L is absent or is selected from C=0, C=S, and, $€ferably L is absent or C=0;
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Y-Ci 6alkyl, preferably CI 3alkyl-Y-Ci 3alkyl, thereby forming a ring. In certain preferred
embodiments, L is C=0, Q is absent, n is an integer from 1 to 8, and R11 is selected from
(R150)(R160)P(=0)0-Ci salkyl-, (R17)2NCI salkyl, (R17)3N+(CH2)11-, and heterocyclyl-M-. In certain
such embodiments, R11 is -Cl 258alkyIN(R17)2 or -ClI sall(371N+(R17)3, where R17 is Cl 6alkyl. In
certain othensyshpsapedimetsligl1 is heterocyclylM-, where heterocyclyl is selected from
morpholino, piperidino, piperazino, and pyrrolidino. In certain embodiments, L is C=0, R1 is CI

Galkyl, Q is sBlactb o 0iasdlbiteanddrilDjNi¢leridd\ammg Gireddablgyol datkybdht Qb 6aralky), and
Cl 6heteroaralkyl. In 300the¥ enétﬁ 'me%g, L is C=0, R1 is Cl 6alkyl, Q is selected from 0 and NH,
and R11is CI 6alkmp\§fn%rr% ¢e IR RENE from methyl, ethyl, and isopropyl. In further Rlo

embodiments, .L js,C=0,is Cl 6alkyl, Q j11s selected from O and is Cl 6aralkyl, where aralkyl
< phenyimedyt FOSTASLABS A D AL K Bl BT G Hom 0 and Ni, and
RCI 6beteroaralkyl Gone (b e Ma)atkplsis i fgpabblyNne@@OH omC@agin embodiments, L is absent
or is C=0, and R1 and Ril together are Cl oalkyl-Y-Ci 6alkyl, ClI 6alkyl-ZA-Ci 6alkyl, or ClI 6alkyl-A,
wherein eackhanitifisrcdegfehaentl abiselpendeaalgaatbndn N ovateNt: Gealklyitheeseyaiolyming a
ring. In certain prefg;ri da gélﬁ ‘8 nts, L is C=0, Q and Y are absent, and R1 and Ril together are CI
103alkyl-Y-C1 3alkyl. Tn'another préferred embodiment, L and Q are absent, and R1 and Ril together

are Cl 3alkyly (Chgl JF @RiRREiRlnF daahodisi ol SrONsAkTeRhoYeinpR/asted from

NH and N-C16alkyl, and R1 and Ril together are Cl 3alkyl-YCI 3alkyl. Tn another preferred

embodimenty Lid$,65iht oS SBeRIMRNEIR GNIR exarg SISl i3l lcineariter
preferred embodiment, L and A are C=0, 15and R1and Ril together are CI 2alkyl-ZA-Ci 2alkyl. In

anothgy prefgged 2Rpdpentdnapddarerdmnd, ikl N'Pﬂh@rﬁt{%ﬁﬂéfl?b?éﬁa%%@@;%lﬂk In certain
ormula (VII

embodiments, the chain of amino acids has a structure of f
Z is optionally a covalent bond when adjacent t@ecurrence of A,
R®, R®, and R are each independently selected fromalkyl, C,.shydroxyalkyl, G.
galkoxyalkyl, aryl, G.saralkyl, and R®DVKOC,.salkyl-, wherein at least one of R
and R is R®®DVKOC,.zalkyl-;

15  R%is N(ROLQRY;
R is selected from hydrogen, OH, andgglkyl, preferably hydrogen or,Galky!;

R is a further chain of amino acids, hydrogen, aquting group, aryl, or heteroaryl,
any of which is optionally substituted with halogearbonyl, nitro, hydroxy, aryl,
Cusalkyl; or R is selected from Gsalkyl, Ci.galkenyl, G.galkynyl, Cigaralkyl,
20 Cuiéheteroaralkyl, BZAZ-C,_galkyl-, R™“ZAZ-C,_galkyl-, (R*0)(R"0)P(=0)0O-
Cu.galkyl-ZAZ-Cy.galkyl-, R**ZAZ-C,_galkyl-ZAZ-C,.galkyl-, heterocyclylMZAZ-
Cr.galkyl-, (R*0)(R*0)P(=0)0-G.galkyl-, (R*),N-Cy.galkyl-, (R*)sN*-Cy.
galkyl-, heterocyclylM-, carbocyclylM-, RSO,Cy.galkyl-, and R°SO,NH; or

R'® and R* together are Cealkyl-Y-Cy.galkyl, Cr.¢alkyl-ZAZ-Cy.¢alkyl, ZAZ-Cy.calkyl-
25 ZAZ-C,galkyl, ZAZ-C,.galkyl-ZAZ, or C.galkyl-ZAZ;

R'? and R® are independently selected from hydrogen, metaaC,¢alkyl, C..
salkenyl, G.calkynyl, aryl, heteroaryl, Csaralkyl, and G.gheteroaralkyl,
preferably from hydrogen, metal cation, ands&kyl, or R? and R° together are
C.-salkyl, thereby forming a ring;
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(VII) 20wherein each A is independently selected from C=0, C=S, and SO2, preferably C=0; or A is
optionally a covalent bond when adjacent to an occurrence of Z; each B is independently selected
from C=0, C=S, and SO2, preferably C=0; D is absent or is Cl salkyl; 25G is selected from 0, NH, and
N-Ci 6alkyl; K is absent or is selected from C=0, C=S, and SO2, preferably K is absent or is C=0; L is

absent or is galasRti§RAIICHEAJETE SR SEPRIBATRIAPbULIISHERHI OrSrdalyisaRRgNt o is Cl
salkyl; Q is absent or is selected from 0, NH, and N-Ci 6alkyl, preferably Q is absent, 0, or NH, most

preferably QdaabBens; indepasdenBHsoeateddivaidn dpoyehetsef aleferablulkdny; @OH, COC1, or
5CON(Me)(0Me), most pr ferat% X is COOH or COC1; each V is independent! sent or is selected
from 0, S, NH, and qq[%l}gé/ (i ¥8¥§f¥bl§%@8%g%t%W%?W?éoh@éﬁg@mfﬁhﬂ\éi dently selected
from O, S, NH, and {Hete@alkylkyireferably O; Y is absent or is selected from 0, NH, N-Ci 6alkyl, S,
SO, SO2, CHOR17, and CHCO2R17; 10each Z is independently selected from 0, S, NH, and N-Ci

oalkyl5prefeRiflis Getecdd tptiomgity ayeayi@NFIEDIREHOIVEd| &G B {chateoocyciphc)EN:, R5, R6,
and R7 are each in € from yl, Cl 6hydroxyalkyl, Cl oalkoxyalkyl, aryl, Cl
6aralkyl, and Rl6DW6$§%E§e’ir? %9%21%??&@@?@5@%%@%%%8%% galkyl-; 15R9 is
N(R10)LQR11; Ri ispstidectihyd Sutnstinyia getn, OH, @atk ¢\6 &tiptlo pedie satigtiytrd gethdrali ik y |
preferably fluorine), aryl, heteroaryl, carbocyclgeterocyclyl, and Csaralkyl,

preferably at least one occurrence f R other than hydrogen;

10  RYand R® are independently selected from hydrogen, metagaC,.calkyl, Ci.
salkenyl, G.calkynyl, aryl, heteroaryl, Csaralkyl, and G.gheteroaralkyl,
preferably from hydrogen, metal cation, ands&kyl, or R’ and R® together are
C.-ealkyl, thereby forming a ring; and

each R’ is independently selected from hydrogen,'HR;.salkyl, Ci.calkenyl, G.
15 salkynyl, carbocyclyl, heterocyclyl, aryl, heterobrg,; saralkyl, and G
eheteroaralkyl; and

D, G, V, K, and W are selected such that theranar®-0O, N-O, S-N, or S-O bonds.

In certain embodiments,”RR’, and K are each independently selected from C
salkyl, Ci.ghydroxyalkyl, G.galkoxyalkyl, aryl, G.caralkyl, and R°DVKOC.zalkyl-

20  wherein at least one ofRnd R is R®DVKOC,.salkyl-. In preferred embodiments, one
of R® and R is Crearalkyl and the other is®®DVKOC,.salkyl-, and R is independently
Ciealkyl. In the most preferred embodiment, one daRd K is 2-phenylethyl or
phenylmethyl and the other iS¥®VKOCH,- or R*®DVKO(CH3)CH-, and R is isobutyl.

In certain embodiments, each®fs independently selected from hydrogen, C
25 salkyl, C.galkenyl, G_galkynyl, carbocyclyl, heterocyclyl, aryl, heteroar@; saralkyl,

and G_gheteroaralkyl.

In certain embodiments, each®&s independently selected from hydrogen, C
salkyl, Cigalkenyl, G.galkynyl, carbocyclyl, heterocyclyl, aryl, heteroar§; saralkyl,

and G_gheteroaralkyl.
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R11 is a further chain of amino acids, hydrogen, a protecting group, aryl, or heteroaryl, any of which is
optionally substituted with halogen, carbonyl, nitro, hydroxy, aryl, Cl salkyl; or R11 is selected from CI
6alkyl, ClI 6alkenyl, CI 6alkynyl, Cl 6aralkyl, 20CI 6heteroaralkyl, R12ZAZ-Ci salkyl-, R15ZAZ-Ci
salkyl-, (R120)(R130)P(=0)0- CI salkyl-ZAZ-Ci salkyl-, R12ZAZ-Ci salkyl-ZAZ-Ci salkyl-,

heterocyclylMZAZ (A satern, b)) R(FR S healkisse R AAiBNEl sltytofRAaRdy s salkyl-,
heterocyclylM-, carbocyclylM-, R15S02Ci salkyl-, and R15S02NH; or R1 and Ril together are CI

oalkyl-Y-Ci JHRYE GG 2RNEAGKIRySING & PEAIRGINSEFHRE R AU oA BNy K2AZ, or CI

6alkyl-ZAZ; RalRemiptl BIAIRYRYNAERLRAIRYTVapeleripe it rRraralgioaanceneainl satipentbbdatients |
6alkenyl, ClI og)dlgrgrl, aryl hetel%aaryl, Cl 6ara|l§/£h]and Cl 6heteroaralkyl, é)referabl from hydrogen,

metal cation/an '@WI?BP IR0 HORY U e A0V s RIGR I e B) S 2 ANg9¥ach R14

is independenilyseiecied fnopyhwgirogen and Cl 6alkyl, preferably CI 6alkyl; each R15 is
independently selected from hydrogen, OR14, CI 6alkyl, Cl 6alkenyl, C1 6alkynyl, carbocyclyl,

heterocyclyl, aryl, hetetbardrbditiradnts anis S eerosealidnBiS seleelectdbfromaivgrogen,
(R170)(R180)P(=0)\-, R170B-, heterocycly|-, (R -, (R19)3Nt, R195020BQ-, and R17GBC1
salkyl- Wherglﬂqfea{;nga{ﬁ(Wﬁ%'i'ét%gﬁbﬁ %V&%%.@%%]F%&%WS i IW% My substituted
with halogen, preferably fluorine). aryl. heteroaryl, car Iyl heterocyclyl .and aralkyl, preferably
at least one occurrerﬁé:eg é?ﬁféﬁlé %ﬁ@re ﬁ%h%'ysdézoégng;%ée Eancé%gol%() are&ﬁ%&p&%%@anﬂﬁ%ssglected
from hydrogéh,catleyalytaioh, Ghaallkyll, Okaaikaryy), hetkyay|kyty Rz eCaanjkyC) BEAIRY!, and CI
6heteroaralk ef iragen cati alkwl~0~R to er are Cl
6a|k3(/3f,8[hereé%{/ll‘f‘g)ﬁr'min asrﬁllrﬁ\%ﬁ;6 ncfie%%ﬁ'&lr%q@’ﬁ Fgé@\ge&r%@jféla_ec %{%8%%@%%2‘216%@2 Cl
6alkyl, Cl 6a(RefO)(RIQEER)0IG catoyleXabyl shitseroByd; Gryh kgtetdZr@; ellibgdralkyl, and Cl
oheteroaralky]: A5, an ar lected t e are - - -N,,pf 5-0 bonds.
In certain er%éﬁﬁgﬁ’gm\é?z@ﬁ%'M7@?:)ggéﬁliﬁ%@é;@ ﬂsﬁé’éﬂ%ﬁ&%?‘%&é&!@l’
6hydroxyalkgaidbewtkpiyaliRNS s @iledratkyd, RASIGRYBRVKQEItiigin2otimensis, 4tik&stOnd of R5
and R7 is Rjrggyggaplaﬁauﬁqs iy preferred embodiments, one

15 In certain embodiments,'&is C.galkyl, R is Ci.calkyl, Q is absent, and L is
C=0. In certain such embodiments;} B ethyl, isopropyl, 2,2,2-trifluoroethyl, or 2-
(methylsulfonyl)ethyl.

In other embodiments, L is C=0, Q is absent, ahds_C,_¢aralkyl. In certain
such embodiments,'Ris selected from 2-phenylethyl, phenylmethyl, (4-
20 methoxyphenyl)methyl, (4-chlorophenyl)methyl, adefluorophenyl)methyl.

In other embodiments, L is C=0, Q is absenf,iRC,.calkyl, and R is aryl. In

certain such embodiments'fs substituted or unsubstituted phenyl.

In certain embodiments, L is C=0, Q is absent oar@, R is -

(CHy).carbocyclyl. In certain such embodiment$! B cyclopropyl or cyclohexyl.

25 In certain embodiments, L and A are C=0, Q is ahseis O, and R is selected
from R*ZA-Cy.galkyl-, R*°Z-Cy_galkyl-, R*ZA-C1.galkyl-ZAZ-C.galkyl-,
(RY0)(R™¥0)P(=0)0-G.galkyl-ZAZ-C1.galkyl-, (R*0)(R**0)P(=0)0-G_galkyl-Z-C;.
galkyl-, and heterocyclylMZAZ-ggalkyl-. In certain such embodiments-'fis
heterocyclyIMZAZ-G galkyl- where heterocyclyl is substituted or unsitbstd
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of R5 and R7 is Cl 6aralkyl and the other is R16DVKOCI 3alkyl-, and R6 is independently CI 6alkyl. In
the most preferred embodiment, one of R5 and R7 is 2-phenylethyl or phenylmethyl and the other is
R16DVKOCH2- or R16DVKO(CH3)CH-, and R6 is isobutyl. In certain embodiments, each R15
is independently selected from hydrogen, C1 256alkyl, Cl 6alkenyl, Cl 6alkynyl, carbocyclyl,

heterocyclyl oxptidesrsaanst IFEEHRMY Wi GieirioRiatybther dReCeiAtyISBodameNts, each
R19 is independently selected from hydrogen, C1 6alkyl, Cl 6alkenyl, ClI 6alkynyl, carbocyclyl,

heterocyclyl PARE AR EaRYE Y sarailil a P EEBHOIGEE AMI- ~ In certain embodiments, L and Q
are absent and R11 is selected from hydrogep, a further chain of amino acids, Cl 6acyl, g protecting
arou arnghetggizFﬁ;é;%éﬁ%zr%%ﬁ%&l ﬁiﬁ%&ﬁw mdg & @@%@EW %&f%rsﬁﬁwi cotai
such embod{R f & Riectatkyio , Pr apair e &thyl,
2-pyrgyl, 53g yrid;i:(l1 and ﬁp ridyl,. Iny heﬁem@f&r@n& Li (Sqﬁ) @ri sen :zmc:ﬁg.is selected
o & Galk SRR P BB AR MU o Rected KA oy R Bt
certain emba@ligadkytls, InisePrihanttidr sLich seiestelihiem R Gadtato Sldbalenyih €Heaadksrydyeaiyll, Cl
6aralkyl, heteroa%l gl %heteroar%l% RlZZA_'(@j sall%_:)- rR15Z- 1 10?%5:@/'-’
e T (ruzoasoPonc
salkyl-Z-Ci salkyl-, -Ci8alkyl-ZAZ-Ci salkyl:, hetgrocyc -Ci salkyl- - yl-,
R 1-C saiky KA ORI s e Lt o e A
embodimentant B 'Gs-6el@dtedisemt CaitiyRicigctoallsihMe Gaiareaikgilianeh@Heteio & hakdiy!, IRl is Cl
6alky],Q is - is C=0. In_certay mbodi i IS l,
2,2,2it?if|uor%%§§£|t‘? @B%Fﬁ'g $1st |'f%cr¢y‘|)§mw§/# aﬁ%@ﬁ%@%ﬁ%ﬁ fné@ fjié‘%j&yb &Rt and
Ril is Cl 6ardlyalkylcevtenesGehlkyhixdetemtes| Rins vekbgie e thymap ieopdethy fytieeryimethyl, (4-

embociment PR & BEeh Ke e S O AN et e, i
?s substitute@&b&hk&h%bﬁt&tﬁtbﬂi{}éﬁglphenwme(_ﬁm;dinIernth]!ljlmdilmentis Ci00oas Bisdht or 0, and_ Ril
e N A SR R R BRI hrE LR R e
15 (4-pyridyl)methyl.
In certain embodiments, L is absent or is C=0, Rffcand R* together are C
salkyl-Y-Cygalkyl, C,.galkyl-ZA-C1.galkyl, or G_galkyl-A, thereby forming a ring. In
certain preferred embodiments, L is C=0, Q andérarsent, and'Rand R* together
are G.zalkyl-Y-C1.salkyl. In another preferred embodiment, L and @ asent, and'R
20 and R* together are Gsalkyl-Y-Cy.salkyl. In another preferred embodiment, L is C=0,
Qis absent, Y is selected from NH and Ngélkyl, and R® and R* together are C
salkyl-Y-C1salkyl. In another preferred embodiment, L is C¥Qs absent, and Rand
R together are Gaalkyl-Y-Cy.zalkyl. In another preferred embodiment, L and A ar
C=0, and B’ and R* together are Galkyl-ZA-C,_salkyl. In another preferred
25  embodiment, L and A are C=0 and’Rnd R* together are Csalkyl-A.

In certain embodiments,'Ris (R*'0)(R**0)P(=O)W-. In certain such
embodiments, D, V, K, and W are absent. In othehgmbodiments, V and K are
absent, D is Cgalkyl, and W is O. In yet other such embodimebtss C,_galkyl, K is
C=0, and Vand W are O.

30 In certain embodiments,'Ris R'GB-. In preferred embodiments, B is C=0, G is
O, Dis G.galkyl, Vis O, and K is C=0.
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from R12ZA-C1 salkyl-, R15Z-C1 salkyl-, Ri2ZA-Ci salkyl-ZAZ-Ci salkyl-, (R120)(R130)P(=0)0-Ci
salkyl-ZAZ-Cisalkyl-, (R120)(R130)P(=0)0-Ci salkyl-Z-C1 salkyl-, and heterocyclylMZAZ-C1 salkyl-. In
certain such embodiments, Ril is heterocyclylMZAZ-Ci salkyl- where heterocyclyl is substituted or
unsubstituted oxodioxolenyl or N(R20)(R21. ), wherein R2 and R21 together are CI 6alkyl-Y-Ci 6alkyl,
preferably CI 3alkyhY ceitdmikyin Brriiphyrier fiRthatdndeyclyl-. InceréaétReeiRIcacambeantients, L is
C=0, Q is absent, and R11 is selected fromﬁ{RlZO)(Ria 0)P(=0)0-Ci salkyl-, (R14)2NCI salkyl,
(R14)3N+(CHpsakY 2R FeH@BcSEN- R Rk MUsH e Tm Ak S eter oGy Ch SalkyIN(R14)2 _ci
sancyIN+, (Rikbdioxolenyl. In other such embodimenidVheredRE is @bSaktybr i car@imather such
embodiments, R11 is het_eroc&)lillyl-, where heterocyglyl is selected from morpholino. piperidino,

e s oR NS R e R L R0 et e 0 W) Ee S et from

0 and fH and Risisrselepietiseradir6ailol, iyslostiy|9d) CHEREakHCTR 'ClGhetecrmraatky!. In
10other embodimentfsg L_isaﬁgo, Rlo js C| 6alkyl, Q is selected from 0 and NH, and R11 is CI 6alkyl,

where CI 6afk{lTs BREAEGFPSENERIS AN, and isopropyl. In further embodiments, L is C=0, R1 is
Cl 6alkyl, Q is selected from 0 and NH and B11 5,61 6aralkyle where aralkyl is phenylmethyl. |n other
embotiments, 5 PG A SO e LG Sl 2P R e S LY EheEs6alaleyt
where heterdarmiéfa isedi=depyeiayipuietiayits, D ipgaikyhsmenkbiscansats or G=absdntoariaif=0, and R1
and R11 together are Cl 6alkyl-Y-Ci 6alkyl, Cl Galky]-ZA-Ci 6alkyl, or C kyl-A, thereby forming a
Tng. 1 corog BRGNS HbiR el B e Y SR R e PTRR Beytter ave
3alkyl(r-Ci JaktdrdblgnoibeT-pdeferred embodiment, L and Q are absent, and R1 20and R11 together
are Cl 3alkyl-Y-Ci 3alkyl. In another preferred embodiment, L is C=0, Q is absent, Y is selected from

NH and N-Ci 6alkyllrecerRinamitRimegt BisaR°S0ZaBG- Y ICiefkyie thsarabtiesn poefaresds, B
em bodimenti,

s C=Q, Y i t ClI 3alkyl-Y-Ci 3alkyl. | th
preferred em%L(%%rgg'r;’, \L/%%?i{e agrheaé%,ajtﬁ?ﬁf%}n% &%?:L%}g e elz'r ar(;i C}I 2a|kyII-Za,lA-)(/3i Znaﬁr;/ﬁ Iner
another preferred %ﬁeeab% %o@i?ﬁ@%%aﬁfg%%&% \d ﬁ#rl}rg?g EAHB ity Bis I

1 0)(R180)P(=

certain embodiments, R161s (R17 : O)W-. I.n certain suc embo. iments, D, V, K, and W are
absent. In otGefseHebaashibaiGalk it aetydsapptionallyis disiiked avith\D ik éalkyet other such

embq imen i ' ﬁllﬁét' ﬂ 7 f Ic@_lr.ﬁ C t'ﬁ;( V\'P '| |is R170B-.
In pre(fgerredtg)r#&gﬁ%n}ésnts, Blé (ézg%/v GT?(P)O é’i{'g%}{gsg{gyl, V%Q&, giris K)?s ;&g{fn %ﬁrm’
carbocyclyl, heterocyclyl, and;Garalkyl. In certain such embodiments, the;&kyl

moiety is an unsubstituted, mono-, or disubstit@ealkyl.

In certain embodiments, the chain of amino acidsahstructure of formula (VI111)

or (IX) or a pharmaceutically acceptable salt thére

R5 RlO
|
N_ X R2. _X
Ny v
20 O RS RS
(vin (IX)

wherein

each Ar is independently an aromatic or heteroaticrgeoup optionally substituted with

1 to 4 substituents;
25 L is absent or is selected from C=0, C=S, and, $€ferably SQor C=0;

X is COOH or an activated form thereof, preferaklis COOH, COCI, or
CON(Me)(OMe), most preferably X is COOH or COCI,

Y is absent or is selected from C=0 and,SO
-27 -



In certain embodiments, R16 is heterocyclyl-. In preferred such embodiments, D is Cl salkyl. In certain
such embodiments, V is 0, K is C=0, and heterocyclyl is oxodioxolenyl. In other such embodiments, V
is absent, K is absent or is C=0, and heterocyclyl is N(R20)(R2E ), where R2 and R21 together are
J-T-J, J-WB-J, or B-J-T-J, T 5is absent or is selected from 0, NR17, S, SO, SO2, CHOR19,
CHCO2R17 7Gs@bhsEntnrdis&tibikgnd J is absent or is Cl 3alkyl. In certain embodiments, R16 is
(R19)2N- or (R19)3Nt, and preferably V is absent. In preferred such embodiments, D is Cl salkyl and K

is absent or R=anthFEeligivan hedbpendenhese ¥osdirsmad, R1gigdieLpatyt, D is absent K is

absent or is C=0, 1Qpreferably K js C=0. n certain embodiments, R16 is R19S020B0-. referred
such embodiments, qgﬁ%%@fglﬁy(/%d%gr %@%ﬁi; ﬁmﬁ‘é\% &WP@Q’ oY %gHEﬁH [Mt)
embodiments, R16da&dr Bfelosalkyite|rapiigfecsmmblicmeahtsah théreof) Cetstd), @nclubng | salkyl
moiety is optionally substituted with OH, CI salkyl 15 (optionally substituted with halogen, preferably
fuoring, 1 salkyve A RER R a P BRE AL IOES R, SN PO kPR
embodimentﬁgﬁgmb I|r\;1@jety is an unsubstituted, mono-, or disubstituted Cialky!. In certain

embodiments, ‘amino acids has a structure of formula (VI1I) or (IX) or a pharmaceutically

acceptable sigibgg%rg'%fé% Iﬁjgnﬁeﬁ%% ﬁg@@%@ggyp(gﬁbv@ﬁr %]_Qchlé(ég%&ﬂglependently an

aromatic or heteroaromatic group opt with 1 10°4 substituents; s absent or is
selected from C=0,lgd®)gand SO2, preferably SO2 or C=0;

R is selected from hydrogen, ®RC,.salkenyl, Ar-Y-, carbocyclyl, and heterocyclyl;
10 and

R'is selected from hydrogen.glkyl, and G.garalkyl, preferably hydrogen.

In certain embodiments, L is selected from C=0, Catl SQ, preferably S@or

In certain embodiments,'Ris selected from hydrogen, OH;.@ralkyl, and G.

15 salkyl, preferably hydrogen.

In certain embodiments,'Ris selected from hydrogeng glkenyl, Ar-Y-,

carbocyclyl, and heterocyclyl.

In certain embodiments,”Rind R are each independently selected fromalkyl,
Cu.éhydroxyalkyl, and Gearalkyl. In preferred such embodiments,iRC,.calkyl and R
20 is Cr.caralkyl. In more preferred such embodimentsisRsobutyl and Ris
phenylmethyl.

In certain embodiments,'Ris hydrogen, L is C=0 or SOR™ is Ar-Y-, and each
Ar is independently selected from phenyl, indobgnzofuranyl, naphthyl, quinolinyl,
qguinolonyl, thienyl, pyridyl, pyrazyl, and the likdn certain such embodiments, Ar may
25 be substituted with Ar-Q-, where Q is selected fluirect bond, -O-, and;Galkyl. In
certain other such embodiments where Ziigalkyl, Z may be substituted, preferably

with Ar, e.g., phenyl.

In certain embodiments,'®&is hydrogen, Z is absent, L is C=0 orSénd R is

selected from Ar-Y and heterocyclyl. In certaieferred such embodiments,
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X is COOH or an activated form thereof, preferably X is COOH, COC1, or CON(Me)(0OMe), most
preferably X is COOH or COC1; Y is absent or is selected from C=0 and SO2; Z is absent or is ClI
6alkyl; R5 and R6 are each independently selected from CI 6alkyl, Cl 6hydroxyalkyl, Cl 6alkoxyalkyl,
aryl, and ClI 6aralkyl, any of which is optionally substituted with one or more of amide, amine,

carboxylic a¢igttpeyenlt iemebieestRimirelshneh§C chrdihagtppHolisdllah e ppe e arylester), thiol,
or thioether substituents; R9 is N(R10)L-Z-R11; R1 is selected from hydrogen, OH, CI 6aralkyl-Y-, and

Cl Galkyl-Y-, STERRBRARIRIGEE] SUGRambedimentroramatolem eitely! diddenyl, Ar-v-,

carbocyclyl, pafZiesesy chaphianddfiiimgegoiadiayn eMdroga\d| Haton aatdGheanakyl,
preferably hydrogen. In certain embodiments, L is selected from C=0, C=S, and SO2, preferably SO2

or C=0. In ceredngimeashveinte ] Riselrhtegeiom ibydrayen P, i€ hbseikyhna /i€ 1
156alkyl, preferahly hydrogen. n certain embodiments, R11 is selected from hydrogen, ClI
calkeryl, Ar Ry G BRI SR LA ST MIRCE £ D B eoch
independentfy sieletiBodinoanyCo6hdas dadhydioxyakyd, priése bGstiatkyll gio ppedetiedaslych

Ergﬁs&n;r&%@é&at% %{hytlaﬁg(?o%guzrosla t%lti Séﬁlt@/l. In more preferred such embodiments, R5 is

In certain embodiments,'Ris selected from hydrogen angglkyl. In certain
preferred such embodiments:fs selected from hydrogen and methyl. In more

10  preferred such embodiments-*fs hydrogen.

In certain preferred embodiments, the chain of anaicids has a structure of

formula (X)
6
RQ' \)LN&(
T
R O R
(X)
15 X is COOH or an activated form thereof, preferaklis COOH, COCI, or

CON(Me)(OMe), most preferably X is COOH or COCI,

R, R, and R are independently selected fromdalkyl, Cy.¢hydroxyalkyl, G.
salkoxyalkyl, aryl, and gearalkyl, each of which is optionally substitutedwa group
selected from amide, amine, carboxylic acid or arptaceutically acceptable salt thereof,

20 carboxyl ester, thiol, and thioether, preferabfjidkC,¢alkyl and R and K are G.
saralkyl, most preferably, s isobutyl, R is 2-phenylethyl, and Rs phenylmethyl;

R’ is a further chain of amino acids, hydrogengd2yl, a protecting group, aryl,
or heteroaryl, where substituents include halogaronyl, nitro, hydroxy, aryl, and,C

salkyl, preferably Ris Ci.gacyl, most preferably Hs acetyl.

25 In certain preferred embodiments, the chain of anaicids has a structure of

formula (XI) or a pharmaceutically acceptable Hadtreof,
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phenylmethyl. In certain embodiments, R1 is hydrogen, L is C=0 or 502, R11 is Ar-Y-, and each Ar
is independently selected from phenyl, indolyl, benzofuranyl, naphthyl, quinolinyl, quinolonyl, thienyl,
pyridyl, pyrazyl, and the like. In certain such embodiments, Ar may 25be substituted with Ar-Q-, where
Q is selected from a direct bond, -0-, and CI 6alkyl. In certain other such embodiments where Z is ClI
6alkyl, Z may be substituted, preferably with Ar, e.griphgnyl.gs  kBcegain embodiments, R1 is
hydrogen, Z is absent, L is C=0 or 302, and R1 is 5'@%3}4:@ from Ar-Y And heterocyclyl. In certain
preferred such embodiments, he@ clyl %stéﬁﬁte fromichrmoriyl, chromanyl, morpholino, and
piperidinyl. In certain other prefery uch emboddnerits, A¥is seleckéd from phenyl, indolyl,
benzofuranyl, naphthyl, quinolinyl, quinolonyl, thienyl, pyridyl, pyrazyl, and the like. In certain
embodiments, Rl is hydrogen, L is C=0 or SO2, Z i{8Bsent, and Rl is 5 Cl 6alkenyl, where CI 6alkenyl
is a substituted vinyl group where the substituent is preferably an aryl or heteroaryl group, more
preferably a phenyMgreigiroptionally substituted with one to four substituents. In certain embodiments,
RI2 is selected from hydrogen and CI 6alkyl. In certain preferred such embodiments, RI2 is
selected from hydrdgerPRa8HhefH§ Spiaaed fioprefeed&aéh @nbodiments, RI2 is hydrogen.  In
certain preferred embodiments, the chain of amino acids has a structure of formula (X) (X) 15X is

COOMor an activatePioRIAREPE S Sidieakeml R LR, Crsteras- SRk (ERid), Ahost preferably

X is COOH @&iQqivib)(OMRY, MEseprRa®9 Kieprnaendy eelegted from Cl Galkyl, Cl 6hydroxyalkyl,
Cl 6alkoxyalkyl, aryl, and CI 6aralkyl, each of which is optionally substituted with a group selected from

amide, amine, carbegxgliglacid-angiptaroracgdticpterectsyrbiksalahereofy,;
Z is O or C(R),, preferably C(R)y;

R!, R and R are independently selected from hydrogen and apgod formula
10 (XII), preferably, R, R?, and R are all the same, more preferabfyy R?, and R are all

hydrogen;
(I?/ORlz
AL OTPL s
RlO Rll
(X1

each R, R®, R’, and R is independently selected from hydrogengalkyl, C;.

15 shydroxyalkyl, G.salkoxyalkyl, aryl, and @saralkyl, each of which is optionally
substituted with a group selected from alkyl, amataine, carboxylic acid or a
pharmaceutically acceptable salt thereof, carbegigr, thiol, and thioether, preferably
R, R®, and R are independently selected fromdglkyl, C,.shydroxyalkyl, and @
saralkyl and each Rs hydrogen, more preferably® B C,.calkyl, R* and K are

20 independently Cearalkyl and each Rs H;

R'°and R* are independently selected from hydrogen anghiRyl, or R and

R together form a 3- to 6-membered carbocyclic eetoeyclic ring;

R and R® are independently selected from hydrogen, a ncetin, G.galkyl,
and G_garalkyl, or R? and R?® together represent,Galkyl, thereby forming a ring;

25 m is an integer from O to 2; and
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20carboxyl ester, thiol, and thioether, preferably R6 is Cl 6alkyl and R5 and R7 are C1 6aralkyl, most
preferably, R6 is isobutyl, R5 is 2-phenylethyl, and R7 is phenylmethyl; R9 is a further chain of
amino acids, hydrogen, Cl 6acyl, a protecting group, aryl, or heteroaryl, where substituents include
halogen, carbonyl, nitro, hydroxy, aryl, and C1 salkyl, preferably R9 is ClI 6acyl, most preferably R9 is

acetyl. 25In certainprefgirpfleyppadiments.Aherehaibff arpinp acids has a structure of formula (XI) or
a pharmaceutically acceptable salt thereof, R1 OR6 R3 0 NZrj YIL X Y.%)0 R5 R2 0 R7 (XI) wherein L

is absent or is selegteckitaim @%@ir@hts Qo6 ahamﬁpﬂmﬁidmralthl@éesﬁnmefﬁabmwﬂ%COOH,
COC1, or COMN st prefera X is COO or COCL; Y O or C(R9)2,
preferably N- k@P% é@grg ioge(po ﬁ%ﬁﬁ”&‘é‘f rgmyéﬂﬁ@'ﬁ%wmgﬁ , and R3 are
indEDendenﬂmcmi%ﬂmhfnlgmdwar@gmmmrmg@dmnyajmwoaﬁw)gmmk&blynd@l, R2, and R3 are
al theg amebre era y, lélzﬂﬁyﬁahg rﬂgj ea%I |P1¥i%r|§gndéntlylcéaralkyl

In certain preferred embodiments., R?, and R are all hydrogen, Rand R are

both isobutyl, Ris phenylethyl, and Rs phenylmethyl.

In certain embodiments,’RRC, and R are independently selected from hydrogen,
Ci-ealkyl, Cy-¢hydroxyalkyl, G.salkoxyalkyl, aryl, and €earalkyl, each of which is
10 optionally substituted with a group selected frdkylaamide, amine, carboxylic acid or
a pharmaceutically acceptable salt thereof, carlbester, thiol, and thioether. In certain
embodiments, at least one of&d R is C,earalkyl substituted with alkyl, more
preferably substituted with perhaloalkyl. In cartauch embodiments,’Rs C.saralkyl

substituted with trifluoromethyl.

15 In certain embodiments, Y is selected from N-alkyJ,and CH. In certain such
embodiments, Z is CHand m and n are both 0. In certain alternatinhmbodiments,
ZisCH, mis0,and nis 2 or 3. In yet another altemeasuch embodiments, Z is O, m

isl1l,andnis 2.

In certain preferred embodiments, the chain of anaicids has a structure of
20 formula (XIII)

Rl R7

%r%

(X1
wherein

each Ar is independently an aromatic or heteroaticrgeoup optionally

25 substituted with 1 to 4 substituents;
each A is independently selected from C=0, C=S,%0y preferably C=0; or

A is optionally a covalent bond when adjacent tamacurrence of Z;
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0 ii30R12 -P LNOV R1 R11 (XIl) each R5, R6, R7, and R9 is independently selected from hydrogen,
Cl 6alkyl, CI 156hydroxyalkyl, Cl 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, preferably R5, R6, and R7 are

independently selegiqgl Atpsafe b a6 drexsplindbaeatC! 6aralkyl and each R9 is hydrogen,
more preferably, R6 is Cl 6alkyl, R5 and R7 are 20independently CI 6aralkyl and each R9 is H;

121 and R11 are ind¢pandentlpsilestedttdrirdydmaen@as, GhaaimfaabRlspdrRE0ogether form a
3- to 6-membered carbocyclic or heterocyclic ring; R12 and R13 are independently selected

from hydrogen, a nidta abtent 61 Ballyd)lehoptdfeeabliyyt: aly2 and R13 together represent Cl 6alkyl,
thereby forming a ring; 25m is an integer from O to 2; and n is an integer from O to 2, preferably O or 1.
In certain embodim@nis akderd anisREIBAedrftbREQur&lH anel Saelieylpreferably RI, R2, and R3 are all
hydrogen. In certain such embodiments, R5, R6, and R7 are independently selected from CI 6alkyl, CI
6hydréxyalkyl, and Xis&Q@R{, @h@fé@ﬁi%éﬁmm&i%rm%@ﬂﬁfﬁaﬁﬂhﬁl@mﬁé}@|ierependentIy Cl

6aralkyl. (Hb‘Fﬁ?g eH]?tznsx R all hydrogen, R6 and R8 are both
isobutyl, R5 is ph %Pegﬂ%nd R7 i1s phenyl ethyl In certaln embodlments R5, R6, and R7 are
independently selegiegd é@@ﬁ}y&r?@%k@ﬂe@ﬂf‘dﬂn S-ehygrgadlkyl, Cl 6alkoxyalkyl, aryl, and Cl

6aralkyl, each of which is
each Z is independently selected from O, S, NH, M4t} calkyl, preferably O; or

Z is optionally a covalent bond when adjacent t@ecurrence of A;

10 R!is selected from H, -Galkyl-B, Cyi.¢hydroxyalkyl, G.ealkoxyalkyl, aryl, and
Cl.GaraI kyI ;
R? is selected from aryl, Garalkyl, heteroaryl, and Gheteroaralky!;
R*is N(R)L-Q-R%;
R’ is selected from hydrogen, OH,.@ralkyl, and G.calkyl, preferably hydrogen:;
15 R® is selected from hydrogeng galkyl, Cigalkenyl, G.galkynyl, Ar-Y-,
carbocyclyl, heterocyclyl, an N-terminal protectigigpup, aryl, Gearalkyl, heteroaryl,
Cu.gheteroaralkyl, BZAZ-Cy.galkyl-, R*“Z-C,_galkyl-, (R™O)(R*0)P(=0)0O-G.galkyl-
ZAZ-Cygalkyl-, R“ZAZ-Cy.galkyl-ZAZ-C1.galkyl-, heterocyclylIMZAZ-G . galkyl-,
(R"O)(R*0)P(=0)0-G galkyl-, (R)2N-Cy1zlkyl-, (R“)aN"-Cr.1.alkyl-,
20 heterocyclylM-, carbocyclylM-, BSO,Cy.galkyl-, and R*SO,NH; preferably an N-

capping group, more preferably t-butoxycarbonybenzyloxycarbonyl; or

R® and R together are Gealkyl-Y-Cy.galkyl, Cr¢alkyl-ZAZ-C1.galkyl, ZAZ-C;.
salkyl-ZAZ-C, . galkyl, ZAZ-Cy galkyl-ZAZ, or C,.galkyl-A, thereby forming a ring;

R’ is selected from hydrogen,.galkyl, and G.saralkyl, preferably hydrogen:;
25 R’ is selected from hydrogen, OH, andglkyl, preferably G.calkyl; and
R'%is an N-terminal protecting group;

1 and R? are independently selected from hydrogen, metamaC,.calkyl, C..
salkenyl, G.galkynyl, aryl, heteroaryl, Csaralkyl, and G.gheteroaralkyl, preferably from
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10optionally substituted with a group selected from alkyl, amide, amine, carboxylic acid or a
pharmaceutically acceptable salt thereof, carboxyl ester, thiol, and thioether. In certain embodiments,
at least one of R5 and R7 is Cl 6aralkyl substituted with alkyl, more preferably substituted with

perhaloalkyl. In certain such embodiments, R7 is Cl 6aralkyl substituted with trifluoromethyl. 15In

certain embegignegts, Yristaeteaiod i SRy bORaRt & H2 by seidaiarsUchiRMbeirapyts, Z is CH2,
and m and n are both 0. In certain alternative such embodiments, Zis CH2, mis 0, and nis 2 or 3. In
yet another ZAERRSE A embodiments, Z is 0, m is 1, and n is 2. In certain preferred

At s Incspendent Sk s AU AR BLD S LA BHEHCH S AP 5

substituentsggiagh anig independently selected from C=0, C=S, and SO2, preferably C=0; or A is

optionally a covalent bond when adjacent to an occurrence of Z; B is absent or is N(R9)R10,
prefergbly absent; R shselepeniestle stele dtochfmd hgdd gend@BOR Garefebll SQ2lkyrPE0; M is

absent or is gallr 2alk ll'yprﬁfe é"ﬂ}%}é@&ﬁam l; r%tlgr%g§ nEor hs( ﬁele ée& Lg{g alr\lal—k filnd N-Ci 6alkyl;

10

15

20

25

provided that in any occurrence of the sequence,2AFast one member of the

sequence must be other than a covalent bond.

In certain embodiments,'Rs selected from —Galkyl-B and G.garalkyl. In
certain such embodiments! R substituted with one or more substituents sedefrom
hydroxy, halogen, amide, amine, carboxylic acidg@alt thereof), ester (including.C
salkyl ester, Gsalkyl ester, and aryl ester), thiol, or thioethér.certain preferred such
embodiments, Ris substituted with one or more substituents sedefrom carboxylic
acid and ester. In certain embodimentsisRselected from methyl, ethyl, isopropyl,
carboxymethyl, and benzyl. In certain embodimétitis -C_¢alkyl-B and G.saralkyl.
In certain preferred such embodiments, B is absent.

In certain embodiments,’Rs selected from Gearalkyl and G.gheteroaralkyl. In
certain such embodiments? R selected from Galkyl-phenyl, G.galkyl-indolyl, C,.
salkyl-thienyl, G_.galkyl-thiazolyl, and Gealkyl-isothiazolyl, wherein the alkyl moiety
may contain six, five, four, three, two, or onelbar atoms, preferably one or two. In
certain such embodiments? R substituted with one or more substituents sedefrom
hydroxy, halogen, amide, amine, carboxylic acidg@alt thereof), ester (including.C
salkyl ester, Gsalkyl ester, and aryl ester), thiol, or thioethér.certain such
embodiments, Ris substituted with a substituent selected frokylatrihaloalkyl,
alkoxy, hydroxy, or cyano. In certain such emboetins, R is selected from Gealkyl-
phenyl and Eealkyl-indolyl. In certain preferred such embodirter¥ is selected from
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5Xis COOH or an activated form thereof, preferably X is COOH, COC1, or CON(Me)(0OMe), most
preferably X is COOH or COC1; Y is absent or is selected from C=0 and SO2; each Z is independently
selected from 0, S, NH, and N-Ci 6alkyl, preferably O; or Z is optionally a covalent bond when adjacent
to an occurrence of A; 10RlI is selected from H, -Cl 6alkyl-B, Cl 6hydroxyalkyl, Cl 6alkoxyalkyl, aryl,
and CI 6aralkyl; R2 is selected from aryl, @ 6aralkyl, hetepoaryl, and Cl| 6lpeteroaralkyl; R4 is

N(R5)L-Q-R6; R5 is selected from hy o@{ n, OH, Cl ¢4tk kyl, and Cl Galkyl, preferably hydrogen;
15R6 is selected from hydrogensCl 2 Cl 6alke 6alkyryl, Ax-Y4 carbocyclyl, heterocyclyl, an
N-terminal protecting group, aryl, Cl 6aralkyl, heteroaryl, Cl 6heteroaralkyl, RIIZAZ-Cisalkyl-, RI4Z-C1
salkyl-, (R110)(R120)P(=0)0-C18alkyl- ZAZ-Ci salkﬁl;,“RBZAZ-Cisadny;%AZ-Ci salkyl-,
heterocyclylMZAZ-Ci salkyl-, (R110)(R¥20)P(=0)0-0 safkyl-, (R;,B%Z)Egé)Zalkyl-, (R13)3N+-C1
12alkyl-, 20heterocyclyl1M-, car =, R14S02Ci8alkyl-, and R14S02NH; preferably an N-
capping group, more preferably t-butoxycarbonyl or benzyloxycarbonyl; or R5 and R6 together are ClI
6alkyl-Y-Ci 6alkyl, Cl 6alkyl-ZAZ-Ci 6alkyf2AZ-C1 6a rT%&QZAZ-CiGaI |—ZAZ-Ci 6alkyl-ZAZ, or ClI
6alkyl-A, thereby forming a ringse. 27§ S Iecjgged frgn éyd’mggﬁ,\g& yl, and CI 6aralkyl,
preferably hydrogen; 25R9 is selecB»:»der m hydrogen, , and CI 6alkyN preferably CI 6alkyl; and

R

R =H or any suitable protecting group

wherein D is selected from H, OMe, OBOH, CN, Ck and CH. In certain
embodiments D is selected from H, OMe, OH, CN; éfd CH.

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

pyridine ring.

In certain embodiments,’Rs hydrogen, L is C=0 or SOR® is Ar-Y-, and each
Ar is independently selected from phenyl, indobgnzofuranyl, naphthyl, quinolinyl,

10 quinolonyl, thienyl, pyridyl, pyrazyl, and the likdn certain such embodiments, Ar may
be substituted with Ar-E-, where E is selected finirect bond, -O-, and;Galkyl. In
certain other such embodiments where Qiigsalkyl, Q may be substituted, preferably
with Ar, e.g., phenyl.

In certain embodiments,’Rs hydrogen, Q is absent, L is C=0 or.Sénd R is
15 selected from Ar-Y and heterocyclyl. In certaieferred such embodiments,
heterocyclyl is selected from chromonyl, chromanybrpholino, and piperidinyl. In
certain other preferred such embodiments, Ar isctetl from phenyl, indolyl,

benzofuranyl, naphthyl, quinolinyl, quinolonyl, &myl, pyridyl, pyrazyl, and the like.

In certain embodiments,’Rs hydrogen, L is C=0 or SOQ is absent, and°Rs
20 Ci.ealkenyl, where €galkenyl is a substituted vinyl group where the $itilbsnt is
preferably an aryl or heteroaryl group, more praiéyr a phenyl group optionally

substituted with one to four substituents.
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Rl is an N-terminal protecting group; Ril and RI2 are independently selected from hydrogen, metal
cation, Cl 6alkyl, C1 oalkenyl, Cl 6alkynyl, aryl, heteroaryl, ClI 6aralkyl, and CI 6heteroaralkyl,
preferably from hydrogen, metal cation, and CI 6alkyl, or R11 and R12 together are CI 6alkyl, thereby
forming a ring; each R13 is independently selected from hydrogen and CI 6alkyl, preferably CI

6alkyl; and 5R14 isjinderantienibosmiestes, iramdslrnaaih et iyl s6leeaikerym Eharitynyl,

carbocyclyl, heterocyclyl, aryl, heteroaryl, Cl 6aralkyl, and CI 6heteroaralkyl; provided that in any

occurrence SfitFRIKEN @ RHDY aCredba ik g}%?fﬂ@réé!%eﬁ%§% b SYHIPRRAIME S alent
bond. In cerrinembakpnrenis.FRit isetatestefdrbul, ealkybFopaey(l paekiindn 216\erRIyain such

embodiments, R1 is substituted with one or more substituents selected from hydroxy, halogen, amide,
amine, carbSkPNE DA 4-E¥EHEreof), ester (including C1 6alkyl ester, Cl salkyl ester, and aryl

ester), thiol, or thioether. In certain. preferred. such embodiments, Is substityted with one or more
ubstients selectdd AT GTLGHRERTRY it S S RO AL SHETES AT SAkAG Hom
methyl, ethyhiigiopiropygktaincaubbxetmistiolin an iR szybdie ¢ értmnrachpidime miserylis -Cl 6alkyl-B and

Cl 6aralkyl. In certain preferred such embodiments, B is absent. In certain embodiments, R2 is
selected from CI 6dratertainde@itiireendsalkys. CrceanfiRseteetat doimeBEkiR2 G sHlestgl] from Cl

6a|ky|-pheny& Cé%%yl-(i%%; . %‘llia ﬁ}lflfeyﬁé%erg{%% éli%%%%%hai@a CI%’:{I, %C‘d G_S%I II-_isothiazonI, wherein

the alkyl moiety? y our, , or one carbon atornis, preferably one or two.

In certain suBfi‘rihedlkyenidy' R2) ([ REMStEMGOVGbatng- o(RTOY RUIGR(O)Os6leatied-#Ad- hydroxy,
hal , ide, ' i i ' j | salkyl
flevcio K™ et el Ele e I Al 21 e Sl Lt or 1 A
substituent Memmkﬂ:@ihﬂiwkﬂﬁlﬁﬁmlhyAdréRﬁlg,)Q‘fey‘a@alkM-chlea&lmycﬁy%bodiments,
R2 s selected, from (| fglkoprepayl aRd CLRaAPIAN!: DRGSR RIS YEed Py rIRR R2

is selected from
independently other than a covalent bond. In gegmbodiments, L is C=0, Q is

absent, and Rs H.

15 In certain embodiments,’fs Cealkyl, R is Ciqalkyl, Q is absent, and L is C=0.
In certain such embodiments® R ethyl, isopropyl, 2,2,2-trifluoroethyl, or 2-

(methylsulfonyl)ethyl.

In other embodiments, L is C=0, Q is absent, ahis R,caralkyl. In certain
such embodiments,®fs selected from 2-phenylethyl, phenylmethyl, (4-
20 methoxyphenyl)methyl, (4-chlorophenyl)methyl, adefluorophenyl)methyl.

In other embodiments, L is C=0, Q is absenitiskC,.calkyl, and R is aryl. In

certain such embodiments® R substituted or unsubstituted phenyl.

In certain embodiments, L is C=0, Q is absent, Rhi$ selected from heteroaryl

and G_cheteroaralkyl. In certain such embodimentsistheteroaryl selected from

25 pyrrole, furan, thiophene, imidazole, isoxazoleazde, oxadiazole, thiazole, thiadiazole,
triazole, pyrazole, pyridine, pyrazine, pyridazarel pyrimidine. In certain alternative
such embodiments,’Rs Cy¢heteroaralkyl selected from pyrrolylmethyl, furamgthyl,
thienylmethyl, imidazolylmethyl, isoxazolylmethylxazolylmethyl, oxadiazolylmethyl,
thiazolylmethyl, thiadiazolylmethyl, triazolylmethyyrazolylmethyl, pyridylmethyl,

30 pyrazinylmethyl, pyridazinylmethyl and pyrimidinykthyl.
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R = H or any suitable protecting group wherein D is selected from H, OMe, 0But, OH, CN, CF3 and
CH3. In certain embodiments D is selected from H, OMe, OH, CN, CF3 and CH3. In certain preferred
such embodiments where D is attached to a six-membered 5ring, D is attached at the 4-position
relative to the point of attachment, preferably excluding embodiments where the 4-position of the ring

is occupied by the Qg ®empyithientsa. is ClasedalnAeadine iR iR easdudi@gmm, L is C=0 or
SO2, R6 is Ar-Y-, and each Ar is independently selected from t%::g—:'nyl, indolyl, benzofuranyl, naphthyl,
quinolinyl, 1ORRIFIBIOAIS, vl pYHeSTIHDrEYEN SAPERMES iR EXSIARGRY QR GYBIANERY: Ar may

be substituted with Ar-E-, where E is selected from a direct hond, -0, gnd CI 6alkyl, In certain other
such embodiments {R/ﬁgféatﬁ g@%ﬁ[ﬁﬁ”@%%ﬁéﬂé&‘sﬁrﬁsﬁﬂéﬁdﬁ ?Q’%{W&nt A%,é(é?ﬁ.l@henyl. In
cegeii]ntemqullhfflmatﬂy%elmt S tzwﬂf@,g%ﬁnﬁ%isabstﬂu,ftom @z&:@@@&;&qdﬂﬁl-s&gﬁq}epwﬁz;oom Alr-Y
an erocyclyl. In certain preferred sy iments, hetero is selected from chromonyl,
chromanyl, nvé |r1%AZr?alﬁﬁjEwdlr(é|mgﬁﬁméﬁﬁ}%&%&'ﬁiﬁﬁwmems Ar is selected
e oo e ey Bt o ealkeny
ike. In certain embodiments is ogen, L is C=0 or is absent, an is alkenyl,
where O 6k} OE A ARG By GRS SHbt P STBYARAL RSB A 357 br netoroany
gro g p(,j _moretepfﬁjeoﬁtbi@fraso ﬁégﬁe%mug;g%ﬂmz-?ggfwwf@lwm rt;mémlllzlﬁu lim([:jfmllmd Iolrcc(:alrtai n
embodiments, L and Q are absent an i G om | , alkenyl, alkynyl,
Caralkyl, and B R AR T ST L DS HHELE TR eL o RSt AP S bt from
butyl1allyl, pyeargykybheeyéreihy G gafkyickAC3 plkidytharsbs-foyridyl alnimgher embodiments, L is

S02, Q is absent, and R6 is selected from CI 6alkyl and aryl. In certain such embodiments, R6 is
selected from methlyi aadaghangferred recertalimemtsodirise@tQ) @ ig=b, A dsRGgallod)entddRism Cl

Galkyl, Cl 6a, 6i efo h Iyl RAZA L) salkyl-,
R14Z-Ci sal%%ig%ft‘?ﬁ%%ﬁ{%ﬁ%?ﬁé? ?jﬁxﬁ'{gﬁ%ﬁ 1?@@?%@3&@%@ S
heterocyclyl-M-. In certain such embodiment8 jR(R*),NCy.galkyl or (R™)sN*C..
salkyl-, where R®is Cpgalkyl. In certain other such embodiment§ iRheterocyclylM-,
15 where heterocyclyl is selected from morpholinogpigino, piperazino, and pyrrolidino.

In certain embodiments, L is C=0° R Cy.calkyl, Q is selected from O and NH
and R is selected from Calkyl, cycloalkyl-M, G.caralkyl, and G.gheteroaralkyl. In
other embodiments, L is C=0° & C.calkyl, Q is selected from O and NH, an8liR C,.
salkyl, where G.alkyl is selected from methyl, ethyl, and isopropin further
20 embodiments, L is C=0,Rs C.alkyl, Q is selected from O and NH andiR C..
garalkyl, where aralkyl is phenylmethyl. In othenlgodiments, L is C=0, Rs Cy.calkyl,
Q is selected from O and NH, an8iR C,¢heteroaralkyl, where heteroaralkyl is (4-

pyridyl)methyl.

In certain embodiments, L is absent or is C=0, Rhdnd R together are C

25 salkyl-Y-Cygalkyl, C;.galkyl-ZA-C1.galkyl, or G_galkyl-A, wherein each occurrence of Z
and A is independently other than a covalent bameteby forming a ring. In certain
preferred embodiments, L is C=0, Q and Y are absent R and R together are C
salkyl-Y-C1zalkyl. In another preferred embodiment, L and @atrsent, andFand R
together are Czalkyl-Y-Cy.zalkyl. In another preferred embodiment, L is C€Dis

30 absent, Y is selected from NH and N-alkyl, and R and R together are Czalkyl-Y-
Cizalkyl. In another preferred embodiment, L is C¥Qs absent, and Rand R
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10CI salkyl-, (R110)(R120)P(=0)0-Ci salkyl-Z-Cisalkyl-, R11ZA-Ci8alkyl-ZAZ-Ci salkyl-,

heterocyclylMZAZ-Ci salkyl-, (R13)2N-Ci salkyl-, (R13)31\r-Ci salkyl-, heterocycly1lM-, carbocyclylM-,
R14S02Ci salkyl-, and R14S02NH-, wherein each occurrence of Z and A is independently other than a
covalent bond. In certain embodiments, L is C=0, Q is absent, and R6 is H. 15In certain embodiments,

R5 is Cl 6alkylydAds &by icahsryt, anthdherprdfenedaimsadimemodinrnsareis ethyl,
isopropyl, 2,2,2-trifluoroethyl, or 2- (methylsulfonyl et?%éw In other embodiments, L is C=0, Q is
Fments,

absent, and REIEAELRRCIRE A8 F2HoA &M BN BSLRIELFHSHh SISy
phenylmethyindtaZieeskoxgpadri e iy e{Heeripsapaggyxnethyl, and (4-fluorophenyemethyl. In

other embodiments, L is C=0, Q is absent, R5 is Cl 6alkyl, and R6 is aryl. In certain such
embodiments, R6 isnscdstitntechbodinsehsijtrteskpdmeyl flons ¢ryaio gerbadi@ikis. LricErainQ is

absent, and R6 s selected from heteroaryl and Cl 6heteroaralkyl. In certain such embodiments, R6 is
oterchry! SRR OB RS B ORGHES TOD A A S oid) SO
thiazole, thiaslighobenitdaiiolentsyRe oiedogétine, pyrazine, pyridazine and pyrimidine. In certain
alternative such embodiments, R6 is Cl 6heteroaralkyl selected from pyrrolylmethyl, furanylmethyl,

thienylmethyl, imiddzalghadéthsin Emiazemyiihg| Foase elytin étladp erddiztho irabyly latiidz &y Imethy|,

and pyrmTIRAT O e R BOLN: & € DIt e A ey 8 o

carbocycly1Mhigrhisr eptibhial I s udikitutadeithinsecr embmditten srReiscaybmpriopgacal @ycohexyl.

motiitno. S HETEAN, S ARt e S AL s e IR oy
(R110)(R120NR(Ee)O-SilbatityleAssZ-Ci salkyl-, 0)(R120)P(=0)0-Ci salkyl-Z-Ci salkyl-, and

heterocyclylMZAZ-C1 salkyl-, wherein -11
In certain preferred embodiments, the chain of anaicids has a structure of

formula (XIV)

R4
X

15 R2
(XIV)

each Ar is independently an aromatic or heteroaticrgeoup optionally
substituted with 1 to 4 substituents;

each A is independently selected from C=0, C=S,2@d preferably C=0; or
20 A is optionally a covalent bond when adjacent tamacurrence of Z;

L is absent or is selected from C=0, C=S, and, $€ferably S@Qor C=0;

M is absent or is Cizalkyl, preferably G.galkyl;

Q is absent or is selected from O, NH, and Nsalkyl;

X is COOH or an activated form thereof, prefera¥lis COOH, COCI, or
25 CON(Me)(OMe), most preferably X is COOH or COCI,

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

each Z is independently selected from O, S, NH,Nu@ salkyl, preferably O; or
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each occurrence of A is independently other than a covalent bond. In certain such embodiments, R6 is
heterocyclylMZAZ-C1 salkyl- where heterocyclyl is substituted or unsubstituted oxodioxolenyl or N(R
10Y-Ci 6alkyl, preferably Cl 3alkyl-Y-Ci 3alkyl, thereby forming a ring. In certain preferred
embodiments, L is C=0, Q is absent, M is CI salkyl, and R6 is selected from (R110)(R120)P(=0)0-Ci

salkyl-, (R13)2NCI 33&ypiBASF M Kol bHithieter aelyabarY talartiéaidestcA.embodiments, R6 is
(R13)2NC salkyl or (R13)3N+C salkyl-, where R13 is CI 6alkyl. In certain other such embodiments, R6

is heterocyclylM-, Buheetcbesariroyelsitys, spieated frareroarphelinbQpiersidiralipiperazino, and
pyrrolidino. In certain embodiments, L is C=0, R5 is Cl 6alkyl, Q is selected from 0 and NH and R6
is selected from CI BalkyN (@&yllo@iy?:M, Cl 6aralkyl, and Cl 6heteroaralkyl. In other embodiments, L is
C=0, R5 is Cl 6alkyl, Q is selected from 0 and NH, and R6 S CI 6alkyl, where CI 6alkyl is selected
from methyl, ethyl, Ridsiseteoied. frofuhidratemBti@ealisyll anCERaARY ipEfaakiy, lQdsagsacted
from 0 and NH and R6 is Cl 6aralkyl, where aralkyl is phenylmethyl. In other embodiments, L is C=0,
RS is 81 6alkyl, Q iReéscetiertashirommyiiagand@ikys CL-eHkesrdaialkyalbraméteroaralkyl is (4-

pyridyl)meth hl‘f‘r{ﬂcﬂ% t is IS G a I
250a|kyI-Y-C¥i£6r§ka<{ﬁg@’6a Kyl §}||‘ ’G%aﬁtgftgﬁéﬁ{ggﬁﬁﬁfmg?n@b?@ﬂ%ﬁg?ﬁgﬁ nd A is

7

“ZA-
@ndependen@wMﬁ@&W&ﬂo%@iM'KMbréﬁf/Zf@nﬁaiﬁ)d-ri@%lmﬁ%lﬁ@h?b?@m&ﬂs@lﬁﬂodiments, L
Is C=0, Q anglay, gre asantpandhR: nglﬁﬁmﬁt&%ﬁ@@'ﬁéf&ﬂ@&(fmggldﬂ ther preferred

embodiment, Llialndl' afe absent, and R5 an(lJI R6 together are (lSI 3a 3a|ﬁyl. n'another
preferred em{BoIHERTOLRETEV0-6 -8/ BIabER N N- fer setloted (RomM H-andlkyEi 6alkyl, and R5 and R6

togethr areyet SRy e NP REESpieT EsgiRRd e SRR, and RS

and R6 together aré Cl 3alkyl-Y-Ci3alkyl. In another preférred embodiment, L andA are C=0, and R5
and R6 togef#Pare QO2RKMAR-TENRIRDIYIFRitemsaphorYben aApyarRemYL 8hd A are C=0 and R5

and R6 together are C23allcyl-A. In certain embodiments, R7 is selected fromh@/dro%en and ClI
6alkyl. In certain 5preRASHRIQERBRIYE Ry X 7Gs dltebiéd- i b Gerndld . rdéByEn more

preferred sug&l@ﬁh@%mwk T2 PYE[QIRYI-Z AZNGE AR ARG hr Al RRdye each
independently Cl 6aralkyl, and R1 is selected from CI 6alkyl, Cl 6hydroxyalkyl, CI 6alkoxyalkyl, aryl,

and CI 6aralkyl, angdfydifdrie @pipnaiuroistiuted wibangiopraasepfaqidmyinaing, carboxylic

acid (or a 10salt thereof), ester (including ClI 6alkyl ester, Cl salkyl ester, and aryl ester), thiol, or
15 R'is an N-terminal protecting group;
R and R? are independently selected from hydrogen, metamaCy.calkyl, C..
salkenyl, G.galkynyl, aryl, heteroaryl, Csaralkyl, and G.gheteroaralkyl, preferably from
hydrogen, metal cation, and.glkyl, or R and R? together are Gsalkyl, thereby

forming a ring;

20 each R*is independently selected from hydrogen angalkyl, preferably G.
salkyl; and
R is independently selected from hydrogengalkyl, C¢alkenyl, G.calkynyl,

carbocyclyl, heterocyclyl, aryl, heteroaryl; garalkyl, and G¢heteroaralkyl,

R is selected from hydrogen.glkyl, C,.chydroxyalkyl, G.galkoxy,
25 -C(O)OGC.salkyl, -C(O)NHGC ¢alkyl, and G_garalkyl, preferably €salkyl and G.
shydroxyalkyl, more preferably methyl, ethyl, hydymxethyl, and 2-hydroxyethyl;

provided that in any occurrence of the sequence,2AFast one member of the
sequence must be other than a covalent bond.

-38 -



thioether substituents. In certain preferred embodiments, the chain of amino acids has a structure
of formula (XIV) 15R2 (XIV) each Ar is independently an aromatic or heteroaromatic group
optionally substituted with 1 to 4 substituents; each A is independently selected from C=0,
C=S, and SO2, preferably C=0; or 20A is optionally a covalent bond when adjacent to an occurrence

of Z; L is absent or g sglegiediiBouaTéhtS s s81dELirareigmabiky QRPCRTéteM dsakgentor is Cl
12alkyl, preferably Cl salkyl; Q is absent or is selected from O, NH, and N-Ci 6alkyl; X'is COOH

or an activate RIS ESIRINARLHE RiseastsA lemdsalsybBaINMNespINEIN TN Sreferably X is

COOH or C4NyIXHreADSEntAlkia-saieeied, from Czlenselrizonahwhisriidapendrytysrigcted from
0, S, NH, and N-Ci 6alkyl, preferably O; or Z is optionally a covalent bond when adjacent to an
occurrence GPAY RIHQULRLG AN GrdAVEANTRS: 44N © 8@?651&%%&@%@@3&88%9&%4 18

N(R5)5-Q-RéeRasstrle @aibiigimbydrameupeitufedbrinlioncandidrealkysiisintedibydregen; SR6
Ntrminal UGG BRORIE Ao A REIERSSI Ao GHRRl O ) R AP,
R14Z-Ci sallgsilky/(Fe5iéD)(B 12N)P 6500 Ghsadkyl-ester), thiol, or thioethér.certain such
embodiments, Ris substituted with a substituent selected frokylatrihaloalkyl,
alkoxy, hydroxy, or cyano. In certain such emboetis, R is selected from Gealkyl-
10 phenyl and Eealkyl-indolyl. In certain preferred such embodirter¥ is selected from

D D .D
00 O

D\/\ S—.D D—S
XN - q

D
R S
K. s \ r*y\/Q\N> ’ﬁ\/kN/
DT\
R

R =H or any suitable protecting group

wherein D is selected from H, OMe, OBQH, CN, Ck and CH. In certain
embodiments D is selected from H, OMe, OH, CN; éfd CH.

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

In certain embodiments,’Rs hydrogen, L is C=0 or SORC is Ar-Y-, and each
Ar is independently selected from phenyl, indobgnzofuranyl, naphthyl, quinolinyl,
20 quinolonyl, thienyl, pyridyl, pyrazyl, and the likdn certain such embodiments, Ar may
be substituted with Ar-E-, where E is selected fiuirect bond, -O-, and;Galkyl. In
certain other such embodiments where Qigalkyl, Q may be substituted, preferably

with Ar, e.g., phenyl.
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ZAZ-Ci salkyl-, R11ZAZ-Ci salkyl-ZAZ-Ci salkyl-, heterocyclylMZAZ-Ci salkyl-, (R110)(R120)p(_
0)0-Ci salkyl-, (R13)2N-C1(R13)3N+-C1 10heterocyclylM-, carbocyclylM-, R14S02Ci salkyl-, and
R14S02NH; preferably an N- capping group, more preferably t-butoxycarbonyl or benzyloxycarbonyl;
or R5 and R6 together are CI 6alkyl-Y-Ci 6alkyl, ClI 6alkyl-ZAZ-Ci 6alkyl, ZAZ-C1 6alkyl-ZAZ-Ci 6alkyl,

ZAZ-Ci 6alkyl-ZAZ | qicetbrltetbothirieins FIEMDEradig: Q is abseR® isiseteatedrisanddi®gen, OH,
and ClI 6alkyl, preferably Cl 6alkyl; and 15RI is an N-terminal protecting group; R11 and R12 are

independentRF QAEIdEPHOAY HY AR BR SHREAFBAL IR, CEraLRkRT red éﬁﬁl’éﬁw,b@ijgﬁﬁwﬁyl, aryl,

heteroaryl, Giiarabodiyinsl deldhetefienradifomisigrasy sroaniigieg v, matRbiaianngndig! 6alkyl, or
R11 and R12 toé%iether are Cl 6alkyl, there%}j{f?rmin% a ring; 20each R13 is independently selected

from hydrog&RHA B EARIFIBHGR SR EMRAIMelts: A ecaddromdyesidniifeNtcted from

hydrogen, Chéakofu@hOrlkapyitn§l, cadiianycajiiecyshyl, riaresyiyl, apfanaternanteGikearalkyl,
and CI 6heteroaralkyl; R15 is selected from hydrogen, CI 6alkyl, Cl 6hydroxyalkyl, CI 6alkoxy,

25-fC(0)k§)|Ci 6aIrI:yI, 46éé?rﬂ]wgb&aﬂoﬁikr??dt§2wwh glereLErlabdy:@ 6amd G iﬁ%ﬁbbéhyd&omyl, mofre
preferably met ethyl, roxymethyl, and 2-hydroxyethyl; provided that jn any occurrence o
the sequonco PRI AR SRR B2 DS e ol BE R h e SRR bona i
certain embquiaferatsly R isrgetrdiedeioanyClGanalkyloaa i @ik [Ereatdisduin cptiaialbuch
embodiments, R2.js selected fro | 6alkyl-pheny], CI 6alkyl-indolyl, CI 6alkyl-thienyl, CI
6a|ky|-thiazo?ﬂ§§%’%%ggl‘l@ﬁ&%% ngﬁ%#é%?ﬁ e alkyl moiety may contain six, five, four, three,
two, Qfone carbon gt r or two. In.5certai C ' i bstituted with
one grbmore substit@eng?%e e%gﬁe{%p é}énﬁwéﬁfdr%\%ﬁ%ggé%r% Egﬁegn%ggé(%%%?ﬁé%@(or a salt
thereof), estéh @alkeayhgCGrdhlbatkyll €stearaldydatiyd éssketarmdieidybstergatiamh suthcatimdimentsain
such R’ is Crealkyl and R is selected from butyl, allyl, propargyl, phenytimg, 2-pyridyl,

3-pyridyl, and 4-pyridyl.

In other embodiments, L is $AQ is absent, and®Rs selected from Cealkyl and

15 aryl. In certain such embodiments, iR selected from methyl and phenyl.

In certain embodiments, L is C=0 anfiiR selected from Csalkyl, C,.¢alkenyl,
Cw.calkynyl, aryl, G.garalkyl, heteroaryl, Csheteroaralkyl, RZA-C,.galkyl-,
R¥“Z-Cy.galkyl-, (R"O)(R*0)P(=0)0-G.galkyl-, (R*O)(R*0)P(=0)0-G_galkyl-ZAZ-
Cu.galkyl-, (R"0)(R*0)P(=0)0-G.galkyl-Z-Cy.galkyl-, R“ZA-Cy.galkyl-ZAZ-C1_galkyl-,

20 heterocyclylMZAZ-G _galkyl-, (R™):N-Cy.galkyl-, (R**)sN*-Cy.galkyl-, heterocyclylM-,
carbocyclylM-, R*SO,C,.galkyl-, and R*SO,NH-, wherein each occurrence of Z and A is
independently other than a covalent bond. In segmbodiments, L is C=0, Q is
absent, and Rs H.

In certain embodiments,’fs Cealkyl, R is Ciqalkyl, Q is absent, and L is C=0.
25 In certain such embodiments® B ethyl, isopropyl, 2,2,2-trifluoroethyl, or 2-

(methylsulfonyl)ethyl.

In other embodiments, L is C=0, Q is absent, ahis R,¢aralkyl. In certain
such embodiments,°Rs selected from 2-phenylethyl, phenylmethyl, (4-
methoxyphenyl)methyl, (4-chlorophenyl)methyl, adefluorophenyl)methyl.
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embodiments, R2 is substituted with a substituent selected from alkyl, trihaloalkyl, alkoxy, hydroxy, or
cyano. In certain such embodiments, R2 is selected from CI 6alkyl- 10phenyl and CI 6alkyl-indolyl. In
certain preferred such embodiments, R2 is selected from R = H or any suitable protecting group
wherein D is selected from H, OMe, OBut, OH, CN, CF3 and CH3. In certain embodiments D is

selected from H, OMestiét €phbdairdeaitd, CHES dB@eal a1sisTiiass wak @ nabeditnenis wheare D is

attached to a six-membered 15ring, D s attached at the 4-position relative to the point of attachment,

preferably ef&ﬂalﬁgsﬂﬁﬁb%ﬁ\m%%%b?@ FPPUGHRT SNFPSHEIEDLEGR¥ by the nitrogen of a

idi ing. I tain.embodi ts, R5 | d , Lis C= SO2, R6 is Ar-Y-, and hA
o independently s RTRENSRL I bHsor T MRS RO GRS OO QLB ARG
thienyl, pyridahaogr gasteerat dhig/liken teaaitabushanarodidenésitsh dteroayyhe slubasifiiednwvith Ar-E-,
where E is selected from a direct bond, -0-, and CI 6alkyl. In certain other .embodiments where Q
5 C1 iy, OVHT S e el AR iy o0 2 B B HOHIBARERS i
hydrogen, Qtitaabkenytaioe=Pwidh{e? pyraziRe ippeteciandnoynBidihandrhetetaicyalydrhadestain

ferred such embodiments, h lyl is selected f |, ch l, lino, and
Diperiiny!. 15O ETESHEP B e ot R BB A G MR A
Sbenzofuranyliemgirintitylyig inmdiizglytiaetblyinidoRae ol npstingkazpisityk thigt] thediezdlyloestavi,

bodiments,.R5 js h L,is C= 2,0 t, and R6 is C| 6alkenyl, where Cl 6alkenyl
o a substuR IO NI e B R A Sl SRR B ore.
prefetably a pyrazyhymeathgip ynially suhstdtitpdawdpgnmidifgttigdbstituents. 10In certain
embodiments, L and Q are absent and R6 is selected from CI 6alkyl, CI 6alkenyl, CI 6alkynyl, CI

6aralkyl, and Cl 6héterersitkgimibockmaint sucliseGHDd@nisrabsREt iss@blFAls/tarttbREIgIbklected from
butyl, allyl, prapargyl, phepyl yl, 2- }ériﬂ}/ -pyridyl < ﬁq %l t odiments,
Lis SO2, Q Ygg%gixnl\,}e %(?ﬁ%‘%hse!ffgfge ro%‘n&&ﬁ éﬂ%ﬁ&a&%ﬁ%ryl. r? '88!%‘?9( ls%?c%ﬁdlb%%qments, R6
is selected from m é : ertal iments, L s S=0 an ' ted from ClI
6alkyl, C| 6alkenyl,qgllx gﬁﬁ;nr%ﬁ%ﬁj'@?8&2@?@5@@%@@%@%@ Vi, Q}?th?%ﬁlgglkyl-,
preferably methylene, and’ & selected from BZA-Cy.galkyl-, R*Z-C,.galkyl-, R*ZA-
15 Cu.galkyl-ZAZ-Cy.galkyl-, (R™0)(R*0)P(=0)0-G.galkyl-ZAZ-C1_galkyl-,
(RM0O)(R™0)P(=0)0-G.galkyl-Z-C;galkyl-, and heterocyclyIMZAZ-€galkyl-, wherein
each occurrence of A is independently other theovalent bond. In certain such
embodiments, Ris heterocyclyIMZAZ-G_galkyl- where heterocyclyl is substituted or
unsubstituted oxodioxolenyl or NtB(R'"), wherein R® and R’ together are Cealkyl-

20 Y-Ci.galkyl, preferably Gsalkyl-Y-C;.salkyl, thereby forming a ring.

In certain preferred embodiments, L is C=0, Q iseal, M is Ggalkyl, and R is
selected from (RO)(R"0)P(=0)0-G.galkyl-, (R**),NCy.galkyl, (R**)sN*Cy.galkyl-, and
heterocyclyl-M-. In certain such embodiment8R(R**),NCy.galkyl or (R™)sN*C..
galkyl-, where R®is Cpgalkyl. In certain other such embodiment§ i&RheterocyclylM-,

25 where heterocyclyl is selected from morpholinogpigino, piperazino, and pyrrolidino.

In certain embodiments, L is C=0> R C.ealkyl, Q is selected from O and NH
and R is selected from Gealkyl, cycloalkyl-M, G.earalkyl, and G.gheteroaralkyl. In
other embodiments, L is C=0°® C.ealkyl, Q is selected from O and NH, an8liR C.-
salkyl, where G.alkyl is selected from methyl, ethyl, and isopropin further
30  embodiments, L is C=0,Rs Cy..calkyl, Q is selected from O and NH anfiR C..
saralkyl, where aralkyl is phenylmethyl. In othenlodiments, L is C=0, Rs Cyi.calkyl,
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R14Z-Ci salkyl-, (R110)(R120)P(=0)0-Ci salkyl-, (R110)(R120)P(=0)0-Ci salkyl-ZAZCI salkyl-,
(R110)(R120)P(=0)0-Ci salkyl-Z-Cisalkyl-, R11ZA-Ci8alkyl-ZAZ-Ci salkyl-, 20heterocyclylMZAZ-Ci
salkyl-, (R13)2N-Ci salkyl-, (R13)31\r-Ci salkyl-, heterocyclylM-, carbocyclylM-, R14S02Ci salkyl-,
and R14S02NH-, wherein each occurrence of Z and A is independently other than a covalent bond. In

certain em b@@@@t@ctei:ﬁ%ﬁ Adr@baenandng Bl%’é!éroaralk)}ﬂ m@@r@&b@diﬁlﬁyﬁ% gbis Cl
6alkyl, R6 is CI 6alkyl, Q is absent, and L is C=0. 25In certain such embodiments, R6 is ethyl,

isopropyl, 2 PYSiEhINBR hyl, or 2- (methylsulfonyl)ethyl. In other embodiments, L is C=0, Q is
absent, and R6 is Cl 6aralkyl. In certain such embodiments, R6 is from 2-phenylethyl,
honyimethyl, (4. MBFEIOEhERAIRN o RGRF R Gimg) BRE 4 SRR Gy 1n
other embodjafieyity.-Cishal, Q. galaplszm cEiEsa&gal Galkyt;;\H(WRﬁNh@fMln leaetr@semuehce of Z
embodiments, R6 is substitu do tut ertain embodiments, L is C=0, Q is
hson? and M B EEHSR T B NP SRS TP LB S IR o RS s, R s
heteroaryl s@@@d@‘d@mﬁ@ﬂm@t&rarﬂs m@@h@andﬂﬁa@wmﬁam ekenpiehexadiazole,
thiazole, thiadiaz riaz pyrazole, pyridi raz ridazine rim d|n

atornative SAR GRS e D LR S SR A oA Ty PR BT LR ety |,
thienylmethytip dritlaz ahd risdtiyl- M@azﬂwnﬂmwwmqjyhfmtbﬂl emmadcamdy\hmehlsytt;ﬂ[azolylmethyl

and pyrma TRy, SRR ane R e PO R v ™

carbdgycly1k3; salkgreim sinstier ||atkﬁd3rtectertmm$umémmhectBM$zU§6na aycidRnog e or cyclohexyl.

In certain embod ents S abs t Zis.0, M is C Ikyl fera ethylene,
and R6 is se 8%% % él%??@fyfgi @ @Igéﬂ'ky‘ Rﬂr‘?ﬁg” % ?@)’/ﬁ%ﬂ% ﬁﬁ%&] 81
(R110)(R12Q)R{FD M E iR atigdiRaZat Sxiy: mmg)awzom ayiotHBOpTa featieyl mmmmand
heterocyclylMé,%Zare %?lgldn\gq%redﬂ' R together are Szalkyl-A.

In certain embodiments,”Rs Cesaralkyl, and Ris selected from Cealkyl, C;.
15 shydroxyalkyl, G.salkoxyalkyl, aryl, and @earalkyl, any of which is optionally
substituted with one or more of amide, amine, ceyboacid (or a salt thereof), ester

(including G_.galkyl ester, G.salkyl ester, and aryl ester), thiol, or thioethebstituents.

In certain preferred embodiments, the chain of anaicids has a structure of
formula (XV)

R1 R6

e LA

(XV)

20

wherein
L is selected from C=0, C=S, and $@referably C=0;

X is COOH or an activated form thereof, preferaklis COOH, COCI, or
25 CON(Me)(OMe), most preferably X is COOH or COCI,

Z is absent, Cgalkyl, C;.¢alkoxy, or NR, e.g., absent; galkyl, or G _calkoxy,
preferably absent;

R is selected from H and;Galkyl, preferably H or Chl
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each occurrence of A is independently other than a covalent bond. In certain such embodiments, R6 is
heterocyclylMZAZ-Ci8alkyl- where heterocyclyl is substituted or unsubstituted oxodioxolenyl or
N(R16)(R17 ), wherein R16 and R17 together are CI 6alkyl- 20Y-Ci 6alkyl, preferably CI
3alkyl-Y-Ci3alkyl, thereby forming a ring. In certain preferred embodiments, L is C=0, Q is absent, M is

Cl salkyl, and R6 isR\-assaleied Eam (RAAGURAWERIOE oky by (RIGIBNE/BTLAKBAAIIN Ci
salkyl-, and heterocyc [-M-. In certain such embodiments, R6 is (R13)2NCI salkyl or (R13)3N+Ci

salkyl-, where2rRa$Y8 I%laqﬁwrm%épfédngtﬁekm%%ﬁlm%ﬁﬁéaﬁ@l?ﬁ@(&%@ﬁ}cm 098 Mhere

heterocyclyl @3, sréaeted fensalRyprahakterdRipakdineadieeyerinantng-aybsdigitalkyl; In certain
embodiments, L is C=0, R5 is Cl 6alkyl, Q is selected from 0 and NH and R6 is selected from CI

6alkyl, cycloalkyl-MRCGariddarehChideigeoai@iklkyh attteGaatkyidiments, L is C=0, R5 is CI
6alkyl, Q is selected from 0 and NH, and R6 is C1 6alkyl, where CI 6alkyl is selected from methyl,
ethyl, &nd isopropyRTisfinebenod@dnaatiiments, L is C=0, R5 is Cl 6alkyl, Q is selected from 0 and NH
and R6 is C1 6aralkyl, where aralkyl is phenylmethyl. In other embodiments, L is C=0, R5 is Cl 6alkyl,
Q is selected from RaisdsRldctattiREINEIropetarcalkyky@ndiGearaligroaralkyl is (4- pyridyl)methyl.

In certain embodiments, L is absent or is C=0, and R5 and R6 together are Cl 6alkyl-Y-Ci 6alkyl, CI
6alkyl-ZA-Ci 6alkyl Irmcertemrthomt&erﬁ ‘Riod &amr@d@@w@wmﬂ%ﬁﬁdéﬁéﬁdmtmweﬁhan a

covalent bong ﬁpﬁ? o toget?%rﬂgﬁg% %m r%le ?ée%@pl@dmeé}@q;daa@(ﬂ & and Y are

absent, and R5an 3alkyl-Y- IA another preferred embodiment, L and Q
are absent, ahetereaiidkR6angdararbes\cidalkyl- Y'Wlﬂw embecine re@ited ambodiment, L is

C=0,{@ s ahﬁe@b%eeﬁﬂr%eqﬂw%iaa@@%%%wr éeréraﬁgl (iR Chagky!-Y- 10CI

3alkyl. In another preferred embodiment, L 1s C=0, Y is absent, and R5 and R6 together are ClI

3alkyl-Y-Cizang/lisehaiidihtt pesfineminBiarnth IR @R md&peodeﬁdﬁ@rm%qxsaufgbtﬁer are Cl
2k ZACicalifh IRAORUPEALEIEN A BRARIERRI L ROl En AP AR Ry ogether are

C23allcyl-A. In certain embodiments, R2 is Cl 6aralkyl, and R1 is selected from CI 6alkyl, CI
1sohvdroxyau@roerreaﬂadk%rﬂwydrymﬁrmd:rm’efgn%hlsehyd@pmm i4ropEeAL @ RASSRNesISAth one

or more of agjdeARNA JeREHRABISIKBL NRreeRafsERicHNGMIbE el erigheC! salkyl
ester, and aryl ester), thiol, or thioet er substituents.
15 mdependently selected from methoxymethyl and metéthyl, preferably

methoxymethyl. In certain embodiments,@dd R are independentlyGheteroaralkyl.
In certain such embodiments' &1d R are independently selected from
imidazolylmethyl, pyrazolylmethyl, and thiazolylnhgt, and pyridylmethyl, preferably
imidazol-4-ylmethyl, thiazol-4-ylmethyl, 2-pyridylethyl, 3-pyridylmethyl, or 4-

20 pyridylmethyl. In certain embodiments! Bnd R are independently Garalkyl. In
certain such embodiments® &nd R are are independently selected from phenylmethyl
(benzyl) and phenylethyl, preferably phenylmethiyl.certain embodiments,*Rnd R
are independently Gearbocycloalkyl. In certain such embodimentsR
cyclohexylmethyl. In certain embodiments&d R are different. In certain

25 embodiments, Rand R are the same.

In certain embodiments, at least one b&Rd R is selected from C
shydroxyalkyl and Gealkoxyalkyl. In certain such embodiments, at least of R and
R?is alkoxyalkyl. In certain such embodiments,eatst one of Rand R is selected from

methoxymethyl and methoxyethyl.

30 In certain embodiments,*Rind R are independently selected from hydrogen and

methyl, preferably hydrogen.
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In certain preferred embodiments, the chain of amino acids has a structure of formula (XV) 20 (XV)
wherein L is selected from C=0, C=S, and SO2, preferably C=0; X is COOH or an activated
form thereof, preferably X is COOH, COC1, or 25CON(Me)(0Me), most preferably X is COOH or
COC1; Z is absent, CI 6alkyl, Cl 6alkoxy, or NR, e.g., absent, ClI 6alkyl, or CI 6alkoxy, preferably

absent; R is selectef f@main anth&diffdkys Metermlly bleridsied hdtdread/R3raee ®arhsuch
independently selected from hydrogen, Cl 6alkyl, C26alkenyl, C26alkynyl, Cl 6hydroxyalkyl, CI

Balkoxyalky CR9PHTERLSIIS RelErdar B BEgeRIe crahiagriey MEaRYh s a4BlGalky),

carbocyclyl, ginglzeleb gilageyeldlpiityidazole, prétdrashleicierkl Ry diageizdid. 6aralkyl, and CI 6alkyl;
5R5 is heteroaryl; and R6 is selected from hydrogen, CI 6alkyl, and CI 6aralkyl. In certain

embodiments, R1 dnd&2ahieindependat|Srsaasiadivhetydagtnircidaiyls GoHobydicatislkyl, C

6alkoxyalkyl, Cl 6aralkyl, Cl 6hetergcycloalkyl, C1 6heteroaralkyl, and CI 6carbgcyclglalkyl. In certain
embommentGH BRSO 15 RELARNR) B R SRRSO LI Bromyl, sopropyl.
butyl, sec-buighzsdtisakolyl. In certain embodiments, R1 and R2 are independently Cl 6hydroxyalky!.

In certain preferred such embodiments, R1 and R2 are independently selected from hydroxymethyl
and hydroxyethyl, gretenabiy bydrosinrerits|Liis @r@inZecinbbdiEne@sdRa h/3dtRazneSndepdndently Cl

6alkoxyalkyl, In certain spch embodiments. R1.and R2 are 15independent! (Z[ ted.from
methoxymetREo Tl R o R LR R e SAREET BT a2 are
independentbulstBhtdratledieylatritee Rginsitioh.dmbtunentd ol irend SR R s@nintspbsteridy selected

from 'iVB‘daz%YME?EQ’&-%‘ZW%‘?'X'%‘-‘%H?A{% Oq\_rhqw)iazolylmethyl, and pyridylmethyl, preferably

In certain embodiments, L is C=0, Z is absent, Bhis a substituted 1,3-thiazol-
5-yl. In certain such embodiments’ iR 1,3-thiazol-5-yl substituted with a substituent
selected from Cgalkyl, C;.¢alkoxy, G.esalkoxyalkyl, G.shydroxyalkyl, carboxylic acid,
aminocarboxylate, Gsalkylaminocarboxylate, (Gsalkyl).aminocarboxylate, C

15 calkylcarboxylate, @gheteroaralkyl, @earalkyl, G.gheterocycloalkyl, and C
scarbocycloalkyl. In certain preferred such embagtits, R is 1,3-thiazol-5-yl
substituted with a substituent selected from metylyl, isopropyl, and

cyclopropylmethyl.

In certain embodiments, L is C=0, Z is absent, Bhis a substituted 1,3-thiazol-
20 4-yl. In certain such embodiments’ iR 1,3-thiazol-4-yl substituted with a substituent
selected from Cgalkyl, C;.¢alkoxy, G.salkoxyalkyl, G.shydroxyalkyl, carboxylic acid,
aminocarboxylate, Gsalkylaminocarboxylate, (Gsalkyl).aminocarboxylate, C
salkylcarboxylate, @gheteroaralkyl, @earalkyl, G.gheterocycloalkyl, and C
scarbocycloalkyl. In certain preferred such embagtits, R is 1,3-thiazol-4-yl
25 substituted with a substituent selected from metylyl, isopropyl, and
cyclopropylmethyl.

In certain embodiments, L is C=0, Z is absent, Rhis an isoxazol-3-yl or
isoxazol-5-yl In certain preferred such embodiments, whengbeazol-3-yl is
substituted, it is substituted at least at the Sitom. In certain preferred embodiments,

30 when the isoxazol-5-yl is substituted, it is sulostid at least at the 3-position.
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imidazol-4-ylmethyl, thiazol-4-ylmethyl, 2-pyridylmethyl, 3-pyridylmethyl, or 4- 20pyridylmethyl. In
certain embodiments, R1 and R2 are independently Cl 6aralkyl. In certain such embodiments, R1 and
R2 are are independently selected from phenylmethyl (benzyl) and phenylethyl, preferably
phenylmethyl. In certain embodiments, R1 and R2 are independently CI 6carbocycloalkyl. In certain

such embodiments|Rtdstans @dodmriig, Inisertaim embadikeantamd andpsatdiarent. In certain
25embodiments, R1 and R2 are the same. In certain embodiments, at least one of R1 and R2 is

selected frofSEPEAyaxyalkyl and CI 6alkoxyalkyl. In certain such embodiments, at least one of R1
and R2 is alkoxyalkyl. In certain such embodiments, at least one of R1 and R2 is selected fr
ethonymety! andhRSHTAL BRGSO LB alP et A Rk BN SPGB ISR Sectec
from hydroggh andenetinysuviefendiyinydnegdr isoxalibberaisubstitacian evits, RSulssaittrent
6-membered heteroaryl. In certain such embodiments Is selected from isoxazole, jsothiazole,
foran. Thiop RRECHLISE BRBYeCHIT. G PREBEY b e A SRR oA or s o Plfazote.

In certain enzpoiciovantsxyis, Oxydberhetetndoytylates (@ullgshramboditeniathicyclic heteroaryl is

ambocimen@ DI LD P ACA DAL o TG & PRI OB P S LR A I certain such
embodimentgarherythedikidzdle tesabstivetedrdtis st stitliediat IR astsaxieoRBgitsubdtitotadr such
bodi ts, R5 i tituted 101,3-thiazol-5-y1 or.1,3-thiazol-4-yI. I taj
embodimenth & S RGeS 48 (B o PHEEF O P S P RRARE Lach
bad , R5ig 1,3-thi i Ni . ' lkoxy,
1 catonyaliy, o1 B o 2 e o B o e, o1
6alky1)2aminditasbbxiddienemheszikyitadmmcglaintaiCings@tte varptkghl I3 6 dnatleyta®l such
6h I : ' . ' iS:
U3 iazo s o e e RS AT e R 3y B Rain -
cyclopropylnybtigthyh dertsirtambbeimatite, dush@nth @isnaibtsrE=Md2R5 abaenthsiitdtgd 1,3-thiazol-
isoxazol-3-yl substituted Withk/N %Lﬁ wherein W is O, NR, or CHHand R is H

15 or Cigalkyl. In certain such embodiments, W is O.

In certain embodiments, L is C=0, Z is absent, Rhib isoxazol-3-yl substituted
with 5-membered nitrogen-containing.gdeteroaralkyl, such as pyrazolylmethyl,

imidazolylmethyl, triazol-5-ylmethyl, preferably2,4-triazol-5-ylmethyl.

In certain embodiments, L is C=0, Z is absent, Rhib isoxazol-3-yl substituted
20 with Cy_galkoxy or G.galkoxyalkyl, preferably methoxy, ethoxy, methoxymgi or
methoxyethyl.

In certain embodiments, L is C=0, Z is absent, Rhib isoxazol-3-yl substituted

with C;_ghydroxyalkyl, preferably hydroxymethyl or hydroxiet.

In certain embodiments, L is C=0, Z is absent, Rhib isoxazol-3-yl substituted
25 with a carboxylic acid, aminocarboxylate,.g&lkylaminocarboxylate, (C
salkyl),aminocarboxylate, or Galkylcarboxylate. In certain such embodimentsisR

substituted with methyl carboxylate or ethyl carfdate, preferably methyl carboxylate.

In certain embodiments, L is C=0, Z is absent, Rhis an unsubstituted

isoxazol-5-yl.
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204-yl. In certain such embodiments, R5 is 1,3-thiazol-4-y1 substituted with a substituent selected
from CI 6alkyl, Cl 6alkoxy, Cl 6alkoxyalkyl, Cl 6hydroxyalkyl, carboxylic acid, aminocarboxylate, ClI
6alkylaminocarboxylate, (Cl 6alkyl)2aminocarboxylate, C1 oalkylcarboxylate, Cl 6heteroaralkyl, Cl
6aralkyl, Cl 6heterocycloalkyl, and C1 6carbocycloalkyl. In certain preferred such embodiments, R5 is

1,3-thiazol-4-y1 25w slitHindwito dirpepediucrt setoctedimsane tabits efvbisnnteaysoxag ol-5-
cyclopropylmethyl In certain embodlme s, LisC=0,Zis absent and R5 is an ispxazol-3-y1 or

isoxazol-5-y¥'in B&%‘ﬁ'B%ﬁWr@ﬁm dRisRezpkavi Rty RA. Wi ASURRIHRBY, it is
substituted ajdrastatitomcpaRioT, LakesircRiaies s IrMbodinentinynasnesasaant>-y1 is

substituted, it is, substjtuted at least at the 3- %g)smon In certain embodiments, L is C=0, Z is

absent, and ®BROSABRXNISL G e KYRMRACRIAONY B Rl Rl E RS0 RYale. £is absent, and

R5 is g subs{ikpddsesrzels: @kﬂg@ﬁ@mmc@@mnnggi@té?édedﬁmmyplaaﬂlpsubstltuted with a
substituent 5sel cted ro | 6alkyl, CI 6al Cl 6alko rﬁé&%l 6hydrox alk l, C ar cid,
ammocarboﬁﬁ%[ el SRy f‘éf B85 ﬁ@é’ A5 ¥k H late, CI

6heteroaralkyjtiCh Gaitsdkiylicht §bmmymwkwtmﬁéﬂ@mmﬂzcm@QWb;bmptgﬂtawweferred such

embodiments R5 is isoxazole-3-y1 substituted with a substituent selected from methyl, ethyl, isopropyl,
and cyclopropylmethytetGiim mnﬁairdimelmsﬂniembji@s@b@atahﬁﬁﬁax@zﬁﬁﬁwlsmmh&m
substituted Wlttha4 to 6:mem ed n|t en cont |n|n heteroc l. In certain

M e Sl 30

embod|ment\§/ %Pa%?@ 88%3% ﬁ{gﬁ’m So&t bR I ethyl In
certajln)alterrmnbedmwnmnB&mﬂmaﬂmll:ﬂg/[sw)sﬁtlstebwm aamilﬁiﬁytsn/eﬂwg!@fammgi—aﬂesnlm}ﬂtuted

certain emb3UMRINE, 1R AR Surll e lR T P it ek o0

isoxazol-5-yl substituted withk/Nv%‘c, wherein W is O, NR, or CHland R is H

or Cr.galkyl. In certain such embodiments, W is O.

In certain embodiments, L is C=0, Z is absent, Rhib isoxazol-5-yl substituted
15 with 5-membered nitrogen-containing.édeteroaralkyl, such as pyrazolylmethyl,
imidazolylmethyl, triazol-5-ylmethyl, preferably2,4-triazol-5-ylmethyl.

In certain embodiments, L is C=0, Z is absent, Rhib isoxazol-5-yl substituted
with Cygalkoxy or G.galkoxyalkyl, preferably methoxy, ethoxy, methoxyimgt or
methoxyethyl.

20 In certain embodiments, L is C=0, Z is absent, Rhib isoxazol-5-yl substituted

with C;.ghydroxyalkyl, preferably hydroxymethyl or hydroxiet.

In certain embodiments, L is C=0, Z is absent, Rhib isoxazol-5-yl substituted
with a carboxylic acid, aminocarboxylate;-glkylaminocarboxylate, (C
salkyl),aminocarboxylate, or Galkylcarboxylate. In certain such embodimentsjsR

25 substituted with methyl carboxylate or ethyl carfdake, preferably methyl carboxylate.
In certain embodiments, Z is NR, preferably NH.

Uses of Enzyme Inhibitors

Orderly protein degradation is crucial to the mamaince of normal cell functions,

and the proteasome is integral to the protein dizgi@n process. The proteasome
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with 5-membered nitrogen-containing Cl 6heteroaralkyl, such as pyrazolylmethyl, imidazolylmethyl,
triazol-5-ylmethyl, preferably 1,2,4-triazol-5-ylmethyl. In certain embodiments, L is C=0, Z is
absent, and R5 is isoxazol-3-y1 substituted 20with CI 6alkoxy or Cl 6alkoxyalkyl, preferably methoxy,
ethoxy, methoxymethyl, or methoxyethyl. In certain embodiments, L is C=0, Z is absent, and R5 is

isoxazol-3-y &smpski ged avidhs G Gy esmey ik la s eieablardelroperesryh RS SeRCxNE b prosestain

embodiments, L is C=0, Z is absent, and R5 is isoxazol-3- y1 substituted 25with a carboxylic acid,

amlnocarboig}lﬂfér e @&Q%%BB%@E@ Ty Df UGS S D R b 2B @Fé&ﬁ"kylcarboxylate
In certain sugh@ﬁm@ﬂlmemtsmﬁ;steubsmu@cemtfurs;atby@wtz@maxem etimiorrye@xaylate, preferably

methyl carbox %fate In certain embadiments, L is C=0, Z is absent, and R5 is an unsubstituted

isoxazol-5-y- FHIEEMA A5 dithéhits; 4‘_4@C16u2 & i5,88hfsiRg BatNR GG RIS ASESol-5- yl. In

CeftalESUChmwwﬁﬁféﬂBﬁﬂé iInEXE7OIpiEs wb&tﬁmmw&b@se@at@seehaﬁle@twbﬂgﬁaﬁ! fakkyl,

Cl 6alkoxy, CI alkox [, Cl 6hydroxyalkyl, carbox cid, amjnocarboxylate, ClI
6alkylaminos 8991% %?HQWT}EH ﬁiéé ﬁsﬁe@i”%% éte Cl 6heteroaralky| Cl

o S Sl e P S
cyclopropylme&qéphblmtmmmantsmtleﬁ:m fZas,t@hsenteanmEﬁoa lsaxah@lely beabstituted
s isoxazol 5 P IR A AV P TS 15 SEAPRIUE E SRRy VN St Mrmacve
such¥mnbodduents, pais, Gr-theZhighlysprulifendtik® malignaet!’s dependency on the proteasome
system to rapidly remove proteins (Rolfe et alVMidl. Med. (1997) 75:5-17; Adams,
Nature (2004) 4: 349-360). Therefore, certain editbents of the invention relate to a
method of treating cancers comprising administeting subject in need of such
treatment an effective amount of the proteasomibiitoin compound disclosed herein.
15 As used herein, the term “cancer” includes, buoslimited to, blood born and solid
tumors. Cancer refers to disease of blood, bogans; skin tissue and the vascular
system, including, but not limited to, cancersha bladder, blood, bone, brain, breast,
cervix, chest, colon, endrometrium, esophagus, legad, kidney, liver, lung, lymph
nodes, mouth, neck, ovaries, pancreas, prostateymerenal, skin, stomach, testis,
20 throat, and uterus. Specific cancers include, brihat limited to, leukemia (acute
lymphocytic leukemia (ALL), acute lyelogenous leoka (AML), chronic lymphocytic
leukemia (CLL), chronic myelogenous leukemia (CMhajry cell leukemia), mature B
cell neoplasms (small lymphocytic lymphoma, B getilymphocytic leukemia,
lymphoplasmacytic lymphoma (such as Waldenstronasmoglobulinemia), splenic
25 marginal zone lymphoma, plasma cell myeloma, plagtoana, monoclonal
immunoglobulin deposition diseases, heavy chaieatiss, extranodal marginal zone B
cell lymphoma (MALT lymphoma), nodal marginal zdBeell lymphoma (NMZL),
follicular lymphoma, mantle cell lymphoma, diffuBecell lymphoma, mediastinal
(thymic) large B cell lymphoma, intravascular lageell lymphoma, primary effusion
30 lymphoma and Burkitt lymphoma/leukemia), matureell and natural killer (NK) cell
neoplasms (T cell prolymphocytic leukemia, T cafble granular lymphocytic leukemia,
aggressive NK cell leukemia, adult T cell leukemyrmphoma, extranodal NK/T cell
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isoxazol-5-y1 substituted withwherein W is 0, NR, or CH2, and R is H or CI 6alkyl. In certain such
embodiments, W is 0. In certain embodiments, L is C=0, Z is absent, and R5 is isoxazol-5-y1
substituted 15with 5-membered nitrogen-containing Cl 6heteroaralkyl, such as pyrazolylmethyl,
imidazolylmethyl, triazol-5-ylmethyl, preferably 1,2,4-triazol-5-ylmethyl. In certain embodiments, L

is C=0, Z is aanpRbARd dridfolsaxaza)pe ML cIbstitpiesd heihaseny @G hplenia kasateferably

methoxy, ethoxy, methoxymethyl, or methoxyethyl. 20In certain embodiments, L is C=0, Z is absent,
and R5 is isOV8AS BXRAYSGRTRYCRRIT EAENRFSARRRAN b RYRENRY HYRRSSHARROS AR Kty 1

In certain enmbedivemsnipisoaTz).|ynipRbsrbidphRAdSi S QffFabrobl ssths it yiprroamiboxylic
acid, aminocarboxylate, ClI 6alkylaminocarboxf\ilc)al}ﬂeé %1 6aLIfJ!§)_él)2aminocarboxylate or Cl

6alkylcarboxysReiied ek b mEskMER JEAI UGS SEHHYMRRO M A9 or ety
carboxylate, [prebersialy (nethiheaterdaiemixednceditiaimenyipasiracnts, &/inpHdcpreigsphlyelitdr Uses

of Enzyme Inhibitors Orderly protein degradation is crucial to the maintenance of normal cell
functions, arRPHHEBIEESS BRI T INERRED 6 O FRRSTIT) oBRH A pHUGE B VRO BIB RS8R controls
the levels of prasRineathahaleenmeoitgeldai0e toytr proe1epsititenn dispaséosis in normal and
malignant cells; for %?}Egl_e, cx//(él\ins, cg:;gases, BCL2 and nF-kB (Kumatori et al., Proc. Natl. Acad.

Sci. USA (195?5?'@9 %Lfg RN F‘HV?L‘BE?@%a@ CAARYRNPhus, it is not surprising
that inhibitinghpnisedeflisehagtinsycaatanaain o lierapiesdite s alisesiop ik dindasensfatiescsllich as

malignant, non- malignant and autoimmune diseases, depending on_the cells involved. Both in

Viro S in VIEGARIER A QA A ARG AT i G eres Bl SSe B e Sp R basome

inhibition. In diatt pedteasenearipbibiiarbbas aiesthebesteushgeiesbas caiarafiatticaieategy for the

treatment Oforlg%lcteiﬁgeem}/ﬁlgrnrﬁ%nmir?d%%uelgdbe%t), gynecologicaktarfcervical, endometrial, fallopian
tube, gestational trophoblastic disease, ovariantgmeal, uterine, vaginal and vulvar),
basal cell carcinoma (BCC), squamous cell carcin@®@&C), malignant melanoma,

15 dermatofibrosarcoma protuberans, Merkel cell carmia, Kaposi’'s sarcoma,
astrocytoma, pilocytic astrocytoma, dysembryoptastiuroepithelial tumor,
oligodendrogliomas, ependymoma, glioblastoma narhie, mixed gliomas,
oligoastrocytomas, medulloblastoma, retinoblastamearoblastoma, germinoma,
teratoma, malignant mesothelioma (peritoneal mesiotha, pericardial mesothelioma,

20 pleural mesothelioma), gastro-entero-pancreatgastroenteropancreatic neuroendocrine
tumor (GEP-NET), carcinoid, pancreatic endocrimadu(PET), colorectal
adenocarcinoma, colorectal carcinoma, aggressivmandocrine tumor,
leiomyosarcomamucinous adenocarcinoma, Signet éah@denocarcinoma,
hepatocellular carcinoma, cholangiocarcinoma, ledpastoma, hemangioma, hepatic

25 adenoma, focal nodular hyperplasia (nodular regeiverhyperplasia, hamartoma), non-
small cell lung carcinoma (NSCLC) (squamous ceiblearcinoma, adenocarcinoma,
large cell lung carcinoma), small cell lung carei® thyroid carcinoma, prostate cancer
(hormone refractory, androgen independent, andrdgeendent, hormone-insensitive),
and soft tissue sarcomas (fibrosarcoma, malignlrdus hystiocytoma,

30 dermatofibrosarcoma, liposarcoma, rhabdomyosardemiayosarcoma,
hemangiosarcoma, synovial sarcoma, malignant pengbinerve sheath

tumor/neurofibrosarcoma, extraskeletal osteosarfoma

- 48 -



10due, in part, to the highly proliferative malignant cell's dependency on the proteasome system to
rapidly remove proteins (Rolfe et al., J. Mol. Med. (1997) 75:5-17; Adams, Nature (2004) 4: 349-360).
Therefore, certain embodiments of the invention relate to a method of treating cancers comprising
administering to a subject in need of such treatment an effective amount of the proteasome inhibitor

compound disclosegiagyaiimbpd\siupecthheraitolsidasanaanaashiididescoeh ssdutlipdiedyaplood

born and solid tumors. Cancer refers.to disease of blood, bone, organs, skin tissue and.the vascular

system, incllfG§28R{hGEl RIRIH/E MR & HARIC WdREF 9abod NSoHY NS A YSHRP BRIV & hest,
colon, endrogiesedes ESMPRS)areiaarhditiepoives dunaideirhelamdreibd mgck, ovaries,

pancreas, prostate, rectum, renal, skin, stomach, testis, 20throat, and uterus. Specific cancers include,

but are not |iPﬁﬂEi?'ESE'%%TH%RQES@‘@WHB&R%Q&@%%ﬂ%'&%l@%@&ﬁe%ﬂ&tleakamia (AML),
chronis lympheeysisde e diloreninsigewalegencss irilkaimisdfelts inaky pelifgigdramia),

mature B ce|l heoplasms (small lymphocytic lymphoma, B cell prolymphocytjc leukemia, )
mphoplasrAESRe SBHIMATLER SE ARG R R G RRTLg! SHER SRSl zone
lymphoma, plasaedeehnayeinipe eiaameg)yOmsnmireeanclaaahivaiodeombudp: depositippg)iseases,
heavy chain diseases, extranpdal marginal zone B cell lymphoma (MALT | homa), nodal marginal
rone B coll NITERl HIZES COTOOIar 5 SRR S KEe B B ARG <E e Eomohoma.
mediastinal ghyonie)datgedpinat lpoiama, purpvaseialidaveeal mielidyopaino mywiofian sigusion
30lymphoma and Burkitt ymphoma/leukemia), mature. T cell. and natura] killer. (NK) cell neoplasms (T
cell By mo S5 ALRSTIEO ERA T eI TP I BHTE BB SR R o eukemi,
adult T cell leggerntiaflynepinveaticrxitamedaldihdd oetlédemplimsospasingéyntymstérta)l tyraphoma,
hepatosplenic T.cell lymph blastic NK cell lymphoma, mycosis fungoides (Se syndrome),
primary cutaT UGS ATESE S50 LA G G DR AR ASERE AR B M noblastic T
cell ymphomeamppspeditiedipstpheradin.cell ymphoma and anaplastic large cell ymphoma), Hodgkin
5lymphoma (nodular sclerosis, mixed celluarity, lymphocyte-rich, lymphocyte depleted or not depleted,
nodular lymphocytevjyrelddimpiasti;/myelopral{ferdtipte disgzsaq suslolanoinmyelpetansmmigeang
myelgma), chronic myelopraliferative disease..myelodysplastic/myeloproliferative disease
yeldtoplo e A b T R T B R R ey
and dendriticnela$Sifiebpeasys pohasitastiosisyalbhprul iesativewhs & veirey chencu e Adat dsarcoma,

malignant glﬁnt cell Wurp jtlla]oet a hane dlsea%e,eotsteos%%)ma breast cancer, iﬁj‘ormon

or, m : ,
dependent, hofmone |n%g'i¥e%¥ n 1%@%&%56%%61 Cancers cepvf(r:]a?,neenoorrrﬁ%%ﬁéif aﬁor&%%%%e,

gestational thnelagielastinhilstagahevanidea parwmnatl theecosipangiratehdd b)) basakeelle to
i 1] ' naliar 5 '
orotuberans. ke Se MU RAREAEAR R anlel MV SR D HA R, b dREL L Hosa 6™

dysegibryopiastit tneatroepitlasliaffeoive, aigoohd mdribglioorapeendymoma, glioblastoma multiforme,

mixed gliomas,
Myelodysplastic syndromes (MDS) refer to a group@iatopoietic stem cell

disorders characterized by dysplasia and ineffedisematopoiesis in one or more of the
major myeloid cell lines. Targeting NF-kB with eopeasome inhibitor in these
hematologic malignancies induces apoptosis, thekelnyg the malignant cell (Braun et

25 al. Cell Death and Differentiation (2006) 13:748Y.5A further embodiment of the
invention is a method to treat MDS comprising adstering to a subject in need of such
treatment an effective amount of the compound dsszl herein. MDS includes
refractory anemia, refractory anemia with ringetkesbblasts, refractory cytopenia with
multilineage dysplasia, refractory anemia with esscklasts, unclassifiable

30 myelodysplastic syndrome and myelodysplastic symérassociated with isolated

del(5g) chromosome abnormality.
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oligoastrocytomas, medulloblastoma, retinoblastoma, neuroblastoma, germinoma, teratoma, malignant
mesothelioma (peritoneal mesothelioma, pericardial mesothelioma, 20pleural mesothelioma),
gastro-entero-pancreatic or gastroenteropancreatic neuroendocrine tumor (GEP-NET), carcinoid,
pancreatic endocrine tumor (PET), colorectal adenocarcinoma, colorectal carcinoma, aggressive

neuroendocrine tUNstBIBAMAS O PralTeeitionsAdRAOCEE N ahitht KIBBEH RN aeladergiearainoma,
hepatocellular carcinoma, cholangiocarcinoma, hepatoblastoma, hemangtioma, hepatic 25adenoma,

focal nodulaPR§EE PIRSRATHHLEYSIE G h e MBTE BINGH TR D196 HRiteshie: PEaH%ung

carcinoma (Nszstdey(ssidamasaelydtehfiareinsiay@eenasaygieamanlasecseddigngigarcinoma),
small cell lung carcinoma, thyroid carcinoma, prostate cance&%)_rmone refractory, androgen
independentSrifristef QQBéﬁ@ﬁﬂ‘ﬁmm%'ﬁ@liHQ@H&%&'E%% fe&esh é%%fﬁﬁ‘i@' Wbrosarcoma,

maligrgnt fikggyreBYRiiDSYBIMICHRITBIIIS(FERINAIReSRERMAMTAY damypsalcemeoma
tamormeroSSA B B AR AR AREB ek O NN RN D AHETHR A Bporetic and
lymphoid tisgneshateteharactaezast P eis ceigassing eelinmisiatisie ararouticotahtyperapeathdr he
chronic myelgprolifer gve diseases E?CMP )S) are cl naé}haematopoietic stem cell disorders
characterizeéj'%gy%?‘ca)@ RIESH [ F B 3%%‘?08“ SPHRRE of the myeloid lineages, resulting in
5 increased numbers of granulocytes, red blo ells and /qr platelets in the peripheral blJood. As such,
the use of proteaso e FTEATET te HRGianSHE 3 Lo LA B Ao AR LG e
(Cillon® et al.intaanwtoldgidta@otitd 82rekhidhde 2 ForGiMaDptexBifs| tebpuatec fic thgetagerssion
leukaemia, chg&pic neutro ﬂTlig 'Fu‘faﬁ i%, chronic epsinophilic IeL{ka?bmia, ol C)ﬁpae ia yera,
chronic idiop At iE BB AL LIS AR IS dhag sl A Srakidns e
myeloproliferatijer tistasmnpatisityatahiiexmendiens theumstytb&frieegingGviE& tanforsing
administering to a subject in need of such treatment an effective amount of the proteasome inhibitor
compound CRAGLAE e Ly RS R LT BV e B M RS S ot A
myelomonoayét @¥leukagizg atgpical dokgnic sopalinie tebéenmianisiendetioyelimesesytieleudgemia
and unclassifiable myelodysplastic/myeloproliferative disease, are characterized by hypercellularity of
the bbRe maw(ﬂ/v%‘ff@g)tﬁﬁo‘%?é@éﬁW@%'BPrﬂB}E'af ME‘ﬂ}é@oiamﬁ%alﬂg‘%ﬂfﬁf&g‘gﬁg%roteasome
with the comppgitipredRREIVEAdRIGHBEBREENE Eabieahdieseiayaldignirtisieniapraldameve
Myelocysp Bl S FREG-AERCNASES Fehe AR T Gl CROERR LSl BREAR Grcldrs dbterze
Myelodyspl I rd terized
by dysplasiacargdarfients/athnrivatfiop asisuteyg rictree alifieeanAofomyeiaiftbciildass id argeting
NF-kB with a proteasome inhibitor in these hematologic malignancies induces apoptosis, thereby
killing the mmamgkgﬂmﬁﬂ%{;\dm|n|ster|ng a therapeuticafigative amount of the compound

20 described herein. An “autoimmune disease” heemdisease or disorder arising from

and directed against an individual’s own tissuggsamples of autoimmune diseases or
disorders include, but are not limited to, inflantarg responses such as inflammatory
skin diseases including psoriasis and dermatitgs égopic dermatitis); systemic
scleroderma and sclerosis; responses associatedw@mmatory bowel disease (such as
25 Crohn's disease and ulcerative colitis); respiyatlistress syndrome (including adult
respiratory distress syndrome; ARDS); dermatitisnmgitis; encephalitis; uveitis;
colitis; glomerulonephritis; allergic conditionscsuas eczema and asthma and other
conditions involving infiltration of T cells and anic inflammatory responses;
atherosclerosis; leukocyte adhesion deficiencyymregoid arthritis; systemic lupus
30 erythematosus (SLE); diabetes mellitus (e.g. Tygi@bbetes mellitus or insulin dependent
diabetes mellitis); multiple sclerosis; Reynaugisdsome; autoimmune thyroiditis;

allergic encephalomyelitis; Sjorgen's syndromegjule onset diabetes; and immune
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25al. 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 the compound disclosed herein. MDS includes refractory anemia, refractory anemia with
ringed sideroblasts, refractory cytopenia with multilineage dysplasia, refractory anemia with excess

blasts, unclagsifiafle-3ByeloaNaPRRHGSYRE RN Bt BiRshisRlpaTSoRIRY B e\ASRAEaIaH Jvith

isolated del(ﬁ) chromosome abnormality. Mastocytosis is a proliferation of mast cells and their
cé

subsequent A THRIRESRSHENEAY TR 4P SHONS NMBLRRISIRIYMYRRILS; BIRMW QR AR to,
cutaneous maRIGRLEEIRISNPElANieMSIaRBBAHEEIL0RIS (BMEESYSIIBIMUMARGYERKE Yt associated

clonal haematological non-mast-cell-lineage diseaseéS_M-AHNMD), S?gress_ive systemic

mastocytosi€ RS SIaSERER ARRUAE TURIET it di e RIEQIAE'S AR LA Bh Kby
mastogytomayAdieifer aevbedieanefieinyeidiog iS1a Nt tiekttodinasy B RaRAQs CeynlESIng
administering an effect amk%s:;lnt of the compound disclosed herein to asubjg,ct diagnosed with

mastocytosi® OPHE BrAEAYGM SMMERIMELNIERKS; AMISR T RIS \GEIRIE i Rt

10immun|e g@:ém?&%mnawymnmimﬁag@mﬁwge,%h &%Wﬁdﬁbﬁﬂé?@l@gﬁtﬁﬁétﬁﬁi@i the i

immunoglobulin light chain K gene, the IL-2 receptor a-chain gene, the class | major histocompatibility

complex gertal S RADT LR BB BB BRI B8Rl ghe

colzny-stimtmﬁmm ifacios, @cﬂ?dlﬁd}béﬁr(cﬁiﬁﬂlﬁ&@h IRetterls @@Hs(ﬂf@h ,ﬂfdr? ?y?ﬂi!o?ﬁé) BHhewtidisesed

embadiments, the inyention. relates to methods 150f affectjng the level of expression of 1L-2, MHC-I,
! T e

IL-6, TNFa, RS ARG BEHE BIHEP 0B ﬁﬁPéHﬂb“ni taRRY HEPRGTIIy

administeringnimarsstheskivd eftepévecapuepniso{ 13 Py eeastiiarithibitob coyssii@n disclosed herein.
In certain embodiments, the invention includes a method of treating an autoimmune disease in a

mammal comprising lzelimnished By stehesmpeatisdty atfedtiye usmalichiatiiralboimfeoted, 2@aescribed

herein. An "aut8immune disease” ereir} is a disease or disorder arising from d.dire?ted against an
A L un (%.r one 0aco eqlc ranstformation or,present u e8t| es 0 e|65yrace. .
individual's own Tissues. Examples of autoimmune diseases or disorders’include; but'are not limited to,

inflammatoryneapethsies puateclysidlgemesdte\sskall pispidegheckeciatopstrifdgapltodgtesatitis (e.g.
atopi¢ dermatitis); systemic scleroderma and sclerosis: responses associated with inflammatory bowel
Cisba (o s T R S A R e g
adult respiratove nlisinestadpa dooamereiRD S, vEnmgdhescongriagids ; iemoapbalivdyiaterysagelitisor
glomerulonephr'%' . allergic conditions such as cezema a&d asthma and other ¢ Hditio involving
AP | |||’ng arglterin arﬁtl en Dresemdlion 1 &, Geomprisiig exposin cell(or.
infiltration of rI]hce s and chroni€ inflammatory responses; atherosclerosis; leukocyte adhesion
deficiency; radomrastéatiaghoitts sepgethio ltusompound desdriterein. Specific embodiments
include a method of treating graft or transplamdte diseases, such as graft-versus-host
20 disease or host versus-graft disease in a mamoraprising administering a
therapeutically effective amount of the compounsicdéed herein. The term "graft” as
used herein refers to biological material deriveaif a donor for transplantation into a
recipient. Grafts include such diverse materiaf@asexample, isolated cells such as islet
cells; tissue such as the amniotic membrane ofxdoomn, bone marrow, hematopoietic
25 precursor cells, and ocular tissue, such as cotissalke; and organs such as skin, heart.
liver, spleen, pancreas, thyroid lobe. lung, kidrtelular organs (e.g., intestine, blood
vessels, or esophagus). The tubular organs caadukta replace damaged portions of
esophagus, blood vessels, or bile duct. The skifisgcan be used not only for burns, but
also as a dressing to damaged intestine or to ckrsain defects such as diaphragmatic
30 hernia. The graft is derived from any mammaliarrsepincluding human, whether from

cadavers or living donors. In some cases, the damdrecipient is the same mammal.
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30erythematosus (SLE); diabetes mellitus (e.g. Type | diabetes mellitus or insulin dependent diabetes
mellitis); multiple sclerosis; Reynaud's syndrome; autoimmune thyroiditis; allergic encephalomyelitis;
Sjorgen'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, pPriyERyBRjtAMpT irBaRS ih anewascalitgRaiRisiPes AReINith AGEheN bs teqran);
diseases involving leukocyte dia?edesis; central nervous system (CNS) inflammatory disorder;

multiple org&M i RS fR MELHE AL E hherRaS il QUBAR Sut not limited to cryoglobinemia or
Coombs positive anemija); myasthenia gravis; antigep-antibody complex mediated disegses;
antiglomerular basgﬁ%mg)ﬁé%m%@g%&elgﬂﬁ g@%ﬂélﬁ)ﬁgg@fméﬁﬁ%}@(&%&?ﬁs; Graves'
disease; LambegisEatpretiyagthienihaysdraijoe rpa inigeidssidlg usidprepbigasipauddmitiynes to
polyendocrinopathies; Reiter's disease; stiff-man syndrome; Beheet disegse; 10giant cell arterjtis;
e conBER G e LR FUM OB aRR LR SHHCE, SIS PrOBOB e
purpura (ITRheirauttpmin ted respoyisps i@hapatid etimied Hesy $E006HBEcHESAGB)0gous cells
that are virally infected, have yndergone oncogenic transformation.or present unfamiliar peptides on
S aERE e VBAS

their surface [HtPa@EIRIAF SrBIRBRISE JERE MEe LV I BR S04RE FB%E%H%%&&S OHY o
15induce MH€thassmpusiiatedisciosed hesponges. Sithjstiristitaiytierobddimoeitits ctike invention

lates t thod of using.th d i dulatory . t for inhibiti Iteri
antigen presARCHBHTh & RIP QA BG5S iR N HRRY B 2y o the
compdund deangbetaheresil. ISptoditasish bdmyentsa i el esam éthediiof tdag raegthitiocell

transplant-related disgases, f(l?h S aft-vilrsus-post 20disease or host versPs-g(%aft (% ease,in a
mammal, coﬁ%ﬁng&Lﬁnm%i ?Ilﬁ'lLbaE{ eer}gB ﬁt?gglll?/aéﬁ%@v aANOUN? SR Céb‘?‘gp Und'tes ||bed
herein. The sarodigraft’ as 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; fisBilntionchf dsethprcirasotitenhas bette sifanvncindmedicisd te et oigchasamtopoietic

25p“eC“r5°r\ﬁﬁ%$e§?%%§ﬁ' ré@%’ rqj&’é‘e?a%%éoiﬂﬁ%tﬂﬁﬁ%{ﬁ%‘#s?%gsEH%]@EH% S8 tlver.
spleen, pancreas, thyroid lobe, lung, kidney, tubular organs (e.g., intestine, blood vessels, or
esophagus).iMmrentidsulaclodgmthedneaenusrdabl yspphop dditesg) dis pastsn-BD) stastiemigte colgtiul

vessels, or hj| " ' u onl - S|
damaged in e@ﬁé{eﬁéﬁﬁﬁg& %@%@Qﬁ@si@%@% ﬁ%@é@rﬁ%&:@%ﬁ%@&aﬁg [g'% [ﬁgh erived
from any magisakigetsmmggund tdiaghbiectrinwieethérdrebtodidst senunivind ioalossitingsafe

cases, the dppf ARAEACIRIG f%ﬁ@c%@t@gf‘mﬂgwﬂ#cféﬁ%@%ﬁﬁﬂ'i?_fﬁ@wcqgg@if@f”a{f@/\é( oran organ

such as heart and the donor eqr ost are matched for s Il"antigens. Histiocytic
and dendriticlissirdgsspliastigiageBieslieanfloncph agoplassnshmpbessesy aeifriomel have major roles

in th928roce?rﬂH%ﬂBG&f&%%%S?HQH&Bﬁ{H%HE @her primary immdiserders, infection with the

human immunodeficiency virus (HIV), iatrogenic imnasuppression in patients who
have received solid organ or bone marrow allograftsl iatrogenis immunosuppression
associated with methotrexate treatment. Other Bddsmonly associated with LPDs,
but not limited to, are ataxia telangiectasia (AW)skott-Aldrich syndrome (WAS),

25 common variable immunodeficiency (CVID), severe bamed immunodeficiency
(SCID), X-linked lymphoproliferative disorder (XLPNijmegen breakage syndrome
(NBS), hyper-IgM syndrome, and autoimmune lymphéfaative syndrome (ALPS).

Additional embodiments of the invention relate tethods for affecting the
proteasome-dependent regulation of oncoproteinsratitods of treating or inhibiting
30 cancer growth, each method comprising exposindl dioevivo, e.g., in a subject, on
vitro) to the proteasome inhibitor composition discloseckin. HPV-16 and HPV-18-
derived E6 proteins stimulate ATP-and ubiquitin-elegent conjugation and degradation
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5lymphocytes. 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 the composition
disclosed herein to a subject with histiocytic or dendritic cell neoplasm. Histiocytic and dindritirc cell

neoplasms ipglyge Misioaricaairente haagerheesarikbistogyinsis 2 MrEesbanssheipAEOMa,

interdigitating dendritic cell sarcoma/tumor, follicular dendritic cell sarcoma/tumor and non specified

dendritic celPSSHIBHIAte at [ARiBRBRIFHTS HroteTRG IS AR M ek Harmg abti at
diseases whenebi @bty éSP50 S Baling Aaskitanaipop WRREARHR: S S @iceotRepIORINOf the

15invention includes the treatment of ly § %Ti)rollferatlve diseases (LPD) associated with primary

immune disdtEBFRRIBICIYCHIR MRGEUAGRY uge SMARRSHRN FebithdHR&IGLRd compound to a

subjed in ne@ﬁbbﬁiﬁfén@ﬂi@@ﬂ@%ﬂﬂ@élﬁé@%' @ﬁﬁmg@@mmwsleﬁmmxapépmed with an
increased incidence of Iy rol|ferat|ve disorders, i ding B-ce I and T-cell neopla,Ems and

lymphomas, %@Bﬁﬁ'{?ﬂ)ﬁ [ﬁ{&ﬂeﬁb%ﬁ Jﬁ%%ﬁ] HiMe? FﬁlH{QWWdﬁg‘Bf Yers,

infection witlz ghepadiman mya@@@dqf@igmpy virus (HIV), iatrogenic immunosuppression in patients who
have received solid organ or bone marrow allografts, and iatrogenis immunosuppression associated

with methotrexate traaithenti$pird?Be torentiony elasesiatedeaifrbRiasome diibitated to, are ataxia
telangiectasia (AT), Wiskot rich syndro WAS common variable.im unodef|C|e y(CVID)
severs comtb RPN NOTO BT ) o5 S CHA MR R ISP BREP megen
brealdpe syodmlitner(ﬁlBr&)ldm‘m@ngNhsymdrmembtcﬁtmiamOhemm@dmaghaprtbiéeratmsywﬁmm
(ALPS). Add|t| aI embodiments of the i ventl n relate to.methods for ffectln
proteasome'&%%é‘ t”?é‘g@&.oﬂ%%ﬁ%é’& tEIRs AR BTSSP BRI ‘aﬁ*ﬁf@ ﬁgdaéﬁaé'a

growth, eachhnetbndmemymtamg evpbplgszieetin atndnomgnulneamaujat&daneumpaaMQSr(e g.,

proteasome hlﬁ)ltorga %)osm ion dlsclo%egsherem HPV-16 an Y 18- derl ed E6 Protelns
qU|

stimulate A epen conjuvgaa{ %nr;[sar%%'legra oA ofepé% c¥u3e re ?lculocyte

lysates. The|rémmmommctageydlpaﬂﬁmpdjgeewbpamyoaamnt@sﬂwheiraﬂme mwmmgswe

tempJe_ turefan a cell line wi h a mutated th%a'ﬂ%ﬁ ablle El. Elev gﬁ%meyeéa ofép53 m%)( atd (0] apoptosns

Examples o prrgt%ngncopré]teln‘s a(é)é]r%d B?quurl(t)n system inc ¢d OS C- and c-Jun. In

certain 5emhimmmtmui|tqala\memsmlmwa rpemﬁdmgatr@attmglm&qm’natgdla,pmpn:eﬂbathpnsmg

administering 10,8 s lEHI S RIS AL BLAISHRIC PR BaAIINIEL SPIRRATLIRY dlelgneg herein

such as Pick’s disease, subcortical dementias @sittuntington or progressive
supranuclear palsy), focal cortical atrophy syndesrfsuch as primary aphasia),
20 metabolic-toxic dementias (such as chronic hypatiadysm or B12 deficiency), and

dementias caused by infections (such as syphilchi@mic meningitis).

Alzheimer's disease is characterized by extra@ellld¢posits op-amyloid protein

(B-AP) in senile plaques and cerebral vessi&\P is a peptide fragment of 39 to 42

amino acids derived from an amyloid protein precu(8PP). At least three isoforms of
25 APP are known (695, 751, and 770 amino acids)erAdtive splicing of mRNA

generates the isoforms; normal processing affeptstaon of the3-AP sequence, thereby

preventing the generation BfAP. It is believed that abnormal protein procegdy the

proteasome contributes to the abundand& AP in the Alzheimer brain. The APP-

processing enzyme in rats contains about ten diftesubunits (22 kDa-32 kDa). The 25
30 kDa subunit has an N-terminal sequence of X-GIn-Rso-Met-X-Thr-Gly-Thr-Ser,

which is identical to th@-subunit of human macropain (Kojima, S. et aéd. Eur.
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Another aspect of the invention relates to the use of proteasome inhibitor compositions disclosed
herein for the treatment of neurodegenerative diseases and 10conditions, 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-megiRigbe SRRt e (804, S-edninTRarPresees RitdHy Yaroaks apayiegiipior axonal
neuropathy, acyte inflammatory demyelinating polyneuropathy, and Fisher Syndrome), HI\//AIDS
15dementia E¥PpRAN BB Y eREHSE N SABIUTHY P LR FEG OB e NES 1AL iR H5H S eease,

mult@ple sclerpyia, Bﬁ@%@%@ﬁmﬁniﬁow&’ r@l‘é’a\é@%@%&iﬂﬁﬂgé‘{m&%@hﬁi '.SNZ’@SPUW dementia,'
multi-infarct dementia, Lewy body dementia, frontal lobe dementia such as Pick's disease, subcortical

dementias (such asggngnikjeten I RECHIRSHI StHERITOFC 26 REEPRR] 6P EHealing A enrigromes
(such as primary aphasia), 20metabolic-toxic dementias (such as chronic hypothyroidism or B12

deficiehcy), HRF AP SHRR SIS AF BYNIHEh IO @ RYPIRCERRIRNE 8MaHBh/ thergigasome
Alzheimer fisfges SHBLRRIEFZAGseUERIH aEeRGEIERRAFLLDENR AN Senil
acl

plagues and cerebral vessels. I13-AP is a peptide fragment of 39 to 42 amino s derived from an
amyloid prot&il preeassirqArepycriddhs: infeAdd RinadefarsmtipraiedHeing tBesatesefBnd 770

amino aCidSbéﬂé‘?H?W%ﬁB”Féﬁﬂ&ﬁ {ﬂ%l'%lﬂﬁ&ﬂré@?s“&? E%@F@%i?@é@@' processing affects a

portion of the I3-AP sequence, thereby preventing the generation of I3-AP. It is believed that abnormal

protein processing RiHgiBTRIGRS QML SSNEIBHEP D PsiaRoAP IR RISt ol B IR dBAVR 78 fRer brain.

The APP-processing enzyme in rats contains about ten different subunits (22 kDa-32 kDa). The 25

30kDEsubuARSHENSTIQRsthR MRS AR HeEalY & SERWHS A MBlasts. SodHs. aspagiated millhich is

identical to the|3agepLbiteé REIBRiBIRARg AN iBradidinife S akiRNGPaEIIP6f (1992)
304:57-60). The APP-processing enzyme cleaves at the 01n15-- Lys16 bond; in the presence of

calcium ion, SX& S b san BRCWIMItNAYBTUBHRY iSRRI AIPES AEYSTBbAHEISMEIcase
the extracellylay demaBra ARy AR QBF-REPas EANaINVEBHEML (bRIATese salpiRa A vgEhod of

treating Alzheimer's 5 disease, comprising administering to a subject an effective amount of the

proteasome HHIBREPEBMPLSGR GRBRSEAR EREENLRHRAMN EFAWRIGHLY RAIBRRPIAE RAEVEN3- AP
procassing, (sEusing. e oale ¢iddéRplagee dpsedtigogragifieire eighkdmd’ @pRssaEeHs and
reducing the clinical signs of Alzheimer's disease. o S _
has been observed in fibrotic conditions, suchyaticfibrosis, injection fibrosis,
endomyocardial fibrosis, idiopathic pulmonary fibisg myelofibrosis, retroperitoneal
fibrosis, progressive massive fibrosis, nephrogsgstemic fibrosis. Other conditions
that are often associated with fibrosis includehasis, diffuse parenchymal lung disease,
20 post-vasectomy pain syndrome, tuberculsis, sickleamemia and rheumatoid arthritis.
An embodiment of the invention is the method oétireg a fibrotic or fibrotic-associated
condition comprising administering an effective amiof the composition described

herein to a subject in need of such treatment.

The treatment of burn victims is often hamperedilmpsis, thus, in certain
25 embodiments, the invention relates to the topicalystemic administration of the
inhibitors to treat burns. Wound closure followisigrgery is often associated with
disfiguring scars, which may be prevented by irtiohi of fibrosis. Thus, in certain
embodiments, the invention relates to a methodhi®prevention or reduction of

scarring.

30 Overproduction of lipopolysaccharide (LPS)-inducgtbkines such as TNHs

considered to be central to the processes assbeidte septic shock. Furthermore, it is

-54 -



Fibrosis is the excessive and persistent formation of fibrous connective tissue 10resulting from the
hyperproliferative growth of fibroblasts and is associated with activation of the TGF-I3 signaling
pathway. Fibrosis involves extensive deposition of extracellular matrix and can occur within virtually
any tissue or across several different tissues. Normally, the level of intracellular signaling protein

(Smad) that getiupiayrancspiriiphaf tREJRigenss iMnee Z6dnisrinsialiorss reaiatastmgspteasome

activity 15(Xu et al., 2000}). However, accelerated degradation of the TGF-I3 signaling components has

been observkH i AGRES Ko MFITBRL G ERCER T Stic KRB SHR B ABRSs -0 RIBIR ST ial fibrosis,

idiopathic puleyapasy filesisesnyiaeiitiiesi sy ePERBIHAMRAbf SRy PsEaE M eHBATS IS,
nephrogenic systemic fibrosis. Other conditions that are often associated with fibrosis include, cirrhosis,

diffuse parert P Hia0REHALRELEAY Ao an YIRS S ARSI B D BN L REEYENMUOR mia
and rreumaisid@stiisii@uiesembpdmantaiie (Roesyaris el mates) offreatngd fib it
fibrotic-associated condition comprisin%% admi lEE:rin an effectiv amounigojf he compositio

r

described h&RIRI'D €Nt PHAIER T UEH HELRHEAMRAY YRS IR RS [N HIGiEmRYOR REn

hampered by Nip@sisptbusniraaertsitred sspiiedimsiks, the invention relates to the topical or systemic
administration of the inhibitors to treat burns. Wound closure following surgery is often associated with

disfiguring scars, wisichemdy hedoreperfiesidvyinjbibitiesuttkfibrogioadosditiaretaivhéthibdiménts, the
invention relgtes to a method for the prevention. or redug n of scarrin .:@OOverproduction of
ipopolysaccSHES 1Eb &) SgERd PRI e Hrr U R RS RO S SRl B8 Socesses
assotiated vddyrsgaitioshofik By tHerebgne stiisn genenal ixciveiote o t B ednst seplintbegctivation
of cells by LRPS is the binding of LPS ecific membrane receptors. The a-.and 13-subynits of the
20 proteash IS LRI B tR R S FRY B Do BB o s e
LPS-indupedmﬂilg mhlgtamlnsmimmiaﬁomay b eoteagumriani tiei@péuticaiargeno; tﬁgdream,emm;mgeention
5 of sepsis (Quipshi, M etal Jmmun, (003 i dedRaR), Therelore i sorgin empodimens,

the proteasome inhi compaositioh may be use ein on o ato preven? and/or treat

septic shocktreatihgrharrsahsamliceqmerisionadn peryerdssilhs imjopnoxisi rgcadalinst énimdgiohetlsaigasta

deficiency of oxygen reaching the tissues of the body. Thi ndition causes.increased 10degradation
of 1B g e S D G B T PG e
that the seveahsgloeqgung reisultibrgaim pigpoxiawetn denchiloes vt itheuadminis eeei oo oliaifEdteasome

inhibitor (Gag e} 2l 000 Pk &t e R drB 8! Fhiy ARSI BRIFIGUE GRealubetligents of the
invention relate t6 a method

cerebral, peripheral arterial and vascular occhsicatherosclerosis (coronary sclerosis,
coronary artery disease), infarctions, heart failpancreatitis, myocardial hypertrophy,

20 stenosis, and restenosis.

NF-kB also binds specifically to the HIV-enhancer/praero When compared to
the Nef of mac239, the HIV regulatory protein N&pbjl14 differs by two amino acids in
the region which controls protein kinase bindirigis believed that the protein kinase
signals the phosphorylation ofB, triggering kB degradation through the ubiquitin-

25 proteasome pathway. After degradation, dB-is released into the nucleus, thus
enhancing the transcription of HIV (Cohen,Stignce, (1995) 267:960). In certain
embodiments, the invention relates to a methodhfubiting or reducing HIV infection
in a subject, or a method for decreasing the lef/giral gene expression, each method
comprising administering to the subject an effex@wmount of the proteasome inhibitor

30 composition disclosed herein.

Viral infections contribute to the pathology of nyatiseases. Heart conditions
such as ongoing myocarditis and dilated cardiomggphave been linked to the
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treating an ischemic condition or reperfusion injury comprising administering to a subject 15in need of
such treatment an effective amount of the proteasome inhibitor compound disclosed herein. Examples
of such conditions or injuries include, but are not limited to, acute coronary syndrome (vulnerable
plaques), arterial occlusive disease (cardiac, cerebral, peripheral arterial and vascular occlusions),

atherosclerogisx (@IQBAIN S B 0%iSa CURMRIPABVE VHIReasRb Riia) I gseabiafaaagreatitis,
myocardial hypertrophy, 20stenosis, and restenosis. = NE-KB also binds specifically to the

HIV-enhancEPHEmBEA HVABRLBNAERT0 THe DU UMK S RITO IR RS o 5t P NBIGSK

pbj14 differs\ayitwelarinp e¢igsrihibepatandiii¢ls caaly@aa oteintkisiassshinding Jt fobeljeved that
the protein kinase signals the phospharylation of IKB, triggering IKB degradation through the ubiquitin-
25proteason O PHS CAMUIER P RIOH HIERIR RS SRR RIS BRABRFE AN the

transcgption\afud ¥ (leheadIroRtigicen b9 Mt . eERAIN RBEO’HPINLS ViREsIVBMNIPN
relates to a method for inhibiting or reduycing HIV infection in a subject, or a method for decreasing the
lovel of viral GERBESHHAB& SFOBARH A HAGR YoM SRR HICES P SONE B K Bhactve

amgulnt of ttc@nmtﬁgémﬁm bjmbBOiragm pvaimaﬂ] cﬂactqserﬂme@irszw,r(?doﬁaméi@nlﬁ)ﬁ%ﬁmbutmm the
pathology of many diseases. Heart condjtjons such as ongoing myocarditis a ilate
Pt ROTSI GLEA n aGIS I BT P B R O A L 4 RS 5S me
microarray ainalyee seiflicheicieccmosisging avith FRRCH plitkeas@teBiavedsovers: anifeelyted
up-regulated in, hearts of mice which.develaped chronic myocarditis (Szalay et al, Am J Pathol
o s o) e e KR MBS A O Sk B VA B Lep whore
the 5virus is|ieéeviseddmqindbeaiealipenntsdceinge Ryiqaotdihsropeugadiepaibiivgun¢MHV) belongs to
the Coronaviridcte family, which also includes the severe ac%esgirato%sgyndrome £S?ARS

& B

coronvirus. WORACEHGIERTRIOAPEHEV3Y Y §E MBI CHBERBPEEN rﬁ%‘é‘i%%?%ith
MHV with a protelagenpedtdiyt(Girasaltast ul,a) dgeseaSel POEGHDTERICH) 0NN catditiaing Wiwreduced

iral tit d to.that of 10cells, The h hepatiti i HBV ber of
the Hopoan T DS R T T o PElii ) T BHEBLE CHUIO S SAS A Eropagate.
Inhibtthg thelpipteisionepedorayato s paiivry narpes gesigaifrathbshetion Actwdinypyninof
ecreted envelgpe proteins (Simsek et al, J Virol 79:12914-12920,.2005). In. addition to HBV, other
Pomatits vi AR S OB A DN BB B R R TS L o iy for
secretion, meiRegenksimatitid padogeDeaisl Accorimddindneating a cell with (or administering

to a subject) an effective amount of the compouadased herein.

In certain embodiments, the disclosed compositinag be useful for the

20 treatment of a parasitic infection, such as intewicaused by protozoan parasites. The
proteasome of these parasites is considered tovbésed primarily in cell differentiation
and replication activities (Paugam et al., TrendsaBitol. 2003, 19(2): 55-59).
Furthermore, entamoeba species have been showsa@ihcystation capacity when
exposed to proteasome inhibitors (Gonzales, efaih. Med. Res. 1997, 28, Spec No:

25 139-140). In certain such embodiments, the adtnatige protocols for the proteasome
inhibitor compositions are useful for the treatmeiparasitic infections in humans
caused by a protozoan parasite selected from Pamaps. (including P. falciparum,
P. vivax, P. malariae, and P. ovale, which caudanmag Trypanosoma sps. (including T.
cruzi, which causes Chagas’ disease, and T. bwiueh causes African sleeping

30 sickness), Leishmania sps. (including L. amazonésidonovani, L. infantum, L.
mexicana, etc.), Pneumocystis carinii (a protodaawn to cause pneumonia in AIDS

and other immunosuppressed patients), Toxoplasmaiig&ntamoeba histolytica,
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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 the compound disclosed herein. In certain embodiments, the disclosed compositions may
be useful for the 20treatment of a parasitic infection, such as infections caused by protozoan parasites.

The proteasem@RidasssRARSHE SAAE Baldesadibhe inveleaeipoaiinis, ¢ré diferssiation and
replication activities (Paugam et al., Trends Parasitol. 2003, 19(2): 55-59). Furthermore, entamoeba

species hanﬁS’é%ﬁsé}ﬁB%H‘FB%%%EQQ%HBH%QE%HW%%%%@BWm&%%@&m@ffﬁhﬂﬂﬁ)lg
(Gonzales, efrimaAsdhMr@sitak dANedByIPeolie0dh i@ €elodtda eitairiseabahPHENGALS, the

administrative protocols for the proteasome inhibitor compositions are useful for the treatment of

parasitic inféciEHO TR AUHARSSPSuse YL RFGHS, B A3 LR HRIERRIP o FIGKRHS AT 4BR:
(including P datrinatkospdraivas 5. nGrasieso @ipd iy elat whiekseanse imailsitics Hypanosoma sps.
(including T. cruzi, which causes Chagas' disease, and T. brucei which cayses African sleeping
20sickness) (EALHRR A RESR ISR ES A9 sEuRed IRHBDARP iR IRCO A na, etc.),

Pneumocystifegsiinih (& et@egan known to cause pneumonia in AIDS and other immunosuppressed
patients), Toxoplasma gondii, Entamoeba histolytica, Entamoeba invadens, and Giardia lamblia. In
certain embodimenks,déedirs eloded ipnetass tnecpiaidzitonce impiisitoassitio os éhbli i phet deesiment of

parasitic infections in animals .and livestock caused b rotgzoan parasite selected from Plasmodium
erman, CryBtOUDO M AR LR JEC L L OB o A AT, P00 625 G AR Bang
Neurtepora stabsamBttiments) tli dsnid) fiadfclifasop it tess caisynivditios pndioa tred ipnetaictibparasitic
diseases are d scribe%'n XVO 98/107795¥vhich IS incorrgﬁor ted her?in inI its e tiretg. n certain
embodiments thEH 1 AR ARKIB IS B iR &t 96@“&%(83%8% et PRAE Without
recovery in rézk lpoyid asdis anchittiite bioodastienbrestaurodisapigechpostenaatsyiitie teggridls-life of

blood cells may, Ierowdeﬁ)rlc%l)r(?l]g%eléjar{){ottfﬁgzttlon W'ftehc[%gﬁrd to therapy against recurring exposures to

parasites. In CEranT eibddmeAs the prol{reea'srbme inhibitor compositions may provide prolonged

protection with reg ' ' re i ' IS
Caivalent t the e0 oS LIS BouTans SUIThIeleR e el ARSI
prokdiyote 28 ¢ rtitesistainipantnasitien of Hukarpd@yoiEhzatiiclabilisimpleydheipddaeptide bonds
in a similar r.FQr enphili ti S ugh the
threonine renséi%%ge?\tl)%{%%é -ter%?ﬁt%ﬁ AWh% ﬁgg}}}@@rﬁ?@&ﬂ us, arﬁ%g&?&e‘ﬁﬁﬁﬁ t%ﬁs Eé%ntion relates
to a method eXareatihdhe skinleoeihiliteatiank atoihp iz dadhamistes igaogh shbjduteanine residue

on the N-terminus of thg-subunits. Thus, an embodiment of this inventieates to a

method of treating prokaryotic infections, comprgsadministering to a subject an

20 effective amount of the proteasome inhibitor conpws disclosed herein. Prokaryotic
infections may include diseases caused by eitheobgcteria (such as tuberculosis,

leprosy or Buruli Ulcer) or archaebacteria.

It has also been demonstrated that inhibitorshkimat to the 20S proteasome
stimulate bone formation in bone organ culturesrtiermore, when such inhibitors have
25 been administered systemically to mice, certaingasome inhibitors increased bone
volume and bone formation rates over 70% (GareR, et al. J. Clin. Invest. (2003)
111: 1771-1782), therefore suggesting that theuitongproteasome machinery regulates
osteoblast differentiation and bone formation. réfare, the disclosed proteasome
inhibitor composition may be useful in the treatingmd/or prevention of diseases

30 associated with bone loss, such as osteoporosis.
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20effective amount of the proteasome inhibitor composition disclosed herein. Prokaryotic infections
may include diseases caused by either mycobacteria (such as tuberculosis, leprosy or Buruli Ulcer) or
archaebacteria. It has also been demonstrated that inhibitors that bind to the 20S proteasome
stimulate bone formation in bone organ cultures. Furthermore, when such inhibitors have 25been

administered systemigallfifia:etten eehtsddipieirasanaarnamitsdna@asreHene vakuiagad bone
formation rates over 70% (Garrett, |. R. et al., J. Glitz. Invest. (2003) 111: 1771-1782), therefore

suggesting tHSAARE it Ao 8SHIR HABh RN e AHRLEBURESSE s DR L HRRRIPR RIS

formation. Therrfish the clisalagetepstirnappadahiitiorceapasEondiian edirefiit ifelagetieatment
and/or prevention of diseases 30associated with bone loss, such as osteoporosis. Thus, in certain

embodimentSO R IARENRIRHAR:04"R) PAIEHEE FoPHYARG 2uRsdiseasrantRIIAted uitB PRAR

cancep autolsyz|LEshipisisaRg adrafhitdransplanjselfies congbonr-opuindggpnerative disease,
fibrotic-associated condition, ischemic-related conditions, infection (viral, parasitic or prokaryotic) and

diseases associate@ ovithdovus Possacairgy idese adet isiesing andrydtatieel dowvedouns fotfermula (11).
Compounds prepared as described herein can b ministered in.various, forms, depending on the
disorcer to EAFRBEHHLAE HE H0TCBhAHER aAuespB GRS e pae A0 KT KA in e
art. For examppteewhasagheetidnpamnidstiageato. becrdxarsitrect arallgothpwpumaly becfoonbelated as
tablets, capsules, granules, powders, or 10syrups; or for parenteral administration, they may be
formutatod SSRGS AT oL, AR 5L B et i M Eao RSB aattons, or
suppaeitoriesyfgsajoplfoatiandntdhe aphimdmationabey rheshimanatedtas tinfgctasbe formulated as
eye drops or,eye ointments. These folrmulations can begPSrep eciobr}/ conven{ional means, and if

onv

re
desired, the Q f\‘?‘g‘?ﬁé’r‘é%ié”&{%”l&sﬁg ﬁln’ix%rds\%ﬁuaﬁ?/e? OhRI RV S éJ{cipient, such as a
binder, a dissuppaitogiesie Fordpplicainnsbgaireyephthaolibdzsig egdms ree sospension kuidy de
emulsifying agent, a coating agent, a cyclodextrin, and/ag,a buffer. Although the dosage, will vary
Gepending TRt SR RSTDa QEURE Drnd AR Gl B SR g ot e
disorder to beomeatenhoalpreasamednthd dasiecol, dukeratistatdgmd micth édéommx et thétldargy in general, a
daily dosage 200f from 0.01 tqQ.2000 mg_.of the compound is recommended for an, adult hum atient,
and % may e A el da Y SRS SR GRS e R e
which can beaoigbined sothlalizangeagaatedauspanosinoaadsmglsiyosage éotmavad ajergeea)gnheathat
amount of the ¢ ound which produces erapeuytic effect., The precise time of administration
and/or amodt Cgr?}%é{i'gm%%é? I(r)ra‘l%]% %\r/i”ilmoué% e gosagldavarypdepen ing on fie sympf%ms,
age and body weight of the patient, the naturesawerity of the disorder to be treated or
prevented, the route of administration and the fofrthe drug, in general, a daily dosage
20 of from 0.01 to 2000 mg of the compound is recomaieenfor an adult human patient,
and this may be administered in a single dose divided doses. The amount of active
ingredient which can be combined with a carrierariat to produce a single dosage form

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

The precise time of administration and/or amourthefcomposition that will

25 yield the most effective results in terms of efigaf treatment in a given patient will
depend upon the activity, pharmacokinetics, and\adability of a particular compound,
physiological condition of the patient (includingea sex, disease type and stage, general
physical condition, responsiveness to a given dasagd type of medication), route of
administration, etc. However, the above guideliceas be used as the basis for fine-

30 tuning the treatment, e.g., determining the optintume and/or amount of administration,
which will require no more than routine experimeiota consisting of monitoring the

subject and adjusting the dosage and/or timing.
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25yield the most effective results in terms of efficacy of treatment in a given patient will 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 theTiasisHRSEHHPHARI IR IEATSTAIN Q. iSIerfioRaThe ATEMyHdEe and/or

amount of administration, which will require no more than routine experimentation consisting of
monitoring tH83Fe DA A5 <ORY 8741 86Sa g HRBARRARPVNICh PRE. JHIIL IS SFRR L tically

acceptable” spatplavert BEfgiy toeitfesiRdbrs Higsads, doaiatitife CRBROSIEPAE AT i AgsagR forms
which are, within the scope of sound medical judgment, suitable for use in contact with the tissues of

human beinG R S MO L FYEETEME MUERILY t SR THREHE A SRBRSE RS PUMIEP B Phroblem or

Scomgicatiogeppryasoausaie wEhuraaRsAierbasefitiRkB@fieri ratid. he phrase "pharmaceutically
acceptable carrier" as used herein means a pharmaceutically acceptable material, composition, or

vehicle, such as a Iithedobirastidgilenrdibenicaixc pieshabieccdvietagbhetelingeatersal. Each carrier
must be "acceptable” in the sense 0 ing compatible with the other ingredients of the 10formulation
ot o TR Y B2 e A TEEls oD OO s UETVE S DA, ey
acceptable dileerdilinehidexlisngarsiventvrenaaiosdgimatstl arEbshatasde (M) wsatmnes, such as
corn starch, potato starch, and substituted or unsubstituted, 13-cyclodextrin; (3) cellulose, and its
orvativee, eeeReE e S0k SR g g e cHeE Mo el L Mestater (4
powdided trégasalattio i ndaitt(6)jgetatintg Td htatientS) Somipiemtisssocmatkdatow hitieraanserve
suppository waxes: (9) ails,.such as peanyt oil, cottonseed oil safflower oil, sesame ojl, olive ail, corn
o1 o soy RS AG A Ao BRI Gy Fors il ieh s Bty Ahedis Bk
mannitol, andyoobseth(2¢ stagtyees; ELZhemsarorsstirals, ¢l idie aledasubsthytdaunaten ¢ LB tyded(14)
buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic 20acjd; (16)
sy el SR R e RS
buffer soluticibyboell(243ethedruathitose coejadtip(é )Substidregacmioyepnmafihéhrgalatiticér)
formylations, In certain embadiments, pharmaceutical co sitions. of the present invention ar

M M Y T S ettt it A SO R TR e
25The term tphaottancsatdatly, settpiad @ bad safeesdibviieifetatimedyl amdteriyh @@aor gadnid @nd organic
acid addition falts' of thehinhibitor sp. Theise Sla'llﬁ an k?e r?gareq in situ dur'kr; }he finaltiﬁolatign and
purification of thie %h?b‘&or&%,pé‘?é?%%%gré{?é?y 1400 g&r.ﬁéog.}é%%l{‘m%é’)ﬂr'ﬁﬁs free base orm with a
suitable orggnutyethivienmgilycaid 1) &elatisgchesathihis énch eth R &preten(dB)egalts(ilude the

hydrobromide, 30hydr. ide, sulfate, bisulfate, phosphate, nitfate e, valerate, oleate,

paimitate, s L aa S T RS R R 0 RS CaBRS

succid@te, teatrate( itgghttodare freesyider; (lugoseiominaaliftE)ddingarts, salutisulthdhatey!
alcohol; (20) phosphate buffer solutions; and @her non-toxic compatible substances
employed in pharmaceutical formulations. In cere&inbodiments, pharmaceutical
compositions of the present invention are non-pgnog i.e., do not induce significant
temperature elevations when administered to amgatie

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

30 hydrochloride, sulfate, bisulfate, phosphate, tetracetate, valerate, oleate, palmitate,
stearate, laurate, benzoate, lactate, phosphatgat®, citrate, maleate, fumarate,
succinate, tartrate, naphthylate, mesylate, glyatoimate, lactobionate, laurylsulphonate
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salts, and amino acid salts, and the like. (See, for example, Berge et al. (1977) "Pharmaceutical Salts",
J. Pharm. Sci. 66: 1-19.) In other cases, the inhibitors useful in the methods of the present
invention may contain one or more acidic functional groups and, thus, are capable of forming
5pharmaceutically acceptable salts with pharmaceutically acceptable bases. The term

"pharmaceutigaly acgentahte falisdndhese instake eI setesrinpie mbagualy A0 txKg inorganic and
organic base addition salts of an inhibitor(s). These salts can likewise be prepared in situ during the
final isolation M PEGHRULESH SR tite M) S6H RPsdpiiakely reacting the purified inhibitor(s) in its
free acid form with &suiétggle base,tsuc lt%;?s the [Fﬁ/ctzoxi e, carponate, or bicarbonate of a
pharmaceutically a 163ERal Qgﬂ'a RNty 'i'&,t F Wl m&&&&ﬁéﬁw%&w@&%e
organic primesyiseconday nurtedisdjcaomotio Rel iy esans ativds aliali capzllsiding feartingalts include the
lithium, sodium, potassium, calcium, magnesium, and aluminym salts, a e like. Representative
organ: amitRAU BT AIETIY BRI AR i A LA P RRES 1 SR e e
ethylenediartpherethcevtieal pe ddiethablel aailtse ip pers instarefdhe tikth ésadafivegramploxierge et
al., supra). . Wetting agents, emulsifiers, and lubricants,.s s spdium lauryl sulfate and
ragnesium DRHALS 200 BT o, EIRE Tel b ST oM RS AMLaRpe
flavoring, angrppdteding sigedisiny eserfatlves atd mataifdartitosintiadsm bibigdpsesenbin the
compositions. xamples.of pharmaceuticglly acceptable antioxidants ipnclude: water soluble
antiodants SEREFIE LLEBrIRAIE Ry RO LR S PBIALS Sobiere Bas it
sodiuro sulfites tmel higd rséc €2 - arbsolata eartioaitentsticsoirpacs tarbyy palreibsas)dutelatechtion,
hydroxyanisole, (BHA), butylated hydroxytoluene (BHT), lecithin, 25propyl gallate, alpha-tocopherol,
and the ke, M 23] HRLLE et BB CE e M e R e e e CoH A mci
(EDTA), sortediatgréanineciRgpnesphtaiveactkadinot tikdikaeth safgrmolationkestittabia, feodian,
administration {gzsig.be in_the form_of caé)ssulesa%%chﬁt%i ll,”’TS1 taﬁlé-:-ttﬁé Iﬁ%gngf%égggﬁtgﬂ%vored basis,

0 ium, calcium magnesium, ; S
usually sucrgse ancFadama orr%Otra acanlt'm, pow&ers, granules, or as a solution or a'suspension in

an aqueous orgaone aqueessiiqtutfartas &ormiginnatdrasatsidsaiisoihtydd ethylarmmeyr as an elixir
or syruyp, or as pastilles (usi n inert matrix,,such as gelatin and glycerin, or sucrose gnd acacia)
andidas mERENEATEL s (e fRie Bl e SRR IR 5 St Pt sy 20 B S) as an
active ingredsee, focermupitoBergg alsal hsguhainistered as a bolus, electuary, or paste.
Wetting agents, emulsifiers, and lubricants, siebaium lauryl sulfate and
magnesium stearate, as well as coloring agenegaselagents, coating agents,
sweetening, flavoring, and perfuming agents, pregtes and antioxidants can also be

20 present in the compositions.

Examples of pharmaceutically acceptable antioxglamdlude: (1) water soluble
antioxidants, such as ascorbic acid, cysteine ftydiooide, sodium bisulfate, sodium
metabisulfite, sodium sulfite, and the like; (2)}swluble antioxidants, such as ascorbyl
palmitate, butylated hydroxyanisole (BHA), butykhteydroxytoluene (BHT), lecithin,

25 propyl gallate, alpha-tocopherol, and the like; &)dmetal chelating agents, such as
citric acid, ethylenediamine tetraacetic acid (ED,Tgorbitol, tartaric acid, phosphoric

acid, and the like.

Formulations suitable for oral administration mayit the form of capsules,
cachets, pills, tablets, lozenges (using a flavéesis, usually sucrose and acacia or
30 tragacanth), powders, granules, or as a soluti@soispension in an agueous or non-

aqueous liquid, or as an oil-in-water or water-ihkiquid emulsion, or as an elixir or
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5In solid dosage forms for oral administration (capsules, tablets, pills, dragees, powders, granules, and
the like), the active ingredient is mixed with one or more pharmaceutically acceptable carriers, such as
sodium citrate or dicalcium phosphate, and/or any of the following: (1) fillers or extenders, such as
starches, cyclodextrins, lactose, sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as,

for example sifgarbeagrisyiesliuiersy alvinaiesnaeirtisadgbeinylandrghdens, SHEOsRORNGRY
acacia; (3) humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium

carbonate, pRtaBrAAHBERS WYGRIC 2 Rl il B DA ALY GERIE D BB LA e S Qlition

retarding ageftsisbaoRs) Ray affirictficipspeelion: AoCelaifier nficAlas Beaiarmy @M ariym
compounds; (7 Wettin&ﬁlgents, such as, for example, acetyl 15alcohol and glycerol monostearate; (8)
absorbents, 3085 a8/ REWIFNARY B&IEnite clay; (9) lubricants, such a talc, calcium stearate,

magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and mixtures thereof; and (10)
Colorit agents. n [ CU O AR LHTERS 15 0t A IR AR LS EL oy UBHERS may also
comprise bufievinigaygnis UFsdicarnhtpesikie)y)sraf acivelmigyds miyetlseitbeoermplopestas fillers in soft
and 20hard-filled gelatin.capsules using such.excipients as lactose or milk sugars, as well as high
olecular wlH DO RN RRD S P T ep o ARy b RAE PSR AL Sion or
molding, optardilly aity afinteefohondrasqasdivier ngretiende Siaoh e ssad halslety cuiekeipgepared
using binder, (for example, gelatin or hydroxypropylmethyl, cellu lubricant, inert diluent
oreservativel 98 SHGMEL ST AR S AN QLG S A BT Se ek e dab P
parbd@metmarbeﬂgymmmmwesecm@imtés,p@qzm_ig_,qgﬂwwplmimbtwa_etmm_ag,tmw_qua@ciaplding
in a suitable hine a mjxture of the Powdq_r glréﬂlbl or(s m0|sttened Hwth an inert I|qU|d|d|Iuent.
Tablets, and S ISP dbs e oA i al DA GUBS SAUEEE: BRI a8 B AT sa iy
optionally becacboadtey, patptyen Wwipiocaastagsharadigiiel Epstaih siticatteyj@ndatodjarmnchdibeatmatings

well known I@éhe arma(ieu lcal-formylatm% art, i'ﬁé%mr&a !)sro tl?gnformu ate{jorso as tﬁ growde slow

or controlled PAIR3SE 8F the Active AT5Teadient near% re amp?e(,:%eygfgxygrospli/(fmet%yl cellulose

in varyinr? propatéores yoapmovoé. 'mnl ec(;jammmb ' ; dﬁee%)e:/mﬁhg, agkuisph cziysr,rferb marnyas, foes y:lmfels, and/tc))r
micr eres, They may be sterilize or example, filtration thraugh.a bacteria-retaining filigy, or by
incorbrating T L o e D B Do B AL ARG BAGRRE T,
sterile water|udir sxamis osieh stdele, infd ctabl steaditen nmagreesidaiatee food dipel yHikge ce mlyosisons
may also optignally contain cifying agents and may.be af a composition that they releasge the active
narecient(o G AL SRR e AR TR G A B Rt
delayed maroags Heantpléstsf embpididirtg_e:phrmmaamﬁimthmts_idmslomayeﬂsincdudmﬂj@pdmﬁmmg
substances g ex s, EaATH S IS P HAN A SRR U L5808 BRhers in soft and

20 hard-filled gelatin capsules using such excipiasttactose or milk sugars, as well as
high molecular weight polyethylene glycols, and like.

A tablet may be made by compression or moldingpaptly with one or more
accessory ingredients. Compressed tablets mayepaned using binder (for example,
gelatin or hydroxypropylmethyl cellulose), lubri¢amert diluent, preservative,

25 disintegrant (for example, sodium starch glycotateross-linked sodium carboxymethyl
cellulose), surface-active or dispersing agent.ldéd tablets may be made by molding in
a suitable machine a mixture of the powdered inbiits) moistened with an inert liquid
diluent.

Tablets, and other solid dosage forms, such azedsagapsules, pills, and
30 granules, may optionally be scored or prepared ga#tings and shells, such as enteric
coatings and other coatings well known in the ptzentical-formulating art. They may
also be formulated so as to provide slow or colgdolelease of the active ingredient
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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 15the art, such as, for example, water or other solvents,

solubilizing ageréfm asmgMotssheln sk has eralsahmristeryiricalmgebryperipagate, ethyl

acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (in particular,

cottonseed, BFBVINEHE 53 FrieaRtP it O hiss RRVANA GRS, IRdSH B te®ARRirofuryl alcohoal,
polyethylenengibiesiphanss fatti acich £ptesssed mprbtiary, aodanatitieatibrrerb fibesidesinert diluents,

the oral compositions can also include adéu_vants such as wettin agents, emulsifying and suspending

agents, swebEERINGIRIiRg OB BRHIBRMY ' HaGRELR K06 %{é'éﬁtfs.Ste”'%Eg% nsions, in

additia to theyrpbystibRIeTE) o2ayIReaiaddesPRNSINg Q9RDES 8 datREARIRIEcat)exdBled
isostearyl alcohﬁjs, olyoxyethylene sorbitol and sorbitan 25esters, microcrystalline cellulose,
it g it

aluminum mBt§ ETAISSRyarl ARG SYRRLSORR A AR N Y S8R AN E ormulations
for rectal or w@giawgghr_am%ﬁmhw be @f&@@m@ﬁ@ﬁu@ps@l@@smmmm begpeenangd)by
mixing one or more Innhipitor(s Ith one or more suita onirritating. exciplients or carriers comprisin ,
o o e R SN GBI AT CE, A STl LA RO I o R ot
room tempekgsiaged i dinkist aExedyiies pe aiedding theraiostimidnielh inghs eecivgugevaginal
cavity and release the active agent. Formulatjons which are suitable for vaginal administration also
o pes BTN SRS A Le AN HE SR LTS GSTEE By AT ORI RSP SHgHe

carriers as Styerknbsppiiopriatectigtheapiopitateof the uisaegsdobes éxcipriapical or transdermal
administration of an inhibitor(s) include powders, sprays, ointments, pastes, creams, lotions, gels,

solutions, patches, laigdichdalsene. fohe sibbive red arhoirestr aten heahgpietirnadeuttatl e acweptaivie with a

pharmaceutically acceptable carrier, and with.any preservatives, buffers, pr.propellants.10which may
be requred. S0 SN A S Ol SO ey SBmeaite Al ian SO

excipients, sactivas ragneutd ai) dheelgidd ilofsds)eoits nveaxey, gmnidérisglitiards, doageanyh, seduose

derivatives, polyethyleng glycols, silicones, bentonites, silicic acjd, talc. and zinc oxide, or mixtures

thereD?, 15P U e e R CE A e S S iy A LR
such as ethyl alcohol, isopropyl alcohol, ethybcarate, ethyl acetate, benzyl alcohol,
benzyl benzoate, propylene glycol, 1,3-butylenegjlyoils (in particular, cottonseed,
groundnut, corn, germ, olive, castor, and sesaisg glycerol, tetrahydrofuryl alcohol,

polyethylene glycols, and fatty acid esters of gart) and mixtures thereof.

20 Besides inert diluents, the oral compositions dao mclude adjuvants such as
wetting agents, emulsifying and suspending agsmteetening, flavoring, coloring,

perfuming, and preservative agents.

Suspensions, in addition to the active inhibitonig)ly contain suspending agents
as, for example, ethoxylated isostearyl alcohadbyqxyethylene sorbitol and sorbitan
25 esters, microcrystalline cellulose, aluminum metltbyide, bentonite, agar-agar and

tragacanth, and mixtures thereof.

Formulations for rectal or vaginal administratioaytbe presented as a
suppository, which may be prepared by mixing onmore inhibitor(s) with one or more
suitable nonirritating excipients or carriers corsing, for example, cocoa butter,

30 polyethylene glycol, a suppository wax or a saktg) which is solid at room
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lactose, talc, silicic acid, aluminum hydroxide, calcium silicates, and polyamide powder, or mixtures of
these substances. Sprays can additionally contain customary propellants, such as
chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons, such as butane and propane.
20The inhibitor(s) can be alternatively administered by aerosol. This is accomplished by preparing an

agqueous aeresapdiResNBLPRRAIAITL @ R ORAticte acepiBiRINGhMmERmMPERtieaugnaqueous
(e.g., fluorocarbon propellant) suspension could be used. Sonic nebulizers are preferred because they

minimize exp89AG 8 AT Slase S ArE4R A9&Ntin degradation of the compound. 250rdinarily.
an aqueous aerosolis made by formylating an gqueous salution or suspension of the agent together
Wit conventional pFEUAHT R A LB b L 8% AR G PR A e HOB R SR ers
vary with thetaatporesnersarnt e papiasies dompesitio sp ki kel g onciiie g enEmsasticiaciants
(Tweens, Pluronics, sorbitan esters, lecithin, Cremophors), pharmaceutically acceptable co-solvents

such 30p8‘f§7e \Q’He"bfy oﬁ%ﬁ?o%&?fb%f@f‘% like serum albumin, oleic acid, amino acids such as
glycine, buffers, sal%sogﬁué(?%,rors%% rgkcé%rﬂgédgﬁgrré)sgleﬁﬁg it Ily. dfgg%%r?p%fggaéﬁtomc

solutions. Transder patches have the a vantage or providing on very of an
inhibitor(s) tantledegpwslech, dpsaye, ointreests Heastad edrgatissslygeipsdispiersngaikcties agedt in the
proper medium, Absorption enhancers can also be used. t icrﬁ% the flux of the inhibitor(s) across
the skin. Theml;%?ea(r)l?%upfrﬁﬁ l%(gté\é% %Ser%c%(r%r%ﬂlteg]gy éﬁhrg'rxgr%nw mj 8a ?8@ }é'gn ?OW%% 6rlnembrane or
dispersing thehavnisitenjsr ally aodppiabieataxier el dRhidnramgsmtiati es nipdttionar qirtpe liavdsition

suitatﬂ%for R’Vaﬁ?gﬁié%ly]b%?gqgﬁl ar'ation comprise one or more inhibitors(s) in combination with one or

more pharmaceuti acceptable sterile agueous or nonaqueous solutions, dispersions, suspensions

or emulsions, or stefjlg Bﬂwr‘{i,%ﬁtg" 'H&Etgl‘?%naeaﬁ%f)gﬁgtgag m%‘}’ﬁ%&ﬁq%ﬂ&ﬁ%ﬂQW iﬁﬂ“ﬂii‘a

r
dispersions just prior to use, w |ch_may contain antioxidants, butfers, bacteriostats, so ut?e@jv?vhich
render the fEXOINRIOI iSOOhRSENTIR Asbragfeled [ESiate Meitte fe ciplafing, sigpindragarantbkening

agents. [RISS QERY4RD Hﬁﬂ"él‘fb UeaHREAFIRIS HUShIMAX BRiamBley g4 the
pharmaceut%:?l composiﬁons éer"; fﬁ%bllﬁge tion w@é@% water, g&anoﬁypo%yo s%uc%l as g%/’cerol,
propylene gz paigstaymrd s dheirafihe like), and suitable mixtures thereof, vegetable oils, such
as olive oil, and injectable organic esters, such as ethyl 20oleate. Proper fluidity can be maintained, for

exandfle, by the usE &VEE53iFG treREAICaN CRRIaIR cithaf diljandpRip#Ritah & eiPigatReguf dDarticle
size in the cagq Qidispersifiete abk PXIhsiNGs HyaoReaniem silithR3e SRMPOR/HANELTRYWRIES,

contain adjuvants such as preservatives, wetting agents, emulsifying agents, and dispersing agents.
Prevention d?tReidefien of DSeRcPobRianfahs PRIRIS R araith ¢OREAIRCIYSIEINGT Y 411008 IBtiBacterial

and antifunggl, &9 gRtehiBr ARG dRSEaRSTh < BIRIARIERMS BB $RIGAGISbIR S ke It may

also be desirable to include tonicity-adjusting agents, such as sugars, sodium chloride, and the like
into the comPBEHISANEHPAEBRIMA, prolonged absorption of the injectable

20 The inhibitor(s) can be alternatively administebgdherosol. This is
accomplished by preparing an aqueous aerosoldipakpreparation, or solid particles
containing the composition. A nonaqueous (e.ggrficarbon propellant) suspension
could be used. Sonic nebulizers are preferredusecthey minimize exposing the agent
to shear, which can result in degradation of themaund.

25 Ordinarily, an aqueous aerosol is made by forrmggdin aqueous solution or
suspension of the agent together with conventiphatmaceutically acceptable carriers
and stabilizers. The carriers and stabilizers wvatly the requirements of the particular
composition, but typically include nonionic surfacts (Tweens, Pluronics, sorbitan
esters, lecithin, Cremophors), pharmaceuticallyptable co-solvents such as

30 polyethylene glycol, innocuous proteins like seralisumin, oleic acid, amino acids such
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pharmaceutical form may be brought about by the inclusion of agents which delay 30absorption such
as aluminum monostearate and gelatin. 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 tediemhi poffdryebigle, Slijeeiablesdgnphissnecros diagerardnynaing sripaerProla
matrices of inhibitar(s) in biodegradable polymers such as polylactide-polyglycolide. Depending on the
ratio of drug R IBNRYUEAA%Ne nature of the particular polymer employed, the rate of drug release

can be controlled. Examples of other biodegradable polymers include poly(orthoesters) and

o Gamiwcidasy. DUBOEHEL LA GRS A ed e SORes A kaptas O
liposomes oamiatabitu{siorstidisbdye Saotpdtsigywitrbrtiystinade. by diEselpieparatispe cimgents
may be given orally, parepterally, topically, or rectally. They are, of course, given by. forms suitable for
cach imin B AGR TOUNE 6 SHEH BRI, ARSSINIAR IR HTABISR Y SRLR RAREES IHibction.
inhalation, eflexastathelibbibttogs), scroseditergkinfuioa rédaicayfloy kdiobecomtivltd; @anditlestally by
suppositories. Orgl administration is.preferred. The phrases 'patenteral administration” and
adminsterdd RAHRARETATAG AR ARIANE Aese RIS B oanet maliong
topical administyakion, usually by injection, and includes, without limitation, intravenous, intramuscular,

20intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcBtzeraoacs stitalutmuiposititraaictiar s dibi deuparacieat, intraspinal and
intrasternal inject ' lon. Th rases, ' nistration,” " inistered
cyteicaty R BT e o S D R e o R o e
administratigghaBobadigizeallydaoge ptadtiecs terd eceigqliothes dtguadinesctyliriiortbedigpersiorsyous system,

h that | -\ Oationt . ) _ i _ _ ¥
axample, suLLEe RS S ENTER, B B e R A e ) St e
other animalisfectti@eapyl itjomsyos uliapés siouns josbdrionisratibichimehydowy @iallgnthas@lgntas by, for

example, a J0RRIAY BEEIRIG SIS QGINBLNRRISPEALY Wil BSIRIA R nR ilRRIEE Y085 BY dawders,

15 intended recipient or suspending or thickening &gen

Examples of suitable aqueous and nonaqueous canfech may be employed in
the pharmaceutical compositions of the inventiarude water, ethanol, polyols (such as
glycerol, propylene glycol, polyethylene glycol datie like), and suitable mixtures
thereof, vegetable oils, such as olive oil, anddtgble organic esters, such as ethyl

20 oleate. Proper fluidity can be maintained, forrapée, by the use of coating materials,
such as lecithin, by the maintenance of the redugticle size in the case of

dispersions, and by the use of surfactants.

These compositions may also contain adjuvants asghreservatives, wetting
agents, emulsifying agents, and dispersing agdtsvention of the action of
25 microorganisms may be ensured by the inclusioraabus antibacterial and antifungal
agents, for example, paraben, chlorobutanol, phemrblic acid, and the like. It may also
be desirable to include tonicity-adjusting agestgh as sugars, sodium chloride, and the
like into the compositions. In addition, prolongaasorption of the injectable
pharmaceutical form may be brought about by thrigicn of agents which delay

30 absorption such as aluminum monostearate and melati
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ointments or drops, including buccally and sublingually. 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 forms
by conventional methods known to those of skill in the art. 5Actual dosage levels of the active

ingredients in the phrs@iaectiisas Crnepasitiensrofdhis iy emiendnay, ke adsiaNamnioiohta an
amount of the active ingredient which is effective to achieve the desired therapeutic response for a

particular pafBRP"BBATHEEHIGH A ABHE UDCH AR SR 6 I FRRIBE { HEFHP oxic Mo jKEBEent. The
concentratiog e pedi sHesasticPnap eUnsr éh fe RIB BB eatEearbyaBr aPakiectpmidhesivisyl vary

depending on, several factors, includin%the dosage of the compound to be administered, the

pharmacokirfRAUHI OfePILERENH LG HBEL LAY RINHNRE, and the route of administration. In
l, th ifi f this i ti b ided.i . luti ontaini bout

O.1-209% wiv of & cUNGIOGHE JIEREL R B A (e bGP L i BEEP DR En B Sation.
Typical dosendigesgresi AbleopolghmrsG0dH@aspoly abtice/HgtaldidedyDepighdipgr slayh g nativ iof1-4
divided d . Each divided d tai diff t ds of the i tion. Th
cosage wil GLEH R RRLHOIE b O el e e ROLIcH FURRE PO L Ra L o
patient, and tbieésacdation eotnalldd. oEadmiviistrafiothef ihedelsetpdiyomepoin(s)e 20The term "Cx

Ikyl" refers t tituted bstituted saturated.hyd includi traight-chai
By and br RN TSRy P BV AR s TR A e U S e TR ol
grouf® suchinsdrnitrapmnethygl drod 2h2ige suinesostinyicieten{isiidyiah dicaiesnaphayitte geithwivele the

group is in atlterminal position, a bond if internal. The terms "C2 yalkenyl" and "C2 yalkynyl" refer to
substituted oF25Unsubstituted unsaturated aliphatic groups analogous in length and possible

batituti h . _. o
rospectvely, T ROy LR ey o Sl y SeEel i Bl
R Mecyllaw madidennbgthaoxys sthi dopedmieistiat @ thEdikexamplether" i
st e el
renders that aI%gl an ether IS or resem ﬁes an a%«?xy. e}%ermn" , @a&oxya&g ‘reterd to a C,
6alkyl groupainbyentesiyjthsitio ylkintyioou po pieaky b ydanmigodni ikt and rectally by

suppositories. Oral administration is preferred.

The phrases “parenteral administration” and “adstéred parenterally” as used
herein means modes of administration other thagraindnd topical administration,
usually by injection, and includes, without limitat, intravenous, intramuscular,

20 intraarterial, intrathecal, intracapsular, intratab intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, sigotar, intraarticular, subcapsular,

subarachnoid, intraspinal and intrasternal injectaond infusion.

The phrases “systemic administration,” “administesgstemically,” “peripheral
administration” and “administered peripherally”wsed herein mean the administration
25 of a ligand, drug, or other material other tharedily into the central nervous system,
such that it enters the patient’s system and ibusjbject to metabolism and other like

processes, for example, subcutaneous administration

These inhibitors(s) may be administered to humadsogher animals for therapy
by any suitable route of administration, includorglly, nasally, as by, for example, a
30 spray, rectally, intravaginally, parenterally, atisternally, and topically, as by powders,

ointments or drops, including buccally and subliatu
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The term "C, 6aralkyl”, as used herein, refers to a C, 6alkyl group substituted with an aryl group. 5The
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 -1\11or 'Ri
wherein R9, Rl and RI' each independently represent a hydrogen, an alkyl, an alkenyl, 10-(CH2)",-R8,

or R9 and RI takenpegeiftpeydibr i Noateratadwmiaiz tkel arecpitagnrth DR e RefeRagysee having

from 4 to 8 atoms in the _ring structure; R8 represents an aryl, a cycloalkyl, a cycloalkenyl, a

heterocyclyl $&HiBIFSIURD S ANAr S i9Tan AN IE RITRerT Y GRTPRGERRSABBRIRIERR lonly
one of R9 ofRlFRidACaRC A AANIALEINB PhBinfarbihr AljeaRible arise &l foneisfertamiengendn

even more preferred 15embodiments, R9 and RI (and optionally RI0") each independently represent a

hydrogen, amSiRRIS KORMAVP Groge 95 sKikE theaHain embodiments, the amino group is basic,
25 an Bomino. b sURBPLABEIG G RS 2 P B A e o oG
formula:. 20 ofvtm;e"m/%icﬁi ArRyasededied aba%&oR{elf&it:mimrnboﬁihm_atﬁ_imé iihgraxtieiet wiliolotis
7-memberechUREALELBCPEP GHEL e LS g ol PRy o e N Loh CRSHRER 1%ing i
carbon. Theand mode of administration, without being toxi¢he patient.
The concentration of a disclosed compound in arpheeutically acceptable
10 mixture will vary depending on several factors liling the dosage of the compound to
be administered, the pharmacokinetic charactesistithe compound(s) employed, and
the route of administration. In general, the cosifpans of this invention may be
provided in an aqueous solution containing aboltl@% w/v of a compound disclosed
herein, among other substances, for parenteralrastnation. Typical dose ranges are
15 from about 0.01 to about 50 mg/kg of body weightgeey, given in 1-4 divided doses.
Each divided dose may contain the same or diffezempounds of the invention. The
dosage will be an effective amount depending oersgvactors including the overall
health of a patient, and the formulation and raitadministration of the selected

compound(s).

20 The term “G.yalkyl” refers to substituted or unsubstituted satted hydrocarbon
groups, including straight-chain alkyl and branclebdin alkyl groups that contain from
X to y carbons in the chain, including haloalkybgps such as trifluoromethyl and 2,2,2-
trifluoroethyl, etc. Galkyl indicates a hydrogen where the group is terminal position,
a bond if internal. The terms 5Galkenyl” and “G.jalkynyl” refer to substituted or

25 unsubstituted unsaturated aliphatic groups anal®golength and possible substitution to

the alkyls described above, but that contain a&tleae double or triple bond respectively.

The term “alkoxy” refers to an alkyl group having @xygen attached thereto.
Representative alkoxy groups include methoxy, ethpropoxy, tert-butoxy and the like.
An “ether” is two hydrocarbons covalently linked &y oxygen. Accordingly, the

30 substituent of an alkyl that renders that alkyk#imer 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, cycloalkynyls, aryls, heteroaryls, and/or
heterocyclyls. Aryl groups include benzene, naphthalene, phenanthrene, phenol, aniline, and the like.
The terms "carbocyrife’ @ith "@@ranaseiallkayasrersd feteipariardmamenbtntaticovet BatEIesyor
unsubstituted ring in which each _atom of the ring is carbon. The terms "carbocycle" and "carbocyclyl"
also include g&veyéherﬁl?é{ LOUPiRGs L6 fwo or more cyclic rings in Which two or more carbons are
common to two adjqi n|n rings.wher |n at least e of the r s |s C C|IC e the o C|IC
rings can be cycloa S, é{)&léﬁé‘éﬁ{ﬁx cﬁaéﬁﬁa ﬁéewg 8%} f‘u FBB;)%% HoThe
term "carbory' agyhgrergngnized and includes such moieties as can be represented by the general
formula: 0 AR11 x- 0 or A XRuP wherein X is a bond or represents an oxygen or a sulfur, and R11
represents a hydrodére, tannaskjdnain el et/ a2 )ar&R&8rorecphairescaxtc ad\patitepisidds idalkizR 11
represents a and substituted amines and salts thereof, e.gaietyrthat can be represented by the

general formulae:

RY R®
__N’ or _|{]+_R10
\Rlo élO'

wherein R, R™® and R® each independently represent a hydrogen, an akyjkenyl,

10  -(CHy)n-R® or R and R° taken together with the N atom to which they atached
complete a heterocycle having from 4 to 8 atonthénring structure; Rrepresents an
aryl, a cycloalkyl, a cycloalkenyl, a heterocyabyla polycyclyl; and m is zero or an
integer from 1 to 8. In preferred embodimentsyamie of R or R’ can be a carbonyl,
e.g., R, R, and the nitrogen together do not form an imitfeeven more preferred

15  embodiments, Rand R° (and optionally B) each independently represent a hydrogen,
an alkyl, an alkenyl, or -(ChHin-R®. In certain embodiments, the amino group is bhasic

meaning the protonated form has a,pk7.00.

The terms “amide” and “amido” are art-recognizedasmino-substituted
carbonyl and includes a moiety that can be repteddyy the general formula:

O
M re

20 R®
wherein R, R are as defined above. Preferred embodimentsddrtide will not

include imides which may be unstable.

The term “aryl” as used herein includes 5-, 6-, @rmdembered substituted or
unsubstituted single-ring aromatic groups in wheelsh atom of the ring is carbon. The
25 term “aryl” also includes polycyclic ring systemavmng two or more cyclic rings in

which two or more carbons are common to two adjgjmings wherein at least one of the
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15hydrogen, an alkyl, an alkenyl or -(CH2)",-R8, where m and R8 are as defined above. Where X is an
oxygen and R11 or R11' is not hydrogen, the formula represents an "ester". Where X is an oxygen,
and R11 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-memberedifggss Whasit1 L UBTEemaRIBrIE]iIAGS brioy bateRaERallkentgsn "heteroaryl”
also includes polycyclic ring systems having two or more cyclic rings in which two or more carbons are

common to tG'28/EHMNE rifgdswheleiRalY eS8 aR BFIREENGADNEIOHRS IFHRE DENZ8REother cyclic
rings can berasivaiizise CyblaaikenidneC yHeakl Rirdfinaryimikgieroaryls, and/or heterocyclyls.

Heteroaryl groups include, for example, pyrrole, furan, thiophene, 25imidazole, oxazole, thiazole,
triazole, pyrazole, phtielirenpyreaibecpylidazioe cat eyt aseddia likder to hetetromatic
"hetergatom” as used herein means an atom .of any element other than.carbon or hydrogen. Preferred
noterchtome SR HESLA BSUER BB A CGALITEE) Ui e SBRod) R I B
"heterocyclic‘gurgtyeéerdnd timstitotgd or aisobstitidehotydianongpsigste it Hamegered rmge
structures, more. preferably 3- to 7- membered rings, whose ring structures include one to four
netoroatome IS H By BT SARBRS G e IR S st el PO e Ehng
systems haviegstvemenobmhereimyslis dadsuyelitch. yyale ntyeicaihgss ancbeorysioalkglsyo adjoining
rings wherein at legast one of the rings is heterocyclic, e.qg., the gther cyclic rings can be cycloalkyls,
cycloalkenylgyﬁi?cq@%ﬁwqﬁllgyg ?JP Srb%'i\(/jlg’,?zi?ft(? cﬂqﬁ%@é@j&%ﬂg&& cyclyl groups include, for
example, piperidine, piperazine iding..r ine, | , the like. 10The term
o eharonyalkyt T i BRI drs A R B paces e e o
"polycyclyl" rep'teebrtgdityrdfergenavaldomurkarings (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 15rings"CEach of the rings of t&& polycycle can be substituted or
unsubstituted. The term "proteasomglas ugétl hé¥einis meant to include immuno- and constitutive

proteasomes. The term "substantially pire" as used her&in, r&ers to a crystalline polymorph that is

greater than 90% pure, meaning that contains less than 10% of an&/ %tper compound,
wherein X is a bond or represents an oxygen offarsan represents a hydrogen,

an alkyl, an alkenyl, -(Chn-R® or a pharmaceutically acceptable saft Represents a

15 hydrogen, an alkyl, an alkenyl or -(Gk-R®, where m and Rare as defined above.
Where X is an oxygen and®or R is not hydrogen, the formula represents an “ester”
Where X is an oxygen, andHs a hydrogen, the formula represents a “carboxadid”.

The terms “heteroaryl” includes substituted or Urs$iiuted aromatic 5- to 7-
membered ring structures, more preferably 5- toeBalmered rings, whose ring structures
20 include one to four heteroatoms. The term “hetgtdalso includes polycyclic ring
systems having two or more cyclic rings in whiclotar more carbons are common to
two adjoining rings wherein at least one of thegsins heteroaromatic, e.g., the other
cyclic rings can be cycloalkyls, cycloalkenyls, loatkynyls, aryls, heteroaryls, and/or
heterocyclyls. Heteroaryl groups include, for epdanpyrrole, furan, thiophene,
25 imidazole, oxazole, thiazole, triazole, pyrazolgigine, pyrazine, pyridazine and

pyrimidine, and the like.

The term “heteroatom” as used herein means an at@my element other than

carbon or hydrogen. Preferred heteroatoms aregaitr, oxygen, phosphorus, and sulfur.
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20including the corresponding amorphous compound. Preferably, the crystalline polymorph is greater
than 95% pure, or even greater than 98% pure. The term substituted” refers to moieties having

substituents replacing a hydrogen on 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

25with permitted vatgrce @hirestdrsidiiRe AprRaBebdiR it Bpotlitre fnsubstitie epstitution results

in a stable compound, e.g., which does not spontaneously undergo transformation such as b

rearrangem e EPEHIAEShNeNFAFRBHC St ldneRatas, TRE RIS SiBGiRieS 0 boRtdthpiated to

include all perenssiredstibgstuants O ipigatecearap Meldael Brfielf Rt oREGH ShETPRY fRISHI e mS
substituents include acyclic and c%clic, 30branched and unbranched, carbocyclic and heterocyclic,

aromatic and'HORIQRYHISE C5UBSIRIRME G Py i ASoh T HABLY §¥ G IRHi SRR B DN . 2 be

one oisMoreAbee hrkarmeyeridifieientios appiopsiaieissasriGernBRAuNU® djorineesagPf this
invention, the Feteroatoms such a nitro%egréorinSh have hédro en s%?stitue 1ts and/or any permissible
[

substituents ‘BPEIGANR (ERHBIARE HIE FAHQEMIIS s ANEFORRY Y HE ST 8 & eroatoms.
Substituentscg@biikiidecyerazsenyle, 8ysredemyisudyiuirorgIscavtikisHeterscgcigrhoxyl, an
alkoxycarbo% a formyl, or an aﬁ{&%\g th'ocarbonél such as a thioester, a thio&&etate, or a
thioformate) %W@Eﬂ% -t ;k%géﬁﬂl 16, PREBIRIPSEZNERBYPIANARE an amino, an
amido, an amidipao#ndMinto Aty dactamidirand@ithazie, a sulfhydryl, an allcylthio, a sulfate, a
sulfonate, a sulfamoyl, a sulfonamido, a sulfonyl, a heterocyclyl, an aralkyl, or an aromatic or

heterb@romatic moi€he tewmill“Iee:h Pdrmssitodtrbfetisaseasiiklyingtioa @ ubatithie dwitties substituted
on the hydroigartrao)? chain can themselves be substituted, if appropriate. A "therapeutically effective
amount” of a 8rﬁ’p¥§hr8 With respect to the subject method of treatment, refers to an amount of the

compound(s) in a ion whic e ini d t ire s regimen (to a
mammal, preferab?;fﬁ%mrgaxﬁ@gﬁgﬁge@ﬂ@!% oar\;(? éﬁgﬁﬁgﬂ@aﬂsﬁ%ﬂﬁ g%g gbws the onset of
disease conditidnslkyisociinp adkelinisalty aloadioyalle, steyignade iyl shantior deteroaystiti)rirto be
treated or th ic e t fit/r i licahl ical
reatmen. RO RS dhn e TR Ele SAINIS P e Rlb Bt e
20mdibty atttiobed thachmfithprafgseef #mboaliyngels cilusistibibent ds weprdstititeecby -S-

The term “proteasome” as used herein is meantctade immuno- and

constitutive proteasomes.

The term “substantially pure” as used herein, gefera crystalline polymorph that
is greater than 90% pure, meaning that contairsstles 10% of any other compound,
20 including the corresponding amorphous compounefelPably, the crystalline polymorph

is greater than 95% pure, or even greater than Q8%

The term “substituted” refers to moieties havingstituents replacing a hydrogen
on one or more carbons of the backbone. It willbderstood that “substitution” or
“substituted with” includes the implicit provisoahsuch substitution is in accordance

25 with permitted valence of the substituted atom @uedsubstituent, and that the
substitution results in a stable compound, e.gichvbloes not spontaneously undergo
transformation such as by rearrangement, cyclimagbmination, etc. As used herein,
the term “substituted” is contemplated to inclutlgparmissible substituents of organic
compounds. In a broad aspect, the permissibleitudrgs include acyclic and cyclic,

30 branched and unbranched, carbocyclic and heteliocgcbmatic and non-aromatic

substituents of organic compounds. The permissilbstituents can be one or more and
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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.
Exemplification Example 1 Synthesis of Compound | Ph H2NfrOMe 0 + 0 DMF, HOBTHTFA, DCM

DIEA, BOPHNBesMe- b)Y difdiMeB esNipprois @i’ drdanic coumats. For purposes of this invention,
the heteroatoms such as nitrogen may have hydmgestituents and/or any permissible
substituents of organic compounds described herkich satisfy the valences of the
heteroatoms. Substituents can include, for exanagh@logen, a hydroxyl, a carbonyl

5 (such as a carboxyl, an alkoxycarbonyl, a formykm acyl), a thiocarbonyl (such as a
thioester, a thioacetate, or a thioformate), amaflk a phosphoryl, a phosphate, a
phosphonate, a phosphinate, an amino, an amidonahne, an imine, a cyano, a nitro,
an azido, a sulfhydryl, an alkylthio, a sulfatesudfonate, a sulfamoyl, a sulfonamido, a
sulfonyl, a heterocyclyl, an aralkyl, or an aroroair heteroaromatic moiety. It will be

10 understood by those skilled in the art that theeties substituted on the hydrocarbon

chain can themselves be substituted, if appropriate

A “therapeutically effective amount” of a compouwnidh respect to the subject
method of treatment, refers to an amount of thepmamd(s) in a preparation which,
when administered as part of a desired dosage eegfta a mammal, preferably a
15 human) alleviates a symptom, ameliorates a comgitoslows the onset of disease
conditions according to clinically acceptable stmad for the disorder or condition to be
treated or the cosmetic purpose, e.g., at a rebohanefit/risk ratio applicable to any

medical treatment.

The term “thioether” refers to an alkyl group, &fided above, having a sulfur
20 moiety attached thereto. In preferred embodiméhés;thioether” is represented by -S-

alkyl. Representative thioether groups includehylétio, ethylthio, and the like.

As used herein, the term “treating” or “treatmentiludes reversing, reducing, or
arresting the symptoms, clinical signs, and undeglyathology of a condition in manner
to improve or stabilize a subject's condition.
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Synthesis of (B) Hydroxybenztriazole (HOBT) (10.81 g, 80.0 mmol) and DIEA (200.0 mmol, 25.85
g, 35 mL) was added to a solution of NBoc leucine (50.0 mmol, 11.56 g) and phenylalanine methyl
ester (50.0 mmol, 10.78 g) in 500 mL of DMF. The mixture was 10cooled to 0 C in an ice-water bath
and benzotriazol-1-yloxytris(dimethylamino)- phosphonium hexafluorophosphate (BOP) (80.0 mmol,
35.38 g) wasadagfifitaguaral portions over five minutes. The reaction was placed under an
atmosphere of argon and stirred overnight. The reaction was diluted with brine (1000 mL) and
extracted withxaitihe 15 x 200 mL) The organic layers were combined and washed with water (10 x
100 mL) and brine (2 x 150 mL) and dried over MgSO4. The MgS0O4 was removed by filtration and the
volatiles rem®yredesisdé Gadpoaactdressure to give (A) (18.17 g). To a 50 5mL 0 C cooled solution of
80% IFAJDCM was added BocNHLeuPheOMe (45.86 mmol, 18.0 g). The solution was stirred and
allowed to warm to rodth temperature over 2 hr. The volatiles were removed under reduced pressure
to give an oil. BocNHhPhs,(45.86 mmol, 12.81 g), F (%OO mL), HOBT (73.37 mmol, 9.91 g) and
DIEA (183.44 mml, 23(70 g, 32MF.mPYTere then fadded fo the oil. " Th8Mixture was cooled to 0 C in
10an ice-water bath and BOP (P&38#Mimol,H88%5 g was aB¥ed ifskydhal portions over five minutes.
The reaction was plac nder argon and allowed to warmm to room temperature overnight. The
reaction was diluted with H20 (1500 mL) and extractedwith DCM (5 x 300 mL) The organic layers
were combinedtasdcvaghed with H20 (6 x 300 mL) and brine (1 x 300 mL) and dried over MgSO4.
The MgS04 was removed by filtration and 15the volatiles removed under reduced pressure to give a
yellow solid. EtOH (200 mL\ 95%) was then added to the yellow solid alyd the mixture was heated to 65
C to dissolve all of the)solids:. The)solutiOH Wwas then added to 1009 m oHchitLed H20 and the resulting
precipitate colﬂa@maq}&q )\QJJ.O?A% g). Synthesis,of g:)\ZIP ) 14.Q,9) waktfixed with
I'FAJDCM (80%) and was sgirred at room, o~ © o S H o i H

r Ph I d Ph [ j

Ph Ph o
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Synthesis of (B)

Hydroxybenztriazole (HOBT) (10.81 g, 80.0 mmol) d»dEA (200.0 mmol,
25.85 g, 35 mL) was added to a solution of NBocilee (50.0 mmol, 11.56 g) and
phenylalanine methyl ester (50.0 mmol, 10.78 ¢j0A mL of DMF. The mixture was
10 cooled to 0 °C in an ice-water bath and benzothazgoxytris(dimethylamino)-
phosphonium hexafluorophosphate (BOP) (80.0 mntB&8g) was added in several
portions over five minutes. The reaction was pllaceder an atmosphere of argon and
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temperature for 1 hr, at which time the mixture was concentrated and placed under high vacuum for 2
hr giving the I'FA salt of the tri-peptide amine. To a 0 C solution of the IFA salt (1.80 mmol) in DMF (10
mL) was added DIEA (3.6 mmol, 0 7 mL) followed by chloroacetyl chloride (2.7 mmol, 0.215 mL) The
reaction was allowed to warm to RT 25while stirring overnight under an atmosphere of nitrogen. The

mixture was shirdlibviechigih brine idaciitn wad antreiedtme E00BMByakel @kidhediaanic layers
were combined, washed with H20_F2x15 mL) and brine (2 x 15 mL) and dried over Na2SO4. The

Na2504 wab {2RolRd 3P Hitfiition AR DS ARNET s KR5S SO TP CoasBE b st WaterHd Crtide

material wasi sigspndaipririf4e 18 hliaredi aivied©v € MYSDhEMYBRiIH a8 (einovedlH).019
mmol, 0.0032 g) and morﬁgoline (0.110 mmol, 0.0096 g) were added to, a solutjon of (C) (0.094 mmol,

0.050 g) in TREAFE A9 A% YRIHIBR SRMPNE L tRas RGO Rrifob pHer dnitdRrOThe

V0|a::|5d5 Wer:ﬁh %%Q%@Bdfid%ﬂgeﬁdf gmbgﬁswl@@% W@s%dd@cﬂﬂ%@ﬁﬁkﬂnmg éﬂﬁﬂﬁc (15 ml(—j),
washed with H x10 mL)_and brine (2x10 ml.) a ried over M 4. The M 4 was remove
by itration ARSI B B SO AR S U TR oo aHABBETBE DY81 20,04

mfrtnol, g- 223@ vva;e; gateallds iy rwamé&ﬁddﬁ%@%ﬂzngmwémménb gfvw%ﬁ%dmegki&ﬂﬁ;]%mr?d go 0C.
After 12 hrat 5 e reactiogn.was quenched wit mL_sat NH4 nd diluted further with 10 mL
1120, The prif B MIEhol o Fik Al (SO0 o R P A o GBI MR G 45 mL),
anotli dried oveimdgSQ4z0r be%qﬁﬁﬂ)\M@é&ﬁmadMHU&H@@H@M&&V@mef;ww t®AAEGhunder
reduced pressure to give (E). 15Sy sjs,of Compound | E) (0.082 mmol, 0.046 g), DIEA (0.328
ol Do SRR I B D B els 40 AL e L ey S LB O s YBr s
mmol) in DMhif2ted.) The redtienwassqslalastitarftier iargoridiaain tant B R Gobdi rempébrat0Rs g)
was added in several portions. The mixture was stir upder an atmospher 0
Soovornioht CHRETEBb L T L G e P ST S RGN BN M b anic
layer was wagiechwithThatergaaicNaretx0de anddpnbie e dudiedievies aybyara b giPandhe MgSO4
was removed by filtration and the volatiles remov dey reduced pressure ive compound 1
(0034 0 (1508 & RIS A ke R R U s s o M SEa RN 1 .0
0) wasdissoied olatiieth esrpoidsdmhibeeseld de BPres Shipdem @iyllowasliberestmiizadadat, and the
clear solutio allowed to cool to ambient temperatur d the solution was hrought tq.
comoreatura o RS TEH Bt Y C A A PR B R o e L 850 Gere
filtered, washé#dfvite Satitsl. I e gplingthwais tnetbadoeli@dwl miicst ghilledvaCuana fibrel2 hours to
provide crys{allif Co IR Ga i ghetay g 212 ©

Synthesis of (C)

20 (B) (1.80 mmol 1.0 g) was mixed with TFA/DCM (80%) and was stiregdoom
temperature for 1 hr, at which time the mixture wascentrated and placed under high
vacuum for 2 hr giving the TFA salt of the tri-pelet amine. To a 0 °C solution of the
TFA salt (1.80 mmol) in DMF (10 mL) was added DIERA6 mmol, 0.7 mL) followed by
chloroacetyl chloride (2.7 mmol, 0.215 mL). Thacton was allowed to warm to RT

25 while stirring overnight under an atmosphere ofagien. The mixture was then diluted
with brine (15 mL) and extracted with EtOAc (3 xi&). The organic layers were
combined, washed withJ® (2x15 mL) and brine (2 x 15 mL) and dried ovep3la..

The NaSQO, was removed by filtration and the volatiles rensbuader reduced pressure.
The crude material was suspended in EtOAc andditéo give (C) (0.640 g)
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The characteristic DSC curve of the sample is shown in Figure 1 as recorded on a TA Instruments
Differential Scanning Calorimeter 2920 at a heating rate of 10 C/minute. 5Example 3 Compound 1
(1.0 g) was dissolved in acetonitrile (17 mL) heated to 80 C. Water (8 mL) was then slowly added and
the clear solution was allowed to cool to ambient temperature and the solution was brought to
supersaturatgnithysRvei@pting off 10 mL of solvent with compressed air. The resulting crystals were
filtered, washed with 8 mL 1.1 10deionized water-acetonitrile, and dried under vacuum for 12 hours to

provige Crlystglline T;qr(@ouedﬂnﬁarll% g%mtbs)aamlﬁmmmnhef(alﬂcrﬁml ieg)d@mmd ° adotlfjdrfilt(ﬂI 009)
was dissolved in ethan eate at n slowly added and, the clear
oo wace RO LD Lol (LS N3tk 0ot e i G T Wi i 1o
supersaturaiiveibygtnapriating affidsphe sohvietgeiih Toraiiksissastaicmbesesuitieg mdatfés were
filtered, washed with 8 m 1 dei n|ze r-ethanol ied under vacu

orovick eryeBIRELER AR ST ) Gl LNEI NG DA OIS At AT DS B 1 (1.0
g) was dlssoar&ﬂbrir&it(%@tatﬁ) &ﬁi niti¢ i exted\igSOTG e WrIS Q vasljewasy thiebystitndyiaulded and the
clear solutio Was wed to coo mblent temperature (@Qe solution was brought to

supersaturalli % ESJ%{HR& f %‘F%Weﬂ tswith ' Go sed air. The resulting crystals were

filtered, was eéh g r%_?ethyl acetate and dried under vacuum for 12 hours to provide crystalline
compound 2 f) th a melting point of 212 C. Example 6 Compound 1 (1.0 g) was dissolved in

thanol (15 mL) heqtgdt t |
ethanol (15 mL) heq wm%eﬂ@u%%%"%t/v% elgioy %rougﬁﬁ) % ﬁtﬁﬂf kAU

allowed to cool to am e solution was o) supersatur tion by evaporatlng

off 106nL of %Meé}lrﬂwm cooirdesed Gir After dssbitiagcrgstar el nohetauitRi?N10 mL

11 mL sat. NHCI and diluted further with 10 mL 4. The pH of the reaction mixture was

adjusted to 3 with 1 N HCI, extracted with DCM (3% mL), and dried over MgSO
The MgSQ was removed by filtration and the volatiles wesmoved under reduced

pressure to give (E).
15 Synthesis of Compound 1

(E) (0.082 mmol, 0.046 g), DIEA (0.328 mmol, 0.08%) and HOBT (0.133
mmol, 0.018 g) were added to a stirred solutioFf(0.082 mmol) in DMF (2 mL). The
mixture was cooled to 0 °C in an ice bath and B@QR31 mmol, 0.058 g) was added in
several portions. The mixture was stirred at uf@er an atmosphere of argon

20 overnight. The reaction was then diluted wid#OH15 mL) and extracted with EtOAc.
The organic layer was washed with water, sat. Nakl@@d brine and dried over
anhydrous MgS® The MgSQ was removed by filtration and the volatiles rentve
under reduced pressure to give compolifd.034 g) (IGp 20S CT-L<100nM; IGo Cell-
Based CT-L<100nM).

25 Example 2

Compoundl (1.0 g) was dissolved in methanol (16 mL) heate8 °C. Water
(4 mL) was then slowly added and the clear solutvas allowed to cool to ambient
temperature and the solution was brought to supeegeon by evaporating off 10 mL of

solvent with compressed air. The resulting crgstare filtered, washed with 8 mL 1:1
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deionized water-ethanol, and dried under vacuum for 12 hours to provide crystalline compound 1 (0.54
g) with a melting point of 212 C. Example 7  Ph 5Synthesis of (F) Compound (G) (0.43 g) was
prepared according to U.S. Pat. Application No. 2005-0256324 and was added to a flask along with
Pd/C (10% wt, 0.10 g) followed by slow addition of 11-A (35 mL) The flask was evacuated and

back-flushedywivh Redrogeargastiuas | liBtes @nsttipashe aeagieRdndiie @ \Was/aiered srdiaione
atmosphere of 10hydrogen at room temperature for two hours. The reaction mixture was then filtered

through CeliRSIRPHI P00 WLR ShEdH RPN RIr7&dubed pressure. Dichloromethane (25 mL)
was added and the_yolatiles removed er reduced pressure. The resultant thick yellow syrup was
driec under nigh valB B 8 EES o VR LA A ALe o AR £ 46 RS0 Hhirc
flask and ringedinstudnz md- Difftrghetiled daiaiyig 0 aluriisdio a@irp dead i r 0e330) 03 thasiscof
Compound | A 10 mL volumetric flask was charged with 1-hydroxybenzotriazole (HOBT, 0.54 g)
and N3N, N',NExertgalen8thy1-0-(1H-benzotriazol-1-y1)uronium hexafluorophosphate (HBTU, 1.54 g) and

diluted to 50 mL with DMF. This stock solution of coupling 20reagents was 0.40 M for both HOBT and
HBTU. (E) (0.6200)pEn(. 8B6§) gamareheissniptkag negpionitide K oo et 80 §Gvevéadeted to

a 10 mL Volg@ﬁ{ﬂg gg}a%&ﬁ é@@ét&&%ﬁvﬁﬁ&dﬂ%eﬂé&%g@%'rﬁgé(ﬁ&ﬁéﬂiﬁc‘é{@st agﬂh&%‘?ﬁd dropwise

to the cooled solu e mix was allowe stir at minutes and w. en quenched
by the additittmpeyaturarend dotuae bicarboasterought to supeeten by evaporating off 10 mL of

solvent with compressed air. The resulting crgstare filtered, washed with 8 mL 1:1
10 deionized water-acetonitrile, and dried under vactdior 12 hours to provide crystalline

compoundl (0.85 g) with a melting point of 212 °C.
Example 4

Compoundl (1.0 g) was dissolved in ethanol (17 mL) heate8a8C. Water (5
mL) was then slowly added and the clear solutios allowed to cool to ambient
15 temperature and the solution was brought to supeegeon by evaporating off 15 mL of
solvent with compressed air. The resulting crgstare filtered, washed with 8 mL 1:1
deionized water-ethanol, and dried under vacuum 2dnours to provide crystalline

compoundl (0.82 g) with a melting point of 212 °C.
Example 5

20 Compoundl (1.0 g) was dissolved in ethyl acetate (30 mL)}ée#0 80 °C.
Water (5 mL) was then slowly added and the cleltism was allowed to cool to
ambient temperature and the solution was brougbtipersaturation by evaporating off
20 mL of solvent with compressed air. The resgltnystals were filtered, washed with
5 mL ethyl acetate, and dried under vacuum fordid$ito provide crystalline compound
25 1 (0.60 g) with a melting point of 212 °C.

Example 6

Compoundl (1.0 g) was dissolved in ethanol (15 mL) heate8QGC. Water (5
mL) was then slowly added and the clear solutioa allowed to cool to ambient
temperature and the solution was brought to supeegeon by evaporating off 10 mL of

30 solvent with compressed air. The resulting crgstare filtered, washed with 10 mL 1:1
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5(15 mL) The mixture was diluted with ethyl acetate (35 mL) and the layers separated. The organic
layer was washed saturated sodium bicarbonate (3 x 15 mL), brine (2 x 15 mL) and dried over sodium
sulfate. The sodium sulfate was removed by filtration and the volatiles removed under reduced
pressure to give a thick syrup which was further dried under high vacuum to give a crude compound 1

as a foam (Cefefoalz 48 meaBinierBfal M aaNBau r(0 a2omsueo tanR iR disspivadria methanol
(11 mL) by stirring and heatlng in an oil bath (80 C) and deionized water (17 mL) was added dropwise.

The mixture GRRBRANEL A BIWILNIREERGRMAO e dGnd allowed to slowly evaporate for 12
hours to ap &WIm tely 20 mL to precipitate compound 1. The 15suspension was filtered, washed with
1:1 deionize R EMethanol (4 mL), and dried under vacuum for 12 hours at room temperature to
yield compound 1 as a white solid (0.25 g). The crystallization was repeated,two additional times to

yield crystalline compound\1 (0.13 g). Crystalline gompound 1 (0.3 g) was dj Ived in isopropanol (15
mL) by stirring 20and heajn n an oil bath (80 Cy: solutlon Waﬁ\c%Q e traﬁ}ed nder reduced
mhmrﬁ&\g% iG

pressure to reduce ized ec\/’f/as u ﬂad d andcﬂ’ﬁe resultant
suspension was rlgorously%tlrrecffor 1 hour. The gq’assy p? itafe [Was flltered rmsed with deionized
water (25 mL) and dried® yield amorphous Corfipound;1 (0.3 g). P" Thé&kharacteristic DSC curve
of the amorphous sample is shown in Figure 7 25which \wagrragayded on a TA Instruments Differential
Scanning Calorimeter 2920 at a heating rate of 1 C/minutétdPife amorphous form of Compound 1.
The characteristic X-ray diffraction pattern of the amorppous powder is shown in Figure 8 and was
recorded on the Shimadzu XRD-6000 under Cu Ka radiation [voltage and current set at 40 kV and 40

mA,; divergence and scattering slits set at 10 and receiving 30slit set\at 0.15 mm; Nal scintillation
detector used for diffracted radiation; a 0-20 contlnupus can a@S/ 4 sec/0.02 step) from 2.5 to
40 20 was used; samples were (\N/\ﬂ/

5 Synthesis of (F)

Compound (G) (0.43 g) was prepared according to Bag Application No.
2005-0256324 and was added to a flask along vt P10% wt, 0.10 g) followed by
slow addition of TFA (35 mL). The flask was evamghand back-flushed with hydrogen
gas three times and then the reaction mixture Waisdunder one atmosphere of

10 hydrogen at room temperature for two hours. Thetren mixture was then filtered
through Celite and the filtrate was concentratedenmeduced pressure.
Dichloromethane (25 mL) was added and the volatdesoved under reduced pressure.
The resultant thick yellow syrup was dried undghhvacuum to a constant weight. The
syrup was then transferred to 50 mL volumetrickflasd rinsed with 8.5 mL diethyl ether

15 to yield crystalline compound (F) (0.339g).
Synthesis of Compound 1

A 10 mL volumetric flask was charged with 1-hydrbeynzotriazole (HOBT, 0.54
g) and N,N,N’,N’-tetramethyl-O-(1H-benzotriazol-Iiyronium hexafluorophosphate
(HBTU, 1.54 g) and diluted to 50 mL with DMF. Thatock solution of coupling
20 reagents was 0.40 M for both HOBT and HBTU.
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placed in an aluminum holder with silicon insert; and data collected and analyzed with XRD-6100/7000
v.5.01. Example 9 Synthesis of (F) 5A flask was charged with (G) and ethyl acetate (400 mL) and the
solution was cooled in an ice bath for 15 minutes with stirring. Trifluoroacetic acid (200 mL) was added
dropwise, maintaining an internal temperature of less than 10 C. Pd/C (3.6 g) was added in one

portion and the flasiryes. eugedryndes dugharrrtietsnglirrjiledgideIygragsh @reemtinerersiter 2

hours, the reaction was filtered through Celite and the 10filtrate evaporated under reduced pressure to

a thick oranG98f A WA s WRIEAGHIR K ADAINELEHE SR AL e HadR WAadSwhiBtXine
crystals formgss Tienflagderasrafangediiothl abodeinstslRAEAHINRUAS SvERDI Gt zatioan octorred.

After 1 hour at ambient temperature, the flask was capped tightly and placed in the freezer overnight

(< - 5 C). ThEPFEQ) YL frasoilpi A RRERSH SR RANTRLEC RO LU BIFRPPEEE mL)
and died undey hig)) vaeuwmRturneadiasasRih(@hi aceekimppinidBé Qyefdeparaebtained.

Synthesis of Compound A flask was charged with (F) (1 , (E)(15.3 g), HBTU (15.3 g), HOBt
(55 0 anl DRAESCOEN AL HFTeVRB RS Ukl Tt AR A o Rt RS2 081 20an
NaCll/ice batt(-paay Avfied boensoiasnRARAE. 1T soeis inetki dsormisoay oy Filoanvtierl the
maintaining an in[@rnal temperature of less than -3 C. Aﬁerﬁga ition was complete, the reaction

mixture was \SiE T’r{%‘)ﬁ{p%lf' 6hé ofIs CES o) R BraR e 03 (aq.)

(200 mL) Tharslerigisextiastes g ity dseminGilfs haodineosgagic layer was washed with
sat. NaHCO3(aqg.) (2 x 300 mL) 25and sat. NaC1 (ag.) (200 mL), and then dried over MgSO4. The
organio layeExamptescentrated to -50 mL under reduced pressure and methylethyl ketone (200 mL)
was added, and the solution was again concentrated to -50 mL Methylethyl ketone (125 mL) was
added again, and tk&sdéutiom pasndtifeeadit ghvedshedim@otely uhsis alead. iMhuetblamiol(thiabyhen

allowed to C%ﬂhﬁ'ﬁ'& AP ﬁeeaﬁﬂ?éjiwigﬁ R Bath (80 °C) andbdezed water (17 mL) was added
dropwise. The mixture was seeded with crystallimpgoundl, stirred and allowed to
slowly evaporate for 12 hours to approximately 20tmprecipitate compountl The
15 suspension was filtered, washed with 1:1 deionwatbr-methanol (4 mL), and dried
under vacuum for 12 hours at room temperaturedia yiompound. as a white solid
(0.25 g). The crystallization was repeated twoitamithl times to yield crystalline

compoundl (0.13 g).

Crystalline compound (0.3 g) was dissolved in isopropanol (15 mL) byrisig
20 and heating in an oil bath (80 °C). The soluti@swoncentrated under reduced pressure
to reduce volume to 5 mL. Deionized water (20 mvias quickly added and the resultant
suspension was rigorously stirred for 1 hour. Glassy precipitate was filtered, rinsed

with deionized water (25 mL) and dried to yield aptmus Compound (0.3 g).

The characteristic DSC curve of the amorphous sams@hown in Figure 7
25 which was recorded on a TA Instruments Differerfiehnning Calorimeter 2920 at a

heating rate of 1 °C/minute for the amorphous fofr@ompoundL.

The characteristic X-ray diffraction pattern of gmorphous powder is shown in
Figure 8 and was recorded on the Shimadzu XRD-6@@d@r Cu K radiation [voltage
and current set at 40 kV and 40 mA; divergencesmattering slits set at 1° and receiving
30 slit set at 0.15 mm; Nal scintillation detector diser diffracted radiation; &-20
continuous scan at 3°/min (0.4 sec/0.02° step) #dimo 40° 2 was used; samples were
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30crystalline Compound 1. The mixture was stirred for 2 hours at 25 C and then overnight at 0 C. The
white solid precipitate was filtered and washed with ice cold methylethyl ketone (300 mL) to give white
solids. The solid was dried under high vacuum at ambient temperature to a constant weight to yield
13.5 g of pure compound 1. Example 10  Ph 5Synthesis of (F) A flask was charged with (H) (100

9) [see: Biogstd¥gth Gheunheiien hBRiswika &RiSSH inReitiitREorenEtaeg &3e0amhlypedaritiirogen

and the solution was cooled in an jce bath to 0-5 C. Trifluoroacetic acid (136 9 mL) was added
dropwise witﬁ%m’mqﬁ&(ﬂ%@ﬁbr which the reaction mixture was removed from the ice bath and
stirred at 103%%)9m t%‘r\]gerature for 2 hours. Methyl tert-butyl ether (300 mL) was then added and 400
mL of solve porated under reduced pressure. MTBE (200 mL) was then added via addition
funnel and tl'%nﬁﬂle%tg)r}ﬂg red for 20 minutes at 20 C, then heptanes (1000 mL) were added within 10
minutes and The 1eagiion mixture cooled to 0-5 C. The reaction mixture was stirred for 30 minutes and

vacuB 1o he condi ey i BTG LD S e o S RO MBI,
solution of (Fp@ed.BRay) iceldth (900 minjmiescoiiedtirrialkNidiicadsiit acicR(R0HBTUWESS.06 g),
HOBT (55'991(9399:21&?8\A99e9)r%ﬂtj&%iﬁ%|%9 M{%Hﬁﬂé%%é}‘ﬁfﬁress than 10 °C. Pd/C (3.6 g) was
added in one portion and the flask was purged uhidgrvacuum and refilled with
hydrogen three times. After 2 hours, the reactias filtered through Celite and the
10 filtrate evaporated under reduced pressure tocé tirange oil which was swirled gently
with 170 mL diethyl ether. As the flask was swaléine crystals formed. The flask was
allowed to sit at room temperature, and rapid atyzation occurred. After 1 hour at
ambient temperature, the flask was capped tigmiiyaced in the freezer overnight (< -
5 °C). The resulting crystalline solid was filtdrand washed with ice cold ethyl ether
15 (50 mL) and dried under high vacuum. Fine whitestals (14.1 g; melting point: 137
°C) of (F) were obtained.

Synthesis of Compound 1

A flask was charged with (F) (10 g), (E) (15.31gBTU (15.3 g), HOBt (5.5 g),
and DMF (300mL). The mixture was stirred vigorqushtil dissolved and was placed in
20 an NaCl/ice bath (-5 °C). After 15 minutes, DIEAX mL) was added dropwise over
<10 minutes, maintaining an internal temperaturiesd than -3 °C. After addition was
complete, the reaction mixture was stirred in tagfor one hour and was quenched by
addition of saturated NaHG@aq.) (200 mL). The slurry was extracted withykth
acetate (1.5 L) and the organic layer was wash#udsait. NaHC@aq.) (2 x 300 mL)
25 and sat. NaCl (ag.) (200 mL), and then dried ovg6ka,.

The organic layer was concentrated to ~50 mL urethrced pressure and
methylethyl ketone (200 mL) was added, and thetmmwas again concentrated to ~50
mL. Methylethyl ketone (125 mL) was added agand the solution was stirred in an oil
bath (80 °C) until clear. The solution was thdowéd to cool and was seeded with pure
30 crystalline Compound. The mixture was stirred for 2 hours at 25 °C #rah overnight

at 0 °C. The white solid precipitate was filterealavashed with ice cold methylethyl
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20then added to the solution followed by addition of neat DIEA (67.19 g, 509.66 mmol) via a dropping
funnel at a rate such that the internal temperature remained at -0 C. After two hours, neat
isopropylethylamine (24.0 g) was added via a dropping funnel. The mixture was stirred at 0 C until
conversion >99%. The reaction mixture was then transferred portionwise into a dropping funnel and

slowly addedégon oo had-grisiakee Nalits OBroddiendasuli e mghteatrini uieamaieiained at

20 C). The 5resulting slurry was stirred with a mechanical stirrer for 30 minutes and the solids were
then filtered (SMBRRERIES LA CHARLWRIBNEL Rl dvier BUEISHBRALNHhe solids were then
dissolved in Eichlogﬁthane (2.7 L) and the organic phase was extracted with water (portions of 2700
mL) until rel nt area for HOBt/HBTU was <15% by HPLC (200 j..tL solution for HPLC
sample). The organic phase was filtered through a 10plug of sodium sulfate and subsequently inline
filtered through a pad of active charcoal. The grganic phase was conce ted under reduced
pressure and methylethyl Kefone (1350 mL) was d and the soliition copcentrated again under
reduced pressure. Nmmygke@%%%mmﬁéhe@%ﬁﬁﬁ o) Sﬁ;&_n cBhicentrated again
under reduced pressure. TRe resuﬁf% concentrated solutid Wasocgoﬁled to §'C urwtil solids 15 were
formed; then the mixturéivas heated to 75 C as fmore methylethyl K&tone WRs added (ca. 750 mL) until
complete dissolution. The solution was cooled to 65 C gndgegsied and the resulting solution/slurry
was cooled at a rate of 0.5 C/minute to 20 C (stir rate off B*®¥m). The slurry was stirred for a
minimum of 5 hours at 20 C to allow for complete crystgllization. The solids were filtered off and
washed with ice cold 20methylethyl ketone (720 mL) and the filter cake was dried under a stream of
nitrogen for 1 hour. The solids were transferred into a roynd bottom flask and dried under reduced
pressure to constant weight to yield 116 g of cryéstaldjne ompound 8mple 11 Methanol (200 mL)
was added to crude Compound 1 and!t;e XU WaS ngélny 100 mL Additional methanol
(275 mL) was added, along with deion \e/der 575 MhL)pané the mgcture concentrated to 400 mL The
clear solution was then seeded with pure crystalline Compound™, stirred and allowed to slowly
evaporate under a stream of compressed air to 200 mL1The resulting yellowish solid was washed with
deionized water (400 mL) and 1:1 deionized water-methanol (300 mL) until it turned 30white and
filtrateurne @IS €¥frffpbund 1 was then dried under vacuum for 12 hours. The resulting
compound 1 (17.3n%) was completely dissolved in methanol (275 mL) by stirring and heating in oil bath

(bath set at 85 C; Mgk wanehaigedahiy 65 n)dersniBi Bk ¢ smIbelgs 1388 dBropwise

over 15 minuiggzai] thAE §iRAIBRSIMEITSERS RBOYPALIPHRA TP ERSEA JERP SEAISh RRRIEDIEHIR Of
compound 1 were added to the 5 stirred solution, and the mixture was allowed to slowly concentrate

under a stre8fh 168 RHpraLed Gir thriirearsie RSB L3N B wAS AAURS FHRPRisSAERBIE N
filtered and wagheg withhiicl dairitge nalSlidReHRPE (RAR dRel FRehRiEe &0 ishwasndrashaoer
P O o emperature for 3 houre. Methyl tort bt (300 ML) was then added and 400
mL of solvent was evaporated under reduced pres$idBE (200 mL) was then added
via addition funnel and the solution stirred forrBthutes at 20 °C, then heptanes (1000
mL) were added within 10 minutes and the reactioxture cooled to 0-5 °C. The
reaction mixture was stirred for 30 minutes andhitiee solids were filtered, rinsed with
15 cold heptanes (0-5 °C, 3 x 100 mL) and dried udgn vacuum to the constant weight

to yield 90.69 g of (F) as a white solid.
Synthesis of Compound 1

A solution of (F) (137.53 g) in DMF (900 mL) wasated in a NaCl/ice bath to -2
°C. HBTU (138.06 g), HOBT (55.90 g), (F) (90.00ay)d ice cold DMF (180 mL) were

20 then added to the solution followed by additiome&t DIEA (67.19 g, 509.66 mmol) via
a dropping funnel at a rate such that the intelerabperature remained at ~0 °C. After
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Example 12 10Crude compound 1 (12.1 g) was completely dissolved in methanol (50 mL) by stirring
and heating in oil bath (bath set at 85 C; mixture temperature less than 65 C). The clear solution was
allowed to cool to room temperature and seed crystals of compound 1 were added to the solution. The
mixture was allowed to crystallize over three hours at room temperature. The resulting solid was

washed withiid 16teiesizrR A Rupiepyaiaaalite0Q mb)g filiriedicerccdir pigefyaeuumHer 12 hours
to yield crystalline compound 1 (9.4 g). Example 13 Synthesis of (F) A flask was charged with (H) (1 g)

(
and ethyl acBIXR@ VAR SUrad ch IR ERYEEIOR 3 FY KRG BHRIPREMG ARSI stirring.
Trifluoroacetigasie b HooivawEe mMasdersipRiyise vituaajiaaetteamiesnaie mmerature of

less than 3 C. After stirrig% at O C for 2 hours, the reaction was allowed to warm to ambient

temperature SHHREY NAAG FEPHPAddifohh( AR HRMRETGAe AR HRIRRE Ap SthtedEnder reduced
press@e to adsighirepiniessieis Siifeer ude Riietharasawiid geninuids 1adthokalkidinind ether

and as the solution was swirled, fine crystals formed. After 30 minuges at ambient temperatyre, the
sk was coBBEUGHAD HE ERL DR G LS ar U GHRCHRIET Aot e e e fitered
and washedwétie itreaalisdistiyl piltrchrrdi@nalieon hghaieeanit ithasensisweiglidouaive fine
white crystals of (F) (670 mq), Example 14 Synthesis of Compound | Compound E)s/( 4.2 9),
BTU (1.3 G FIBA 81 ) 4T BRI 08 A3 R 5 QRS H e ket
room temperaRrIre {@oompletsitispoioitipiP 150 kagsae)iomMes repplietke vegsitoréer fhovghutes, and
DIEA (32 mL) was_ added over 15 minytes while maintaining. an internal temperature of less than 10C.
The ikotior N ST S ot B SORSTL SRV P LA A0 4 AR SLioree
sodium bicarbonater%oo %ﬁiThEmixtuge wasceexgactt%? witE Fth;ﬁl ac%%te f%f?#i %nf ﬂﬁe organic
layer was washed wit A AR BN BiIERISIAE MEPHRatBES0R:2 %IIV\Y? 3(& X 200 mL)
The combinée @eac@dizs O ash) wes extoct eohd tiheesb|d hoe Ebeai@0i0agdin amditraedganit paygessingere
combined (1I\Ze|fl)1ylethyl ketone (1350 mL) was then added andstitetion concentrated again under

reduced pressure. The resulting concentratedigoluias cooled to 0 °C until solids

15 were formed; then the mixture was heated to 758’@are methylethyl ketone was

added (ca. 750 mL) until complete dissolution. $hkition was cooled to 65 °C and

seeded and the resulting solution/slurry was coatedrate of 0.5 °C/minute to 20 °C

(stir rate of 60-70 rpm). The slurry was stirred & minimum of 5 hours at 20 °C to

allow for complete crystallization. The solids wdilitered off and washed with ice cold

20 methylethyl ketone (720 mL) and the filter cake wlaed under a stream of nitrogen for
1 hour. The solids were transferred into a rouoitidmn flask and dried under reduced

pressure to constant weight to yield 116 g of edlise compound..
Example 11

Methanol (200 mL) was added to crude Compoluadd the mixture was
25 concentrated to 100 mL. Additional methanol (275 mas added, along with deionized
water (75 mL), and the mixture concentrated to @0 The clear solution was then
seeded with pure crystalline Compoundtirred and allowed to slowly evaporate under a
stream of compressed air to 200 mL. The resulteipwish solid was washed with
deionized water (400 mL) and 1:1 deionized watethareol (300 mL) until it turned

30 white and filtrate turned clear. Compouhdas then dried under vacuum for 12 hours.
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The combined organic layers (1.7 L) were concentrated under reduced pressure to 100 mL followed by
addition of methanol (200 mL), and the mixture was again concentrated to 100 mL Additional methanol
(200 mL) was added, deionized water (75 15mL) was slowly added with stirring, and the mixture
concentrated to 300 mL The clear solution was seeded with crystalline compound 1, stirred and

allowed to slowly cqngerisitmesnsiAB (1 PROGMS &H FistEhatiagbRR MirdiaibIhirg solid

was washed until solid turned white and filtrate turned clear with a 4:1 deionized water-methanol (2 L)

and 1:1 deioMzEXNHEEARD SFH0 'hOj-ARTERRIRRFEIEwWRY S G dNRsiBa daS MRS

hours at 220¢). revdisrzednraenrt E)3:s addearapspindd vemanuireictaly dirselvad iiainanol
(200 mL) by stirrin%]and heatigg in oil bath (bath set at 85 C; mixture temperature less than 65 C). The

clear solutioW @8 TAWGL PG WIPEYY W@Hf&e%ﬁﬂ@@@EWQW@W%W?L%@r@deed

to the stirredsgiplatiaivlaicnthgnan i e wasdl usiedite @ itoasid I lRoued ec2peaxstal kiR ath@mixture
was then filtered, washed with 1:1 deionize? water-ethanol (200 mL), and dried un%er vafcuua: for 12

hours at rooffPIBRIGERSE TS0 AHAT P8I GE AN ATlinQ Ko aolER. CrESaiR e LaSRHILIE Yt (F)
A 500 mL flagkdnesstrdippies it aioresbaniesd shneehdher raagoritie. woakingohativadarida.5 g) was

dissolved in ethyl acetate (125 mlg and the clear solutjon was 5 cooled t \&5 C followed by slow
aciiton of tATURESRENLHRY (CAEES S0k et e A B R ST L @itained helow 10 C.
After warmir%fto rqQom.temperature, 5% Pd/C (1.25 g) was added and the reaction mixture under an
atmosphere War% n for 2 hours. The reaction mixture was filtered through a glass fiber and rinsed

ith I fil , ield
oyeow o, veE R PR U HE e e el B BT R T (oo
mL) was agaitiraddeohd ik i gnintargoatiis (batheskttont 8H Clxhd s tiermp éoatGlentdsstdsamteptimes (120

L h lQwl | i (L ' - f dditi I
15 minutes, 118 SO e o e B e nele e (2 x 40
mL) and driezbomuissrihivéGyaddech tat o sotetioper dineeniRAu) was codwantysthadize( 006t g).
Synthesis of f ipped wi nanjcal sti [ ing bath,
wirogen miel 188 une T hec TR e AR MR I ANAS SHRE A M DTSR o, na
HOBTY86.5 wataenathanu(EOn asLstifiteraddasub it Wgatu DrER( 12chers to yield

crystalline compound (9.4 Q).

Example 13
Synthesis of (F)

A flask was charged with (H) (1 g) and ethyl acef{@0 mL) and the solution was

20 cooled in an ice bath for 15 minutes with stirrinfifluoroacetic acid (10 mL) was then
added dropwise, while maintaining an internal terapuge of less than 3 °C. After
stirring at 0 °C for 2 hours, the reaction waswa#d to warm to ambient temperature and
was stirred for two additional hours. The solutieas then evaporated under reduced
pressure to a thick colorless oil. This crude ometwas swirled gently with 10 mL of

25 diethyl ether and as the solution was swirled, @insstals formed. After 30 minutes at
ambient temperature, the flask was capped tigimitiymaced in the freezer overnight.
The resulting crystalline solid was filtered andsied with ice cold diethyl ether, and
then dried on high vacuum to a constant weighive fine white crystals of (F) (670

mgQ).
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20 was then added slowly over at least 30 minutes, while maintaining temperature between 0-5 C. The
reaction mixture was stirred at 0-5 C for one hour and was then poured into a vigorously stirred
saturated solution of sodium bicarbonate (3630 mL) and ethyl acetate (900 mL) Additional ethyl
acetate (2000 mL) was added to extract the product and the organic layer was separated. The
aqueous layesayag éen extracted with ethyl acetate 25(1930 mL) The organic phases were combined
and washed with saturated solution of sodium bicarbonate (2420 mL) and brine (2420 mL), dried over
magnesium Sytigisi Sepmptened through glass fiber filter and rinsed with ethyl acetate (2 x 360 mL)
The resulting solution was concentrated to a semisolid under reduced pressure and methanol (725
mL) was added ancCoonpoaor ) d Lhaay ) ddBTed (AveSsyly,eHO BEl(bstmd BO4BI(@eomu)uner The
crude product wasg dissalved,in methanol (5320 mL).and the solution was stirred while water (2130
L) was adcKHB0aP Ay o R e T R A e S sy 5 g o
pure chystallifeesestsiorereasdoealeahoh tice bexth forol/Svateruaed) ik vé3Stmtgdvias tutdedoues. Thhe
resulting crystalline white solid was.isolated by filtration an %e fi Wf:ii ystalline product was
nsed wit AT e e g A S RS R R R e
5methanol/watetuse lutaantiien stiged L) a6ddheceyistalliihe finvds of wess ped wdosabuaged) tray and

dried to a constant weight under high vacu t 27 C under nitfrogen,bleed.to yield ¢ Ilin
compound 15 Uﬁ&%l&%&%ﬁ&%@%@n@%ﬂﬁﬂ}'i%‘)&gl‘ﬁfgsm %ﬁ-@éﬁygo%%éfﬁgt{gfﬁ ?fgisﬁnvgas
charged with{&p(§ay)i@ral/diohis ovastinech avithSsatly dthd sutticss lvoes ti{2d300ihe aotlds had

diss d, and. aced | [ t inutes, the In e I ched 0.6
i o L A b RGeS S S e
was alloweddaocetaiar{26@aoh) terdgbrmturganidtery2tsoneseMd@bivds added to 15the flask (35 mL) and

the mixture was cooled in an ice bath, wherein (F) began to crystallize during cooling. Heptanes (65
mL) were then addédecceahiask arganisdayass 15. i walemonasripiRdenirdlpethpressyes (o5 C).

After 1 hour t@ li ' ' ) fo provide 4.57
156 R EIBNEPRAGEHER PYRSIRL Y MBSRE éﬁfﬂé@ﬁ&ﬁ%’?&%&%@ %?nt P
g of (F). Example 17 YgSyn'ﬁi[(&ijs o@ﬁompquncﬁl Cﬁlmtr te Saltﬂ’ Compound 1 1&% and citric acid
(2.7 g) were ¢isseNEatRATRIRQO3NHL )Additiarabmetikaysy MO TRassaddrnh deioniesdsaed (6p2
hours gt roopy temperatify ABIFR IS NG S AP IRIG daHEEH Y AR 1B¥0 3R thefecaleg to -10
C an%l stirre oferr%ght. The solids Wi—:-regftlllt(-:l-reBd and Washég vg‘iﬁ? 10(5 mL acetoniemfé' to g‘;eve 1152 ¢

solution was seeded with crystalline compodandtirred and allowed to slowly

concentrate under a stream of compressed air wat 200 mL. The off-white solid was

washed until solid turned white and filtrate turredelar with a 4:1 deionized water-

methanol (2 L) and 1:1 deionized water-methano0(®l.). The resulting solid was

20 dried under vacuum for 12 hours at 22 °C to proem@apoundl (16.8 g).

Compoundl was completely dissolved in ethanol (200 mL) byrisg and
heating in oil bath (bath set at 85 °C; mixturepgenature less than 65 °C). The clear
solution was allowed to cool to room temperature seed crystals of compoufidvere
added to the stirred solution, and the mixture fieshed with air and allowed to
25 crystallize. The mixture was then filtered, wasketth 1:1 deionized water-ethanol (200
mL), and dried under vacuum for 12 hours at roompterature to yield 10.2 g of
crystalline compound.
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250f the citrate salt of compound 1. Example 18 Synthesis of (H) and (Q) Isobutylchloroformate
N,O0-dimethylhydroxylamine 1 hydrochloride NMM, DCM  5Synthesis of (1) A suspension of
dimethyl hydroxylamine hydrochloride (10.53 g, 108 mmol) in DCM (270 mL) under an atmosphere of
argon was stirred vigorously for 0.5 hours followed by addition of TEA (10.92 g, 14.75 mL, 108 mmol)
via addition fepahléasolution of Boc-Leucine-OH (25.0 g, 108 mmol) in DCM (270 mL) was cooled to
0 C 10followed by dropwise addition of isobutylchloroformate (14.73 g, 13 98 mL, 108 mmol) via
addition funrgmthbggoixm@ye was further cooled to -20 C and NM M (10.92 g, 11.87 mL, 108 mmol)
was added via addition funnel at such a rate to maintain the internal temperature below -10 C. After
stirring for 5 minute& 802 M C fltsk pvasieyasiy peepatdadmesthatiydlr exythenme cniptscosiingdded via

2 wide bore B AP ] e AR5 R BRNES R ARe. R 6 aowed o

5 cooled to 0-5 °C followed by slow addition of ttiroacetic acid (375 mL) such that the
internal temperature was maintained below 10 °@erAvarming to room temperature,
5% Pd/C (1.25 g) was added and the reaction mixtmder an atmosphere of hydrogen
for 2 hours. The reaction mixture was filterecbtigh a glass fiber and rinsed with ethyl
acetate (50 mL). The filtrate was then concentrateder reduced pressure to yield a

10 yellow oil. MTBE (50 mL) was added to the oil anatevaporated to yellow oil at 25 °C.
MTBE (60 mL) was again added and the mixture wadezbto -10 °C and stirred for 60
minutes. Heptanes (120 mL) were then slowly addeté stirred mixture and stirring
was continued at -10 °C for an additional 15 misut€he solids were collected by
filtration and the crystals were rinsed with hegm(2 x 40 mL) and dried under high

15 vacuum at room temperature (22 °C) to a constarghw€10.1 g).
Synthesis of Compound 1

A flask equipped with a mechanical stirrer, thermgae, cooling bath, nitrogen

inlet and drying tube was charged with DMF, (F)3®B8g), (E) (241.8 g), HBTU (242.8
g), and HOBT (86.5 g) and the mixture was stirned eooled to 0-5 °C. DIEA (156 mL)

20 was then added slowly over at least 30 minuteslewhaintaining temperature between
0-5 °C. The reaction mixture was stirred at 0-F6Cone hour and was then poured into
a vigorously stirred saturated solution of sodiugatbonate (3630 mL) and ethyl acetate
(900 mL). Additional ethyl acetate (2000 mL) waklad to extract the product and the
organic layer was separated. The aqueous layeth@asxtracted with ethyl acetate

25 (1930 mL). The organic phases were combined arsth@chwith saturated solution of
sodium bicarbonate (2420 mL) and brine (2420 mtigddover magnesium sulfate (360
0), filtered through glass fiber filter and rinssdh ethyl acetate (2 x 360 mL).

The resulting solution was concentrated to a sdidisader reduced pressure and
methanol (725 mL) was added and co-evaporated wadaced pressure to yield semi-
30 solid compound.. The crude product was dissolved in methanol @582) and the

solution was stirred while water (2130 mL) was atldeer twenty minutes. When
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overnight. The mixture was then diluted with water (100 mL) and stirred for 15 minutes. The layers
were separated and the aqueous layer extracted with DCM (2 x 50 mL) The organic layers were
combined, washed with 1 N HC1 (4 x 150 mL), water (1 x 150 mL), sat. NaHCO3 (2 x 100 mL), brine
(1 x 250 mL) and dried over Na2S0O4. The Na2S04 was removed by filtration and the volatiles

removed undeliiggretdvRIessES o aipeetd, @SPedaaldly ounglrSyRivesineseeds v e Qdgdgtion
of (1) (10.0 g, 36.4 mmol.) in 100 mL of dry THE, under an atmosphere of argon was added

isopropenyl %H@%ﬂﬁ%@&ﬂ(&@k@%ﬁ%‘?ﬂgﬁ%rﬂéﬂfeﬁé%&%‘?ﬂfﬁr sHRiGSHENgE B MSe using
an addition finnel sbhe vate Rionstditi oy Hilvaas AdingteteSuabith ahibrinierprddeecimistanyerature was

maintained below 5 C. After six hours the reaction mixture was poured into 250 mL of sat. NH4C1 and

500 mL wet WA AABEUARRYMARDSAHAHRE IS, hpdOrmbbcd BRHUBS SN WBS HRRFE Whre removed
under geduceskgiansieaasddortsuda matend filytadavite Eifide p1oaustviBeRYRIS vrtee

separated and the aqueous layer extracted with E{0OAc (3 0 mL), the 150rganic layers were
ombimed, AP VA AN PSS TSI NE S, Y IESA DR i P RSO oS4
was removeg|bgdilisajier angstiagivel atep oemezed gnder reduced pressure. Purification by flash
chromatography (15:1 hexanes/ EtOAc) gave (J) as a solid (7.5 g, 29.37 mmol). Synthesis of (K) and

(L) 20To a OExzohligias of (J) (5.0 g, 19.58 mmol) in 200 mL of MeOH was added CeC13-7H20 (8.75 g,
23.50 mmol). The solution was stirred under an atmosphere of argon until the CeC13-7H20 was
completely dgysthtesid.of (Fhis solution was added NaBH4 (0.88 g, 23.50 mmol) in 10 portions over 2
minutes. The reaction was then stirred under an atmosphere of argon at 0 C for 6 hours. The reaction
was d@enched at 0AC106 witHass-adakatetng borowf itpakinaschargrt £RR(30)mindtes of additional

stirring at 0 G. | lear. ' - and the
remaining oﬁa{gﬁ?&@ uﬁégaﬁéﬂ%;@%gmgﬁ?@Ygggﬁ@ aigé{?r@gﬁﬁgs He%vﬁﬁ%\?v%%e%rgzgéﬁ%gam L), brine
(2 x 100 mL)ken plaegdbireanigs daththAfiey 30 minakasiteyoal iofilentdurarnbchecacheiks. fethoved
under reduc ving (K ( - {)z!}f;ﬁ o} i kSl
diastereome%g @@?&ﬁ%ﬁﬂ%é@gwﬁ %%l?_%é%%été&igg M), (IJ\Ii}%é(%g?‘a%n d(@léﬁ%%%‘é: SO {%o%f’of (K)
and (L) (0.02Beyflastovasmbmiadic WaIniro) imasdetuee raass 200o1esy NIRE wasd@ydateteixture
was stirred ; ich time bt difert [th.sat. NaHCO3
5 D) The BB B B 5T The organic
layers crystallize during cooling. Heptanes (65 mL) wiren added to the flask dropwise over

15 min and the flask was placed in the freezefGb After 1 hour, the solid white

product was collected and washed with heptanes()do provide 4.57 g of (F).
Example 17
20 Synthesis of Compound 1 Citrate Salt

Compound 1 (10 g) and citric acid (2.7 g) werealigsd in THF (75 mL) and
acetonitrile (50 mL). The solution was then stirfer 2 hours at room temperature, at
which time a white precipitate formed. The flasksithen cooled to -10 °C and stirred
overnight. The solids were filtered and washed W@ mL acetonitrile to give 11.52 g

25 of the citrate salt of compourid
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were combined and washed with water (2 x 5 mL), brine (2 x 5 mL) and dried over MgSO4. The
MgSO4 was removed by filtration and the volatiles removed under reduced pressure to give an oil.
Synthesis of (H) and (Q) 10To a solution of Dess-Martin Periodinane (0.023 g, 0.055 mmol) in 1 mL
MeCN at 5 C was added a mixture of (M), (N), (0), and (P) (0.010 g, 0.037 mmol) as a solution in
MeCN (1 milgxBhgprairgure was placed under an atmosphere of argon and allowed to warm to room
temperature while stirring overnight. When complete, a white precipitate had formed and the reaction
was cooled igyathéeis bath padddiited with 2 mL sat 15NaHCO3. The mixture was diluted with 10 mL of
EtOAc and the solids removed by filtering through a plug of Celite. The mixture was transferred to a
separatory funnel and the layers separated. The aqueols layer was extracted with EtOAc (2 x 5 mL)
and the organic layers combined, washed with water (3 SOmL) nd brine (1 x £0 mL) and then dried
over NaZSOéécm 2% Q4 'epadyietivieieedtty ;Itratéon glames ngﬁﬁ/ nder reduced
pressure to give a mixture 'tbP(‘Hn s oY asE light*V&llo 0|I Ex&rhple 1 te Synthesis of (H)
and (Q) Alternate Synthesis OMI‘I'I'V) aod (Q) 25To a -§)C solution of (R) (0.20QJg, 0.78 mmol) in
pyridine (3 mL) was added 10% aqueous NaOC1 (1 5 mL) dropwise at a rate such that the internal
reaction temperature remained below -4 C. After the addition of NaOC1 was complete, the reaction
flask was placed in a 0 C bath and sti ~The mixture was then diluted with EtOAc (10
mL), washed with W& 2 x 10 mL], brjhe (2 x 10 mL){and| dried REPNEEBO4. The Na2SO4 was
removed by flltratrqﬁ@d"me Poldtilesyfemoved BaeteY reduc dmm‘g@the crude mixture of
(H) and (Q). Purification by flash clkrcﬁﬁatography (20; Aexanes/ EctéJsﬂne)l-geve (H) as an oil (0.059 g,
0.216 mmol) and (Q) 5as a solid ((5 8)23 - 91085 mmé Example 20

- o,
BocHN BocHN
OH
4.51 (M) , (N) Mart Parindi
ratio < 1/1 ratio Dess-Martin Periodinane BocHN
MeCN
(0]
(0] e H)
~ BocHN” ™ * BocHN™ ™
OH OH
©  4irato P

5 Synthesis of (1)

A suspension of dimethyl hydroxylamine hydrochler{d0.53 g, 108 mmol) in

DCM (270 mL) under an atmosphere of argon wasestivigorously for 0.5 hours
followed by addition of TEA (10.92 g, 14.75 mL, 168nol) via addition funnel. A
solution of Boc-Leucine-OH (25.0 g, 108 mmol) in G270 mL) was cooled to 0 °C

10 followed by dropwise addition of isobutylchlorofoate (14.73 g, 13.98 mL, 108 mmol)
via addition funnel. The mixture was further cabte -20 °C and NMM (10.92 g, 11.87
mL, 108 mmol) was added via addition funnel at saichate to maintain the internal
temperature below -10 °C. After stirring for 5 miies at -20 °C, the previously prepared
dimethylhydroxylamine solution was added via a widee Teflon cannula. The reaction

15 mixture was removed from the cooling bath and aidwo warm to room temperature

overnight. The mixture was then diluted with wate®0 mL) and stirred for 15 minutes.
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Synthesis of Compound |  Ph 1 Synthesis of (F) 10To a 10 mL round bottomed flask was added (H)
(0.050 g, 0.18 mmol) and DCM (0.80 mL) The mixture was cooled to O C and neat 11-A (0 20 mL) was
added dropwise. After the addition of IPA was complete the flask was allowed to warm to room
temperature while stirring for one hour. The volatiles were then removed under reduced pressure and

the resultingTnbyagersasekt WwEh S(3ralineZ b iRelxpeEaiEes WhFenonebundergucese

pressure. Synthesjs of Compound | To a 10 mL round bottomed flask containing (F) was added (E)

(0.085 g, 0. 1% 9ANGIRXREENGEF AR RRIBYaR9s1YY b LBl HRLH A BRIS0(B a7 e DB mmol)

and the mixtyse WRSHCREdda Gomily Briaenixkeseasisewty asedERa0. Ghe W00, Wk mL, 06
mmol) and the mixture was allowed to stir at 0 C for one hour before quenching with saturated
NaHCO3 (5 FTIOYRS FGAUIFaURRAELIZR VARG ABTEY R SarHFRs AYERS W o Qipa A5 A
organi layegweswaststyl with saturated NaHCO3 (3 x 5 mL), brine (2 x 5 mL) and dried over
Na2S04. The Na2S04 was removed by filtration and the volatiles removed under reduced pressure to
give a thick @ynifedizfl@ik containing the oil was added DCM (1 mL) and the placed under high
vacuum while 5swirling giving Compound 1 (0.100 g, 0.14 mmol) as a foam.

To a 0 °C solution of (1) (10.0 g, 36.4 mmol,) i6QLmL of dry THF, under an

atmosphere of argon was added isopropenyl magndsiomide (364 mL, 182 mmaol,
5.0 eq, 0.5 M solution in THF) dropwise using adiidn funnel. The rate of addition

10 was adjusted such that the internal reaction teatpex was maintained below 5 °C.
After six hours the reaction mixture was poured i250 mL of sat. NECIl and 500 mL
wet ice. After stirring for 30 minutes the mixtuyecame clear and the volatiles were
removed under reduced pressure and the crude alatidwted with EtOAc (200 mL).
The layers were separated and the aqueous layaced with EtOAc (3 x 150 mL), the

15 organic layers were combined, washed with water 180 mL), brine (2 x 150 mL) and
dried over MgS@ The MgSQ was removed by filtration and the volatiles rentve
under reduced pressure. Purification by flash mlatography (15:1 hexanes/ EtOAc)
gave (J) as a solid (7.5 g, 29.37 mmol).

Synthesis of (K) and (L)

20 To a 0 °C solution of (J) (5.0 g, 19.58 mmol) ir020L of MeOH was added
CeCk-7H20 (8.75 g, 23.50 mmol). The solution was stirrader an atmosphere of
argon until the Ce@i7H,O was completely dissolved. To this solution wadeal
NaBH, (0.88 g, 23.50 mmol) in 10 portions over 2 minuté&se reaction was then stirred
under an atmosphere of argon at 0 °C for 6 holihe reaction was quenched at 0 °C

25 with approximately 2.5 mL of glacial HOAc and af@3 minutes of additional stirring at
0 °C the mixture become clear. The volatiles wersoved under reduced pressure and
the remaining oil taken up in EtOAc (200 mL). Tdrganic layer was washed with water
(2 x 100 mL), brine (2 x 100 mL) and dried over M@S The MgSQ was removed by
filtration and the volatiles removed under redupesssure giving (K) and (L) as a waxy,

30 white solid (4.75 g, 18.5 mmol). Ratio of diastareers 4.5:1 as determined by HPLC.
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Example 21 Synthesis of Compound |  Alternate Synthesis of (S) 10To a 10 mL round bottomed
flask was added (G) (0.055g, 0.18 mmol), formic acid (2 mL), and Pd/C (5% wt, 0.05 g). Once the
deprotection was deemed complete by TLC and LCMS, the volatiles were removed under reduced
pressure. The oil was chased with DCM (2 mL x 2) and the volatiles removed under reduced pressure.
Synthesis of<;aimgps ot 35N, a@Pamd-(mund bottomed flask containing (S) was added (E) (0.085 g,
0.15 mmol), MeCN (2.0 mL), HOBT (0.031 g, 0.23 mmol), HBTU (0.087 g, 0.23 mmol) and the mixture

was cooled to 0 C. To ¢hipmmiksHref \{ip shel(ly) 025 9| EA0G7AMmigl D EA¥(MnL) Gvaznaelliebhe mixture
was then allo t0 C fo min nd was uenche by the addition of saturated NaHCO3
o) The TR A TR s Bl 8 MBS FRR O A B AR oy o o
washed withrgaiusatedidlatifa® e miktore)waisngl (2ed with. pedtd Coe® o). NHR@@%@WGNGZSO4
was removed b filtration and the volatiles removed u der r e to thick oil. To the
ook e ceaes] and R AauSER? R SR M B BT orths HgR et sunic
swirling givinget@oyabirtd asdvicamedExdmplaiz? G5y mtnes)saf(kp mL) and drled over

MgSQ,. The MgSQ was removed by filtration and the volatiles renbuader reduced

pressure to give an oil.
Synthesis of (H) and (Q)

10 To a solution of Dess-Martin Periodinane (0.028.655 mmol) in 1 mL MeCN
at 5 °C was added a mixture of (M), (N), (O), aRyl (0.010 g, 0.037 mmol) as a solution
in MeCN (1 mL). The mixture was placed under ancapinere of argon and allowed to
warm to room temperature while stirring overnigkiithen complete, a white precipitate
had formed and the reaction was cooled in an ite-#@d diluted with 2 mL sat.

15 NaHCQ. The mixture was diluted with 10 mL of EtOAc ath@ solids removed by
filtering through a plug of Celite. The mixture sveiansferred to a separatory funnel and
the layers separated. The aqueous layer was draith EtOAc (2 x 5 mL) and the
organic layers combined, washed with water (3 x5 amd brine (1 x 10 mL) and then
dried over NgSOy. The NaSO, was removed by filtration and the volatiles rentbve

20 under reduced pressure to give a mixture of (H)(@&ydas a light, yellow oil.

Example 19

Alternate Synthesis of (H) and (Q)

pyridine

BocHN NaOCl (10% aqueous) g,y T BocHN
R (H)O @
Alternate Synthesis of (H) and (Q)
25 To a -5 °C solution of (R) (0.200 g, 0.78 mmol)pyridine (3 mL) was added

10% aqueous NaOCI (1.5 mL) dropwise at a rate thettthe internal reaction

temperature remained below -4 °C. After the additf NaOCl was complete, the

reaction flask was placed in a 0 °C bath and stifoe two hours. The mixture was then
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Water (214 mL) was added to a three neck flask equipped with a mechanical stirrer, an addition
funnel, and a thermocouple with display and cooled to an internal temperature of -5 to 0 C. Solid
calcium hypochlorite (107 g, 748 mmol) was then added 10over approximately 5 minutes, while the
temperature of the mixture is maintained at approximately -5C to OC. The mixture was then further

cooled to -1QfifuePiithneteixeed im0, Wiaskes! mienvestdy @doimen oFiNR a8t} hvig adedfion

funnel at a rate to maintain internal temperature between -10 C to -5 C. The reaction slurry was then

stirred at -1P¥NES Gind{de NRY @ /8% a8o RhBY (Tatassantinf \oibes s aBRofand added

dropwise to taglieagtisre ssixiene yiietRaiitaiel ngthe ende id| @) ruativeibetyeeasasS C and -10 C.

The reaction mixture was then stirred at -5 C to 0 C until the reaction was complete iItg;yé;liLC. Li&(g)ln
tion

reaction confEBAMFEANIM (A b EEABRENEINQIGRVEL M SO P RIS R isQirand

(500 ral), maitakung enonega . egaperablye of -10 C to -5 C. Ethyl Acetate (1000 mL) was then
added, the 20layers were separated and the aqueous layer was extracted twice more. The combined

organic layeExarapieg@shed with water (500 mL) and brine (500 mL), dried over magnesium sulfate,
filtered and concentrated under reduced pressure to a to yellow oil which was dissolved in hexanes
(600 mL) an8yiiiteesid dhComgpoaimulug of silica to provide (H) as a pale yellow oil (20.8 g). 25 Equivalents
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, numerpus equivalents to the compounds and methods of use \thereof described
herein. Such equivalenig-are considered to be withiathe scope of this jpvehtiop and abe covered by
the following claims. Allef theabaye-cited refefen qndmuhﬁtq\ti } 9y agorporated by
reference. We CPaf! 1 method for the Prep4kati jin of a cryslallineﬁcpmpomn of Fagmula (111),

Ph
(H) (F) (E)
HBTU, HOBT
DIEA, MeCN

Ph

mﬁrULNﬁ;ULN :
0o o(: H o M

Ph
1

Synthesis of (F)

10 To a 10 mL round bottomed flask was added (H) @©50.18 mmol) and DCM
(0.80 mL). The mixture was cooled to 0 °C and Aé& (0.20 mL) was added
dropwise. After the addition of TFA was compldte tlask was allowed to warm to
room temperature while stirring for one hour. Téatiles were then removed under
reduced pressure and the resulting oil was chagbd&ZM (2 mL x 2) and the volatiles

15 removed under reduced pressure.
Synthesis of Compound 1

To a 10 mL round bottomed flask containing (F) wdded (E) (0.085 g, 0.15
mmol), MeCN (2.0 mL), HOBT (0.031 g, 0.23 mmol)dadBTU (0.087 g, 0.23 mmol)
and the mixture was cooled to 0 °C. To this metwas slowly added DIEA (0.077 g,
20 0.104 mL, 0.6 mmol) and the mixture was allowedtipat 0 °C for one hour before
guenching with saturated NaHG(® mL). The mixture was diluted with EtOAc (15 jnL
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5wherein X is any suitable counterion, comprising (i) preparing a solution of a compound of Formula
(IV) in an organic solvent, wherein PG is a suitable protecting group (1V) 10(ii) adding a suitable acid;
(i) bringing the solution to supersaturation to cause formation of crystals; and (iv) isolating the
crystals. 2. A method of claim 1, wherein PG is selected from Boc and Cbz and X is

trifluoroaceta@ifd the Jayeraaiieod o staurel OmheViIgERilt tageNERHe ol s ratestethMaD

15dichloromethane, ethyl acetate, isopropyl acetate, isobutyl acetate, butyl acetate, procﬁ}{l acetate,

diethyl ether* Myl RINBIR KRBT EYIES QKT dfbinto NaRrs¥yaS remY Gy JUERIRim 3,
wherein the argpitie §eluadTaplegter ey dichiermsaihaigisetayinerieie, N TRE flasrNY

combination thereof. 5. A method of any one of claims 1 to 4, wherein bringing the solution to
supersaturafOAIRRRiLee AhMaSAEASH LGSk EH:) SNSWHG AR L0RMBIYRvAsHI R YR the
volumg of the\@alintogiviiPCY EROBRBION JTeteT.14 mendh)nastaddahclaim 5, wherein bringing the
solution to supersaturation 5comprises adding an anti-solvent, cooling the solution to ambient
temperature Exdopier2and reducing the volume of the solution.

Synthesis of Compound 1
)OI\_ Ho Ho§
S O formicacid H (I)-Isﬁ 0+ (\N/\"/N\é)J\H N\é)I\OH
0 Pd/C o) O\) 0] ( o) ~ph
@) S) Ph (E)
HOBT, HBTU
DIEA, DMF
0 0
H H 0
‘/\N/\[]/N\:)LN/@;N\:)J\N
o o ( H 6 < _H o
Ph
Ph
1
Alternate Synthesis of (S
10 To a 10 mL round bottomed flask was added (G) &305.18 mmol), formic

acid (2 mL), and Pd/C (5% wt, 0.05 g). Once therdiction was deemed complete by
TLC and LCMS, the volatiles were removed under cediupressure. The oil was chased

with DCM (2 mL x 2) and the volatiles removed undsiluced pressure.
Synthesis of Compound 1

15 To a 10 mL round bottomed flask containing (S) added (E) (0.085 g, 0.15
mmol), MeCN (2.0 mL), HOBT (0.031 g, 0.23 mmol), AB (0.087 g, 0.23 mmol) and
the mixture was cooled to 0 °C. To this mixtureswsdowly added DIEA (0.077 g, 0.104
mL, 0.6 mmol). The mixture was then allowed to ati0 °C for 60 minutes and was
guenched by the addition of saturated NaHCZOmL). The mixture was diluted with

20 EtOAc (15 mL) and the layers separated. The oogayer was washed with saturated
NaHCG; (3 x 5 mL), brine (2 x 5 mL) and dried overJ$&,. The NaSO, was removed
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7. A method of claim 5 or 6, wherein the anti-solvent is hexanes or heptanes. 8. A method of any
one of claims 1 to 7, further comprising washing the crystals. 109.A method of claim 8, wherein the
washing comprises washing with a liquid selected from anti-solvent, dichloromethane, ethyl acetate,
isopropyl acetate, isobutyl acetate, butyl acetate, propyl acetate, diethyl ether, and methyl tert-butyl

ether, or anyhgaTkiABAMNEN Efedfolatildd réhbeEPGrefer AR radiairRinyvgRRIROIRRIVBIISERYAshING

with anti- 15solvent. 11. A method of claim 10, wherein the anti-solvent is hexanes or heptanes.

12. A metholaSKER B BERGN a5 PAASHAGVISSI RinkARE BIvLr RIaResHEBLSHiRIERY the
crystals.  \abumeiRng shviiyPyriahatdmpduiants, dshas.comprising drying the 20crystals under

reduced pressure. 14. A crystalline compound having a structure of Formula (lll) wherein X is
trifluoroacet@garhplé2ystalline compound of claim 14, having a DSC thermogram substantially as
shown in Figure 9. 516.A crystalline compound of claim 14 or 15, having an XRPD pattern
substdntiallySystbbawof ifHFigure 10. 17.A crystalline compound of any one of claims 14 to 16, having
20 values 8.84; 15.18; 15.32; 16.20; 16.82; 17.66; 18.26; 19.10; 21.20; 22.58; 23.06; 23.52; 25.32;

aq. Ca(OCl), o

_— >
BocHN NMP BocHN I

(R) (H)

Water (214 mL) was added to a three neck flaskpgupad with a mechanical
stirrer, an addition funnel, and a thermocouplédwlisplay and cooled to an internal
temperature of -5 to 0 °C. Solid calcium hypocitéo¢107 g, 748 mmol) was then added

10 over approximately 5 minutes, while the temperatirthe mixture is maintained at
approximately -5°C to 0°C. The mixture was thertHer cooled to -10°C to -5°C and
stirred for 10 minutes followed by addition of NMEFOOO mL) via addition funnel at a
rate to maintain internal temperature between €.€0°-5 °C. The reaction slurry was
then stirred at -10 °C for 15 minutes. (R) (47.887 mmol) was dissolved in NMP (40

15 OmL) and added dropwise to the reaction mixturdevmaintaining the internal
temperature between -15 °C and -10 °C. The reaatiature was then stirred at -5 °C to
0 °C until the reaction was complete by TLC. Upeaction completion, the mixture was
guenched by slow addition of 1.0 M sodium thiogelfsolution (500 mL), maintaining
an internal temperature of -10 °C to -5 °C. Ethgektate (1000 mL) was then added, the

20 layers were separated and the aqueous layer wagtext twice more. The combined
organic layers were washed with water (500 mL) larae (500 mL), dried over
magnesium sulfate, filtered and concentrated uretkrced pressure to a to yellow oil
which was dissolved in hexanes (600 mL) and filldreough a plug of silica to provide

(H) as a pale yellow oil (20.8 g).
25

Equivalents

Those skilled in the art will recognize, or be afgle@scertain using no more than

routine experimentation, numerous equivalents éocchmpounds and methods of use
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26.58; 28.60; 30.08; 30.48; 30.84; 32.20; 36.14; 37.12. 1018.A method for the preparation of a
crystalline compound of Formula (II), comprising (i) preparing a solution of a compound of Formula
(IV) wherein PG is a suitable protecting group, in a first organic solvent (V) (ii) adding a suitable
acid; (iii) bringing the solution to supersaturation to cause formation of crystals; and (iv) isolating the

crystals to prid®BduysiRibacneranpo Wit BiduRitiimid B didararthn o e wihiatreseopw o felHf
Formula (II). wherein X is any suitable counterion, with a compound of Formula (V) in a second

organic solvEMTENRNOH EBKEERH by G ol eRirH§'a%iution of a compound of Formula (11) in
th d [ | t; i) bringing th lut . turation t f ti f
crystals, ang S B AR YA LR B 5 AL L LA P S M B RPN . 1019,

method for thefeparibesis of amino acid keto-epoxides according to
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Scheme (I) (1) wherein 15Ri is selected from a protecting group or a further chain of amino acids,
which itself may be optionally substituted; R2 is selected from hydrogen and CI 6alkyl; or R3 is
selected from hydrogen, Cl 6alkyl, Cl 6alkoxyalkyl, heterocyclyl, aryl, heteroaryl, Cl 6heteroaralkyl, and
Cl 6aralkyl; and wherein the method comprises a stereoselective epoxidation with an aqueous sodium
hypochlorite\grea@jgivin hypochlorite solution in the presence of a cosolvent selected from pyridine,
acetonitrile, DMF, DMSO, NMP, DMA, THE, and nitromethane. 520.A method of claim 19, wherein R1
IS a protecting group. 21. A method of claim 20, wherein R1 is an electron withdrawing protecting
group. 22. A méthod oAcha@thad fartibie ipriaisiseteofel drgsiatinemoucariod gr(Bale) (bgnzoyl
(B2), trichloroethoxycarbonyl (Troc), and benzyloxy carbonyl (Cbz). 1023.A method of claim 22,
wherein R1 is Boc. 24. A method of any one of claims 19 to 23, wherein R2 is hydrogen. 25. A
method of any one of claims 19 to 24, wherein R3 is se{ected from hydrogen, CI 6alkyl, CI

6alkoxyalkyl, heterocyclyl, aryl, heteroaryl, Cl 6hetergé gand Cl 6aralkyl. 1526.A method of claim
25, wherein R3 is ClI 6alkyl. X+
H,N
O
(1)
5 wherein X is any suitable counterion, comprisingo(eparing a solution of a

compound of Formula (IV) in an organic solvent, véie PG is a suitable protecting

group
(0]
PG-HN
O
(IV)
10 (i) adding a suitable acid; (iii) bringing the atibn to supersaturation to cause formation

of crystals; and (iv) isolating the crystals.

2. A method of claim 1, wherein PG is selected fil®oc and Cbhz and X is
trifluoroacetate.

3. A method of claim 1 or 2, wherein the organilvent is selected from
15 dichloromethane, ethyl acetate, isopropyl aceistdutyl acetate, butyl acetate, propyl

acetate, diethyl ether, methyl tert-butyl ether @), or any combination thereof.

4, A method of claim 3, wherein the organic solviergelected from
dichloromethane, ethyl acetate, MTBE, or any coratiam thereof.
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27. A method of claim 26, wherein R3 is isobutyl. 28. A method of claim 25, wherein R3 is CI 6aralkyl.
29. A method of claim 28, wherein R3 is selected from phenylmethyl, 4- hydroxyphenylmethyl, and
2-phenylethyl. 2030.A method of any one of claims 19 to 29, wherein the cosolvent is selected from
NMP and pyridine. 31.A method of claim 30, wherein the cosolvent is pyridine. 32. A method of
any one of claims 19 to 31awhat BreappRdaPasReTABIEdBIGBIRGHEMEroekisioR Greater than

98% diastereomerically pure. 33. A method of any one of claims 19 to 32, wherein the compounds

in scheme (ISYRES AT IR QEsES ISR T an andzstlvElawing %%ﬁnyH%fQ:l%mﬁﬁ's 19 to 33,
further compgineifigniay g dRtenrsptaetingl @ronpdf BAgessAbLRAAGeYRIINg with a chain of amino

acids. 35. A method of claim 34, wherein the chain of amino acids comprises three amino acids.
1036.A method of claim 34, wherein the chain of amino acids comprises two amino acids.
6. A method of claim 5, wherein bringing the sadatto supersaturation
5 comprises adding an anti-solvent, cooling the smhuto ambient temperature or lower,

and reducing the volume of the solution.

7. A method of claim 5 or 6, wherein the anti-solvis hexanes or heptanes.
8. A method of any one of claims 1 to 7, furthemgoising washing the
crystals.
10 9. A method of claim 8, wherein the washing congsigashing with a

liquid selected from anti-solvent, dichloromethagityl acetate, isopropyl acetate,
isobutyl acetate, butyl acetate, propyl acetatthgl ether, and methyl tert-butyl ether, or

any combination thereof.

10. A method of claim 9, wherein washing compriseshing with anti-

15 solvent.

11. A method of claim 10, wherein the anti-solvisritexanes or heptanes.

12. A method of any one of claims 1 to 11, whereafating the crystals

comprises filtering the crystals.

13. A method of any one of claims 1 to 12, furtb@emprising drying the

20 crystals under reduced pressure.

14. A crystalline compound having a structure ofrfrala (111)



(Iln)

wherein X is trifluoroacetate.

15. A crystalline compound of claim 14, having a®thermogram
substantially as shown in Figure 9.

5 16. A crystalline compound of claim 14 or 15, havan XRPD pattern

substantially as shown in Figure 10.

17. A crystalline compound of any one of claimsd46, having 2 values
8.84; 15.18; 15.32; 16.20; 16.82; 17.66; 18.2610921.20; 22.58; 23.06; 23.52; 25.32;
26.58; 28.60; 30.08; 30.48; 30.84; 32.20; 36.14137

10 18. A method for the preparation of a crystallioenpound of Formula (l1),

N veRne

(11

comprising (i) preparing a solution of a compouhéarmula (IV) wherein PG is a

0

suitable protecting group, in a first organic solve

PG-HN
15 o)

(V)

(i) adding a suitable acid; (iii) bringing the stbn to supersaturation to cause formation
of crystals; and (iv) isolating the crystals toyade a crystalline compound of

Formula (lII); (v) reacting a crystalline compouofdFormula (111)
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10

15

(Iln)

wherein X is any suitable counterion, with a commbof Formula (V) in a second

organic solvent

H H
N N
SRR S
( Ph
Ph ;
V)

(vi) preparing a solution of a compound of Formilpin the second organic solvent;
(vii) bringing the solution to supersaturation tause formation of crystals; and

(viii) isolating the crystals to provide a crysiah compound of Formula (11).

19. A method for the synthesis of amino acid kgitoxédes according to
Scheme (1)

(1
wherein

R'is selected from a protecting group or a furtheii of amino acids, which itself may
be optionally substituted;

R? is selected from hydrogen ang.g@lkyl; or

R®is selected from hydrogen.galkyl, Ci.calkoxyalkyl, heterocyclyl, aryl, heteroaryl,
C,-eéheteroaralkyl, and Garalkyl; and
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10

15

20

wherein the method comprises a stereoselectiveidgtion with an aqueous sodium
hypochlorite or calcium hypochlorite solution irethresence of a cosolvent
selected from pyridine, acetonitrile, DMF, DMSO, RVDMA, THF, and

nitromethane.
20. A method of claim 19, wherein & a protecting group.

21. A method of claim 20, whereirt & an electron withdrawing protecting

group.

22. A method of claim 21, wherein' & selected front-butoxy carbonyl
(Boc), benzoyl (Bz), trichloroethoxycarbonyl (Troend benzyloxy carbonyl (Cbz).

23. A method of claim 22, wherein & Boc.
24. A method of any one of claims 19 to 23, wheRéiis hydrogen.

25. A method of any one of claims 19 to 24, wheRiiis selected from
hydrogen, Gealkyl, C;galkoxyalkyl, heterocyclyl, aryl, heteroaryl; gheteroaralkyl, and
C-garalkyl.

26. A method of claim 25, whereirf & Cygalkyl.
27. A method of claim 26, whereir? & isobutyl.
28. A method of claim 25, whereir’ & Cy.caralkyl.

29. A method of claim 28, whereir & selected from phenylmethyl, 4-
hydroxyphenylmethyl, and 2-phenylethyl.

30. A method of any one of claims 19 to 29, whetkencosolvent is selected

from NMP and pyridine.

31. A method of claim 30, wherein the cosolverysdine.
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32. A method of any one of claims 19 to 31, whetk@epoxidation is

performed such that the product is greater than @@%iereomerically pure.

33. A method of any one of claims 19 to 32, wheteencompounds in
scheme (I) have the following stereochemistry

RS R3
1 A O
R \N —_— RLN
RZ O RZ O .

34. A method of any one of claims 19 to 33, furtt@mprising removing the

protecting group if necessary and coupling withnailc of amino acids.

35. A method of claim 34, wherein the chain of am@tids comprises three

amino acids.

36. A method of claim 34, wherein the chain of amatids comprises two

amino acids.
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