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HETEROCYCLIC COMPOUNDS AND ANALOGS THEREOF

Background of the Invention Field of the Invention 100011 The present
invention relates to certain compounds and to methods for the:

preparation and the use of certain compounds in the fields of chemistry

and megdigire2Embodiments of the invention disclosed herein retatgﬁgm 19543
methods of using heterocyclic compounds. In some embodiments, t
compounds are used as proteasome inhibitors. In other embodiments,

the compounds are used to treat inflammation cancer, and infectious

diseas 021 Cancer is a leading cause

of dea&ﬁnﬂﬁé%gﬁgg‘%g?gs ite sé? Heh oS MRAENBR AND ANALOGS
approaches for treating cancer, the prinfidfy RE&qHMent options remain

surgery, chemotherapy and radiation therapy, either alone, or in

combination. Surgery and radiatppitherapys hNQWEYSE: afe generally

useful.on VALY |rI efined types of cancer, and are of limited use for
treati%{)‘%éenﬁ%%‘iaﬁsemmated disease. Chemotherapy is the method

that is genetédi§llisefUllia freatinghpatientsanith mMelasiaticoSADERILd to methods for
diffusg cancers such ar?%leukemlas Althoggh chemotherapy can provide a

therapeultlc%ie‘Hel‘Jlt‘BtU & Fans 16 LT TP RIRES ot diddasé diganttnand medicine.
patieritshedreetiscell$:becoming réisistant taitie ehemaheranesticAg@R- heterocyclic

Due, ig,patmiR the likelingad, af, gancer cells becoming resistant to a
chemott{?g(rgapeutlc agent, such aggnts are commonty” %se TGS MRTigH biters. 1o

to tre%t’l}}ﬁ‘aﬁ’élﬁ%mﬂm@f%ﬂ]sﬁﬁﬂmlltﬁféﬁlm thsesmesibausedofotancer, and infectious
examplezddy bacteria, fungi and protozoa are becoming increasingly
diffic It to treat and cure. For example, more and more bacteria, fungi and

xeich dsidtance to current antibiotics and
chemother c am{&@gagn rohes c C .
Leishma a@ﬂgﬁl modium and T%ﬁ%%fﬁ r%%(a%%gf éﬂrtﬁgjn%?ed ;ﬁ Ates. . Despite
growslh%n:ﬂjﬁf‘r%8&%5&%&%‘?’&&8%@@?&%@%@%@&§33F‘el»élmﬁe«'@i‘)aseatment options

inflammaitoryudissasesmStieh.piseases dnelue Qi@wt'%ﬂﬁéu%&s ﬁsﬁﬂmc%mbmamn
to car g&y)ag%l 1%rd seases T ese diseases continue to affect larger and

larger numbers 0 Iapi—%‘(‘)lp EWorldWide GeBpits e e e n i ﬁ%}é‘dléaﬁned types of

advdiiees. and are of hmited use for treating patients with disseminated disease.

Chemotherapy is the method that is generally usefu] in treating patients with metastatic
cancer or diffuse cancers such as leukemias, Although chemotherapy can provide a
therapeutic benefit, it often fails to result in cure of the disease due to the patient's cancer
cclis becoming resistant to the chemotherapeutic agent. Due, in part, (o the likelihood of
cancer cells becoming resistant to a chemotherapeutic agent, such agents are commonly
nised i combination to treat patients.

[0603] Stnutlarly, infectious diseases caused, for example, by bacteria, fungi and
protozoa are becoming increasingly difficult to treat and cure. For example, more and more
bacteria, fungi and protozoa are developing resistance to cwrent antibiotics and
chemotherapeutic agents. Examples of such microbes include Bacillus, Leishmania,
Plasmodium and Trypanosoma.

[0004]  Furthermore, a growing number of diseases and medical conditions are
classified as inflammatory diseases. Such diseases include conditions such as asthma to
cardiovascular diseases. These diseases continue o affect larger and larger numbers of

people worldwide despite new therapies and medical advances,



100051 Therefore, a need exists for additional chemotherapeutics,
anti-microbial agents, and anti-inflammatory agents to treat cancer,
inflammatory diseases and infectious disease. A continuing effort is being
made by individual investigators, academia and companies to identify
owee), potentialiyussiul Fosmorseraneilic apdarti-nicrobial agents, .
- '[00061 Marine-derived natural produéts are a ncﬁe@l%@é'éb? %90 Iéir?ﬁ%ttf’fiilew
AgENIS, g AR AAmIg KYSAERRISAAITARICT AN, AnRasn AThey discars ard imfassively
disease. COMplaxangd hovseia wWiversaasssmhiags.of micehes b azga?x?gr%al M

. ,enyi_ronments of extreme variations in pressure, sa Iﬁlty, an emperaf!ure.
compani e RSShPTEHE RS thsRorbetalisped amiquierphitatzolic and
[moypiologicahcapabilition habARkon!YENsHES §&9@¥%'fi5‘o%‘ﬁ§mgw??ﬁ-
a

ca Varied habitats, but also offer the potential to produce metabolites

RO AgEIE P A B M ISh LU GESH S m 1o SSHIBE AR ISRIS IR A9, horsog3 J
diverse dvlamBlegeahhelidid®) Repsesentativevaisueial 6/asses:0f SUShicns in
tag Iitaen%include ttgrgae S,.peptides, polyketides, and compounds with

om
pressure, Rk biGSyntRetic origins. ARy Bf THeseriolschits B redforirable

mixe
unique vrgrthationand aritisbdctirial;aatiifiieg ahaanttisHammatenudival in extreme
and vanidpyngsuppressive activities (Bull, A.T. et al. 2000 Microbiol Mol Biol Rev
1 64:573" Cragy, G.M- & D37 NeWmanr 2005 FeRas Bkattaror € 3404:
observed K} ReGeEnS. SikenTzA999EXPI@pin FherPatentsH: 1R6/2:Meones B, S
Represer 1653; Ik D.)..2001 Nat Prod Rep 18:1;

P A A VL ahonan OO RS SNE J5R8%) Niifing
polyketidgse it mpenndis site et eisbiatmgivtianrie. thdmapeftitagantsecules
have  aduibesbibe isplation,of FAQM@Aa%FH}fﬁa“Cﬁﬁi%QuQD“'rﬂlﬁf%?f%%%%‘?“ts that

t

. A : O
represent alternative mechanistic classes to those currently on the market

immunosyaRTESING A eanes S Hbistahce coh Gl ficietlirigidnly B obmnishsBased

Cragg, G.ngsi&t@as;e\tm&ma%b@%@e%?@hﬁﬂ%?ﬁﬁ@ﬁﬁ?%&%@%ﬁﬁ@rs.S. Kerr
1999 & bﬁFtéerrotlsm purposes. Summary of the Invention 100 e
PR difTEACEIScH 52 niientegBre riIRp ratdté tedcRemi6:85 tofapibunds,

D.1. 200insludinghatgromyeliosgepounds and;analogs thereel SOMS mce, res
21:2489) en bgd.lmegg are directed to the use of compounds as proteasome

LT AISHORE, [F0a7 AP R RTS PAgsR o Relatiag ek Abel tHe e B feangents.
Further, gempaourickoba formulaselseted Jﬁ@%ﬁﬂfﬁiﬁilﬁﬁal'\ég@xﬂg pharmagceLtically

alternarivAcSeRtabl sakts and Clor%-dru esters thereof, wherein Formulae I-V have
ernative, Mechamsic ¢ AS5Es F&qf 25| ﬁ}g&é@}f on tne market wilf help to address

_ the structures:
resistance concerns, including any mechanism-based resistance that may have been
engineered into pathogens for bioterrorism purposes.

Summary of the Invention

[0067] The embodiments disclosed herein generally relate to chemical
compounds, including heterocyclic compounds and analogs thereof. Some embodiments

are directed to the use of compounds as proteasome inhibitors.

[6007a] In a first aspect, there is provided the use of a compound of a
formula selected from Formulae I-V, and pharmaceutically acceptable salts and pro-drug

esters thereof, wherein Formulae [-V have the structures:



EQEQE3 EyEZEp EEIEjFI Ey\Ey Ey R ~Ri)n 3 (Ri) R3 (R)n H3C
Formula | Formula Il Formula lll Es Es (Rs)rn E3 E3 Ep (RS)m Ep EI El
EQ Eq (R~)n R3 (Ri)n CFi3 Formula IV Formula V wherein: the dashed
lines represent a single or a double bond; each Ri is independently
selected from the group consisting of a hydrogen, a halogen,
mono-substituted, poly-substituted or unsubstituted variants of the
following residues: saturated C1-C24 alkyl, unsaturated C2-C24 alkenyl,
unsaturated C2-C24 alkynyl, acyl, gyloxyﬁgllkyloxycarbon ¢
aryloxycarbgnyloxy, cycloalkyl, ¢ cf yl, allcoxy, cycloalkoryss

heteranyI arylalkgx§scarbonyl, alk Ecyl, amino, Es
aminoga Bm»ﬂ—%mocarboyloxy * Atk

0, oxysulfgnyl, carbo ano, ahd h IogenatedE iyl including
polyha ‘
then R,/can ¢
R2 isg&lect®d from the group cqms stlnFéﬁof a hydrogen, a hato Y’ mono-
substitut®d, poly-substituted or unsubstituted variants of the follbwing
residugsnsaturated C1-C24 alkyhdssaiuiated C2-C24 alkeRykmula 11
unsaturated C2-C24 alkynyl, acyl, acyloxy, aIkonxycarbononxy,
aryloxycarbonyloxy, cycloalkyl, cycloalketiyl, a

heter 7” arylalkoxy carbonyl, alkoxy garbonyl cyI amino,
.. _-oEs
Es
(Re)m E, 7
E4
Eq
LR " CHy
(R1)n ? (R1)n
Formula IV Formula V

wherein:

the dashed lines represent a single or a double bond;

each R, is independently selected from the group consisting of a hydrogen, a
halogen, mono-substituted, poly-substituted or unsubstituted variants of the following
residues: saturated C;-Caq alkyl, unsaturated Cy-Cas alkenyl, unsaturated C;-Cy4 alkynyl,
acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl,
alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonvlacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio, arylthio,
oxysulfonyl, carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl;

wherein n is equal to 1 or 2, and if n is equal to 2, then R; can be the same or
different, and at least one R; is not hydrogen;

R; is selected from the group consisting of a hydrogen, a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated
C1-Cy alkyl, unsaturated C,-Cyy alkenyl, unsaturated C,-Cay alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy,  aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,

- G



aminocarbonyl, aminoearboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,
arylthio, oxysulfonyl, carboxy, cyano, and halogenated alky! including
polyhalogenated alkyl; R3 is selected from the group consisting of a
halogen, mono-substituted, poly- substituted or unsubstituted variants of
the following residues: saturated Cr-C24 alkyl, unsaturated C2-C24

lkenyl, unsaturated C2-C24 alkynyl, acyl, acyloxy, allcyloxycarbonyloxy, .
i i TR SR N TS S A AT

aniﬂ@i@éiﬁﬁﬁyik;l,a@ﬁ{ﬁm&@ﬁgﬁﬂwnﬁHéQX&‘ZQﬁf,bd@iﬁﬂ@fyl ,h@fﬂi‘(ﬁl h. d@, aikyl};[hlioﬁ arylthio,

amjnocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,

R RIS P R A e & T
polynalmea?mﬂzﬂiqﬁ eﬁ@@ﬁﬁﬁ&mm@d@ﬂﬁ%&%@e@dﬁr@miﬁ&@m@@, poly-
consisting of a hydrogen, a. halogen, a mono-substituted, a

s Gk ARG P MBS R S R GRS b G Cor T

unsatisiaied Q024 allgkaapsaturaied.C2C24@jkenyl, unsatuwatedcGl2-C2dyloxy,
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonylgxy, cycloalky|

oL BN SRy LSRRI PR ot S e i SRS iy, Hlkoxy,

cydtkokyxcarhenyldeytramino, amitbeaybeayhoaglinadankeylexshdiiiiacyl, amino,
azido, phenyl, hydroxy, alkylthig, arylthio, oxysulfonyl, carboxy, cyano, .

o B SRy TG Bty Ao RSB IRy Rr i - eryicio,

oxgquliaintd, kabaxang alogandlisiegealitd 2kRUiedndiedpelshame:tated alkyl;
different; gach RS is independently selected from the group, consisting of a
S0 TSRS Gt KR URE0, S SR 5 RALIDP b Mogen, o

halopsubstitwechvaiaritsted the followibgitesidues: saturaidditlcizd allyls of the
nsaturated C2-C24 allcenyl, u urated C2-C24 alkynyl, acyl, acyloxy,

o R P B B R 6 B Ry ABy-Cor

alkgyeloalkeoxy, andyheteroaiiyauytatkkbxyytatbonyiralkoxarbasbtnylacyycloalkyl,

mino, amingcarbonyl jnocarboy|oxy, nitro, gzido, phenyl, hydroxy
Cy(gﬂ%l}ﬁﬁfi}g, arly ﬁ)&’oxc}éfsé&aﬂ%]riﬁ%y(iar%%ley,}éi}ghoc?,rgﬁd ?‘{g% @g{gteaagkmw L. alkoxy
catimelydting, polyhalcgeinatechaligil; eadhookbh i Edikd, anti&5pkeaayl, hydroxy,

stituted or unsubstituted heteroatom, in the manufacture oy a . .
o STICr AT Ao RN CHGeALE: AR DGR i

pobdaldiseasalisicghcer selected from the group consisting of angiosarcoma,;
Sinus NEET S2eRRANEA] NELA"HRSANSSENPISISE 3 e e same o

different;

each Rs is independently selected from the group consisting of a hydrogen, a
halogen, a mono-substituted, a poly-substituted or an unsubstituted variants of the
following residues: saturated C;-Cys alkyl, unsaturated C,-Cyy alkenyl, unsaturated C3-Cay
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated alkyl;

each of E;, Ea, Ea, E4 and Es is a substituted or unsubstituted heteroatom, in the

manufacture or a medicament for treating a neoplastic disease; and wherein the neoplastic

b



[0007Db] In a second aspect, there is provided the use of a compound of a
formula selected from Formulae I-V, and pharmaceutically acceptable
salts and pro-drug esters thereof, wherein Formulae I-V have the
structures: (RaE5 (Ra-E5 RprnVmy I /E3 3 E3 E2_E2EIEIElI Ea
Ea Ea (R~)n R3 (R")n R3 RINNR3C Formula | Formula 11 Formula Il E5
. (R55m E3 E3 EZ (RS)m Ep EI E] Ea Ea (RNl R3 (R1)n CH3 Formula IV
R s it e o (EPIISERE LEiRYRI BRI AT BbRIBnERnCer:
escphebeRl darbelependenthy seleededaiom e argighsonsisting of a
hyd;oﬁ%g)n a halogen, mono-substituted, poly-substituted or unsubstituted
varidRtO Btkne follBinds P dtBEC s ARRPAHSPETYEdsE HheyHstirilat faiapund of a

foridte 2dcatke vy msatuiated € 2-hghatioyindutrellly acyble salts and pro-drug
alkyloxycarbonyloxy, ary|oxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,

et %fﬁgg‘ww “8@?8%@3(52@?3& HEABOH, alkoxy carbonylacyl,
amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl
including polyhalogenated alkyl; ( X wherein n is equal to | {)R -an i is
equal to 2, tifen Ri cgn be the same 'Br ifferent; and at least one Kl is not_
hydrogem is sefécted from the group congiéting of a hydrogen, ya

Formula 1V Formula V

wherein:

the dashed lines represent a single or a double bond;

each R, is independently selected from the group consisting of a hydrogen, a
halogen, mono-substituted, poly-substituted or unsubstituted variants of the following
residues: saturated C;-Cys alkyl, unsaturated C»-Cyy alkenyl, unsaturated C,-Cy4 alkynyl,
acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, eycloalkyl, cycloalkenyl,
alkoxy, cycloatkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio, arylthio

b

oxysulfonyl, carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl;

2o~



CI-C24 alkyl, unsaturated C2-C24 alkenyl, unsaturated C2-C24 alkynyl,
aryl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl,
alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro,
azido, phenyl, hydroxy, alkylthio, arylthio, oxysulfonyi, carboxy, cyano,

S SSE Pl Grchitng pobtgensied ot S SRSt i,
andablstittitad 6 umﬁubhyeﬁn@dmarlants of the following residues: saturated

Cl- 4a|k I rate(;rib 2-C24 alkenyl, unsatur C2-C24.a

e a0 K A bRy HIOTBU) iy b EsBloBIA Ll mono-
sutﬁymuetlik@nw ajkm@a,tedmmald{msmmﬁﬁ vhetertsar?lt,harﬁdﬁtbmmgaashhmyl saturated

ko%ﬁﬁéﬁ%ﬁ}urﬁécﬁ IB %}ﬁar klg Oqarb%%¥w% r?y %é) Itr%xt acyloxy,

roxy, alkyfthio; fyylthlg oxysu fo
alk@hﬂcj?raiﬁjgmlymgyi, alkykinchydinbopolyival ogeqatkeﬂiabkiyl eayd:id%&tszyl alkoxy,

oy #o@?%(&d:n 1sehegted fr?m th%a%? fu cons |st| I\édrogr?ﬁj@&cyi amino,

aloge ho-Sub b |tu(%ea br an Urisu
amwmrﬁmﬁﬂqeaﬁnﬂomaﬂ@ykmgtueﬂimtamded lie324 mkyhynsaliurhtes arylthio,
ox%ﬁﬁitcfgz)g/?;t 10 Lygxaqturat)%gé%Z 8C1r1?£§eoc§ ga}i%f% i ‘%ﬁ g yg)éy e§ te alky
cycl@alkmw}e&:ﬁyﬂ M@htyglauplaikwym@bﬁrwlhaﬂkm mmem;banmted poly-

amlnoc nyly amlno art%) yloxyanitro, azid he”g}{ %II “Cy4 alkyl
0 ?

i
SUbSI%ﬂ elioora&/ 0, oxysul onyl, Xy, Cyano, %nah ogenae

unsacitadidg golybialogehaied, alkyhastuersid to (S afual talkdyoy12, aacly\kvhetacyiox_y,

|se aIt 2. R4 can e the same or different;,each R
alkﬁ %1 m%yélect ?’o?ﬁ ﬁbeoﬁ ou; cons?’%fr]lélfc)ﬂggh dBrZ(ioalkenyl alkoxy,

cydiadﬂigmy,, aétrbdnolmmaatutedaalp&y;au bszlnﬁn&a@ﬁpr ahamsud:m‘bmtﬂdcyl amino,
am\éaé%r Slg)‘f;hgqggggg\%%(%fesgdug Saztilf{ﬁte% 8' X F Ig;un tyli I’ﬂgd arylthio,
enyl, unsaturated’C yn yI atylox
oxmkmwcawmmomrwwmﬂﬁwdgomﬁ loydloaiidihg pydidalkgayhadiakyl;
Cyclggl%oiiy %wnd e‘iqec!&ﬁi A gréo%!?()f%rga{bon c') ﬁaglkgm 1512 ngéZI 5 a hydrogen, a

carbonylacyl amind , amin aminocar Xy, nitro
halphemyk hysdmwbaﬂkymﬁomm}maum@/smﬁbrm aarbmxybsiytamc’an@nant of the
folﬂ) (?%SH% 8989“% ﬁ?ﬁg E' 19C940 f’%ﬂe gegl%yl e a%n}(]gny% uns urate%‘t‘z Coa

is a substituted or unsu tUt eteroatom int
alkynyl acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,

cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyvhalogenated alkyl;

wherein m is equal to 1 or 2, and when m is equal to 2, R4 can be the same or
different;

each Rs is independently selected from the group consisting of a hydrogen, a
halogen, a mono-substituted, a poly-substituted or an unsubstituted variants of the
following residues: saturated C,-Cyy alkyl, unsaturated C,-Cyy alkenyl, unsaturated C,-Coy
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy

-2d-



manufacture of a medicament for inhibiting the growth of a cancer cell;

and wherein the cancer cell selected from the group consisting of

angiosarcoma cell; sinus cancer cell; esophageal cancer cell; uretal

cancer cell; liver cancer cell; and angioma cell. 10007cj In a third aspect,

there is provided the use of a compound of a formula selected from

Formulae I-V, and pharmaceutically acceptable salts and pro-drug esters
CapIREIGE Ny PR FoRHIASE hop HagiHBosHRatles - Ry e 3 7Ke, , PRy M IRgroxy.
allHE® E3&RhiZ By RAtREl BhERE] Rg.aR1R3 (BA)&%S&@) Hiyl including

Formula | Formula Il Formula Il E5 E5 (R5)m E2 E3 (R5)m E2 E3EI El
polrhaectistsd #8YR1) CH3 Formula IV Formula V. wherein: the dashed

linescepRresent B.single praidoukle enditeRaNR uisiBIERAAIRA Y oatom, in the

selected from the group consisting, of a hydrogen, a halogen,

mapgAc EGt e icABI IS pstrbtedies tisupethuedd garretees me

followingeresiduasicsAMRIRgGECAdAIKY, HOsAtURedic2F 20 Al ma cell;
. unsaturated C2-C24 allcynyl, -2e ggﬁ, acyi%xy, alkyl%(fécarbony oxy,

SINGR IERRREAr BBy IBSRP ARl alldNC ey QRRIKEIY SRRISKY, JbI0aKREX AR, cell; and
angietgraalyl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
amingcarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,

arylthi8% Skysulfoh1 2 4B AFPEGaiBeSnt matodtsthiBa HigyPhalsamgound of a
forpalyhadpgenpirgliofnulac 1-V, and pharmaceutically acceptable salts and pro-drug

esters thereof, wherein Formulae I-V has the structures:

R, AN AN
E3 Es Es
Ez Bz Bz
E,

E4

(H),

Formula I Formula II Formula {11

R

.. /’ES
Rgm . Fs

2\_

=
Ey
2 Ra T CH3
(R1)n ( 1)n

Formula IV Formula V
wherein:

the dashed lines represent a single or a double bond;
cach R; 1s independently selected from the group consisting of a hydrogen, a
halogen, mono-substituted, poly-substituted or unsubstituted variants of the following

restdues: saturated Ci-Cay alkyl, unsaturated C»-Cys alkenyl, unsaturated C,-Cay alkynyl,

e



wherein n is equal to 1 or 2, and if n is equal to 2, then Rz can be the
same or different, and at least one RI is not hydrogen; R2 is selected
from the group consisting of a hydrogen, a halogen, mono- substituted,
poly-substituted or unsubstituted variants of the following residues:
saturated CI-C24 alkyl, unsaturated C2-C24 alkenyl, unsaturated C2-C24
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy,

acylyc REIRNY oy RIBHIRSHADARBRY oy VARG Ry FrdterasiPr Kijamkuslgalkenyl,
alkeafh ayhoalkexy, GRIpORMIEEHLyRMIRPIRNNOGRIRRNYAIRMRINCLARANIRXY, amino,

nitro, azida, phenyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, .
AMEREHEDAH: nAIBEE ARy KKy iRt HB1y RERstén At oKy  aliesiiio. arylthio,
oxsaleeied, Famdae eramw sansistingalal REAIODRRIUBRROSHISIbYISH Ok

substituted or unsubstituted variants of the followin%aresi ues: saturated

C1-COFEIRR 13rHRl a2 Al iy el dturaBe Bicesn Biihs same or

dites¥htasyioaieAlleuloRy Garmnamyl@osearyloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloallcoxy, aryl, heteroaryl, arylalkoxy carbonyl,

alkoRy dArBIsIsty [ramhitks SFARLEISEIE affinfo bRy anhisgen, mono-

sulrtifite QRN sisthod atuihibsaittioar@sufgyio BaMAX e SYRIRS: saturated
and halo?enated a{%l including polyhalogenated alkyl; each R4 is

Crihae geRde iy YRIBER d-frr tAGRELip EORIEHRG bRahydrGyBH. arcyl. acyloxy,
alkhRlegeibanylono-subsituigdatbpeiosubstitefethian unsybstituted!,  alkoxy,
variant of the following residues: saturated Cr-C24 alkyl, unsaturated .
YLD a1, é}ﬁ?a?&raledaeg@&@&ya|ﬁ9¥m%y|?%éwsxﬁafbonﬂawh amino,

amatisytaxyearbenylaxyarapyidxycamesyl@xocyshealkyl hedeealkemylitpk oy ithio,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl,

O G L BB P B RHEBYIEN i Bk PRAJIORGRAISAA TS
alkyifias aeptibrial oxysulienylocarbeyiswyang, andbalagenatedditduted, poly-

including polyhalogenated alkyl; wherein m is equal to 1 or 2, and when
SURTRSE, R 1 RRUTEH BEHAB'S e ey "eorich igraied Ci-Coe ks,

unsadependentycglectareliom thengsaupte®nsisting,of adygiogenaayl,  acyloxy,
B T Gt
cydlikadvalkernyl, ussatdrated-62-0d4 yalkymdnacylamewexyarbonylacyl, amino,
SRR, ey cicoai ciclookepl KOk s,
oxysulfonyl, carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl;

each Ry is independently selected from the group consisting of a hydrogen, a
halogen, a mono-substituted, a poly-substituted or an unsubstituted variant of the
following residues: saturated C;~Caq alkyl, unsaturated C,-Cy4 alkenyl, unsaturated Co-Cay
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated alkyl;

wherein m is equal to 1 or 2, and when m is equal to 2, Ry can be the same or

different;



carbonylacyl, amino, aminocarbonyl, aminoearboyloxy, nitro, azido,
phenyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyan, and
halogenated alkyl including polyhalogenated alkyl; each of Et, E2, E3, E4
and E5 is a substituted or unsubstituted heteroatom, in file manufacture
of a medicament for inhibiting a proteasome activity in a cell; and wherein
the cell is a cancer cell selected from the group consisting of

angitddhdoms SRSt EY e, ReBpHg&ar varsesr sanapéa hydrogen, a

haieaseecalohventcanae callpandanginmaicel. [R0QAdldRafeyrthasRaCchs the
there is pravided the use of a compound of a formula selected from

follenying s NP af S raceun ki, HEsdBale Sats alisHd- armg et a-Cas

alkihgneof asherein flermulagilwohavatbeystucturas;ioR4eERHRAoxES Béloalkyl,
m ti E3E3E3EZE2 EpIE, E1E1 E4 E4E4 H3C R1R3R1~-AR3R
¥ %aj K

SimAE PR MR ESHhua T /isleEsiRs) A Eles R EDP Y | £ plkoxy

carbdnidci4 (R0, Rén(FdohSbidy i ekt N6 &00m aivro; 2adWh e R th droxy.
dashed lines represent a single or a double bond; each R1 is _ .

alkif BerfdEHiP sc AU At tha Brstp S8AstiAg o arstch, kvl including

poRalngemamand-substituted, poly-substituted or unsubstituted variants of

the following. residues; saturated C-C24 alkyl, unsaturated C2-C24 o
alkeﬁ%hu%ts Mfu%teja-gChZ@ @qu lafk%ii/ﬁubsmuted or unsubstituted heteroatom, n the

manufacture of a medicament for inhibiting a proteasome activity in a cell; and

wherein the cell is a cancer cell selected from the group consisting of
angiosarcoma cell; sinus cancer cell; esophageal cancer cell; uretal cancer cell; liver
cancer cell; and angioma cell,

[0667d] In a fourth aspect, there is provided the use of 2 compound of a
formula selected from Formulae I-V, and pharmaceutically acceptable salts and pro-drug

esters thereof, wherein Formulae I-V have the structures:

Ro T M~
E.g Eg E3
Eg _{
T

Eq

(R,

Formula [ Formula 1T

Rem g,

a |

? r

" =] f’ CH
(R1)n ? (R1)n i

Formuda IV Formula V




acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl,
allcoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro,
azido, phenyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano,
and halogenated alkyl including polyhalogenated alkyl; wherein n is equal
to 1 or 2, andif nis equal to 2, then R, can be the same or different, and
at 1e8%EBHBR1 is not hydrogen; R2 is selected from the group consisting

of a tiediegea, lmbalegeReine IR RUBSH bR PRlsubstituted or

unsubstituted variants of the following residues: saturated CI-C24 alkyl,
unsattftatbe E2RISBERAEIN, st dten: ChecpaunIGRIpIsHEYI Cacy 18Xy rogen. a
halalAOXHEAshA¥IRXYe AN IEXYGRIAREMEXY: eyslaatikdieycaalkenyl alkorliowing

cycloalkoxy, aryl, hetergaryl, arylalkoxy carbon}/l, alkoxy carbonylaeyl,
reSI RS o SARRISS oy R hiBRE IS bk hitr 8L KeRto UpRRIHEALHY Heoky: alkynyl,
acyalkylthioxarylHigioexyauianidx carbexyx oyamoanthbalogenatgryalkyk cloalkeny!,

includinfg palyhalogenated alkyl; R3 is selected from the group consisting

alkgry HAGGRI MorbrsuBERtaRsY. poe kaBL fitteerst (Hsups fitRagvafigh@mino,

am@’lfliihkﬁ‘{fi@ﬂ@y,\/ira@[ﬁ&ﬁﬂﬁﬁfa jlﬁﬁj'zl,lrlﬁlfﬁ*@,ciz%‘ll % @Mfr&yll}ﬂ&ﬁiﬂlfﬂi@%%%i@?fﬂ arylthio,
alkenyl, unsaturated C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,

RS e A e S i s e A
heteraanginasylalkgxy earbenyl, alkoxyrcarkanylaeyh, al¥A®, can be the same or

..aminocarhonyl, amingcarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,
dif t’}?ﬁ‘ﬁiBfldo%}gﬁﬁo?ﬁﬁ,%a%%%ﬁ%%ﬁﬁ@and halogenated alky! including

polyRalagerateddlkyineanh Réip irdagensently selactesdron thel@Fesp mono-

cansistin f_a%g drogen, a_halogen, mono-s[#te) tituted,a
S SR D B A LS B SUROHGE o BT Bl ol retsees: seturared
C,saturdisd, Guis2duabisyl, Onsatustitesh C2.e2d alkaenyd, Wnsattaied G2yC24cvioxy,

alkynyl, acyl, acyloxy, allkyloxycarbonyloxy, aryloxycarbonyloxy, o
alk&%&%ﬁ%@ﬁ S ’a|ke?®’|ﬁ,°§/ﬁ’<c&% o 5&6&1kox%’%@‘&itero@ﬁﬁ?%ﬂ%ﬁoxy alkoxy,
cyctasbianyl, alkoky h2peaanhbnyiadyliamineaasoinocasianyl, carbonylacyl, amino,

amingcarboyloxy, nitro, azido, phenyl, hydroxy, alkylthjo, arylthio, . . )
oonfRTatTRaR Y BRI RS Rl i B W TRt A hio. arvibio
oxyolybajogensies, akatonwhereitoreigedudk 10 ihdidnane e pgehisaqnl1;

to 2, R4 can b% H‘I? same or_different; eagh I135 iﬁ ilndegendentlg/ %e_l.ect_egl v

from th& gtotip conSiBting of S R GFOGENng o @ halogeh, mono-substituted, poly-
substituted or unsubstituted variants of the following residues: saturated C,-Cyy alkyl,
unsaturated  C,-Coy alkenyl, unsaturated  Cy-Cay  alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy,  aryloxycarbonyloxy, cycloalkyl, cycloalkenyl,  alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio, arvlthio,
oxysulfonyl, carboxy, cyano, and halogenated alky! including polyhalogenated alkyl;

each Ry is independently selected from the group consisting of a hydrogen, a

halogen, a mono-substituted, a poly-substituted or an unsubstituted variant of the
following residues: saturated C;-Cyq alkyl, unsaturated C»-Cyy alkenyl, unsaturated Cy-Cyy
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cveloalkyl,

cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy

Oh-



halogen, a mono-substituted, a poly-substituted or an unsubstituted
variants of the following residues: saturated Ci-C24 alkyl, unsaturated.
C2-C24 alkenyl, unsaturated C2-C24 alkynyl, acyl, acyloxy,
aikyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloallcoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl,
mino, aminocarbonyl, ainjinocarboyloxy, nitrg, azidg, phenyl, hydroxy,
CarEW%H%’F PR, BRYRLFERYT CafORy e Bhd Hato ftite diRYf> hydroxy,
alkiigeslingrypalyhalogendtes alkkeasch of b, EZndEhdidhandddb dkal including
substituted or unsubstituted heteroatom, in the manufacture of a
po (’%ﬁﬂ‘?@?‘ff%%}iﬁhibiting NF-KB activation in a cell; and wherein the cell
is a cdaesh galliselpeted from theigtonpeponsistingigf tangiRsargoRAkelkame or
..Sinus cancer cell; esophageal cancer cell; uretal cancer cell; liver cancer
dif, eéﬁf”énd angioma cell. [0007el In a fifth aspect, there is provided the use
of a eampouhdisageieliniionickersiulaent-Vharneoppasonaiemiicallya hydrogen, a
acceptable salts and pro-drug esters thereof, wherein Formulae I-V. has
halgSEy  RIPBR: SO IS POLY PR Ay 59 (oS ] Rape pof the
fol AV inR reBiRB(RatorRSI AR NOAHDFRImstaut Fraf rasHa, | Mremdladlatdhed C,-Cyy

(RSYM E2 E3 (RS 3EIElI E R1)n R3 (R, H3 Formula .. .
alkp%%ﬂ(m r%’\/ W& r,?m aEﬂ%yIIonycarEbonﬁ ( ar)}goxyc 3b)0r}13(f%oxy, Orcy(lzjioalkyl,

cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy

E4
OXYy,

carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated alkyl; '

each of H;, Ea, Hs, B4 and Es is a substituted or unsubstituted heteroatom, in the
manufacture of a medicament for inhibiting NF-xB activation in a cell; and

wherein the cell is a cancer cell selected from the group consisting of
angiosarcoma cell; sinus cancer cell; esophageal cancer cell; uretal cancer cell; liver
cancer cell; and angioma cell.

[0007e] In a fifth aspect, there is provided the use of a compound selected
from Formulae [-V, and pharmaceutically acceptable salts and pro-drug esters thereof,

wherein Formulae I-V has the structures:

(R4 -. _.2Es

T
Es
Epw
E.‘ E']
B4
X R HsC
(R1), (%),
Formula Formula I1 Formula 111
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the dashed lines represent a single or a double bond; each R1 is
independently selected from the group consisting of a hydrogen, a
mono-substituted or poly-substituted saturated Ci - C24 alkyl, a
mono-substituted, poly- substituted or unsubstituted variants of the
following residues: unsaturated C2-C24 alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl,

no-suisstituted or

r

tituted with one or

of alkoRy,
alkyl, substituted cycl aI@F, alkenyl,
kenyl, acyl, acylamind’ ninoacyl,

, Eﬁfﬂg‘mino, cyano, carboxyl xyTarkyl, keto,
thioketo, thiolj'thigalkoxy, substituted thioalkoxy, araxaryloxy, heteroaryl,
heteroaryIO@i)ﬁletesrocyclic, heterocyclooxy, rﬁ'yall;oxyamino, alkoxyamino,
nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl,
-SoZ:anruta 892-substituted alkyl, -SOFERRIANG -S02-heteroaryl; wherein
nis gguakie 1 or 2, and if n is equal to 2, then R1 can be the same or
different, and at least one R, is not hydrogen; R2 is selected from the
groupectibrdifigsramyervigernale aicyder it ubstituted,

polyzguRstifuied Qe iutadovariants ahthe fRlloOWiRG E8RIIYeS: hydrogen, a
saturated C-C24 alkyl, unsaturated C2-C24 alkenyl, unsaturated C2-C2

mogsHYBAEGH SEyrekssubsiiaiied srpEaRb fyloxt2aioky e daeaayiaRstituted, poly-
sutfYiRadkyy cyiclaaliemul allsests CYEI Rk oA NRIGHIREY ! ARKRAKRNYY C1-Cay

carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy,
alkyive, aZield; pHHR Xy draky) awirrEenEigtnio, Bxisukarianrimoxy cycloalkyl,

cy@yamen andnatogenated syl dnebiging Rolyhalegenated kv &3 isarbonylacyl,

selected from the group consisting of a halogen, mono-substituted, poly-

amiggisarkotad: GrumesBRutes v At et thrhamshiigigiriue sy shtbrate garboxy,
andds&agst alkyl, unsaturated C2-C24 alkenyl, unsaturated C2-C24 alkynyl,
acyl, acyloxy, alkyloxycarbof;%;xy, aryloxycarbonyloxy, cycloalkyl,

cycloalkenyTRaIRBX{C APERRIERS MFe on dRbostyrIawadiReiyetSonyrs alkyl in
alkory GAIRIIACE MAMIBR or more substituents selected from the group consisting

of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl,

substituted cycloalkenyl, acyl, acylamino, acyloxy, aminoacyl, aminoacyloxy,

oxyacylamino, cyano, carboxyl, carboxylalkyl, keto, thioketo, thiol, thicalkoxy,

substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic,

heterocyclooxy, hydroxyamino, alkoxyamino, nitro, ~SO-alkyl, ~SO-substituted

alkyl, ~SO-aryl, ~SO-heteroaryl, ~SOy-alkyl, —SOs-substituted alkyl, -SO;-aryl

and —SOs-heteroaryl;

wherein n is equal to 1 or 2, and if n is equal to 2, then R; can be the same or
different, and at least one R, is not hydrogen;

R, is selected from the group consisting of a hydrogen, a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated

C-Cy4 alkyl, unsaturated C;-Cyy alkenyl, unsaturated C,-Coy alkynyl, acyl, acyloxy,

2



aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,
arylthio, oxysulfonyl, carboxy, cyano, and halogenated alky! including
polyhalogenated alkyl; each R4 is independently selected from the group
consisting of a hydrogen, a halogen, a mono-substituted, a
poly-substituted or an unsubstituted variant of the following residues:
saturated Ci-C24 allig nsaturated C2-C24 alkenyl, unsatur %fd C2-C24

alkg RS B 1Y loxy IR SR RIPE B foxy CHFI RS ¥arbofisalkepdloaligtkoxy:

cydyalpatsenylyalkoxysroxeioalkeyiuiary; hﬁﬂi’@lﬁﬂ' @M@?O&m&/}l’l amino,
alkox bonylacyl, amjno, amlnocarb arboyloxy, ni

o ey B AR R SO Ao iy, arsitio

oxghdhalpgeratesd ailsyldnﬁbddmg) gaaby&rahogﬁrimgdd&ugy;bowﬂ@r@geﬁm@ alkyl;

010 h | to 2, R4 th
el SRER 10 5T B eRBERLY RERTIE R Thorly Bty POl

suthyiciegen: mﬂa&i@@@ﬂﬂ%cﬁmﬁﬂﬂlﬁubsﬁﬁl%doﬁfﬁ@)&@mﬁﬁutﬁmﬁt@ C;-Cypy alkyl,
ynsubs?titut ?C(\é?rlant e foIIowmggj es: saturated il -C24 alkyl |
A Rated CoAC o P RBAY uSTIEY Cocon AR Ecyl HeglongyIons:
alkalisylsysasbhiyloxy aayidaxyetrbonyloxy, cycitedkyy], cy0i§>alkslﬂt¢hsﬂlkoxw<oxy,
cloalkoxy, aryl, heteroaryl, arylalkoxy carbon I alkox carbon

lac .
eve 8X%mﬁ%8&ar76%‘ﬁw%m PSSy RiteS: ézuBB‘O en r‘8§< amino,
amaibyﬁi'honﬁ[yﬁhimmylswﬂomyl ﬁarbpmlwa@@,eﬁyln h@lﬁgﬁ@gt@ﬁtﬁﬂhyb arylthio,

o R S e e R el fed ano:

medwalmﬁmtiﬁamﬁepmg:atlye@am tismade: @Mlﬂkdﬂh@fﬁﬂ@ tifea hydrogen, a

h 1neogeastlc disease is c Fgcer select d rom the grou %{&;{tl Y%Of breast £

VeERert BRESHMECTEIRS s N }’&H CHRCE SR dfer BSHREFirdsiant of the

folbanegrnwalass: cancetedectal gatcel, istamase Canaey, hhh@gammemurated Cr-Cos
lym homa multi ]Ie myel Jancre reatc cancer, idne canc

algh e§

Ocnnéf canc OX&anomﬁo H%aﬁral Fentfa Her 5’8%598@% ((SY\féﬁalkyl

cydankenyl0COiddxin acsiditeBspect, dhére mstprmmgdbd dhdaisexef aabmpaundkoxy
car%ele ted from Formula 'Sl}ker pharmac tl?all ?eptabl salfs ar]d hydroxy,

BRI EP AR SRR SY P BRI o e
alkstrbctureryZhio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polvhalogenated alkyl;

wherein m is equal to 1 or 2, and when m is equal to 2, R4 can be the same or
different;

each Rs 1s independently selected from the group consisting of a hydrogen, a
halogen, a mono-substituted, a poly-substituted or an unsubstituted variants of the
following residues: saturated C-Cyq alkyl, unsaturated C;-Cyy4 alkenyl, unsaturated C,-Cyy
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, -cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated alkyl

each of E;, E;, Es, Eq and Es is a substituted or unsubstituted heteroatom, in the

manufacture of a medicament for treating a neoplastic disease; and

-2k~



E3 Ep EE4 R 'nR3 Formula | wherein: the dashed lines represent a

single or a double bond; each R1 is independently selected from the

group consisting of a hydrogen, a mono-substituted or poly-substituted

saturated Ci - C24 alkyl, a mono-substituted, poly- substituted or

unsubstituted variants of the following residues: unsaturated C2-C24

alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,

cyclOHIRER Ry ABAMRE disfarfetaredight aslrakdyy eariBhyITaRosgpsisting of
breaaf RanVACYrcBRINRGATIANY o ARINOCAIBAY IBINAdRIIQuRZIdBrRRRRancer, colon

lacyl, arylthio, oxysulfonyl, carboxy, and cyano; wherein the

cycloalk i
Cﬁl’rﬁ%fnd:%%ﬁ}sﬁmt&%rsoﬁfﬁawﬁéh@W{edlg%&umr@dyemm| pultiply myeloma,
paistbstituied withione: o1 Rere: SehglitieRts seleLiqd iomine SHOURain or central

consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl,
NETMOMR STRETR OO REREY cycloalkenyl, acyl, acylamino, acyloxy,

amireagyl] aminoaeylaxith RPREVREAING pRydIR GRSV reAbRpdalYbelected
keto, thioketo, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy,
frofLEPHRRIE (hBtefBArPIBRN TSI RCCHEBIB SRS R By dXaRsise thereof,
whelkaxyaannaunilref Fathalkyh)9Qeebstitses -21 alkyl, -SO-aryl,
-SO-heteroaryl, -S02-alkyl, -SQZ-substituted alkyl, -S02-aryl and
-S0O2-heteroaryl; wherein n is €qual tog;or 2, and if n is equal to 2, then Ri
can be the same or diffe nd afeast one RI is not hydrogen; R2 is
selected from the gy consigting pf a hydrogen, a halogen, mono-
substituted, poly-substittited os-unsglpstituted variants of the following
residues: saturated Cu-C24 alkyl, unsaturated C2-C24 alkenyl,
unsaturated C2-C24 alt jyl, asyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cy lo kyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,
heteroaryl, arylalkoxy caggnyl;.afkoxy carbonylacyl, amino,

wherein:

the dashed lines represent a single or a double bond;

each Ry is independently selected from the group consisting of a hydrogen, a
mono-substituted or poly-substituted saturated C; — Cy4 alkyl, a mono-substituted, poly-
substifuted or unsubstituted variants of the following residues: unsaturated Cs-Cyy
alkynyl, acyl, acyloxy. alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, cycloalkylacyl, arylthio,
oxysulfonyl, carboxy, and cyano;

wherein the mono-substituted or poly-substituted saturated C1-Cyq alkyl in

R, is substituted with one or more substituents selected from the group consisting

of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl,

substituted cycloalkenyl, acyl, acylamino, acyloxy, aminoacyl, aminoacyloxy,

oxyacylamino, cyano, carboxyl, carboxylalkyl, keto, thioketo, thiol, thioalkoxy,

substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic,

heterocyclooxy, hydroxyamino, alkoxyamino, nitro, —SO-alkyl, ~SO-substituted

“21-



aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, cycloalkylacyl,

hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyan, and halogenated

alkyl including polyhalogenated alkyl; R3 is selected from the group

consisting of a halogen, mono-substituted, poly- substituted or

unsubstituted variants of the following residues: saturated CI-C24 alkyl,
unsaturated C2-C24 alkenyl, unsaturated C2-C24 alkynyl, acyl, acyloxy,
alkylB¥ytarndhisty ~Sb%iEarsonyiek: toto atRi cybu ey falkox§O-aryl
cycloalioxypandiistgyparyl, arylalkoxy carbonyl, alkoxy carbonylacyl,

amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl,

cycl ORI, 1A o dieyithidndriAthiss exyautroRyhearBoxsincharils same or
diffdhalaaenaded alokinglhding drgdyhalogenated alkyl; each of El, E2,

E3, E4 and E5 is a substituted or unsubstituted heteroatom, in the

manBifadfuresl6¢ 8 mBaate nettreanng i Aeoblasirrgeasihafgen, mono-
sulstiBRk anduaesein theoneaplasivdiseasais cangrr e alaciad fLomutle saturated

C g;rgup consistin%; of breast cancer, sarcoma, leukemia, ovarian cancer,
1

Hderdartsriiethfedarcal edibnupsmsrrcrb tallcantkystoraadh acyloxy,
allGanearalbiig RARcET, npbamdomubinle myelama.yPanckealiaIRaRFET.  alkoxy,

kidney cancer, endocrine cancer, melanoma, and brain or central nervous
oy oalki Y NSy cahtiroft 78T H K S8V e AfiPagpbot ARy iprRidky the amino,
anﬂﬁ@:@ifb@@immm&ﬁ@o}fwf@y|%@@Ct§ﬁd@mpﬁgﬂﬁ‘;‘|a§#:‘l¥alﬁ?ﬁlcy1, hydroxy,

pharmaceutically accePtabIe salts and pro-drug esters thereof, wherein

alkey Hhigy Al Raexisa Gy feebosi, R1aD8. E81S \IplogsmatpE 2Hylppcluding

poEBddEddd BIGEQ (Eq/ Eq ~RI)n R3 (R)n R3 (R )n H3C Formula |
Formula Il Formula Ill ;' E5 E5 (R5)m E2 E3 1gRSQ'm E2 E3 )
Rj3 15 selected from the group consisting of a halogen, mono-substituted, poly-

substituted or unsubstituted variants of the following residues: saturated C,-Cy4 alkyl,
unsaturated  C;-Cyq  alkenyl, unsaturated C,-Cys alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy,  aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, cycloalkylacyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated alkyl;

each of Ey, E», Es, E4 and Es is a substituted or unsubstituted heteroatom, in the |
manufacture of a medicament for treating a neoplastic disease in an animal; and

wherein the neoplastic disease is cancer selected from the group consisting of
breast cancer, sarcoma, leukemia, ovarian cancer, bladder cancer, prostate cancer, colon
cancer, rectal cancer, stomach cancer, lung cancer, lymphoma, multiple myeloma,
pancreatic cancer, kidney cancer, endocrine cancer, melanoma, and brain or central
nervous system (CNS) cancer.

[00067¢g] In a seventh aspect, there is provided the use of a compound of a
formula selected from Formulae I-V, and pharmaceutically acceptable salts and pro-drug

esters thereof, wherein Formulae {-V have the structures:

~2m-



ElI El EQ EQR3R1 )n CH3 Formula IV Formula V wherein: the dashed
lines represent a single or a double bond; each Ri is independently
selected from the group consisting of a hydrogen, a mono-substituted or
poly-substituted saturated C1 - C24 alkyl, a mono-substituted, poly-
substituted or unsubstituted variants of the following residues: unsaturated
C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy,
cycloalkyl, cycloalkenyl, cyclo Hg:m%&tﬁh heteroaryl, ary(al;)x%g% d,ga\ﬁs)onyl,
myTyami 0,

alkoxy caﬁoonylacgl, aminocarbo aminocarboyloxy, nitro,"& e
3

phen Lgiylthio Ysulfonyl, carboxy| and ano; wherein tag
sttatid or poly-subsjifuted Fatufated CI-C24 alkyf in Riis
i | with one or mdre supstituents selected from D

"Of alkoxy, substitutechatkoky, cycloalkyl, substit dycloatkyl,
cycl ,éllkeéyl, substituted cyclo Jken)ﬁz acyl, acylamino, ac "o>§ysc
an{iﬁdgcyl, aminoacyloxy, oxf(ﬁdxlamlno, cyano, carboxy{,R rboxylalkyl,

keto, thioketo, thiol, thioalkoxy, -2n substituted thioal.koxy, aryl, aryloxy,
heterd&ynHeteroaryloxy, heterodeieulhbterocyclooxy, hydfsxyaHing,
alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl,
-SO-heteroaryl, -S02- allcyl, -S02-substituted alkyl, -SO2-aryl and

residées: satugateq Cl-Cz#*alkyl, unsatdyated G2-C24 alk W,
unsaturated Z2-C2 nyl, acyl, acyloxy, al |O)WCETE(%}OXM

, cydloalkyl, cycloalkenyfalkoxy, |cyclpalkoxy, aryl,
Xy catbonyl, alkoxy carbonylgcyt amito,
aminocarbonyt, ang{inocarboyloxy, nitro, azido, eny&Hderoxy, alkylthio,
arylthio,  (rRi), (Re).

Formula IV Formula V

wherein:

the dashed lines represent a single or a double bond;

each R; is independently selected from the group consisting of a hydrogen, a
mono-substituted or poly-substituted saturated C| — Cyy alkyl, a mono-substituted, poly-
substituted or unsubstituted variants of the following residues: unsaturated C,-Cyy
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cyeloalkyl,
cycloalkenyl, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, arylthio, oxysulfonyl, carboxy,
and cyano;

wherein the mono-substituted or poly-substituted saturated C-Cay alkyl in

R is substituted with one or more substituents selected from the group consisting

of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl,

substituted cycloalkenyl, acyl, acylamino, acyloxy, aminoacyl, aminoacyloxy,

oxyacylamino, cyano, carboxyl, carboxylalkyl, keto, thioketo, thiol, thioalkoxy,

-1~



oxysulfonyl, carboxy, cyano, and halogenated alkyl. including
polyhalogenated alkyl; R3 is selected from the group consisting of a
halogen, mono-substituted, poly- substituted or unsubstituted variants of
the following residues: saturated C1-C24 alkyl, unsaturated C2-C24
alkenyl, unsaturated C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,

aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl., )
hete%&sﬁﬂrgﬂ}%ﬁma&ly@%&ﬁ% aﬁ{@éﬁgis@a#%m%\f@gﬁ, Bffiearyloxy, hieterocyclic,

aminReatReBoRMINREBIRAMIMNY,, nitro, azido, phenyl, hydroxy, alkylthio,
arylthio, oxysulfonyl, carboxggcr:yano_, and halogenated alkyl including

alkGERAMRY bR d 2y S ¥ rfebsidutseh ket Sseisl fraftrinergrotl ~SO2-
alkepnsisting i AvdEIREN.-80haI8YaNd 2 SaRne-cYhstted, a

poly-substituted or an unsubstituted variant of the following residues:
s

atuPAIEE e 1L LR IC UnShruratddicd Je squakihgt, Gredtursts e theseme or

diffliednvin@eyleanyaxir akyierpeatenyloxy, aryloxycarbonyloxy,
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy
carbdhyl é&%ﬁﬁﬁdce%‘@nﬁ‘&cﬁf%iﬁ%%ﬁ%%c b%rlw%qﬁ%&arﬁay%, mono-

subREkOtcAZ gy PRI tu s O XYs uBROHHNE ARVARIOo ONVSEHIRIVIN EREBIRINs: saturated

. ¢yano, and halogenated alkyl including polyhalogenated alkyl, wherein m
Cri§aaciisito 1OSRBIARY (ihbnintisagbatisBuried detethilsae 8FyL acyloxy,

alkdliferentrorgleach Rariddndentogaoily, selestadnom the.geaumkeansistingkoxy,
?f hydrogen, a_halogen, a mono-substituted, a poly-substituted or an _
oy &Béﬁtut%fafwaﬁﬁmmheaﬂshﬁé%aﬁg rE&TARYL sAtfiFaRed @rRepylagyy, amino,

amimsatboatad GRicetdalsaoyl, upasuratath Caterd, alkviykyacl @eMiOXYryithio,
al Oﬁcarbé)nyloxy, arylo yﬁ:arbonyloxy cycloalkyl, cycloalkenyl,.alkoxyf.
0%@?83 oS, QR; F\-‘é%?oﬁ’?a, AlgtsIky %Jéf%dﬁs}l? RORY O B8FRAR ATV
amimy, nifleaatoanyh, aimipetaRoaXYaRITD adzitgcRhemholytb@ed, poly-
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl
Suﬁﬁ&ﬁtaﬁ]& d&%l%ﬁﬂ FROANE 195 4R B‘?ﬁ%‘,’“@@, EesicEas SePERIRE £-1-Cas alkyl,
unsatlpatitdtedOr Onsubgiitiad heigseatiaradin the-ananudagtive of acyl,  acyloxy,
medicament for inhibiting the growth of a cancer cell; and wherein the
oIk P Solected HBM SHE G bons IR P breadt GGG, alkoxy,
cycdedtianng cellyleukentiaasgll, emasido.canceiboal bladder canesstelicyl, amino,
rostate cancer.cell, colon cancer cell, rectal cancey cell, stomach ¢cancer. . .
amg}gEa%ggyjanaég%n@gﬁﬂyﬁﬁﬁ%é%&|,a21d0, phenyl, Lygroxy, rzgﬁynh?o, arylthio,
oxysulfonyl, carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl,
each R4 is independently selected from the group consisting of a hydrogen, a
halogen, a mono-substituted, a poly-substituted or an unsubstituted variant of the
following residues: saturated C;-Cyq alkyl, unsaturated Cp-Cyy alkenyl, unsaturated Ca-Cag
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated alkyl;

wherein m is equal to | or 2, and when m is equal to 2, R4 can be the same or

different;
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multiple myeloma cell, pancreatic cancer cell, kidney cancer cell,

endocrine cancer cell, melanoma cell, and brain or central nervous

system (CNS) cancer cell. [0007h] In an eighth aspect, there is provided

the use of a compound of a formula selected from Formulae I-V, and
pharmaceutically acceptable salts and pro-drug esters thereof, wherein
Formulae (1) to, (V) has the structures; (Fly. ,"ESE5 2\m ,vm JE3 E3

E3 EFERES mdependently saleptph RARIF REAR-AOMEETohaldydrogen, a

halb@emula R aike@P £ dis-(RMUES 53 P (B_@H@tﬁﬁ’tegl @ri;ﬁﬁsEf}f the
CH3 (R1)11 R3 (R')n Formula IV Formula V wherein: the dashed lines

follepragentidrsmgriisrtatibutbie Bl WashiRiad frubperiienty wgitratrd Co-Cu

alliray, the @noupeoRSIslinG R B RYEAGR G yNONRSHBRIIMMEH Rixy,  cycloalkyl,
ly-substituted saturated C1 - C24 alkyl, a mono-substituted, poly-

RO
cyJapstitied YR amsubstarbicvariaftslof i TenBlingnhdalRiss: tridatiatetkoxy
carbardddy1aligvinyb, aginaexipxyyalkimeeaB ORI eXviRbY I @XRA BRI XNy droxy,
C)(cl_oalkyl, cycloalkenyl, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl,
alkylilgey EAGHalyyS ﬁ?f?’yéca%@ﬁiipf’aﬁﬁﬁ%ar%@lé?;}?%‘?ﬁ%t,egzi%ﬁ cluding
poRheRyeRRkthinexysulfonyl, carboxy, and cyano; wherein the
mono-substituted or paoly-substituted saturated CI-C24 alkyl in o
each of E;, Es, Es, Ei and Es 1s a substituted or unsubstitiited heteroatom, in the
manufacture of a medicament for inhibiting the growth of a cancer cell; and
wherein the cancer cell is selected from the group consisting of breast cancer cell,
sarcoma cell, leukemia cell, ovarian cancer cell, bladder cancer cell, prostate cancer cell,
colon cancer cell, rectal cancer cell, stomach cancer cell, lung cancer cell, lymphoma cell,
multiple myeloma cell, pancreatic cancer cell, kidney cancer cell, endocrine cancer cell,
melanoma cell, and brain or central nervous system (CNS) cancer cell.
[0007h] In an eighth aspect, there is provided the use of a compound of a
formula selected from Formulae I-V, and pharmaceutically acceptable salts and pro-drug

esters thereof, wherein Formulae (1) to (V) has the structures:

Rafas. LooFs (R4*-, L5
Rg ( m v/ I~
Ey Ea Es
Eg\ 2\ Ez\ .
Eq Eq =
E4 E4

=)

i
E
L

E
(%1, (9,

Formula I Formuia Il Formula 111

1

Rz Rs (R;‘)n HaC
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Ri is substituted with one or more substituents selected from the group
consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy,
aminoacyl, aminoacyloxy, oxyacylamino, cyan, carboxyl, carboxylalkyl,
keto, thioketo, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy,
heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino,
alkoxyarinoynitro, -SO-alkyl, -SO-substitdted~alkyl, -SO-aryl,

I, wher&in n is equal to 1.0y 2, ape.if n,
R1 cap b e or different, and at one Ri¥fs not hydrogen; R2

is selfsered frog) the gro %’onsisting akarhydrogen, p halggen, mono-
substituted, oly‘:é““t ifGted or unsubstituted yériants e following

residuEsTsdturated C1iC24 alkyl, unsatts C2-C24 allcenyl,
unsaturated C2-€44 all%}nyl, acyl, acyloxy, -2qg Sx—y(‘:'a“rbonyloxy,
aryloxycarbomyloxy, cycloalkyl, cycloalkenyl, allcoxy cigycloalkoxy, aryl,

heteroaryl, giylalkoxy carbonyl, alkoxy carbonf#@cyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,
arylthismgys(ifonyl, carboxy, cyano, Boiddogenated alkyl including
polyRalgggnated alkyl; R3 is selected from the group consisting of a
halogen, mono-substituted, poly- substituted or unsubstituted variants of

the fBRGAMET dsRfCETSRIIramact aC 24kt bandaturated C2-C24

alkegyly URFRLUTABHGFsRA AR, AGY BEY IR %Mm&a@%ﬂgf&egen, a

aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,
moRatgEBEH IR ROXySERHBHSH &ﬂ@ﬁ?@éﬁbmﬂ}lﬁé}m

Wnfipono-substituted, poly-

sutAMINEE R ORYL BEHNRASATDAYIONY, Hitr@e a?(')%wﬂng Nyl AVEEOXYn AMYIRIP. .-,

arylthio, oxysulfonyl, carboxy, cyan, and halogenated alkyl including

alkyBRihal8genatéayaikyl: eddkyrexysaresskndentyratisrtaebrarote grooalkyl,
cyGORNRISING Ofadncsegennd Halaasn 2 AINRSUPUMIRH Aalkoxy carbonylacyl,

poly-substituted or an unsubstituted variant of the following residues:

amytAHey & rAEPROSRDPIASRIFsR d Eiee Phaide iy i aturstelonpl.caaboxy,

dlk

yh acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,

cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, )
alkoxy carPORYFEERCRTAG; RGeS MLy aFRsEEdadosARgtedifre; Cas alkyl in

azidR, phamdifuelioxith sHe/dhieRNIIPIRnRNSIHROMd FROME SXRPQonsisting
and halogenated alkyl including

of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl,
substituted cycloalkenyl, acyl, acylamino, acyloxy, aminoacyl, aminoacyloxy,
oxyacylamino, cyvano, carboxyl, carboxylalkyl, keto, thioketo, thiol, thioalkoxy,
substituted thioalkoxy, aryl, arvloxy, heteroaryl, heteroaryloxy, heterocyclic,
heterocyclooxy, hydroxyamino, alkoxyamino, nitro, ~SO-alkyl, ~SO-substituted
alkyl, -SO-aryl, ~SO-heteroaryl, —SOs-alkyl, —SO;-substituted alkyl, ~SOj-aryl
and —SOs-heteroaryl;

wherein n is equal to 1 or 2, and if n is equal to 2, then R; can be the same or

different, and at least one R; is not hydrogen;

R, is selected from the group consisting of a hydrogen, a halogen, mono-

substituted, poly-substituted or unsubstituted variants of the following residues: saturated

C1-Cyy alkyl, unsaturated C,-Cyy alkenyl, unsaturated C»-Coyy alkynyl, acyl, acyloxy,

..2q.,



polyhalogenated alkyl; wherein m is equal to 1 or 2, and when m is equal
to 2, R4 can be the same or different; each R5 is independently selected
from the group consisting of a hydrogen, a halogen, a mono-substituted,
a poly-substituted or an unsubstituted variants of the following residues:
saturated CI-C24 alkyl, unsaturated C2-C24 allcenyl, unsaturated C2-C24
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,

alke Y5 RBATY | aikoxy, EYMBAREBIRIAN hetéssargiKubylallebspakepshyl, alkoxy,
cy@HamekyCarRoNYIAEM: AMIN0 AAMINRSR DENYe ANINQRLOY XY R YL,  amino,

azido, phenyl, hydroxy, alkylthig, arylthio, oxysulfonyl, carboxy, C}%ano,

AMRRFHARSYen StBHANRTP R G ipR1y At eRRtaY  alRyraskh dikelthipp atylthio,
ox$316AvandEoxe 8ysubstiHded OrmauPatiitac RRIBEOMAMalR.tMted alkyl;

manufacture of a medicament for inhibiting proteasome activity in a

canddt tefelsrigd 2ropmdhsiimercarieriig 9 sefudeaamdrernesghaifyted. poly-

suls@nsising ehhisasheancarssll FHEOMASRInLHkemia celematian,.c,, alkyl,
cancer cell, bladder cancer cell, prostate cancer cell, colon cancer cell,

unsigichncrdet, stalfaEn: cattsrEEN s ing Cartaer callgiiphonsslcellacyloxy,
alkuliplarorelema cellrpareeaalimerneer celckidngy cansgiigallenyl,  alkoxy.

endocrine cancer cell, melanoma cell, and brain or central nervous u
CYLPRHEMYCNS) cabfcgrucil 0B R niftih 3RPectltiteRe is3RovIattneamine.
amitsabasomaeund abayformulaeeleskRr froRrharmii@@ V. aRgithio, arylthio,

pharmaceutically acceptable salts and pro-drug. esters thereof, wherein

OX UG RavE PR shtfe i eg resc sRY sludiparivdaeses tallh
EZ BAERE! I EMEHEHMRS RERKRRINI6e RbepMiaAsHREMIANR thydrogen, a

all(:)ge[rr{:uga Halonis-s/ubls%?uted, a poly-substituted or an unsubstituted variant of the
following residues: saturated C1-Cyq4 alkyl, unsaturated C,-Cy4 alkenyl, unsaturated Co-Coy
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyvano, and halogenated alkyl including
polyhalogenated alkyl;

wherein m is equal to 1 or 2, and when m is equal to 2, Ry can be the same or
different;

each Rs is independently selected from the group consisting of a hydrogen, a
halogen, a mono-substituted, a poly-substituted or an unsubstituted variants of the
following residues: saturated C;-Cy4 alkyl, unsaturated C,-Cyy alkenyl, unsaturated Cp-Cay
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated alkyl;

each of E;, Es, Es, Eq and Es 1s a substituted or unsubstituted heteroatom, in the

manufacture of a medicament for inhibiting proteasome activity in a cancer cell; and

DT



(R5)m E3 E3 EZ (R5)m Ep El El E4 E4 (R1)n R3 (R1)n CH3 Formula IV
Formula V wherein: the dashed lines represent a single or a double bond;
each R1 is independently selected from the group consisting of a
hydrogen, a mono-substituted or poly-substituted saturated C] - C24
alkyl, a mono-substituted, poly- substituted or unsubstituted variants of the
following residues: unsaturated C2-C24 alkynyl, acyl, acyloxy,
alky SRGEAPHBRRAGFT SRHORYELTHEAVIORY s arosik jone s kebrprast cancer cell,
sar6YEl0 KON uREMNEIar ARaANYIA QL BaHDARM: BleXY GHDARYIARYETES cell,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, arylthio,
colgRyEhE! arBiBk§ASHUCE  aNOmRAR FeiRF & FHoHS RtRUSSH. dymphoma cell,
muP@NeSHRsIEme dosatpatesh Gd -Caddedl kM Ik ifels suhstitiad Withene hncer cell,
more substituents selected from the group consisting of alkoxy,
melTnf el ANORFIRPEIBIA. RESSHARE YRRy L8 ErRenyl,
subqﬁwﬁlql cycloaﬂﬁm{l&n@@m@&ﬂ&ﬁéw;flgydfmecﬁmﬂ@%@iﬁ)ﬁifka compound of a
amjnoacyloxy, oxyacylamino, cyano, carboxyl, earboxylalkyl, keto,
ForfFk STl RO KB S¢S i AR BRI S e, Lo pto-drue
esthgtgraanylaxyepigraeyelie Iheterecyclapytaidroxyamino, alkoxyamino,
nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl,
-S02-alkyl, -S02-substituted alkhj2S02:dtyl and -SO2-hetexbaryl; wierein
nis equafto 1. or2, and if n is eqdfalfo 2, then RI can be the'Saie or ‘.,

diﬁerem,\gind atféast one Rl is r@@ droge#, R2is selectedzjgw the /
S

rodp consistiig of a hydrogery, a halpgerf, mono- substitifed,
E; :
ants bf the following ¥esidue

d|CI-C24 alkyl, unsatur £2-C24 alkenyl, unsat emEfCM
II? yl, a,éyl, acyloxy, alkyloxygarbogyloxy, aryloxycarbonyfoxy
cy %g,lkyl, cycloalkenyl, alkox ,&yeloalkoxy, aryl, heteroéfﬁy),i arylalkoxy

carbonyl, alkoxy carbonylacyl, amino,
Formula 1 Formula 11 Formula III

-substitutet or unsubgtituted vari

Es

(R;‘)n R3 (R;') ) CHs

Formula IV Formula V

wherein:

the dashed lines represent a single or a double bond;

each R, is independently selected from the group consisting of a hydrogen, a
mono-substituted or poly-substituted saturated C; - Caq alkyl, a mono-substituted, poly-
substituted or unsubstituted variants of the following residues: unsaturated C)-Cag
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl,

s



aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,
arylthio, oxysulfonyl, carboxy, cyano, and halogenated alky! including
polyhalogenated alkyl; R3 is selected from the group consisting of a
halogen, mono-substituted, poly- substituted or unsubstituted variants of
the following residues: saturated CI-C24 alkyl, unsaturated C2-C24
alkenyyl,@;;satur_ated C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,

ARORK YR b HYIBRE e Hey M| SZIRBN PRSIy Ko sy sk, carboxy,
andetarearyl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, ami nocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio, )
aiylthio, oxySGHIRyICRMKSHSFIH S RalygaRstEd ethaptielefding Cos allkyl in
polylrglogemategalkyliieash R4vsrindanansdent!yselecterhfrom:the 8Qsisting

consoijti of a hydrogen, a,_halogen, a mono-substituted, a

polyBubstittte B SAstSuSs vartbit of et toRdvarg rkidusy cloalkenyl,
satugated (b€ 23 alisykeunpaicratest GanGrd alkenyly, Unsatdmriad trtoddyloxy,
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbanyloxy, cycloalky

-2t cHIGSMBIY T aIREAEF-cHRIBARbX ,ﬁwﬁ&f@}omﬂaaﬁy RSy At ggRiloxy.
alkoxybaathenylpepiliaminar AMiRagakhO A (2EARC RSN ot Oheterocyclic,
azido, phenyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carbony, cyano, =~
and RBEHARS B Ry RO AP p B RAIGEHA R By TSR ot stbstituted

equalitell o8 @.aand viemerisagual $n2.aReIcasbe {iBs&aMa Allkyl, —SO,-aryl
different; §§ch R5 is independently selected from the group consisting of a
hydl%'bge"ﬁ, 2RISR ‘2 mono-substituted, a poly-substituted or an

unsubistiitiied vasquisef the Mllewinoresidyes: saturatetiGlceRdati same or
nsaturated C2-C24 %Ik_enyl nsaturated C2-C24 alkynyl, acyl, acyloxy,

G ISATIGRS, ‘rﬁd?&j foxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkexycleybdheiaroand, ahalkexssamomyl, Alkod Garbanyiasybn, mono-
amino, aminocarbonyl, aminocarboyloxy, nitro, azido %Penyl, hydroxy,

SRR o PRISTEHEN EA L oHGHY BSOS, B, ST gehaad g saturated

C,i0sludikgd, polyfiategenated alkytkeasthefkuBRdJES, €4, antmSlis &yl, acyloxy,
substituted oy unsubstituted heteroatom, in the manufacture of a

IR AR i NESRIS 000y in & EHHEH el TR thalkoxy

cydanitereellis/selbeteddron the lgibopycansising, ofdieast eanseiyt@lll, amino,
sarco;trga cell, Ieuke_mi)a cell, ovar{ian cancer cell, blla dgr cancelrkc pl Jthi

a.m%Jnrch LRRYA, @Bppgferboyloxy, nitro, azido, phenyl, hydroxy, a vlthio, arylthio,
oxysulfonyl, carboxy, cyano, and halogenated atkyl including polyhalogenated alkyl;

Rj3 1s selected from the group consisting of a halogen, mono-substituted, poly-
substituted or unsubstituted variants of the following residues: saturated C{-Cyy alkyl,
unsaturated  Cy-Czq  alkenyl, unsaturated Cy-Cyy  alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl,  alkoxy,
cycloalkoxy, aryl, heteroaryl, arvlalkoxy carbonyl, alkoxy -carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio, arylthio,
oxysulfonyl, carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl,

each Ry is independently sclected from the group consisting of a hydrogen, a
halogen, a mono-substituted, a poly-substituted or an unsubstituted variant of the
following residues: saturated C;-Cyq alkyl, unsaturated C,-Cyy4 alkenyl, unsaturated Co-Cay

alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,

P



colon cancer cell, rectal cancer cell, stomach cancer cell, lung cancer cell,
lymphoma cell, multiple myeloma cell, pancreatic cancer cell, kidney
cancer cell, endocrine cancer cell, melanoma cell, and brain or central
nervous system (CNS) cancer cell. [0007]] In a tenth aspect, there is
provided the use of a compound of Formula Il, and pharmaceutically
cceptable salts and pro-drug esters thereof, wherein the compound of
ey RN Ao St R4 BY I PESTERE BV IRNPRS FURMEL 1alkoxy
carbduhgreininihe dashecklings represroldsingls ohid-doukle; bendi@ach droxy,
i is independently selected from the group consisting of a hydrogen, a )
aik@maerﬁf&?ﬁ@m@ﬁs R, BERPSUnStNERSd GPtndilseRARY vl htasf ding
poliftefiolenisg alesidues: saturated CI-C24 alkyl, unsaturated C2-C24

alkenyl, unsaturated C2-C24 glkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
ary GRIB Ry DR 8 Blo bRy -y IbAREE. SIRI) B CloRNEaR PRAE Same or

difftetatparyl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarhonyl, aminocarhoyloxy, nitro, azido, phenyl, hydroxy, alky]thio,
I By B A St FS cHB ARG g rosen, &
halpgéyhadogenartedatkyledhargiol p-isiggualtd dron2, @ndbbnigcadqualiid, of the
P lIhen Ri can be the same or _different, and at least ane R7 is not h dro%en; N
© Wﬂ’é?giheﬁ%“%ss%ﬁ%%f’é%d%ngr%ﬁ@%}’&dﬁ%Hlsﬁi&ﬂwb%‘r%ﬁ RHigyenupsdturated Co-Co
alkpagno-substituted]opoly-stibslituestosiinsustituteld varianis0bte  cycloalkyl,

ol esghes s € Cot ot resrated ot
carboyipiysaraariyoxymbystaeiiylicyeioatkartdybikoxyitey cloalispyhenry], hydroxy,
B T ST A
polahyilbgenated aikyl;

each of E, Ea, Es, Es and Es is a substituted or unsubstituted heteroatom, in the
manufacture of a medicament for inhibiting NF-«B activity in a cancer cell; and

wherein the cancer cell is selected from the group consisting of breast cancer cell,
sarcoma cell, leukemia cell, ovarian cancer cell, bladder cancer cell, prostate cancer cell,
colon cancer cell, rectal cancer cell, stomach cancer cell, lung cancer cell, lymphoma cell,
multiple myeloma cell, pancreatic cancer cell, kidney cancer cell, endocrine cancer cell,
melanoma cell, and brain or central nervous system (CNS) cancer cell.

[0007]] In a tenth aspect, there is provided the use of a compound of
Formula II, and pharmaceutically acceptable salts and pro-drug esters thereof, wherein

the compound of Formula II has the structure:

(R; "~~ ’,’ES
m™~
Ea
E;

Formula 1T
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oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated alkyl; wherein R4 is separately selected from the group
consisting of a hydrogen, a halogen, a mono-substituted or
poly-substituted C-C24 saturated alkyl, a mono- substituted or
poly-substituted cycloalkyl, a mono-substituted or poly-substituted Cr-C24
saturgted aryl, a mono-substituted, poly-substituted or unsubstituted
variéﬁfgrfﬂ‘nthe following residues: unsaturated C2-C24 alkenyl,

unsahidrasese e 24 pHayila aydle agyl @eyibad Gy carbonyloxy,

aryloxycarbonyloxy, alkoxy, cycloalkoxy, heteroaryl, arylalkoxy carbonyl,
alko%y” Z]r%oﬁylaéﬁl’,eaﬁﬁwi? E ?ﬁ&é?ﬁ%ﬁ*sn%ﬁ%eamam Hhifpydrogen, o

halagigho ahy@iaxyubdiivitietn), sithieseeysalienyts eBehaxyd cyanatastihe following
halogenated alkyl including polyhalogenated alkyl; wherein m is equal to
resiTy) Saherierh -é-éaﬁ§1§€=z‘-}% o e m&wﬁé‘w&m@iﬁewcm allcynyl,
acyt&éh exsilvife rﬁéﬂh??}rtﬁygﬁﬂﬂﬂflﬂd@,bp %?i&%?éﬁﬁﬁ@ﬁ?&&ﬂwradiﬁ;ﬁc@ﬂ(ﬁ,ﬂcmélkenyl,
e mono-substituted or poly-substituted cyclqalkyl, a e ‘ i
A S o i A A R
amatatiboied, Wilhinoetiovlorg sulxstifuerithhselaetad fopardke gidudhio, arylthio,
consisting of alkoxy, substituted alkoxy, cyclqoalkyl, substituted cycloalk{)ﬁ

- ’ I,
O BN S b RS B TR ER PR AU LR ipp Pl rgenaied alky:
aminadaaylaxy isoxyatyamiso? cyadaf eaibeyyhl carboxydalRyl, dsetde the same or

dif ioketo, thi I,tr%ioalﬁgi, Stéli)gttcgutred_thioalkoxy, aryl, aryloxy, heteroaryl,
a8l I%Q?aﬁe?g? Tige r6tyclooxy, hydroxyamino, alkoxyamino,

nitrowtsaialRylis Séeaubstituiatcadaylip SoRehg-SONetRaar I ono-substituted,

-SOE-aIk l, -SO2-substituted alkyl, _-SO%—, ryl.and -SO2- heteroaryl;
o[RS 2 EREY O ST AR E T i AN, ol M b fated CreCa
alksgmerontdiffierenCeash oflkmf?, Edadhdaant E5i60 sulistituled@k1, acyloxy,

unsubstituted heteroatom, in tlrEJe anufacture of edicament for
oS3 RIS stic HRAEETRAR KRihal, SHHORSYbin theSHEbpiakh  2llony
cyddisdlaseyis eayicehseleatst] fraryidli@gyouprtonsistingkokybreasiopgnesi, amino,
amSarcoma, IIeugr%rirﬁia og/arian cancer, bladder Iy}anc r,lﬁ:é)ﬂstate C niﬁ thi

LS PO e AP T oSN (B st S SR eI TING d 68ﬁylyr?1%ﬁ g, AfyHmo,
oxysuilfipigl mydioryacypanciedtialoanner dkidiogyicdndiey podbetinnecantealkyl;

mel%v LS afﬂ;d its)rgéga%t% yntsreqlecr’geecivﬁ*%lsns Seteg[?oﬁ%'\'c%%&?{?ﬁg r'of a hydrogen, a
halogen, a mono-substituted or poly-substituted C;-C,4 saturated alkyl, a mono-
substituted or poly-substituted cycloalkyl, a mono-substituted or poly-substituted C;-Coy
saturated aryl, a mono-substituted, poly-substituted or unsubstituted variants of the
following residues: unsaturated C»-Cys alkenyl, unsaturated C,-Cps4 alkynyl, acyl,
acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, alkoxy, cycloalkoxy, heteroaryl,
arylalkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy,
nitro, azido, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated
alkyl including polyhalogenated alkyl;

wherein m is equal to 1 or 2, and if m is equal to 2, then R4 can be the same or
different;
wherein the mono-substituted or poly-substituted saturated C;-Cyy alkyl, the

mono-substituted or poly-substituted cycloalkyl, and the mono-substituted or poly-

-



[0007K] In an eleventh aspect, there is provided the use of a compound of
a formula selected from Formulae 1V-V, and pharmaceutically acceptable
salts and pro- drug esters thereof, wherein Formulae IV-V have the
structures: Es E5 (R5)M E2 E3 (R5)m EZ E3 El Er E4 E4 (Ri)n R3 (Ri)
CHg Formula IV Formula V wherein: the dashed lines represent a single
or.a double bond; -2w each R, is independently selected from the group

subsEHYRER SR APEDBER: & RRlDeHRCE BRI BB SHREu B tuents selected from

thePORYrpU BSHisiesLSatusaledy C sutfsRddtd BN ocwubstittesd bstituted cycloalkyl,
pol gsubstituted or unsubstituted variants of the following residues:
cyqy?@

tipdtedebstisadacarinatinasturated COSMIRYnFEYRNY; a cyloxy.

ox RIkyIRYSarbemmiexy camiexycachenyeri-ayclealkyl trisealkemyd allggsyikoxy,

cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, allcoxy carbonylacyl, _
subsiirid i nyPEhinBEARBSylo Ry HRASY azidts SRERYR Xy fisTocyelic,
het@RYEI XY SRBYaBaiboXkosyangandiialogenated alkyb inaludingd alkyl, -

polyhalogenated alkyl; wherein the mono-substituted or poly-substituted
SO rated LAy RN sy BSHoAB W FEng B mor sl aBits SO
hetsglggted from the group consisting of alkoxy, substituted alkoxy,

cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl,

acyl VRS S SEYRIXY, hr?ﬁr%,aééb‘éi}i’ﬁﬁéa S it Senindhcyn be the same or
difgpaiioacyloxy, oxyacylamino, cyano, carboxyl, carboxylalkyl, keto,

thioketo, thiol, thioalkoxy, suybstituted thigalkoxy, aryl, aryloxy, heteroaryl,

hete%%&%); hiétercyE R neterdtyRRERY Hyh Ry P HB LRSS R, in the
mahitres S Ofal irbdiSihentpiititad alkyhecpQsaiyHisSie:higteraaral; and

-S02-alkyl, -S02- suhstituted alkyl, -S02-aryl and -SQ2-heteroaryl; wherein

n is 8465 T B ORRETF HISEHuAT (5 BCthe B hirBR tHe i sensisting of
brediffetentrand@neasharenR 1 dsaphhydiagebladdeiscaatestetdsam thacer, colon

group consisting of a hydrogen, a ha}logen, mono-

cancer, rectal cancer, storhach “cancer, ludg cancer, lymphoma, multiple myeloma,
pancreatic cancer, kidney cancer, endocrine cancer, melanoma, and brain or central
nervous system (CNS) cancer.

[0067K] In an eleventh aspect, there is provided the use of a compound of a

formula selected from Formulae IV-V, and pharmaceutically acceptable salts and pro-

drug esters thereof, wherein Formulae IV-V have the structures:

By

Formula IV Formula V
wherein;

the dashed lines represent a single or a double bond;

-



substituted, poly-substituted or unsubstituted variants of the following

residues: saturated C1-C24 alkyl, unsaturated C2-C24 alkenyl,

unsaturated C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,

aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,

heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,

aminocarbonyl, arninocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,

aryltfis? BxySulfsiependgBbigetirith oy Racyenatsanairinmh Al didydrogen. a
halpehalogsnatedipdknidd3 is spieciambdivmethesgrauR gonsisting of &kyl, mono-

halogen, mono-substituted, poly- substituted or unsubstituted variants of

subHIRbwhny radhstitded aRfratitfebiieser alkprioptisflirdheq ©Hang  residues:
un@kemyl unsaturated GéncR4 allsamlraeyl, acylaxy, alioxycarkepyloxyeyloxy,

aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,

Yy
Al KRS GARAT IR ox FIAPB B RTDANIREY carborpsiiylamifgcionikenyl, alkoxy,

cy@hainegarbanyl, atpiseearDoRXYIIRIe, azidenphentolydixyoalky#hio, amino,
arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
ARG AN ARed ARYIOWA e P is*eSa e idr alkahbiguan s agust fonyl,
cartiby RSeanhe thecsame-aridifferentieach Rdpincdapandently selected
from the group consisting of a hydrogen, a mono-substituted,a .~~~
poly-substittRsEF Bt B BRNop RS SRRt oPthe HBis ity Hediduds alkyl in

saturgteds(HsGided ithungaduiatad &BsGatalcRMiddNSaly iated Sopr Edfisting
alkyngl, acyl, acyloxy, aIkonxycarbonyl%ﬁ, ar onﬁy{fcarbon 0
| y

loxy,
cyclOAIRYIOEYcISIREATEY KRS > ceabakaky sERFT! é?@rﬁ&‘%iﬂ?%x}bawlkmyl»
carbarmyliatsaxyyeashixayhac i cymibgearen yhcaIBino cahay o3hsaitisd amino,
azido, phenygalkylthio,ﬁflrylthio, oxysulfonyl, carboxy, cyano, and
haloYBHAEE hIRITRAGHNE p O HAISGEHE FEH; S4B EfaeNElslipd, keto,
and Ebie® subsiitutathaikonsubstiechetaiogiany INdRe MmaImifacteeroaryl,
of a medicament for treating a pneoplastic disease, and wherein the _
neopSRA TSR REaRLE +°sﬁs@fgaymﬂ%eiaﬁaaﬁyéaﬂg@ﬂ&wme& nitro,
cancgVsaksomaE desikamiarcavalan caaceryblagdeneansey] pregiatakyl, —SO,-
canceg colon c%}ger rectal cancer, Fz%%%w[ach cancer, lung cancer,

lympHESHELA “ﬁ%&?ﬂ%\,mbdaﬁ TRABEY, kidney cancer,

endedidieicaniesqgmelanoroaaaddbain greentral NeOUR SYsteR? (GNS)ne or

oA HELRE o SN RS it the growth of tumors, canes
, ; growth of tumors, cancers

and Rther seleplastiftdiasties. group consisting of a hydrogen, a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated
C1-Ca4 alkyl, unsaturated C,-Cyq alkenyl, unsaturated C,-Cps alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy,  aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio, arylthio,
oxysulfonyl, carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl;

R; 1s selected from the group consisting of a halogen, mono-substituted, poly-
substituted or unsubstituted variants of the following residues: saturated C|-C,q alkyl,
unsaturated  C,-Cy4  alkenyl, unsaturated C-Coy  alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy,  aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,

cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,

Dx-



The methods of treatment disclosed herein may be employed with any
patient suspected of carrying tumorous growths, cancers, or other
neoplastic growths, either benign or malignant (“tumor" or "tumors" as
used herein encompasses tumors, cancers, disseminated neoplastic cells
and localized neoplastic growths). Examples of such growths include but
are not -2y WO 2005/00257 2 _y,,... PCT/11S2f10.t/019543 fimited to
ambmasb@&ricewimadmﬂoamaBitang&zswcqﬂntawlfitim@ancmn‘edk;élhﬁbothar]thio,
S nys;t ri tal, blad rost te a
o S GRS
othewlgasmowmtlestmaﬂi taricers.land n&mem;slwmpﬂidmasﬂweiohme same or
dxfi%ﬁé}ﬁreat'c cancers; liver cancers; kidney cancers; endocrine cancers;
In cancers; melanomas; angiomas; and brain or central nervous system
(CNSFredhcessndegendratlythel tatndriomy rdwthrtorp e tredsdgmisybeyanygen, a
moltdMRL SR GRACE B IPRReAnaREOIINY HRIBERECHNENS (8 A Yoltowing
metho treating “ncoplastic diseases In anirmals. the Meth
resm@mdaatmte&ﬁn@e; aldtylinisterisgteh Ceffémaléwyiounmﬁatcdrﬁbdﬁmdtm@nyi
paligpLin nge &Q ESPJ r.ll‘&er emb dlme rejate to th
o comp@unggs%]tﬁ r‘ﬁanufﬁ %tur%ybf%\l a ﬁ%g%e |caVbr%C%lca?'nén‘f}l]‘cmﬁﬂkenyl
aikﬂ@atnwn@@ﬁ@mo@hétlclmmml Theytdhwpourmshean lbeadidministetedjicyl,
89!3191[3 otherapeutic.agent. gOO I still other
amembod| ents t e com%’Ig g:js aré use§ § tre % 1rﬁlrlﬁ)f;\tacl)rtfg oriditi gsulfonyl
Cal@ﬁaﬁymmﬁlﬂnén@m@lai@lbymwmﬂsmmiehﬂnganﬂtamery
condiiansyin, animale. 16, 1PINA, CARIRGIAC, O SIAMRIEAUILINIEHNY, e
an effective amaunt o acompoun oapatlent in need thereo. éﬂ
mapphisdaiendrsnelaenenhugeathronpplasts distheemadufacture of a
phatmg eptical or medica or the trea t |nfla mation. 100101
in certa& embocl? Org]%ts Cthgg%%%p%&r% égértse@u%%g to ?reaTlnf%c JouS gonsisting of
bregi¢ gasesys. Thedmfadiolisraigenysambeizcenhlabdefonexarmplestiactarizy, colon
b9 RIGIOEGANS, QI OREORIC RGPS, QLSRRI el S
A nfectious agent can e B. antlzradis é’n%?raxr ILri&s e embad nnP tsml%elema
paripfesitiogsragenkidng parasics. Fodaxanpiedte infectious agdnbean be central
ner%%@?%géﬂi Clh% I&Q@gp and Typanosonza. Certain embodiments relate
to methods of treatlng infectious agents in animals. The method can
include, for examﬁle adminjstering an effective amount of a compound to

a pa't?g% in neRdther e AR EmHsa FRBRE PR G078 Reltst! neoplastic
dicesnp tandsnin ) eonanbfatiiseofiadehanuaceitieal and other neoplastic tissues.

The methods of treatment disclosed herein may be employed with any patient suspected of
carrylng tumorous growths, cancers, or other neoplastic growths, either benign or malignant
(“tumor” or “tumors™ as used herein encompasses tumors, cancers, disseminated neoplastic

cells and localized neoplastic growths). Exampies of such growths include but are not

2y-



or medicament for the treatment of infectious agents. 10011) Some
embodiments relate to uses of a compound having the structure of
Formula f, and phaniiaceutically acceptable salts and pro-drug esters .
thereof: -3 WO 2005/002572 PcT/US2004/019543 R, E3 E_2 E, -E4 (R;)n
R. Fornnla | 100121 wherein the dashed lines represent a single or a
déubl@ BoidiWherein R)..may be separately selected from the DEQUR 200.4/019543
consisting of,a hydrogen, a halogen, mono- _substituted, p0|y-SéJbSC'[I;Lilted
dnuitsubstitbied: vatiaeis: ot;%%%é&#@?ﬂé@g é@gﬁéﬁggﬁgﬁ%& and ofher
ted C2-C24 alkenyl or C2- ; , :
Zr%l%‘li&s:ﬁ%‘gn‘i}%% éméxylﬂa&%nwaﬁy%ymmw,Ldydi@alkpmlamk?w, other
cyeloaliony, canylheteroaridomvlalins cahany Al EaroRmY e i st
arqu? ,qmino‘car_bpm(l, afﬁginpqarbo onx, nltro: azido, ph(-eny., ' e
cycloalkylatyl- Fsitosy "RiUHio T SHATAT; Revgstfongdneash iy cyanos; fidney
arig Halogenated aﬂwbimkldlmngﬁ&ibﬂﬂ&ﬁ@%f@ﬁ%g! %Hyﬂm‘{%’&?rﬁd‘ 54 central

if. A, | t then RI can be the same or different;
E%él‘ig\%} PR Fiice “‘%Zé’ér%%}%‘&‘fﬁéiﬁmt‘ﬁﬁlé”g%uqﬁoaﬁhéisﬁn@r@fﬁed may be any

Ayarbgeriachardgery, menossiahstiTied: palycswstiiitedony H&H’Rﬁﬂ%ﬁ%min g
vasiantsof the following residues: gqg%r%tqdi C[-C624__a!kyl, unsaturate rine an
C2-C24 alkenyl or C2-C24 alkynyl-Acyl, “HeiGHf gl@l@%?ﬁ@?ﬁo@mw, 2
‘éqﬁiéWﬁCﬁ?ﬁﬁ‘ﬁWéﬂyﬁW@@aﬂM ,aqwiﬂalkenyi%c(in@wlm%ﬂl‘% gli@”?am%ms relate to
| 0X
eyclabexylearbinalls alkawy exgInalkoxyy %fy'hm&%ig.za[{xﬁﬁ]ydgg%yw -
carbonyl, alkoxy carbonylacyl, amino, aminocary Vi, . ;
TRl SRBHRYHC Siasissiky vty drdsyamliy hisinaryitioy combination with
' b including
: tbeyhcaidgey;.cyano, and halogenated alkyl inc
%%3? ate alka/ll; [00141 wherein R3 may be selt_acted from the group-
consisting Qf a lgélosgén,oﬁh%nc?-‘glﬂ%@fﬂﬁ’ﬁ, Pisly-euppttutsd e used to treat

infubstititednitiants@f the SellowingJesigues; %EHSQE%? s Al matory

CH%%EH{@W%%A%Z‘L&LK%P ll}é)J f::a%-?ngﬁlidesl,lc0?%|ﬁaan(1:;¥]|é,aa%;n?;(i);’(zem1g an effective
amount of a compound to a patient in need thereof. Other embodiments relate to the use of
compounds in the manufacture of a pharmaceutical or medicament for the treatment of
inflammation. -

[BOI0}  In certain embodiments, the compounds are used to treat infectious
diseases. The infectious agent can be a microbe, for example, bacteria, fungi, protozoans,
and microscopic algae, or viruses. Hurther, the infectious agent can be B, anthracis
(anthrax). In some embodiments the infectious agent is a parasite. For example, the
mnfectious agent can be Plasmodivum, Leishmania, and Trypanosoma. Certain embodiments
relate to methods of treating infectious agents in animals. The method can include, for
example, administering an effective amount of 3 compound to a patient in need thereof
Other embodiments relate to the use of compounds in the manufacture of a pharmaceutical
or medicament for the treatment of infectious agents.

[6011) Some embodiments relate to uses of a compound having the structure of

Formula I, and pharmaceutically acceptable salts aud pro-drug esters thereof:



alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, allcoxy carbonylacyl,
woamifeyaminocarbonyl, aminocarboyloxy, nitro, azido, phetiyhS2o04/419543
cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano,
and halogenated alkyl including pelyhalogenated alkyl; and wherein each
of Ei, E2, E3 and E4 is a substijuted or Substituted heteroatom; in the
treatment of cancer, inflammation,jand’infectious disease. -4 WO
2005/002572 PCT/US 19543 100151 Other embodiments relate to

methods of treating a neoplask ‘

; iseasé in an animal. The methods can
include, for example, adminjsgering,to the animal, a therapeutically
effective amount of a comp&ﬁ’r}nd of a formula selected from Formulae I-V,
and pharmaceutically a-cceptgble s]al}s and pro-drug esters thereof. [00161
Further embodiments relate tooﬁﬁléflmaceutical compositions which
[Hel3de a ebmrpouhddbafiaicinulaselectedifrgmdarnuilaesbM, Therein R
vy b.pg@rmfaeq g@&g{ §9mpo ;_’o‘pg can further in Iy e an anti-microbial a ent.
T, 7 100171 Sl,ti%t(flu‘f{hg é"r’ﬁ’ﬁ%ﬁ?ﬁmé’rﬁs}ﬁ’ T st oo
substitvfghitalE g Whieisf a7 candestisatd Theametiods dalivinciydesidorsexample]
C,-C,. CoMacting acanesr qellwith ay compaund-ofa formula selected from
" Formulae I-V, and pha"nngeeuticaﬁy acceb’t%i)’lzé; salts’ arid p‘?’ £’clrudtjyéos)fé’rs
allkylox yrahesp o1 ST EmerdRb i cidordiate trcmalirods ofimhibitintpalkoxy,
aryl, hPEORAROME ATV thaidngludgthe S@%&%%ﬁ'n%ﬁiﬁ&” \é%ﬂlgcarbon

]
ound of a formula selected from Formulaé -V, and p armaceut%élly

~ com . )

ammocaéﬁ‘d}ﬁﬂfa’blé%&hs aidPproiuiy esteisindtads. 100191, Othettbinboditents

oxysulfdglateitesnetbags ahinhiiiag. N 1eB %ﬁk\@“%%d?ﬁ!ﬁ'&%@&m?aﬂ?g where
te

_— otntiactigg a cell with a compound of a formula selected from Formulae
738 QU O nef ShANHALSEHIEAIN BéclitabISsSalfs ih aProtificaters thereof.
f@039] Sonteemizodimsnts relatedormetheds fop treatingan inflanamatory
condition, incl %0 dmigisteri g an effective amount of a compound of a
ffo

gi
halogen. monLo-substt uTecln L= sbshi e P—\/lfBSlébf)té%?ﬂ iFAHRHY $Hetrofioflondag

formula” selectéed
residuesFusathertembodimerityrelatedoardtinds, fonlireating: adnicrpbirhillne ssyi,

oo SR AT B0 TSI SO o T
example, cyclohexylcarbinol), allkoxy, cycloalkoxy, aryl, heteroarvl, arylafkoxy carbonyt,
alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl,
cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated
alkyl including polyhalogenated alkyl;

[0014] wherein R; may be selected from the group consisting of a halogen,
mono-substituted, poly-substituted or unsubstituted variants of the following residues:
saturated C,-Cyq alkyl, unsaturated C-Caq alkenyl or Cy-Cie alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy.
aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl,
aminocarboyloxy, nitro, azido, phenyl, cycloalkylacyi, hydroxy, alkylthio, arylthio,
oxysulfonyl, carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl; and
wherein each of E,, E;, E; and By is a substituted or unsubstituted heteroatom; in the

treatment of cancer, inflammation, and infectious disease.

-



Brief Description of the Drawings 100221 The accompanying drawings,

which are incorporated in and form part of the specification, merely

illustrate certain preferred embodiments of the present invention.

Together with the remainder of the specification, they are meant to serve

to explain preferred modes of making certain compounds of the invention

to thpgepkskided in the art. In the drawings: [0023] FIG. 1 showsthg2t04/019543
chemical structure of Salinosporamide A. [0024] FIG. 2 shows the

pan- rapjca) distbupion el i Ralnesna B deneiRnsal AR discasc in
collection sites. 100251 FIG. 3 shows colonies of Salinospora. -5 WO .
21305100252 PEholsseaUTeitea §os £apEeimitsiaBEois fieanimal, a
LWQJL%%LIJ&GJ%%; QH&[&%%?&H’@ of &Q%l%@rulﬂﬁ?lsgpﬁafoﬁﬁﬁﬁl e esemtom Formulac -V,

characteris ic signature nuelcotides of the Salinospora that separate them
Aol e S YERRIVES 1027 PIGIBSABRS Ciffifalide, a

degragafie) péoﬁ&&%é?f the, paicreRial anetabolifed-aataaystin.cAlsesiionsn which
is a compound of Formula II-16, also referred to as ,Salinosporamide A, . ..
ROO98] FREME IS tes 8‘&’?5‘?%35%%2 |aqtré}dfr%53]flc1)d§hgé% c&é&?o&lg}'g}é ceutical
NRB(%052 represeptsHtiedcompaindcofbiohmedal 11-16. 100291 FIG. 7

depict t@glll NMR. spectrum of.a compound having. struc -Eormula.., of 2
12720 40401 FIE B RbioRy T F NI Speciicy ol o Ba g am g v of
havingestructlire Fahmislad1 24640031 FRIGYS, depiersitieal FrpRRell with a

EE%I%KH@O. ";‘480{{‘ ound hawing, steuctire 1 Rormula 1100082 FlGab@ saits

picts the TH NMR spectrum of a compound having structure Formula
At 2ra00@3rrIGhetdepicts the mass spectrum of a compound having

‘structuigy (gPrmual 12k A034 %Rl d S denictadhe HhiiMig ppeetsumeafctivity
a compound having structure Formula 11-3.
that include the step coatacting a cell with a compound of a formula selected from

Formulae I-V, and pharmaceutically acceptable salts and pro-drug esters thereof.

[0019] Other embodiments relate to methods of inhibiting NF-xB activation
including the step contacting a cell with a compound of a formula selected from Formulae
I-V. and pharmaceutically acceptable salts and pro-drug esters thereof.

[0020} Some embodiments relate to methods for ireating an inflammatory
condition, including administering an effective amount of a compound of a formula
selected from Formutae I-V to a patient in need thereof.

[0021] Further embodiments relate to methods for treating a microbial illness -
including administering an effective amount of a compound of a formula selected from
Formuiae 1-V to a patient in need thereot.

Brief Description of the Drawings

10022] The accompanying drawings, which are incorporated in and form part of
the specification, merely illustrate certain preferred embodiments of the present invention.
Together with the rerainder of the specification, they are meant to serve to gxplain
preferred modes of making certain compounds of the invention to those of skilled in the art.
Ir the drawings:

10023] FIG. 1 shows the chemical structure of Salinosporamide A.

[0024] FIG. 2 shows the pan-tropical distribution of the Salinospora. “Xr
denotes Salinospora collection sites.

[0025] FIG. 3 shows colonies of Salinospora.
5.



100351 FIG. 13 depicts the mass spectrum of a compound having
‘structure Formula 11-3. [00361 FIG. 14 depicts the 1H NMR spectrum of
WO RGHBBINd having structure Formula 11-4. )0037] FIG. PEidejsiots s
mass spectrum of a compound having structure Formula 11-4. [00381

Af82%6 depiBisithizons NVREpRIHENTN A compound NHaWAGSHHSIG 1 q
represdrommuia dirdhic LOIRLE LGl dePiGts ihe ass specirum of a compound
having structure Formula [1-5A, 10%28{%% 18 (ﬁ%pﬁlc SHRATTS KRR from

thelr neares :
© ﬂLé.g%ctrum”(j)t)fsa compound having structure Formula 1I-5B. -6 WO

2005002578 PE TS 2004049543 , 100413 FIG, 19 depicts the mass
meraboTREFITYM of & cl\?lggound having structgu%gJr%é'l)%rfrfgwﬁbIélrlolg-\éwL 39?[067521}}*?@?’?’(])
depicts the 1T SRt SRS Oh e havling-4 fLickur e EOEMUaLs

Salinospprd@ide BMSO-d6. (0043] FIG. 21 depicts the | H NMR spectrum of a
structure Formula 1%7-3C in Q;D6/DMSO-d(,. [0044]

o Oun%f@\/}pﬁlu 15 ;M}}" Y . N
IG. 22 depicts the 11 KM Ep et estissbmpoanth baving stiticjurer .

VOS2 remgpmirtbic kb [O0AGHRBIG o2Rulepicts the 1H NMR spectrum of a compound
6] FIG. 24 depicts the 1H NMR

fRviRg strggture \Formula T 5&%%004 Z
- sEgc rum of a co LB{()%#& hg%/% rUCtUFE PO th GPANP 0uR8 . FOOUT B FEG RS
Formulgdi3idts the 1H NMR spectrum of a compound having structure Formula

bd33L. 109@%%%&%@%%?%% 1H NMR spectrum of a compound
FormyN2YING structure Formu a 11-22. TovA6 G 27 ShiosifHibitien ssithers
ormulisHottypsin-like activity of rabbit, muscle proteasomes.

100311 FIG. 9 depicts the 1H NMR spectrum of a compound having structure
Formula IT-19.

j0032) FIG. 10 depicts the 1H NMR spectrum of a compound having structure
Formula 11-2.

{0033 FIG. 11 depicts the mass Spectrum of a compound having structure
Formula I1-2,

[0034] FIG. 12 depicts the }H NMR spectrum of a compound having structure
Formula 11-3.

[6035] FIG. 13 depicts the mass spectrum of a compound having structure
Formula I1-3. ‘

{0036} FIG. 14 depicts the 1H NMR Spectrum of a compound having structure
Formula Ii-4.

[0037} FIG. 15 depicts the mass specirum of a compound having structure
Formula [1-4. )

{0638] FIG. 16 depicts the 1H NMR spectrum of a compound having structure
Formula JI-5A.

[0039] FIG. 17 depicts the mass spectrum of a compound having structure
Formuia [1-5A,

[6040] FIG. 18 depicts the 1H NMR spectrum of a compound having structure
Formula II-58.



[0050] FIG. 28 shows inhibition of the PGPH activity of rabbit muscle
proteasomes. [00511 FIG. 29 shows inhibition of the chym otrypsin -like
activity of human erythrocyte proteasomes. 100521 FIG. 30 shows the

effect of 11-16 treatment on chytnotrypsin-mediated cleavage
ofLLVY-AMC substrate. 100531 FIG. 31 shows NF-xB/luciferase activity
andvaytsareity2profiles of 11- 16. 10054] FIG. 32 shows reductigg, 9§k B osys
degradation and retention of phosphorylated hcBa by 11-16 in HEK293

cells (Al therklEK2OFMNErcRLIGeraRe, [eporie; clone (B). [00551
FIG;,33 shows accumulation of cell cycléﬁﬁrégﬁlatoory pr%{gtgll%osg,mpz 24y structure
'pzli, y 1L16 treatment of HEK293 cells (A) and the HEK293

NF-1cBRdxiferade repaipichane iBinp 5(002572 PCT/ Il . o
5004104 1243 10056 I S shawe A an gf((é)gs%p?élép&‘ﬂ’%é‘i"i?%éth'w‘“m8
Jurkat celig. 18 ]é [&: 35 shows PARP cleavage by 11-16 in Jurkat

cells. [00%58] FIGIG62has inhibitiorneik el icity by

Ad=16, iﬂ,_%g{y%&%bﬁ 100591 FIG. 37 sﬁ"?ﬁ%ﬁ% g srture
treatment on PARP and Pro‘Caspase 3 cleavage in RPMI 8226 and PC-3
cells. [9H6D1 FI:i 3B stwpws ihd 6 HreatmentahRPMEE226, LIS & structure

doserdependent cleavage ofPARP and Pro-Caspase 3. 100611 FIG. 3
shows in vitro proteasome inhibition by 11-16,11-17, and 11-18. [0062]
FIG. 4008fbws protexstrmial attvity mmvxsg&unﬁapﬁr@@cfﬁ%l!ah@m&ﬁ&aé@gcm
FaHe818063] FIG. 41 shows epoxomicin treatment in the PWBL assay.
100641 FIG. 42 shows intra-assay comparison. 100651 FIG. 43 shows
decre988) plasiia: B Repigtsighin Iicevreatectwithok R SendROB8 L FIG: dthicture
rdepi¢igassay results showing the effect of Formula 11-2, Formula 11-3

and F&r}gpula 11-4 on NF-v3 mediated luciferase activity in HEK293 NF-
(0047}~ FIG. 25 depicts the 1H NMR spectrum of a compound having structure

Formula [1-21.

{0648] FIG. 26 depicts the |H NMR spectrum of a compound having structure
Formula 11-22.

10049] FIG. 27 shows inhibition of the chymotrypsin-like activity of rabbit,
muscle proteasomes. |

[0050] FIG. 28 shows inhibition of the PGPH activity of rabbit muscle
profeasomes,

{0051] FIG. 29 shows inhibition of the chymotrypsin-like activity of human
erythrocyte proteasomes.

[0052] FIG. 30 shows the effect of O-16 treatment on chymotrypsin-mediated
cleavage of LLVY-AMC substrate.

10053 FIG. 31 shows NF-xB/luciferase activity and cytotoxicity profiles of [i-
16.

10054]  TFIG. 32 shows reduction of [kBo degradation and retention of
phosphorylated [kBo by II-16 in HEK293 cells (A) and the HEK?293 NF-xB/Luciferase
reporter clone (B).

{6055 FIG. 33 shows accumulation of cel] cycle regulatory proteins, p21 and
p27, by [I-16 treatment of HEK293 cells {A) and the HEK293 NF-xB/Luciferase reporier
clone (B).



KB/Luc Cells. 100671 FIG. 45 depicts assay results showing the effect of

Formula 11-SA and Formula 11-SB on NF-t:B mediated luciferase activity
wirddEZM293 NF-xB/Luc Cells 100681 FIG. 46 depicts assap(resaits /119543

showing the effect of Formula 11-2, Formula 11-3, and Formula 11-4 on

theysélymotnpsindite, aGtiyityioh (RhiE 205:A50tea80mE,IQQER] FIG. 47
deglcts the effect of Formula 11-SA and Formula 11-53 on the chymot

Vi ike S&tivity Biopabbit B0 Y Brotsdeoind fodviprraisas depicts the
gffess|of Forau tac 4knes Lithdiand dlA.againsibe ndnediatedy 116 in
RAW,)%tgt‘%igity. [00711 FIG. 49 depicts the 1l NMR spectrum of a compound
“having ‘structure Formula 11-17, [0072] FIG. 50 depicts the 11-1 NMR
gpettum 6f@ onipounilchdting QLRI HEPARIB el edpase 3
Ny DESEHPL  the Preferred Embodiment [0073] Embodiments of the
“lea"‘lﬁ‘%\‘/’é%rt@?ﬁ%é&iﬁ Eéf%%ﬁr?bt limited to, providing a method for the
pHep&iratioR Gf Edrmpouritiss inclutingetepHuNds rfon example-thase ¢8:
cleavadV BORB/QOPR 2R CT(U52000/019543 described herein and analogs
hereof, and to providing a method for producing pharmaceutically
abeehtabl&lantihalerobial yantiredesemandibntvinflafFueatbiy, and 1118,
qenppositiens, for example. The mathgds;%a@niniglvude the compositions.in

[TOUE . VoOBIUW AHEaSomidl atlivl YIOL. ReDared irom ii-10
relatively high yield, wherein the compounds and/or their derivatives arg

mmdéﬁ‘ﬁﬁng the active ingredients in these compositions. Other embodiments

elRts; to preyidi '1"QHZ}%%IPG%‘BB%Q%%tﬂ%‘inqmﬂWQdess%#{rently available

methods. Furthermore, embodiments relate to metho treating
0, infiPnAiation sdRr st teRTERS S aS es, particularly those affecting

evwsins. Fite methadsinandnchise, fanexRuune, e SIBROS wit Lrs.

ministering an effective amount of a member of a class of new

Z@%@ou nc'i:%.(gP rite AR BTl RR NS rehstsing 1 ceffspovhdoanala 11-2,
Formulméthads Gfomalitnglanerusing sUsBeARIPRUNES disclosed ergi-byhaet

BIL 1nCreciessarin in all embodiments of the present invention, these objectives
KBy Slisnet. [0074] For the compounds described herein, each stereogenic

pagpn maycher ofidgien SseanfigunatiopwMiheualithe spegiic gampounds

exemplified in_this application may be depicted in a particular
Formug b A BT A RS it RSB atE B/ L Cell

{6068} FIG. 46 depicts assay results showing the effect of Formulz II-2,
Formula Ii-3, and Formula [I-4 on the chymotrypsin-like activity of rabbit 208 proteasome.

[0069] FIG. 47 depicts the effect of Formula 1I-5A and Formula II-5B on the
chymotrypsin-like activity of rabbit 208 proteasome.

[0070] FIG. 48 depicts the effect of Formulae 11-2, 1I-3, and -4 against LeTx-
mediated cytotoxicity.

[6071] FIG. 49 depicts the 1H NMR spectrum of a compound having structure
Formula H-17,

[0072) F1G. 50 depicts the TH NMR spectrum of a compound having structure
Tormula [1-18.

Detailed Description of the Preferred Embodiment

[0073) Embodiments of the invention include, but are not limited to, providing

a method for the preparation of compounds, including compounds, for example, those

-8



stereochemistry at any given chiral center or mixtures thereof are also
envisioned. When chiral centers are found in the derivatives of this

invention, it is to be understood that the compounds encompasses all
possible stereoisomers. Compounds of Formula I. 10075] Some

embodiments provide compounds, and methods of producing a class of
compgunsisipharmaceutically acceptable salts and pro-drug etEFgUS2004/019543
thereof, wherein the compounds are represented by Formula 1: RZ E3

EREid RorB3 Boumulanb 00¢Rldncartainenphadiments thetod for producing
substitueht(s) R;, R2, and R3 separately may include a hydroge

HAIgERC Y R Bho-daBRRHEd, %Pﬁdw%ftm@mu@wéiaﬁ‘f%nsa‘b%ut&téamﬂmmm
vatignisplihe follevingisesityesssatyraie thEidz 24 aliyhpusisatisrateelatively high
B R e S 2 oY SRRV i i
cyelehexyleatbingl), opdiealkebytiatkoxyetyelaalkexydnyl, etdraanyhounds not

ar Ialk carbon alkoxy carbonylacyl, .amino, ami arb

S M R R R RS S e BB s oo
phefyl cytd@ahk@awiam«drwxynéh@wtmdxsaﬂm|mrcxykmﬂfdhyﬁedéﬁbw humans.
cyang,.and. halogenatedzalkyl ingluding polyhalagenated alkvl-Rudther, dn.: o

C nreinous 1y 101 T auu HISWGIY Vi g

certain embodlments each onfuiipl ElZ ES and E4 may be a substituted or
USEIBEtiRG fel e R R RSH X EE 54 atep dipS s Sa i sdhy cenngues and

frRem Hae QrauRiaensis e Ok il oaaPesiiun ek Qxyaeh, O A nt&eMe; in all
embodiments n may he equal to | or equal to 2. When nis equal to 2, the

SHBRRALBHYS 85H1T)Br?ﬁ@'s‘éfﬁwe@tﬁ%ﬁﬁsﬁé"afﬁaf’@ﬁf“?ﬁﬁhermore in sonic
embodl[mmtp R 3rig: gt a)hmdtmgeaeé&ﬁ%a]lﬁfafﬁr@brysﬁzdg@ychﬁlaon may be of

?{ng}y S co%ﬁﬁﬂ?ﬁleﬁﬁ%g& tl?e %)régu[g corQSS’x% E;he%cg?lllp 1e u?ttwg Ell}'lar?icat:on may
be depicted in a particular configuration, compounds having cither the opposite
stereochemistry at any given chiral center or mixtures thereof are also envisioned. When
chival centers are found in the derivatives of this invention, it 15 to be undersicod that the

compounds encompasses ail possible stereoisomers.

Compounds of Formula |

{6075) Some embodiments provide compounds, and methods of producing a
class of compounds, pharmaceutically acceptable salts and pro-drug esters thercof, wherein

the compounds are represented by Formula I

Ea

R3

(Ri),

Formulal
[0076] In certain embodiments the substituent(s) Ry, R,, and R separately may
include 2 hydrogen, a halogen, a mono-substituted, a poly-substituted or an unsubstituted
vartant of the following residues: saturated Cy-Cas alkyl, unsaturated Co-Cay alkenyl or Cs-
Csq alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl (including
for example, cyclohexylearbinol), cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl,

arylalkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro,
9.



too Formula I-1 [0079] Rg may include, for example, hydrogen, fluorine,
chlorine, bromine and iodine. [0080] Preferably, the structure of Formula
wol2humayshave the following stereochemistry: OHC O H ={NuQddMiyzs3
Ra [0081] R3 may include, for example, hydrogen, fluorine, chlorine,
sido, AOMNSAARANS, 100/ O 2S020T BOLAKSA00HA19%43, 10087
Preferably, R2 may be a carbinol. For example, the compound nXay have

h‘”°g"‘iﬁé“fdl]ﬁ%iﬁ&‘ﬁﬁ’ét@%ﬂ‘?“Dé‘i’“ilif’é 205y10 FrBhtiu 12240088) Ry coch

of E,, ncladenforexample, hysvagen: fluoringsahlorne.Raminge %pc\!qu NE. 4
41 As an example, the structure of Formula 1-2 m 1¥ have the
u

hutcro‘ikﬁl IGRAE gﬁteé%/c?e S ei,lﬁ&lt&)e @Plupt_‘,@méueg of nitrogen, sullur and oxygen.

[6077} In some embodiments n may be equal to 1 or equal to 2. When n is

equal to 2, the substituents can be the same or can be different. Furthermore, in some

embodiments R; is not a hydrogen.

[0078] Preferably, R, may be a formyl. For example, the compound may have

the following structure 1-1:

Ra
Formula I-1
[0079] Ry may include, for example, hydrogen, fluorine, chloring, bromine and

1odine.

00501 Preferably, the structure of Formula I-1 may have the following

stereachemistry:

OHC

Hu Yy

it

Re

[0081} Rg may inciude, for example, hydrogen, fluorine, chlorine, bromine and

1odine.

-10.



HIII"" Ra )0085] Rs may include, for example, hydrogen, fluorine, chlorine,
bromine and iodine. -11 WO 2005/002572 PCT/US2004/019543 [0086]

As exemplary compound of Formula | may be the compound having the
following structure 1-3: HO N O O H I Ra Formula 1-3 [0087] Rg may
include, for example, hydrogen, fluorine, chlorine, bromine and iodine.

[0088] 2hieneampound of Formula 1-3 may have the following per/is2004/019543
stereochemical structuré: H=0 N =0 O RB [0089) RR may include, for

examplgghydrogen. fluprine, chlorine, bromine and iodine, -12\4'0

200519002 2 PCTFU‘lg%gﬁfﬁégﬁﬁ df%é@%l godo%?%%e%‘fawpw“d may have
Garfipsuine EFevrial hay be the compound having the following stricture
1-4:HO

e,

Formula -2
{0083} Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

wdine.

[0084] As an example, the structure of Formula -2 may have the following

stereachemistry: '

10085) Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
1odine,



N OO H1 R, Formula 1-4 [0091) R8 may include, for example,
%d[ogen, fluorine, chlorine, bromine and iodine. [0092) Preferably, the
wo Pﬁﬁ

tnd of Fornmla 1-4 may have the following steredUHesHSsizse/ 019543
structure: Ho N O HUB" = Re [0093] RS may include, for example,
8)8rbgen: flavringiachiorienbiormineraind liadings 13 MHAMRGNR5 72

following Gulild 52094/019533 [0094] Still a f- ther exemplary compound of
Formula I is the compound having the following sn-ucture 1-5: NH2 H O
N O O HrRg Formula I-5 [0095} R8 may include, for example, hydrogen,

fluorine, chlorine, bromine and \odine.

Rg

Formula I-3
Rg may include, for exampie, hydrogen, fluorine, chlorine, bromine and

10087)
iodine.
[0088] The compound of Formula -3 may have the following stereochemical
structure:
HooE 0
N f
o
A 5
Re
10089} Rg may include, for example, bydrogen, fluorine, chlorine, bromine and
Iodine.



[0096] For example, the compound of Formula 1-5 may have the following
stereochemistry: NH, HO N O O Rg (0097] R8 may include, for

example, hydrogen, fluorine, chlorine, bromine and iodine. (0098] In

some embodiments, R2 of Formula | may be, for example, a 3-
methylenecyclohexenc. For example, the compound may have the
fO”éWPﬁ-’g‘@ﬂWfG of Fomiuta 1-6: -14 ww'0O 2005/002572 PCTIUS2MEN 19543
PCT/US2004/019543 H O H Ra Formula 1-6 100991 Rs may include, f'or

exampleodlydrogennfiuering, shlesng. raming.and jodine- Q10N ound having

UErFfI rabl}y, Ehe con}pqund of Formula 1-6 may have the following
SreteBRRERIITE' G N HIO™ RB (0101) Rs may include, for example,

hydrogen, fluorine, chlorine, bromine apd iodine. (01021 In other
embodiments, R2 may be a cyclohexylalkylamine. (01031 Also, in other
embodiments, R2 may be a C-Cyclohexyl- methylencamine. In others, R2
may be a cyclohexanecarbaldehydg 0-gxime. o
N\
o
0

Ry
Formula I-4
10091] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

jodine,

[0092] Preferably, the compound of Formula I-4 may have the following

stereochemical structure;

Rq

[0093) Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

10dine.

13-



(01041 Furthermore, in some embodiments, R2 may be a cycloalkylacyl.
-15 WO 2005/002572 PCTIUS2004/1119543 Compounds of Formula Il
WOB168Y Gther embodiments provide compounds, and meb§3HS /019543
producing a class of compounds, pharmaceutically acceptable salts and
iBi4drug &sters theheofexuhetain ddsremmp@lﬂr[dﬁ@g@rgggeggngqgf&md
having aﬁ@f&'ﬂ&llﬁ;&%mﬁ%&% Ir@:II E3 E2EE, RiinR3 FormulaH 101061 In
certain embodiments the substituent(s) R1, R3, and R4 separately may
include a hydrogen, a halogen, a merié+substituted, a poly-substituted or
an unsubstituted variant of the following residues: saturated C1-C24 alkyl,
unsaturated C2-C24 alkenyl or-€2- alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, ar: carbgnylaxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl arylaheexy carbonyl, alkoxy carbonylacyl,
amino, aminocarbonyl, affiingcarBoyloxy, nitro, azido, phenyl,
cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfony), carboxy, cyano,
and halogenated alkyl including polyhalogenated alkyl. Further, in certain
embodiments, each of El, E2,/E3 and E4 may be a substituted or
unsubstituted heteroatom, for example, a heteroatom or substituted
heteroatom selected from the:group consisting of nitrogen, sulfur and
oxygen. [0107] In some embodi s n may be equal to 1, while in others
it may be equal to 2. When%n% ﬁgi%égstal to 2, the substituents can be the
[¥¥e or Rambe iwifislertr Purtpbrmodesdnisomeieenbordimerss.R;isnet a
iodine. hydrogen, m can be equal to 1 or 2, and when m is equal to 2, R4 can be
the same or different. 10108] ES maybe, for example, OH, 0, ORIO, S,
K, sEzRa NI, NFZoRERdNA GPMNR 125 andy NG RAS fwvherai
stereocheRiidnk3 may separately include, for example, hydrogen, a substituted or
unsubstituted of any of the following:N%kaI, an aryl, a heteroaryl, and the

--u!l]”\

O

Rg
[G0Y7] Rs may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine,
[0098) In some embodiments, R; of Formula 1 may be, for example, a 3-

methylenecyclohexenc. For example, the compound may have the following structure of

Formula [-6-

-14-



like. Also, Rl may be CH2CH2X, wherein X may be, for example, Fl, F, ClI,
Br, and I. R, may be methyl- Furthermore, R4 may include a eyclohexyl.
Also, each of El, E3 and E4 may be 0 and E2 may be NH. Preferably, RI
maybe CH,CH2X, wherein Xis selected from the group consisting of H, F,
CI Br, and 1; wherein R4 may include a cyclohexyl; wherein R3 may be
metkyd angoadaerein each of El, E3 and E4 separately may be @@ndski 4419543
may be NH. -16 WO 20051002572 PCTIOS2004/019543 [0109] For
example, an exemplary compound-Qf Formula Il has the following
structure T1-1: HOH HO N a Formula 11-1 101101 Rs may
include, for example, hydroge \ e, chlorine, bromine and odine.
[0111] Exemplary stereochemistyy may be as follows: OH HO N O Ra
-17 WO 2005/1102572 PCT/1182004/ 0543 10112] In preferred
embodiments, the compound of Forrjjulajll h ‘any of the following
structures: OHOH 0-* HHNH O \—j

o= |

>

Re

H

Formuia 1-6
[6099}] Rs may mclude, for example, hydrogen, fluorine, chlorine, bromine and
jodine,
{0100} Preferably, the compound of Formula -6 may have the following

t

stereochemistry:

Rg

10101} Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.

{0102} In other embodiments, R, may be a cyclohexylalkylamine.

(61031 Also, in other embodiments, R; may be a C-Cyclohexyl-
methylencamine, In others, Ry may be a cyclohexanecarbaldehyde O-oxime.

{0104] Furthermore, in some embodiments, R; may be a cycloalkylacyl.

-15-



The following is
HN -OHHOO HNH HC1Br CH3 1011_3]
[ having the structures 11-2,
exemplary stereochemistry for compounds ture
“’(’f:ﬁ'-’éf“&ﬁazll-4, respectively: H Ctj, QOH OH H =0 H 2O/ 03O OH
OH - 00 Hlnn,, _ N (titm" O O HIWo,.. C1 Br CH3 101141 In other
Compospipediraantdatherein R4 may include a 7-oxa bieyclo[4.1.01hept-2-yl).

i i ture n-5:-18
m compoynd of Formula 11 is the following struc o
0V 2005110775 PR BBH16818" s OB O o frocucns

class of compounds, pharmaceutically acceptable salts and pro-drug esters thereof, wherein

the compounds are represented by Formula 1I:

. LB
(R“)ﬁ»/ °

EQ\

=]

o,
(=), "
Formula I

18106] In certain embodiments the substituent(s) R, R, and R, separately may
include a hydrogen, a halogen, a mono-substituted, a poly-substituted or an unsubstituted
vartant of the following residues: saturated C1-Cyy alkyl, unsaturated Ca-Cyy alkenyl or Cp-
Caa alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, arvl, heteroaryt, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminotarboyloxy, nitro, azido, phenyl, cycloalkylacyl,
hydroxy, alkyithio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhaiogenaied alk&i. Further, in certain embodiments, each of E1, Ea, Bs and E, may be a
substituted or unsnbstitﬁted hetercatom, for example, a heteroatom or substituted
heteroatom selected from the group consisting of nitrogen, sulfur and oxygen.

[6107] [n some embodiments n may be equal to 1, while in others it may be
equal to 2. When n is equal to 2, the substituents can be the same or can be different.
Furthermore, in some embodiments R; is not a hydrogen. m can be equal to 1 or 2, and
when m is equal to 2, Ry can be the same or different.

{0108} Es may be, for example, OH, O, ORyy, S, SR11, SOsRyy, NH, NH;, NOH,
NHOH, NR,, and NHOR 3, wherein R4 may separately include, for example, hydrogen,
a substituted or unsubstituted of any of the following: alkyl, an aryl, a heteroaryl, and the
like. Also, R, may be CH:CH:X, wherein X may be, for example, H, F, CL Br, and I. R,
may be methyl. Furthermore, R, may include a cyclohexyl. Also, each of B i By and By
may be O and E; may be NH. Preferably, R; may be CH,CH, X, wherein X is selected from
the group consisting of H, ¥, CI Br, and I; wherein R, may include a cyclohexyl; wherein R,
may be methyl; and wherein each of B 1> E3 and By separately may be O and E; may be NH,

-16-



N O O H2Ra Formula 11-5[0115] R$ may include, for example,

hydrogen, fluorine, chlorine, bromine and iodine. [0116] The following are
examples of compounds having the structure of Fonnuiall-5:HH HH
OHOHO HOH=,0 NN=0O O O Hpu,,,.'Hpn,... 1I-5A1I-5B CI CI
Formulae 11-5A and 1I-5B -19 WO 2005/002572 PCr/tJS2001/019543

10347 1ohasstift further embodiments, at least one R4 may incluge-gys2004/019543
subsituted or an unsubstituted branched alkyl. For example, a compound

of Forymigey H may Q?amﬁef%%oé%@'ﬂpﬁwg%%d"u]ﬁ- off ?ognﬂe(z) H%Has the following

structure J1-1:
H
OM
M o]
Na |
o]
——0
Rg
Formula II-1
[0110) Rs may include, for example, hydrogen, fluorine, chlorine, bromine and
iondine.

0111} Exemplary stereochemistry may be as follows:

17-



O O F11 Re Formula 11-6 [01181 12d may include, for example,
hydrogen, fluorine, chlorine, bromine and iodine. 101191 The following is
W%%@Fﬂb’?&@ stereochemistry for a compound having the stGEtUse004/019543
of'Fonnula 11-6: HO H HO OH H O Fililu™ - Ry -20 WO 2005/002572
ROTAYS2004/01054Be104R0LS arathapexaMplechsEomPAUNG, of .

fgnowﬁgrmwal}ggnay be the following structure 11-7:H CHO OH OHCHO N
Ra Formula 11-7 10121] Rs may include, for example, hydrogen,

ghlorine, bromine and iodine. [0122 llowing is exemplary

fI )
st gmistry for a compound having the M
OH on
H 0
N‘\\\
0
——0
H
“l BZ

CHy
[0113] The following is exemplary stereochemistry for compounds having the

structures II-2, 11-3, and iI-4, respectively:

OH OH

ol
@,

ST
Q

ZT

OH

ULy

U

Hhen,

cl Br

CHy

[0114] In  other embodiments wherein Ry may include a 7-oxa-

bicyclo[4.1.0)hept-2-v1). An exemplary compound of Formula 1} is the following structure

H-5:

~18-



structure of Formula 11-7: H CHOOH OHCH=0 NO HWmR, -21

WO 2005/102572 PCT/1JS2004/019543 [0123] In other embodiments, at
least one R4 may be a cycloalkyl and E5 may be an oxygen. An

exemplary compound of Formula Il maybe the following structure 11-8: 0

HO N/ 0O HRaFormula 11-8 [0124] R8 may include, for example,
hyavogess(tz84), fluorine (11-8B), chlorine bromine (11-8D) andiouing2004/019543
(h-8E). [0125] The following is exemplary stereochemistry for a compound
having the structure of-Formula-44:8: 0 1 H O N O R8[0126] In some
embodiments E5 may be an a side, giving rise to an

Re
Formula II-5
[0115]  'Rg may include, for example, hydrogen, fluorine, chiorine, broniine and
wdine.

[0116]  The following are examples of compounds having the structure of
Formulia 11-5: '

II-5A

Ct
Formulae II-SA and LI-5B
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oxime. An exemplary compound of Formula Il has the following structure
11-9: -22 WO 2005/002572 PCT/US2004/019543 RON HO NOO H
WORMEHRNRa 11-9 [0127] R8 may include, for example, hykirdgsmfisorie,
chlorine, bromine and iodine; R may be hydrogen, and a substituted or
w&sLmSntumeehaIKMIc arywonbaatesaany heanbuthe jika, 0173k Thedoliawing

a ehe istly for a compound havm the structmc of
o e 1 P, HERTPREL 24 IversboBIman s e

10“0"‘"@:@1@&}&206&/019543 101291 A further exemplary compound of Formula
11 has the following structure H-10: OH HO N

HO
0
/s
Ry
Formula 11-6
0118 R mav i e for ex: = i i
[0118] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and
1odine.
. —_ o ,
{0119} the following is exemplary stereochemistry for a compound having the
(=)
structure of Formula [1-6-
HO™ -
H
HO OH
RS ©
Ne I /

ERTY

Mitties

Rg



0 IHO Re Formula 11-10 101301 R8 may include, for example, hydrogen,
fluorine, chlorine, bromine and iodine. 101311 The following is exemplary
stereochemistry for a compound having the structure of Formula 11-10:

OH H=0 N O O Ry -24\k0 20(15/(102572 1'CP/11S2004/019543

[01321 In sonic embodiments, F5 may be N112- An exemplary compound

of Warmmitaotkeas the following structure 11-1 1: HNH,, H O dc@i@:2dRB019543
Formula 11-11 101331 R8 may include, for example, hydrogen, fluorine,
chlorjpezdromine angjading,, E‘t?é%%‘&ﬁ%"QW@Qﬂé}?ﬁe@ ll?l%/ﬂﬂ fﬂ}pwing

0
stereochemistry for a compound having the structure of For
“BHNIS H = 0

Rg
Formuta II-7
jor21} Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

1odine,

[0122] The following is exemplary stereochemistry for a compound having the
structure of Formula I1-7:

CHO OH
OHC

vt
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N O O HMK' Ra -25 WO 2005/002572 PCT/ US2004/01 )543 (01351 In

some embodiments, at least one R4 may include a cycloalkyl and F5 may
wobe: i 2s/An exemplary compound of Formula 11 has thedollasimgvi1vss3

structure It-12: NH, 0 NOO HRB Formula 11-12 101361 R8 may

e,f en, , min di ine,
s e R O o g
an OXyathie /ShrEkeTRGF Fofrriadini Poreriz ey RedeHiiloRing2ewang I1-8:
2005/0112572 PCT/US2084/0195.13 X01381 A further exemplary
compound of Formula he following structure 11-130;:00 H

Ry

Formula 1I-8
10124) Rg may inciude, for example, hydrogen (I1-8A), fluorine (I1-8B), chlorine
(I1-8C). bromine (I1-8D) and iodine (11-8E).
[0125) The foliowing is exemplary stereochemistry for a compound having the

structure of Formula H-8:

Rg

[0126] In some embodiments ES may be an amine oxide, giving rise to an

oxime. An exemplary compound of Formula I has the following siructure 11-9;

YR



N OO R, Formula 11-13 101391 Rs may include, for example, hydrogen
(11-13A), fluorine ('1T-13B), chlorine (11-13C), bromine (I1I-13D) and iodine
(11-13E). 101401 The following is exemplary stereochemistry for a

compound having the structure ofFonnula R-13: 0-~~0 H=0 N OO RB

-27 WO 2005/002572 PCT/US2004/019543 [01411 A still further
exemplanyaampound of Formula 11 has the following structure,ll:dd, . o oss
OH HO NOO HRaFormula 11-14 [01421 Rb may include, for

example, hydrogen, fluorine, chlorine, bromine and iodine. 101431 The
following is exemplary stereog ry for aR€ompound having the

structure of Formula 11-14: O

/N

Ra

Formula -9
(0127 Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
iedine; R may be hydrogen, and a substituted or unsubstituted alkyl, aryl, or heteroaryl, and

the hike,

{G128) The following is exemplary stereochemistry for 2 compound having the

structure of Formula 11-9:

H

HIES

23



H=0 N OHM" Ry -28 WO 2005/002572 PCTIUS2004/019543 101441
In some embodiments, the compounds of Formula I, may include as R4
WO 648t 0Re cycloalkene, for example. Furthermore, in SOPAG/US2004/019543
embodiments, the compounds may include a hydroxy at Es, for example.
Kiatther exémplary eampguntefnarerwatuhas thedelloning, stysiue.
f-1¢. 11-15:HHOH H/O O O H RB Formula 11-15 101451 RR may include,
for example, hydrogen, fluorine, chlorine, bromine and iodine. 101461
Exemplary stereochemistry may be as follows: HH\OH H=0 N=0
RH 10147] The following is exemplarystereochemistry for compounds
having the structures 11-16;11-1%;11-1 S, and 11-19, respectively: -29

WO 2015/1102572 PCT/llS%@\Oﬂ\I 119%@

o

——0

/

Rg

Formuia 0-10

[0130] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine,

{0131} The following is exemplary stereochernistry for a compound having the

 structure of Formula 1-10:
)\/OH

Hiwe

Z T
]
(8]

Hitin,.

Ry

g ¥



HHOH NOHH OOH5HON OO W....... cl11-17 11-16 CH3HH
H\OHpaOH H=0HO NNOO O Hilun,,. Hpun... _11-18 1I-19 Br |

[0148 The compounds of Formulae 11-16, 11-17, 11-18 and 11-19 may

be obtained by fermentation, synthesis, or semi-synthesis and
isolated/purified as set forth below. Furthermore, the compounds of
Form&a&"{1*48,741-17, 11-18 and 11-19 Wray be used, and aremefarsedisiniosis
to, as "starting materials" to make other compounds described herein. -30

WO 20945002572sRGPHIGRI004/0, 19543y L1481 INSOBEmplary compound of

embodiments, the,campounds of Formula 11, may include a methyl group
as R, for exar]npl’)}%ﬁ:b\ %@t#&rc'&g ”&{ary compound, Formula 11-20, has

the following structure and st emishy: Q~H

Ry

Formula [I-11

j0133)} Rg may include, for example, hydrogen, fluorine, chlorine, bromine angd
wdme,

j0134] The following is exemplary stercochemistry for a compound having the

stracture of Formula [1-11:

T
Q

Hiw

HITT



"OH H=_v N O O Hlluo,.. 11-20 -31 WO 2005/002572
PCT/US2004/019543 [0150) In some embodiments, the compounds of
WEREHH#IEIT2may include hydroxyethyl as RI, for example. Adurtisenii/iosss
exemplary compound, Formula 11-21, has the following structure and
sielr&dcherinistyiepsith &b ddiN 20160, ond 121, | ME i 6
may b&TIROAIMENtS, the Qéﬁdrm‘(gl gro r&) of Form%la Jl_l)lqé@ grﬁi} ngg%g];frllffgg Bs
" “such'that R, Mayinciuge elfh%ﬂy gpibfidtdatdhesalinpias Areeniplary

compound, Formula. 11-: as the following structure and

stereochemistry: H \og HO O H1I-22 O -32 WO 2005/002572
PCT/US2004/019543

/

Ry

Formula [}-12
[0136) Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
1odine. |

10137] The following is exemplary stereochemistry for a compound having the
structure of Formula 11-12:




101521 In some embodiments, the compounds of Formula Il may include

an ethyl group as R1, for example. A further exemplary compound of

Formula Il has the following structure 11-23: H OH O to 101531 Rs may
include, for example, hydrogen, fluorine, chlorine, bromine and iodine.
Exemplary stereochemistly may be as follows: HHOH HN O HM RS
[0184ixmsgoniezembodiments, the compounds of Formula 11-ZZ Figpoo4/019543
have the following structure and stereochemistry, exemplified by Formula
11-24C jousere Ro\isuroioci@ipiddy MMRR/OORE AR 11 has the following structure
BGR/US20111/019543 HHOH H=0 N OO CL 11-24C [0155) In some
embodiments, the compounds of Formula 11-15 may have the following
stereochemistry, exemplified compound of Formula 11-25, where

Rs is chlorine: GH //

Rg
Formula [I-13
10139) Rg may include, for example, hydrogen (II-13A), fluorine (1I-13B),
chiorine (II-13C), bromine ({{-13D) and iodine (II-13E).

(6140} The following 1s exemplary stereochemistry for a compound having the

structure of Formula f-13;

H
N

Hie

[IHERTm

Rs



H=0 N OHU", Ol11-25 Com ounds of Fornmla Il 101561 Other
embodiments provide compounds, and methods of producing a class of
WOC%)‘?H()“(%W&S, pharmaceutically acceptable salts and pro-dPigd7/88te4¢019543
thereof, wherein the compounds are represented by Formula Ill: -34 WO
4065101125 78 PEML1SREPMY1 BT RA B RdnkiEd BsHR RO,
structuf i{1H'71 in certain embodiments, the substituent(s) RI separately may
include, for example, a hydrogen, a halogen, a mono-substituted, a
poly-substituted or an ypsubsti
saturated CI-C24 alkyl)

ated C2-C24 alkenyl or C2- C2:1 alkynyl,
Aoxycarbonyloxy, cycloalkyl,

aryl, hetgroaryl, arylalkoxy carbonyl,
bcarbgnyl, aminocarboyloxy, nitro,
azido, phenyl, hydroxy, arylthio, oxysulfonyl, carboxy, cyano,
and halogenated alley] including logenated alkyl. For example, n
can be equal to | or 2. 10 In cLertain embodiments, R4 may be, for
example, a hydrogen, a halogen, ‘a mono-substituted, a poly-substituted
or an unsubstituted variants of the following residues: saturated CI-C24
alkyl, unsaturated CZ-C24 allcenyl or C2-C24 alkynyl, aryl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cyeloalkenyl, allcoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl,
amino, aminocarbonyl, aminocarboyloxy. nitro, azido, phenyl, hydroxy,
allcylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl

including polyhalogenatedgykyl,iin.14
[0142]

cyeloalkenyl, alkoxy, cycloa k%y,
allcoxy carbonylacyl, amino, ami

Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
10dine. |
{0143] The foll

structure of Formula 1-14-

Owing 1s exemplary stereochemistry for a compound having the
&

O

ZrT
FSTE LY
jo]

e

Hiltssres

by

8-



some embodiments in can be equal to | or 2. and where m is equal to 2,

the substituents can the same or different. Also, each ofEj, E2, 133, 4 and

E5 may be, for example, a substituted or unsubstituted heteroatom. For

example, the heteroatom may be nitrogen, sulfur or oxygen. Compounds

of Formula TV (01591 Other embodiments provide compounds, and

metheds,af@keducing a class of compounds, pharmaceutically pct/us2004/019543

acceptable salts and pro-drug esters thereof, wherein the compounds are

repres by Formula TV: -35 W0 20051002572 PC17US2004/10954

Es (Rsﬁﬂ@z‘ E3 Ioﬁsﬁ?feﬁrl}é‘\ff ) gFm%L}Fa"R‘f‘[tﬁ’i‘éﬁi(ifm?c"er’é}?% Wiayinciide as R,

efnsedimeris thikgub&titgent(@y RIRBrandeRE may sepraditetytsitbludenacunds
; Jhal , ORQ- ituted, Y- I te%oran .

e aT i ey resm b ST PRl gyt

disabGratearez-orgiakEnyi:or C2- C24 alkynyl, acyl, acyloxy,

alkyloxycarbonyloxy, aryloxycar loxy, cycloalkyl, cycloalkenyl, alkoxy,

cycloalkoxy, aryl, heteroaryl, ryI%Iko y ca{ibonyl, alkoxy carbonylacyl,

amino, aminocarbonyl, aminogarb Xy, pitrg,,azido, phenyl, hydroxy,

alkylthio, arylthio, oxysulfonyl,

be a heteroatom or substituted hetefoaton;,-fgf example, nitrogen, sulfur
or oxygen. In some embodim 7R3 is not alhydrogen. n is equal to | or
2. When n is equal to 2, the substi an e the same or can be
different. Also, mcan be 0, 1, 2, 3, 4/5, 6; 7, 8, 9, 10, or 11. When m is
greater than I, the substituents can be the same or different. -36 WO
2005/002572 PCT/US2004/019343 [81611 In some embodiments Rs
may give rise to a di-substituted cyelohexyl. An exemplary compound of
Formula IV is the following structure N-] , with and without

Rg
Formula H-15

10145] Rg may include, for example, hydrogen, ftuorine, chlorine, bromine and

wadine,
j0146] Exemplary stercochemistry may be as follows:
H
OH
HoOZ 0O
N\\;
0
===0
Ry
[0147] The following is exemplary stereochemis‘ily for compounds having the

structures I1-16, [1-17, 1118, and 11-19, respectively:

-29-



exemplary stcreochcmistry: Hri R,OHR,"OH R;HryO NRFO-0O_ O

O H111 lidttun _ R, Formula N-1 101621 Rg may include, for example,
wohydvogsrs fluorine, chlorine, bromine and iodine. The subfstittiE2Hee) 13

and R7 may separately include a hydrogen, a halogen, a
ityted, a poly-substitued or an unsubstituted variants of the
saturated C-C_4 alkyl, unsaturated C2-C14 alkenyl or
v, ag Iog,y alkyloxycarbonyloxy, aryloxycarbonyloxy,
alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy
ming amlnocarbonyl aminocarboyloxy,

cycloallyl, cycth :
carbonyl, alkoxy cakfoortylacyl /8
nitro, azido, phenyl, hy
cyano, and R nated alkyl inc udlﬁ pplyhg og,gnated aIkyI Further, R6
and R2 both may,.he-tfie same o
PCP/11S20041019$43 §0163) For example &n exerpplary compound of
Formula N has théfollowing structure Iy-2: OHO HOO HRg

Cl

AN 11-17

H-16 CHy

sl
O

Hui Hrey

HITTI

II-19

) Br !
{0148} The compounds of Formulae H-16, Ii-17, O-18 and [1-19 may be
obtained by fermentation, synthesis, or semi-synthesis and isolated/punified as set forth
below. Furthermore, the compounds of Formulae H-16, II-17, 1I-18 and [1-19 may be used,

and are referred to, as “starting materials™ to make other compounds described herein.

30



Formula N-2 101641 Rs may include, for example, hydrogen, fluorine,
chlorine, bromine and iodine. 10165] Exemplary stereochemistry may be

as follows: HHOH HOHO OH N O O Hinn... RB -38 WO 2005/002572
PCT/O0S2004/019543 [0166] For example, an exemplary compound of
Formula IV has the following structure IV-3: HOH C1 0 HONO O RB
FonYRIF'WAR{PL67,) Rs may include, for example, hydrogen (IRGBAY2604/019543
fluorine (IV-3B), chlorine QV-3C), bromine ([V-3D) and iodine (IV-3E).
10168@15&?”‘ptarkkﬁﬁw@fh‘lﬁ@dﬂﬂ@hﬁ{ef@@%@ﬁﬁﬂﬁ“&sm@wgﬁlmaf?ﬂqw& Heae a

O;-]I _}\\\'_' .
mcthyl group as Ry, for example. A further exemplary compound, Formula 11-20, has the

following structure and stereochemistry;

O

Ry

[ TTTII

020

-31-



H=0 OHO O R8 101691 Additional exemplary structure and
stereochemistry may be as follows: -39 WO 2005/002572
wFakii92904/0195-13 HOH CIHO OHV 00 Hpu,,, _pEtioetmoutassis
IV-3C [01701 For example an exemplary compound of Formula IV has
ths dgllowi tructur 4:HOH HOH O Re
[Etﬁ h RbTr%a%/ mclunél‘f3 &eél;?érﬁ%lemh)}] rogen l}oor]irﬁneuﬁicrﬁgr?ﬁa Bnrbrlhdl%e
hydroxapdlyiodiRe, fgmﬁ?mﬁscemplaﬂyesmthemmyomay BermsliolleWishasie

following structure and stereochemistry:

10151] In some embodiments, the hydroxyl group of Formula 11-21 may be
esterified such that R, may include ethylpropionate, for example. An exemplary

compound, Formula I1-22, has the following structure and sterecchemistry:

37



WO 211115700257 2 PCT/IS2004/0 19543 JHIIOH HOHO NOO

... Htiu Rg Compounds ofFonnula V 101731 Some embodiments provide
compounds, and methods of producing a class of compounds,
pharniaceutically acceptable salts and pro-drug esters thereof, wherein

the compounds are represented by Formula V: / E5 (R5)m E3 E, E, Et
CH3 R kenmmuta V 10174] In certain embodiments, the substitueeit(eyRi/019543
and R5 may separately include a hydrogen, a halogen, a

mono-substituted, a poly-substituted or unsubstituted variants of the
following residues: saturated CI-C24 alkyl, unsaturated C2-C24 alkenyl or

C2- C2U ahtynylIraegmayIbRYmaiey oy carmepiiexpiafglaxe dibonyiskuds an
&xcloaliyl, acyrloalikenylalkoxy, gygloalkemniarylfgtareart aavialigoxyhas the
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarhoyloxy,
itrov At sWeE hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy,

cyano, and halogenated alkyl ipetuding polyhatogenated alkyl. In certain
embodiments, each of El, E 4 and E5 may be a heteroatom or
substituted heteroatom, for e 3,)nitrggess sulfur or oxygen. n can be

Rg

[0153) Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

1odine. Exemplary stereochemistry may be as follows:

OH

{0154] In some embodiments, the compounds of Formula II-23 may have the
following structure and stereochemistry, exemplified by Formula II-24C, where Rg is

chlorine:

03
L)
3



equal to | or 2, and when n is equal to 2, the substituents can be the same
or different. -41 WO 2005/002572 PC1/ U1S2004/1119543 Preferably, m
WORKY'HBSTr example, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11. RB&IS % 19343
greater than 1, R5 may be the same or different. [01751 Certain
embodiments also provide pharmaceutically acceptable salts and
pro-drug esters of the gompound of Formulae -V, and provide methods of
obtaining and purifyind.such“sampg#ungs by the methods disclosed

. . Q .
rapidly transformed in vivo ield the compound, for example, by
hydrolysis in blood or insidgutigsues. e term "pro-drug ester" refers to
derivatives of the compoundsfdisciosed herein formed by the addition of
any of several ester-forming groupsthat are hydrolyzed under
physiological conditions. Examples of pro-drug ester groups include
pivoyloxymethyl, acetoxymethyl, phthalidyl, indanyl and methoxymethyl,
as well as other such groups known in the art, including a (5-R-2-oxo-1,3-
dioxolen-4-yl)methyl group. Other &dples of pro-drug ester groups can
be found in, for example, T. Higuchi and V. Stella, in "Pro-drugs as Novel
EB)J%%ﬁry ystems", Vol. 14, A.C.S. Symposium Series, American
' Chetnical SEkty PR975)“4d s isrewversibicoC Berisrda iH-Df ugapesignine
fouowmghemycamlimplmﬁmiﬂﬁ@l:ssldiﬁyc'énaﬁmﬁﬁacaﬁ?ﬁﬁ{%fp% Press: New
chlorine-YOrK. 14-21 (1987) (providing examples of esters useful as brod"rﬁgs&fé?
compounds containing carboxyl groups). [0177) The term "pro-drug
ester,” as used herein, -refers to a chemical derivative of the
compound that is rapidly fransformgg in vivo to yield the compound, for
example, by hydrolysig_in bfead. 11781 The term "pharmaceutically
acceptable salt,” as used¥eérein;ghd particularly when referring to a
pharmaceutically acceptable %alt of a cgmpound, including Formulae 1-V,
and Formula I-V as produced an esized by the methods disclosed
herein, refers to any pharmaceutigall oacceptable salts of a compound,
and preferably refers to:am-gcid addition salt of a compound. Preferred
examples of pharmaceuticajfly acéeptable salt are the alkali metal salts
(sodium or potassium), the alkaline earth metal salts (calcium or
magnesium), or anunonium salts derived from ammonia or from
pharmaceutically

S g5

Compounds of Formula I

10156]

Other embodiments provide compounds, and methods of producing a

class !
of compounds, pharmaceutically acceptable salts and pro-drug esters thereof, wherein

the compounds are represented by Formula II1:

34-



acceptable organic amines, for example C1- C7 allcylamine,
eyclohexylamine, triethanolamine, ethylenediamine or
tris-(hydroxymethyl)-aminomethane. With respect to compounds

synthesized by the method of this embodiment that are basic amines, the
preferred examples of pharmaceutically acceptable salts are acid addition
saltg 9adR.WE 2005/002572 PCT/US20041019543 pharmaaetiticathosn19s43
acceptable inorganic or organic acids, for example, hydrohalic, sulfuric,
phosphoric acid or aliphatic or aromatic carboxyllc or sulfonic acid, for
example acetlc succinic, lactic, n{ {apte ch citric, ascorblc nicotinic,

pharmaceutically acceptable s and pro-drug esters of the compound of

Formulae IN obtained and purifie

Accordingly, if the manufacture of pharmaceutical formulations involves

intimate mixing of the pharmaceu(l I &%cipients and the active ingredient

in its salt form, then it is preferred to Use pharmaceutical excipients which

are non-basic, that is, either acidictormelatiial ex0|p|ents (01801 It will be

also appregiated that the phrase "compounds and campositi

comprlsmg the 53mp5ffﬁ ll[Jo)FllgﬁL)I/]lfke pIsﬂltf%i(’s]em‘féum)eaf'ltSLdeéan%:i np é’%cmac for

compBuRdy drary hitagte. fomrforghimrabeutivatblivery as an unsubstituted

diseussechinduthardetall.berain kor cexamale, in e HRIR gTaL Ed'ml‘ﬁ Bt or €y
ea

the compounds or compositions comprising thé same may inclut

bHarAteslticailacteptable YhHGPEE B oUNd D18 impleay.  cycloalkyl,
gmbadiment tne,compouBERDAY Bgused i lsat m&r&h@vd@%ﬁr‘?ﬁ alkoxy

d inflammatjon. Disease is meant to be construed broadlyto

er, a
Al R et A R A
nie,masgs amﬁzﬁa,rom@scm@nomsfbM@ peglared.embotimanitdhaigiseassuding
;I)%C 0 6] CgaH'l?h e SUC as a chterlum afungl and protozoa, for

& met Ll}?eerﬁ FHEfIgE fe- steps of administering

a comt@dﬁ&]d or hompmsmmhcabmmssm,g 1the benipakacthHean hidiyidhal halogen,
with, an infectio eLgs disegse or ¢ t%er The comp und r campo ?Liog c%o .
be administered’in an Vn%iou‘;nltue? ctivé ousté%t Lét%dgr}/fgﬂ APirtedfg e lowing
igieBrse sehrited drirflarinatonsdoridition:- 10182} ave infeCtitus aiseaseacyl,
anay:he, farexamplenanecansed Py Baciiis, S‘c!ﬁ!]o%%ﬁ %\%@{ﬁﬁéé 1§pdﬁtoxy
cereus. The infectious disease may be one caused by a protozoa
cycloalkoxy, aryl, heteroaryl, aryialk koxy carbonyl, alkoxy carbonyl acyI amino,
aminocarbonyl, aminocarboyloxy, nitro. azido, phenyl, hydroxy, alkylthio, arylthio,
oxysulfonyl, carboxy, eyano, and halogenated alkyl including polyhalogenated alkyl. In
somce embodiments m can be equal to | or 2. and where m is equal to 2, the substituents can
the same or different. Also, each of By, By, Fa, Es and Fs may be, for example, a substituted
or unsubstituted heleroatom. For example, the heteroatom may be nitrogen, sulfur or

oxygen.

Compounds of Formula TV

{0159}  Other embodiments provide compounds, and methods of producing a

class of compounds, pharmaceutically acceptable salts and pro-drug esters thereof, wherein

the compounds are represented by Formula IV
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example, a LeisInrrania, a Plasmodium or a Trypanosonia. The compound
or composition may be administered with a pharmaceutically acceptable
wocasrenslibuent, excipient, and the like. [01831 The cancarmagdoeyfors+3
example, a multiple myeloma, a colorectal carcinoma, a prostate
carcinoma, a breast ade rcinoma, a non-small cell lung carcinoma,
an ovarian carcinoma, @@ melanoma, and the like -43 WO 2005/002572
PCTIt1S2004/019543 ?1841 [he inflammatory condition may be, for

example, rheumatoid arthyi astirtima, multiple sclerosis, psoriasis,

stroke, myocardial infgggtion, aEnd the like;#0185) The term "halogen
atom," as used herein, meang & eﬁeﬁf the radio- stable atoms of
colunm 7 of the Periodig; le of the Elements, i.e., fluorine, chlorine,
bromine, or iodine, with brom i chiforine being preferred. [01861 The
term "alkyl," as used herein, éanR any unbranched or branched,
substituted or unsubstituted {&aturated hydrocarbon, with C-Cs
unbranched, saturated, unsubstituted hydrocarbons being preferred, with
methyl, ethyl, isobutyl, and &r2Blty¥oropyl, and pentyl being most
REfsredpAmeng the suhstilvte saturaedshydrrgarhoRs K5l sepmacg-
and di- and per L satu"<"frat ' hydrocarbons - halo-,-. substitute’, eu. l}/1\{4(\€v

include g, Wy BREPRIHBIRETBS HERBRPTYHTBEATBO S HresHrari el it s oo

variantsRETH RSV Ratshloametbyic, Pesilurin-teratiiydd dndC), alkenyl or Cy-

erchloro-tort-butyl beln%the most preferred. 101871 The term 1

Cas  allstitifidel” ASSRY oraRERF HHERRINE s 8RN HOReIogs  SYeorioh
cycloaliGRRiEMPQiRYY pateaikbiom thelrelatedoaryl Seeyfokesanpieotd]S. Pavent
Nos, 6,509,331:. 6,506,787; 6,500,825 5,922.683; 5:886,210. 5,874 443;

- carbonylgeyls $RBGSETESEHRLR, %ﬂiénoc%%r?i jon (’)f%siggéti%%ited iéasyb’rggd gé’
alkylthithatpidvigedinsulBuRatembNy, 650%33mdvHik sersfieb skl tensinding
Jesubstituted alkyly such ihakitretprs £o a alkyl Braypy ReieiRhleliPe: |
pc}ylldl?gefé%%r@é I%'1at64\r%1S§,’ f%g‘\:}i?lg from 1fo é’su%stituents,%ynd preferably | to 3
substinsebstitrenitsy. SelestebiromipecralPeonRISERY JraReRFERIsHHe R

is not datlll\(fq%((ée"?(%yqlo%l%g\ka?%?tgytfd\ﬁ%ﬁ%&%&y Q@Q,"fﬁ@)ﬂl%ﬂﬁ%ﬂﬁﬁ%ﬂ be the

cyeloalkenyl, aryl, acylamino, acyloxy, amino, substituted aming )

same oneinbadificsminddeyloxyaoRydeyiamihd; cy&nd; ﬁa?oé@n?‘h&l‘dré@ﬁ“ 18

oreater ﬁ}%ﬂ??%‘e Garboxylaliyl ketq. thipketas iieh: thioalkoxy, substituted

- thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic,
heterocyclooxy, hydroxyamino, alkoxyamino, nitro, --SO-alkyl,

--SO-substituted alkyl, --SO-aryl, --SO-heteroaryl, --SO2-
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alkyl, --50, substituted alkyl, --SO2-aryl and -S02-heteroaryl. The other
above-listed patents also provide standard definitions for the term
"substituted” that are well-understood by those of skill in the art. 101881
The term "cycloalkyl" refers to any non-aromatic hydrocarbon ring,
preferably having five to twelve atoms comprising the ring. The term "acyl"
refess tovalisylsar aryl groups derived from an oxoacid, with an agetykyin/m19243
group being preferred. [01891 The tenn "alkenyl," as used herein, means

any unprang¢hed:er.pranghed,. substituted or.unsubstituted, unsaturated
ydrocarbon includin% polyung}altll}?&ét%ﬂnﬁ%f?gé‘ayﬁ%ﬁ%,B\Aﬂfﬁ“@ﬁtﬁ‘éed cyclohexyi,

(RDTAHCHEE, THBRBUUhSAL REaTed: dNd tibarfosturate dyunsHOBItIteE - 441 without
YA 2RO510025:¢2RET/US2004/019543 hydrocarbons being preferred,
and mono-unsaturated, di-halogen substituted hydrocarbons being most
preferred. The term /*€ycloalkenyl” refers to a -aromatic hydrocarbon
ring, preFerablyhaving five to twelve atoms compyisinig the ring. 101901

The terms "aryl” itited gtyl," "heter l," afig;"substituted
heteroaryl,” as used hgfein, xgfer 18 aromatic hygrocarbn. fings,
preferably having fivej six, oriseven atoms, and most pfeferably having
six atoms comprising thetfing."Hetéfoaryl" ant "substituted Wéteroaryl,"
refer to aromatic arbonirings in which,atle teroatoin,
e.g., oxygen, sulfur, or nitr om, is in the ring alo at least one

i

e-n carbon atom. Thé&'ter,
cyclic compound contaifing one or more hetero
aryls, heterocycles and hgteroaryls can be substityted with any
substituent, including thoge described above and those known in the art.
101911 The term "alkoxy/" refers to any unbrancheg, or branched,
substituted or unsubstitfited, saturated or unsaturated ether, with Cr-C5
unbranched, saturated, unsubstituted ethers being preferred, with
methoxy being preferred, and alS&" Wit Himethyl, diethyl, methyl-isobutyl,

~

and rifdhll-terRbuiy) etbiets alsoch@ingePIgiergs: EO&»&?{{% isycloalkoxy”

iokefers t9,any,non-ar tic hydrocarbon ring, preferab avmgl}l\’/e to
twelve atoms C%erﬁlﬁtrfigg n% tﬁle(}ﬁﬁ?g TN SR Ak S earbdnyitomsters talapy, a

ViiHear P Biatehe dobyolicisatdrated, wesadiratad, Aliphaticmr RIS residues:

sadlkaxy atfached it a cahonyl; group. The examples include
,mr,g]/ﬁthoxycarbony!ﬁg’roup', 'et%ox;géalrrlb%n%/ GRSl C2-Cas alkynyl, acyl, acyloxy,

xycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy,

"heterocycle" or "hetet cycL_ic" refer to any
ms=The substituted

arvl,  heteroaryl, arylalkoxy carbonyi, alkoxy carbonylacyl, amino, aminocarbonyl

arninocarboyloxy, nitro, azido, phenyl, hydroxy, alkyl

¢yano, and halogenated alk

thio, arylthio, oxysulfonyl, carboxy,

vt including polyhalogenated alicyl. Further, Ry and R, both may
be the same or different.

37.



propyloxycarbonyl group, isopropyloxycarbonyl group, butoxycarbonyl
group, see- butoxycarhonyl group, tert-butoxycarbonyl group,
Woc%’lb%gﬁfleoxycarbonyl group, cyclohexyloxycarbonyl gr8GiUs200419543
benzyloxycarbonyl group, allyloxycarbonyl group, phenyloxycarhonyl
draap, pyriylexysatbomtgropracshihe:tibe (03924 THeHRMS IS,
structurPuyified,” "substantially purified,” and "isolated" as used herein refer to
the compound of the embodiment being free of other, dissimilar
compounds with which the npound, if found in its natural state, would
be associated in its natuyal state. In certain embodiments described as
"pure,” "purified," "substantially purified,“r "isolated” herein, the
compound may compgiSe attgast 0.5%, 1%, 5%, 10%, or 20%, and most

preferably at least 50% or 75% o’hh\e mas ,%y weight, of a given sample.
variant,” gr other similar term refers to a

[01931 The terms "derivajve.,”
compound that is an analog of ner compound. -45 WO 2005/002572
rteiyn of the compounds of Formula IN

PCT/tIS2004/0195-43 (0194
may be obtained and purified oy may be obtained via semi-synthesis from
purified compounds as set forthvherein. Generally, without being Limited
thereto, the compounds of Formula 11-15, preferably, Formulae 11-16,
[1-17, 11-18 and 11-19, may be gbtained synthetically or by fermentation.
Exemplary lermentation procedgres are provided below. Father, the
compounds of Formula 11-15, preferably, Formulae 11-16, TI-17, 11'-18
and 11-19 may be used as'$tanidYcdmpounds in order to
[Obsau/syRthesizesaniousofihe,n s described herein.
Exemplary non%imiting synth%}?egszﬁr)gd%%%?&%b %Iéxf’éitr?ﬁﬂ ToP BES 8-
OHF1 ONO N=0 O O Hqun~ Hlun._c CH3CIFormula 11-17

[0165) Exemplary stereochemistry may be as follows:

10dine,

Hitee

Il
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Formula II-16 H\H pi",. OhlO ~0,0.. OHN~OHO ON OO HPw,.. Br
For ula 11-18 Fommla 11-19 [01951 Formula 1I-16 is currently produced
through a high-yield saline fermentation (-200 mg/L) and modifications of
the conditions has yielded new analogs in -46 WO 2005/002572
PCT/1152004/019543 the fermentation extracts. FIG. | shows the
chemicabstnusture of 11-16. Additional analogs can he generaged throulgh o543
directed biosynthesis. Directed biosynthesis is the modification of a
naturgb psepuct ity aelding:biasynielie, PIGEURSAL M09 F%has e rollqwing
S[e}rgne_g&s{g?n of producing microorganisms (Lam, at al., J Antibiol e okyo
44935 1991), Lam, at al., J Abnohiot (Tokyo) 54:1 (2001)). [01961
Exposing the producing culture fe~analogs of acetic acid, phenylalanine,
valise, butyric acid, shikimic a¢id, and halogens, preferably, other than
chlorine, can lead to the formation of hew anglogs. The new analogs
produced can be easily deteetet~n-crude-fextracts by HPLC and LC-MS.
For example, after manipu‘féting the niedium withAifferent concentrations
of sodium bromide, a bromo-andidg,Formuta -18, was successfully
produced in shake-flask cultur€ataiter of 14 mg/L. 10197) A second
approach to generate new analogs.isharough ‘iotransfonnation.
Biotransformation reactions are chenfical feactions catalyzed by enzymes
or whole cells containing these enzymes. Zaks, A., Curr Opin Chein Biol
5:130 (200]). Microbial natural products are ideal substrates for
biotransformation reactions as they are synthesized by a series of

enzymatic reactions inside microbial Rells. Riva, S.,
&

Formula IV-3
[0167] Rs may inclide, for example, hydrogen (IV-3A), fluorine (IV-3B),
chiorine (IV-3C), bromine (IV-3D) and iodine (IV-3E).

[0168] Exemplary structure and stereochemistry may be as folio;vs:

ITT

HETTITIINS

Rg

10169] Additional exemplary structure and stereochemistry may be as follows:
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Curr Opin Chem Biol 5:106 (2001). [0198[ Given the structure of the
described compounds, including those of Formula it-15, for example, the

WOpRBEEIBI& Biosynthetic origins are acetyl-CoA, ethylinalonyfCEYAZH19543
phenylalanine and chlorine. Ethylmalonyl-CoA is derived from
butyryl-CoA, which can b rived either from valine or crotonyl-CoA. Liu,
at al., Metab Eng 3:40 ( 00;1). henylalanine is derived from shikimic
acid. Production of Compountsirf F#rnudae IT-16, 11-17, and 11-18 101991
The production of ¢ oungs of Foffmulae 11-16, 11-17, and 11-18 may be
carried out by cultivating strain {NB476 i J suitable nutrient medium
under conditions described rein, | rably under submerged aerobic
conditions, until a substafiti ficompounds are detected in the
fermentation; harvesting by, gxt} n;’ng the active components from the
fermentation broth with a suitajple selvent; concentrating the solvent
containing the desired components; then subjecting the concentrated
material to chromatographic separation to isolate the compounds from
other metabolites also present in the cultivation medium. [02001 FIG. 2
shows some collection sites wofldwide for the culture (CNB476), which is
also refered to as Salinospora.%lG. 3 shows colonies of Salinospora. FIG.
4 -47 WO 2005/002572 POPIISEHE4/019543 shows the typical 16S

{(‘H%?‘ Se%?%%%%lﬂ?%@@&%ﬂﬁ?@mﬁ%ﬁﬁ?@f esenbeharageirtitowing

signature nucleotides of the Sclinospora that separate them from their
structuryBafest relatives. 102011 The culture (CNB476) was deposited on June
20, 2003 with the America pe Culture Collection (ATCC) in Rockville,
MD and assigned the AT ent quosition number PTA-5275. The
ATCC deposit meets all p equiregmepts of the Budapest treaty. The
culture is also maintaingd-at.arid avaitable from Nereus Pharmaceutical
Culture Collection at 0480 Watgridg

cribed herein, it should be

ose produced by the use of chemical
s, etc. and organisms b" tulrnse
geneti™ ' ¢ makeap has been mpdifed by i t-ot,,,... -"- - -- by ino tecular
uiotusy techniques, may also be cultivated to produce the starting

compounds of Formulae 11-16, I}- 17, and 11-18.

Rg
Formula 1V-4
[0171] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and
odine,

10172] Exemplary stereachemistry may be as follows:



Fermentation of strain CNB476 [02021 Production of compounds can be
achieved at temperature conducive to satisfactory growth of the
producing organism, e.g. from 16 degree C to 40 degree C, but it is
preferable to conduct the fermentation at 22 degree C to 32 degree C.
The agueous medium can be incubated for a period of time necessary to
comsletetheproduction of compounds as monitored by high prepsids8n/019543
liquid chromatography (EIPLC), preferably for a period of about 2 to 10
days, on a rotary shaker operating-at about 50 rpm to 400 rpm, preferably
at 150 rpm to 250 rpm, for exa pIe [0R03] Growth of the microorganisms
may be achieved by one of ordinarysill o fhg@rt by the use of
appropriate medium. Broad}y; T
fructose, mannose, maltose, galactose; mannltol
sugars and sugar alcohols, starchesan
carbohydrate derivatives such & tran,jcer lose, as well as complex
nutrients such as oat flour, con) meal.\mritte n, and the like. The exact
quantity of the carbon source that is yfilize#l in the medium will depend in
part, upon the other ingredients in thé medium, but an amount of
carbohydrate between 0.5 to 25 percent by weight of the medium can be
satisfactorily used, for example. Thesf carbon sources can be used
individually or several such carbon soyirces may be combined in the
same medium, for example. Certain cdrbon sources are preferred as
—@&@HMMOZOM The sources of nitrogen include amino acids
such cin ining, .threonine, methionine and the like, ammonium
salt a@ vg* ¥I as%é’:oc?lr[‘ng ?é‘fé%‘&}%‘éé tic SSCOEEQO\W@SQGB%/WWZOf producing a
¢ F‘CCT’} YS200470%. 95‘4371 yeastaitactp LoERSieeflisuorsdistille ASAINPIERerein

usaybeRmmeal. cqionsesd meal, ish. meal, peptone, and the like. The

various sources of nitrogen can be used alone or in combination in
amounts ranging From 0.5 t rcent by weight of the medium, for
example. 102051 Among th nutrle t inorganic salts, which can be
incorporated in the culture re ?e&gustomary salts capable of
yielding sodium, potassium, [ calcium, phosphate, sulfate,
chloride, carbonate, and lik&¥ons. A:lso nclu ‘are trace metals Such as
inc, cadniilum and the like. [3iolo~ical

Act|V|ty and Uses of Compounds

———E

C CHy

=),

Formula V

10174 In certain embodiments, the substitueni(s) R; and Rs may separately

mclude a hydrogen, a halogen, a mono-substituted, a poly-substituted or unsubstituted

variants of the following residues: saturated Ci-Caq alkyl, unsaturated C2-Cyy alkenyl or C,-

Cos alkynyl,  acyl, acyloxy, allkkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl

cycfoalkenyl,  alkoxy, cycloalkoxy, aryl, heteroaryl,  arylalkoxy carbonyl, alkoxy

sarh ami ' - i '
carbonylacyl, amino, amnocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,

alkylthio, arvithio, oXysuifonyl, carboxy, cyano, and halogenated alkyl including

pelyhalogenated aikyl. In certain embodiments, each of B, By, B
i

E4 and Es may be a

weteroatom or substituted heteroatom, for example, nitrogen, sulfur or oxXygen. n can be

cua 2 i i
qual to 1 or 2, and when n is equal to 2, the substituents can be the same or different
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102061 Some embodiments relate to methods of treating cancer,
inflammation, and infectious diseases, particularly those affecting
Whi&nE "The methods may include, for example, the stepafus2oodn 19313

administering an effective amount of a member of a class of new
Preferalgompennds, bhusaitieccompounds sisclpsed harein mayersed [Q-ieat
than | arr;}%eli,mitgg%r%m%tri%r},fand infectious disease. [02071 The compounds

o 5aveyva\riousabilélog|f:aF%tecL}fivities. For example, the compounds have

[ehésnosefisitidingractivitgrantsonicsohiablantiinflammatiorpamntt ants and

pm-dmg? %Qgr roqcﬁgl%n[iogt 1:13(_1 -orlh Fo?omgg ‘LLJ—R'pS rI;]c? Vreoe{(?et.%%st%o gtl)r}@?tlgglr 19 and
~__activity. The proteasome m?ﬁbltory activi fmay, in‘'whole or in part,”

purifyingepthisotertyrhe ity rstlids dowipodigsto act as anti-cancer,

@Mteinflammatory -gnd.antizmicrobipl agents, J0209% The Q;F%%%%r@&!? a
. multisubunit protease that degrades intracellular proteins through'its
of the ceyomHypIsiPIREL Y P RECd Y peptiigitatinglosepideinywioly ing
chemica(PeRHiiand alse koawasdhe.caspagrilike acivibRAGHVIlES (J N&.R0 R
proteasome contains a proteolytic core called the 20S proteasome and
compovn YoE FBRiGIatoRy ‘RTINS PAE Z0RidotesssmE s resp ot the
refers topdetpatitic actvityagainstimanyosubsiates neludne.dampasd rHTQ,r‘iJeiBﬁ
several E:;tsklg_tl_ca_nscription fa}gto[ le-gBian(% itsg'nhiﬁ)ito.r IKB, signaling molecules,
% firor SUppresstrs aht! call E i g Hnare by gHeasaiSnewes
of pro-dpreteasezacyiteduidpiydhiexprotdadomean Byrebimotiypsititikes@hyl and
memoxyMORIIKE; 00 ), enndyl oluiomy peplide, aydiolzng (PEEED,

activity. [0210] As an exarfiple, compounds of Formu Weére moie

dioxolenybtdptgsgommMYEtirtibiteg wfaanhgmglgqns] mrhikesactivity ib_ﬁne\_bi_nit“o:'
cxampldMHSERRIGtEATAMES NAn, Opyralide (FCS0.pRT M&@@%@g@%ﬁ% the

. chyrndfrypsm-like activity of human™erythrocyte deriv omes (EC
AC.S. Sapporsom My FIGIS s howshemgrhfigeiciyHich 33; anddBive 2005/002572

in Drug E)@%Tér;]- 1’1‘&%@941@%56&2@%9 FaQ@QQle,r(Ed lg:tlgéc%@f:?ae(fgﬁﬂgn %gsét ?\Q%WS

... ,acompound of Formula 11-16. Compounds of Formula II-16 exhibit a
York. 1dighifiEdH? pPetstiRgeroiIRifbitihG LHpriotAibsth PR eativity efrtimeunds
containifif olgasgmMedsayeyr. inhibiting the catalytic activity of chymotrypsin.

E‘ﬁgﬁﬁpou %5 of Formula B-16 also exhibit low nM trypsin-like inhibitory

ctivlity (-1 i) P AP Fes¥botdht REShAfimg R PEBHMARE e
derivativproteasome¢b@50138QpM)y transformed in vivo to vield the compound, for
example, by hydrolysis m blood.

10178} The term “‘phammaceutically acceptable salt,” as used herein, and
particularly when referring to a pharmaceutically acceptable salt of a compound, including
Formulae 1-V, and Tormila IV as produced and synthesized by the methods disclosed
herein, refers to any pharmaceuticaily acceptable salts of a compound, and preferably refers
to an acld addition salt of a compound. Preferred examples of pharmaceutically acceptable
salt are the alkali metal salts (sodium or potassium), the alkaline earth metal salts (calcium
or magnesium), or ammoniti salts derived from ammonia or from pharmaceuticalty
acceplable  organic  amines, for example C i- C; alkylamine, cyclohexylamine,
triethanolamine, ethylenediamine or tris-(hydroxymethyl}-aminomethane. With respect o

compounds synthesized by the method of this embodiment that are basic amines, the

preferred examples of pharmaceutically acceptable salts are acid addition salts of
47



102111 Additional studies have characterized the effects of compounds
described herein, , including studies of Formula II-16 on the NF-KB/ IKB
signaling pathway. Treatment of HEK293 cells (human embryonic kidney)
with Tumor Necrosis Factor-alpha (TNF-a) induces phosphorylation and
proteasome-mediated degradation of I-cBa followed by NF-rcB activation.
To cwnfimisprateasome inhibition, 11711(293 cells were pie-treyeghf@fudi 010543
hour with compounds of Formula 11-16 followed by TNF-a stimulation.
Treatmentwith compg : ula 11-16 promoted the accumulation
of, (%hpsl}ghor)ﬂ%ted _CB%SS&%&%% t rg%i%ﬁeaﬁ%tééfﬁfé]}m%dli"‘ﬁfgﬂhﬁléBaS“Iﬁmcv
egradation ey MRtERTermaE Frhermiorer asfabie AdEK203-Clonee acetic,
(NF-icB/Euo Q98)iwasrgenesatRd . Gaying; ife r er gene _
upder;the requlation of 5x NF-1.-B bin%inggl%tgg%’ é%%rﬁﬁqg%gno%]fg I\i)é}-ox%%%fo”w
293 Cells with TNF<a mcreases luciferase activity as a result of NF-xB

activati@hithile prefreatmentwitoceampoundsRfBarmua s herein Jlelude
S

desreasesativity, sterp blot a}n_al ses demonstrated that compoun
of Formula 113-16 Slr)ggrﬁgtesa thi GEK Uation of pHSSprivpprae pidBenane: -V

detesE teifegradationobtitalikBal ihe. NEIGBIS 203,688 fcture of
Gempounds: of Farmula.k; 16 were also shown tf increase the levels of |

e cell cycle regulatory proteins, p21 and 139 °1 F1BrAser il sieinjents and
be MBYE LsHiRr 1 roraSometinhibiiiorsdhandosma pBelsaMEREAVBIipients

photeasome taliibitianinereasss dne sensiiivity. of gancer cells to

anticarﬂﬁ%r gge ts. Tl he cytotoxic activity of the 8omp'ounds described

herein, includ n%1 EOrhfA q PRG R lk dmipledstorcoytptaxits actiidyhpositions
Ca’gmﬁ@k%gaﬁ@u@mamﬁr’t:@llAﬂge;skelfmg@gl@s 1328 W gxamined for .
examplg, in %gle Niational Cancer Institute screen of%% Uman oI any
lines. Formula 1218 S2RBitEY g@]@’@ﬁ%%y@é%@i@@écﬁvifmﬁh detmiedmprein. For

G130 wallie i convetitraiion de ashisyep0%p iiphibition) of les
,ﬁganlg{gdgl\gpﬂ'ﬁ%ager%ag t poten ng%bservggﬂgggi%% -gﬁgﬁ%&le Same
melanoma and MDA-N@Z%?BF%@P%%@%‘? CBHBHsth with LC50 (the
concelfitition Wity s0%teiletiality) sLAmaMIds 50/ 0200599 227 Zuicrobial

dRETI) SZQ0A/QIP R4 A panel of cell lines including human
_colorectal (HT-29 aﬁ%r&%@é , brg)s%a%% (BESBrale fapsEuerBbadly, farepver

: u(rﬁfd’} R’ﬁZ@%‘?‘S&gﬁaﬁF&h BV enRa) acutisiaes)| neukesaia, (dUikabkem W@ hronic

canélangman B L§fdMandngrmalh n fibroblasts (CCD-27sk) was
treated with Sjﬁinosporamide %\l%’r 4 h%%%e?§s§s§38§?§8%i&a{EfR‘iﬁ?ﬁ?H‘q&QQﬁ,s a

b COR?CLJI:]L a fangi, and protozoa, for example. The methods of use may also inciude the
steps of administering a compound or éomposition comprising the compound to an
mdividual with an infectious disease or cancer. The compound or composition can be
admunistered in an amount effective to treat the particular infections disease, cancer or
mflammatory condition. |
[0182) The infectious disease may be, for example, one caused by Bacillus, such
as B. anthracis and B. cereus. The infectious disease may be one caused by a proiozoa, for
04,
example, a Leishmania, a Plasmodium or a Trypanosoma. The compound or composition
may be administered with a pharmaceutically acceptable carrier, diluent excipient, and t]
like. | | | ’
| [0183] The cancer may be, for example, a multiple myeloma, a colorectal
carciomsi, a prostate carcinoma, a breast adenocarcinoma, a non-small cefl lung

Carcinoma, an ovarian carcinoma, a melanoma, and the like.
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PC3, MDA-MB 231, NCI-H292, OVCARS, Jurkat, and B16-F10 cells were

sensitive with FC;n values of 47, 69, 78, 67, 97, 69, 10, and 33 nM,
WEdBEER7Ely. In contrast, the EC50 values for CCD-27sk eelisuwena/di96:3

nM, Treatment of Jurkat cells with Salinosporarnide A at the approximate

E@38ejresultedin Gaspase3metivation a8disleavageohRARR, confisming
dsihm‘itheu LéCtI n of 3& tosis. 02151 The anti-anthrax act|V|ty of the
descrbed compotidstiag 8%5@&31%0&‘%%%%%% P8 8 T%Snduced

comp
d;ﬂ)liﬁﬁd)xmltvms&ay Aslogmexanple, ibel r@@‘éiﬁs inelieate:thate Gormuladio.

stable AdikGiS %pote eTx: duc tOXICIty of murine
sabie macrophcag%1 %X‘i)vg Qﬁg‘ce b Tdatihe Wﬁﬁ\hﬁ%ﬂ“ﬁ”é’é‘ﬂ chiRAne.
broming gfrgiad) Vlﬁhréslm@d %ncam@fo@amgrmaﬁmmithe V|ab|I|ty of LeTx-treated
lig;,compared 10 Lol tre@tmg t.alone (average E f<4 M
g?)terf]:tlal Chemlosenséﬁ zing Effeggt%erof{ﬁorlr%du a%f 16 Td]Z tﬂ ﬂdré g 6‘}4“‘
substituggdh e s HEHRs EHErA s ety dffachs of métcémﬁdoumdmdmcnbed ated,

unsubs NRKGINIAR e NEBLIKB %Q@Q‘l‘&g R@ltlﬂwﬁpél@?e he EXl%O ls) @d tert-

unstimulated cells, the'”"transcrlptlon factor nuclear lT):(;lct
butylprqny- KB resites FiRR cytshlastvindn macive cmnpiéxtwnmtheauumd

hydrocabbiRitoryretein B (inhibitar o NEx1 3)nVarioys stimuli can cause Ig}%’}

LaToasng

hosphorylatlon by hcB klnase foliowed by ubiquitination nd aegrada lon
amino- SBQ/’“tH'é“Brd}é‘ﬁg n?oﬁb’wiﬁgfﬂfé%emﬁdal%ﬁ%@mgw FBhivamsioicdtes

pertluorto:thebnticlays }ﬁﬂ&lﬂ?@-@ﬁ@ﬁlﬁl%}@%%&%@ <Alfeating many cellular
%é% se% mcludmg inhibition of agopto&s hemotherapy agents such
ParHSte ARSI holitatls RIEIREY iR FIRENCEIBH carenasels

contemyings llmchnd!rfg)inOM@ sellsdresulieg ra:despeased ahility of theseycelis to
optgsis, Painter, B 7] Res 38:4445 (1978). VelcadeT™
6 Ao ranne A AL Lo By rohlyein Sl b
definitiothefproteasome @sigitedpsebal pritedChemAe67a (20003 oAdamsetal.,
e ,1 A Curr Oni n Oncol 14:628 (2002))
defines t@%ﬁgﬁ;nﬁgggﬁé tﬁlreé)fryggf%)glnd%&% Qi v@( sgﬁ%%e?{ﬁﬁ?%BHrB{/Eama% a
to 10 copbgtedisBineintilgittpny éleadeTii(RSS 4hiMiliéambiym] Rbarmaeetiiaals,

selectcd'ﬂ@n)l has beep c%l?)@iéﬁmlfé}eaﬁd%t'xu%l&l@é%icﬁﬁ '[%g'r'l ga‘?}ﬂdx al3p.gnhance

he cytotoxm activity of CPT-11 in LoVo cells in vitro in4'LoVo

cyeloul xenbhrantkaBde By iRiHing Helkyradatibn 1y) mgn@rom}dg@medxﬂmm

substituied almiAnN HteradY ed BRZ49141974) &Bﬁﬂﬁ'ﬁ'@”e \éﬁé)caiga%r 1, §§7 Wo
2003/002572 PCT/1152004/019543 found to |nh|b|t the expréssion fI

carboxylo SERGISHERE diddkiniedreybRindbivsHsvith Rétaiisded thioalkoxy, aryl,

aryloxy, heteroaryl, heteroaryloxy, heterocyelic, heterocyclooxy, hydroxyamino,
allkoxyamino, nitro, --SO-alkyl, --SO-substituted alkyl, --SO-aryl, --SO-heteroaryl, ~-SO,-
alicyl, --SO;-substituted alkyl, --50;-aryi and ~50;-heteroaryl.  The other above-lsted
patents also provide standard definitions for the term “substituted™ that are well-understood
by those of skill in the art.

{0188] The term “cycloalkyl” refers to any nom-aromatic hydrocarbon ring,
preferably having five to twelve atoms comprising the ring. The term “acyl” refers to alky)
or aryl groups derived from an oxoacid, with an acetyl group being preferred,

[018Y9] The tepn “alkenyl,” as used herein, means any unbranched or branched,
substituted  or unsubstituled, unsaturated hydrocarbon inchiding  polyunsaturated

hydrocarbons, with C;-Cy unbranched, mono-unsaturated and di-unsaturated, unsubstituted
T



Oncogene-alpha (GRO-a) and Vascular Endothelial Growth Factor

(VEGF) in squamous cell carcinoma, presumably through inhibition of the
NF-KB pathway. Dick, et al., J Rio! Client 271:7273 (1996). These data
suggest that proteasome inhibition may not only decrease tumor cell

survival and growth, but also angiogenesis. Anti-P tthrax Activity [0217)
Another:patentiad application for proteasome inhibitors conies fregr/(geentnvsts
studies on the biodefense Category A agent B. antlsracis (anthrax).

ADHrEXISRRESn G IRRIed an %&%g%légt&&?e%gﬂﬁhg\@ eeri%eost]ﬁe% tgwt{ee_d ,hydrocarbons

ingested by macrophages. Within the marr.orhia"pha

HredgiSHdiT ¥e dhgaltism rpleediosy fesdinouttiatelyrimiallingsafocarbon
tlhﬂg,QﬁHEeBanSBn@kiﬂ@%@%%@%@%&%ﬁﬂiﬁgﬁgtﬂé%{gphages migrate to

the ly Bpgp)odesgwherre, upon death, they release their contents allowing

the orrganlsrln to SRfer e blﬂahstrééﬁ’ﬁ?meﬁ“?’éplich?é@‘,f%ﬁdlé’eéﬁéte“mbsﬂmteﬁ
letivaltoxinss iHadihayeat, aéi&?ﬁ@thrkiﬂﬂ';hﬁﬂ@fdrm-%ﬁng@ig&i&&ﬁﬁﬂgﬁ}lg five, six,
Anthy ins are responsible for the symptoms associated with anthrax.
B B s B R PSR e. leroary

prteetivet datigere(@eyl 83 Bajcand tethalfatteaddn, A040a)whishaaneast one
sollestively kpown, as lettial, toxin, (1), L has.ap enzymatic function

but requires PA to Bchieve its biologital “effect’ Neltiel BalSPEr i gicast one
BRHEH indviduly; oweee wiide comBirfeththelctaue wWeath when compound

IieetednirRvVENUEMINANMALS. kalng.ghal.Floghem.Blophys Res, ..
Commun 297:506 (20102), Kalns, et a!%%i%%%%%%é%lgﬁg’éolgées{e S?F?r%ﬁtﬁwawls

S00A SRR 0 ey retettivenaritigeing Sivee dprorilisihding compbereritiown
of @athrax toxin, is responsible for transporting lethal factor into the host
cell. PA oIiJ%omerizes intg a ring- shaped heptamer (see FIG. 6). Each

heptartdr houndts {8 eAlStor ShitHe S artatabemshash orarenehedismitgtipted or

birchepiedhreshmetacules ofshdralde ‘éﬂfé]?'e@&ifﬁmﬂﬁ‘t@e%%%cm&i?%aturated,
the cell by receptor-mediated endocytosis.

rl]ne F;"’%m%f:c gf)l?sF tlgﬁt]aken |nto ; . - T ., iihodi
1Ifo;ﬁowmg enao S TE R T e WAL I R he s el ey it agedtisdimethyl,
GUSWGUS‘E@"N]dﬁifthlﬁgéisamﬂ/lGgsltidgec:l@ba{yiB&ﬁié’ﬂemiﬁﬂ}l)_éiili'gl@%ﬁeﬁmz)?fhc term
a3 00T, ToB1O1 L Sl FEtaFc e TR hae LSae b grsiaasie
Whith iothe eyteidtingatieletve dhd itvastiVeliesignalingypioteins of they linear,
A8 I U o
HE"D ApplTVicrBHBINSE 288 (150 opaiesagicaly] Bioekem @igBacmibonyl  group,
propyloxycarbony! group, isopropyloxycarbonyl group, butoxycarbony! group, sec-
butoxycarbonyl  group, tert-butoxycarbonyl  group, cyclopentyloxycarbonyl  group,
cyclohexyloxycarbonyl  group, benzyloxycarbonyl  group, allyloxycarbonyl group,
phenyloxycarbonyl group, pyridyloxycarbonyl group, and the like.

[0192] The terms “pure,” “purified,” “substantially purified,” and “isolated” as
used herein refer to the compound of the embodiment being free of other, dissimilar
compounds with which the compound, if found in its natural state, would be associated in
its natural state. In certain embodiments described as “pure,” “purified,” “substantiaily
purified,” or “isolated” herein, the compound may comprise at least 0.5%, 1%, 5%, 10%, or
20%, and most preferably at least 50% or 75% of the mass, by weight, of a given sample.

{0193} The terms “derivative,” “variant,” or other similar term refers to a

compovund that is an analog of the other compound.
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3:739 (2000). Of the seven different known MAPK kinases, six have been
w§p£,yvb%595l?§ -52 WO 2905/002572 PCT/1182004/019543 g’Ieaved by LF
Within the cell, MAPK kinase pathways transduce various &ignaiatiroiies
in 8?+| Lglaeath Pproliferation, and differentiation making these proteins highly
significant ergaks A lkotweersrtdifnbibitors that RESYeRked 1 purified
or mpeTx-irduced ¢ell death,, t prevent. MAPKK cleavage by LF

Gener3H998SHiNG that this act%i?%g Qné?‘gs%f |(t:lfr(]efn%\% of IRGRAGH F el Teralatherein.
}__ Kim, ctal”. T RIS Chiet Sraem 184 2008)bies et atoGius Migrobial #3124
“ormyledb) 610220 1iStudies have sHggesied that inhibition of the proteasomé’
Exemg PG LeTx-induced cgnyége%@tﬁg.gﬁéng@f e % ALY INF R igon.
Data have shown"f&f BrSte aomie ddeitieis requitaticforthe Tsrmediated,

Formulqlihg ofrRAWRE4 Tomatrephagerlike gells andiihat proteasome inhibitors
compoRftest RAWZ64, 1. cells from LeTx. Proteasome |hh1%|t¥oned}%eﬂéjtg bl

g ull%e:,mgt vauius of the . G '
Exem MEK1 cleavage, suggesting _hé L xob thiway STt biotkéd cribstrbasimof
AAEKPRIEFVHES I thesestytiesdAdditionally, there is no increase in

proteasome activity in cells treated with LeTx. These data suggested that

herein, may alsa prevent LeTx-induced &gll death as illustrated in FIG. 6.
[02211 The rec PA has been emd is expressed by many
cell types. Escuyesyetatfinfect hnnn n'59:3 f§91). Lethal toxin is
active in a-few cell CHItuﬁe lines of macrophag’:és cayging cell death within
a few hours. Hanna, t Prog” Aratl Ac ': 90:10198 (1993),
Kim, et al., .l Bi : [
33:224 (1996). LeTxcan ingduce both nec armd@poptosis in mouse
macrophage-like RAY264.7 and f774A1 ellg upon in vitro treatment.
102221 The results ghdicate that the comfiounds described herein act as a
potent inhibitor of LeTx-induced cytotoxici Hof murine macrophage-like
RAW264.7 cells. Treatment of RAW264.7 cé€lls with, for example,
compounds of Formuyla 11-16, resulted in a 10-fold increase in the
viability of LeTx-treaged cells compared to LcTx treatment alone (average
EC50 of <4 nM)taneithesefore provide”#Vaflible therapy for anthrax
infections. Formula fl-16, for example, promoted. survival of RAW264.7
macrophage-ljke cells in the presence of.LeTx indicating that this

rentif]

Hiey

HITTITTS

Br
Formula 11-1§ |
Formula 11-19

i0195] Formula 0-16 is currently produced through a high-yvield saline

p S ) e
ermentation (~200 mg/L) and modifications of the conditions has yielded new analogs in

A6



Pharmaceutical Compositions [02231 In one embodiment, the compounds
disclosed herein are used in pharmaceutical compositions. The
compounds preferably can be produced by the methods disclosed herein.
The compounds can be used, for example, in pharmaceutical -53 WO
2005/002572 PCT/ U S2004/019543 compositions comprising a

pharmaggutically acceptable carrier prepared for storage and gpbSRAMENS os43
administration. Also, embodiments relate to a pharmaceutically effective

amount of the products and compqunds disclosed aboye ina | ..
R Sy e At R OGBS AL eefioqp! sl
cahilbentsofornithetapetitidiusedieonelbkriowmirethel phanmasautcat artydafchtion
Sidi S Sl T e R g R
pyes rantievengflavoring ageats mdyibaprovidduinAheshdfhbicduticat? af., J
LOMRPSHIAN, BeYy example, sodium benzoate, ascorbic acid and esters of
p-hydroxybenzoic acid may be added as preservatives. In addition,
antioXitidifls ant*gaspentingedyentsmaybe gaelesfof 245 thsid, phenylalanie,
GRRPAaians pattieHiatly those el Betmulaers iy, A Benfarmuaed andk.4 to
used as tablets, capsules, or elixirs for oral administration; suppositories
Ui oravtaPaahiirTsapatigh: StheireYoIntens PElisen sionRerersiyettissiad in crude
cRGminisiration; patchesFortansagrmalrad minisHalion  Ne SUBHIe Ml fferent
_deposits and ?e like. Injectables can be prepared in conventional forms,
°%*?§8%‘§§0f?au? §‘8ﬂﬁ’ﬁ15'n§r8}n§‘ﬂ‘3p%ﬂjé%ﬁg',a BlftFformE™ Stitidre BFSOTSHLY
pordsuspendigreifidiguidtprice taiinjedtignnefLlas emulsions. Suitable

exqipy%ﬁlg%éire’}\or %)e( )5’ le, %V?’E%Ehsaltige’tge%)étg?es e’nm \Xafmni%)allol%cmlsse’. through
lecithin, albumin, so |umguf)amate, cystéine ydroc?wlon&e, and the like.

biptaddriomtidtesifeelraheoimjaicrableapharmace uticalicompoditonscateyzed by

oCARRIN NN ABRUPERSHQMRXIC AUliArY AURSIANees, sUch AsWeling. 130
(%ntsérﬁm buffering agents, and the like. If desired, absorption

anéfigy Yrieparitioherploesdmmisie! (rgbserrsdprhiny seiatinzben 1opEss as

Rparmasektical denmulations fon parenteral-administiationingtidens. Riva, S.,
ous solutions of the active compounds in water-soluble form.

aqu NS¢
Cﬁ’do%%’ﬁgﬂﬁ”gd%[p;eﬁg?o(ﬁgodhhe active compounds may be prepared as

appraprisp oilyGiniection ssuspansions: Seitablel lipophilieoIRNEINE those of
.vehicles include fatty oils such as sesame oil, or other organic oils such
U, T T STt A RO BiTS) BV Syt B e S Sete U
Cas ethyhglisateontiglyosrideSiofinosginessAquecus ifietionyl-CoA, which
ca'BP ed@%'?ergiseither from valine or crotonyl-CoA. Liu, ef al, Metab Eng 3:40 {2001).
Phenylalanine is derived from shikimic acid.

Production of Compounds of Formulae 1-16, II-17. and 11-1§

[0199} The production of compounds of Formulae II-16, [1-17, and TI-18 may be
carrted onl by cultivating strain CNB476 in a suitable nutrient medium under conditions
described herein, preferably under submerged aerobic conditions, until a substantial amount
of compounds are detected in the fermentation; harvesting by extracting the active
components from the fermentation broth with a suitable solvent; concentrating the solvent
containing the desired components, then subjecting the concentrated material to
chrematographic separation to isolate the compounds from other metabolites also present in
the culfivation medium.

[0200] FIG. 2 shows some collection sites worldwide for the culture (CNB476),

which 1s also refered to as Salinospora. FIG. 3 shows colonies of Salfinospora. FIG. 4
47-



may contain substances that increase the viscosity of the suspension,
such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally,
WiRas{igpension may also contain suitable stabilizers or ag€htsS ettt 19543
increase the solubility of the compounds to allow for the preparation of
shows Highjyicohtehtrated sejutiorsol02261;RhasraacButicalpreparations:fosic

Sigﬂzliu%ﬁ{l&%gtﬁég 8(?11% ff}ltﬂgsd b.'¥z %%rtnstéir]igl tt}I;le? ai%:‘gh/ietl?g m egi%grqrsc XViE/h solid
excipient, optionally gririding a resﬂftlng mixture, and processﬂhﬂ e
fHBitllre of Jranulest aftéWBéitihgwsuitdhlesaeilaridsnif désigd3 tovahtain

Amerncat Qgﬂ%{@ : PC 04/Q19543 t ts ar dragee cores..
e Céuita} le excipie(%nztogl égrté?rfnz-ég?ticézgIglr,%ﬁi%eqr\gﬁs%&? {aﬁsag(ég%isrsé? f’ncfﬁ%lifgg;I cC
patent (gpedensuerbse ifaiAitdl, Drsortitoliesitilose:prebarations strehass for

the BuBXRAIPlE.Maizestarch, w a lce starch, potatg starch, gelatin
o ﬁg%';';fitra _gr{(?anth, meﬁiﬁ};/}l ct}agllﬁlgée?ﬁ}%}géé%éprgp?/?ﬁge%a%ce(ﬁl%]sqg%% ﬁfm

gun i
PharmagetieshyinvdiHgI Caliarooe, AndAsio poNaridginGirolidsne [Pag) Ahdesiedd, In
additioigingROMInERRISMaYHE addedesurhas hecrasssinkes.RalYiny,

pyrrolidone, agar, or alginic acid or a salt thereof such as sodium
mutantsypichaps (Bguaduer Sn e sl dabemin sthtabiaced aHas s orng X-
rays, erUPDSerARRceRtiated shidakselItians may P%&%Q,%fh&%}emﬁé{ hiology
vechni optior)all)gcontain,gum arabic, talc, polyvinyl pyrrolidone, carbopol gel,
CeRMIA S BIASAS GIYES 25A S HRTIRS SkRrcrasuerselittomelaafds, II-

17. and Suitible organic solvents or solvent mixtures. Dyestuffs or pigments may

P addfeg to tablets or dragee coatings for identification or to
Fermeniafion of stram .= . .
t combinations of active compound closes. For this
[9aPBbse, Eonivetitrated sugarrssluiions MRy usednyhieh: Mavucive to
risfac@RARAIlY, cenptain guar arabic, talc, polyvinyl pyrrolidone cartgqpol el, .
. pg%;/%ihy?éane gl%ﬁg%ﬁﬁ%ﬁﬁgﬁm%\gd%\é}dﬁ i %ee(ﬁi'oé%ﬁlﬁigﬁé,@%% ut it
15 prefegihitatecorgaricisoiventstafosoelt drixtar€stoDiestyffs df pigheeniscaay
mediumbued@qgetq'égom&i tﬁpl%tﬁafoqlrgg?i%g%ggggrg){oIgc?nqtlﬂi 2t Efp Q‘B&gcti n of
i characterize different combinations of active comp und dosés. Suth
COMPOURGRAE IRGSHE Bh A WE S AR usI g ik thesusakrisenhnir (P8 Gt gsderaidy for «

period @xample, 4.5 Ratendn MQ§E3%7§§R%§§M§8 e GamBesHAng) 100 pm
81{ poorl¥ water soluble compounds); 5,707,641 (therapeutically

, 726,18

prefcmbfyc%,i 6533,,%8 iifs’aY PEptiGesy*B 67,809 (lipophilic agents); 5.576,012

(BolUbiliziog palymeria:agentgin b Oh S16:(antisvirabiosmubationsly skl
of the ,51,2)83@261 gpg{tg:ulgteﬁg?gdlcgment ;5,6154,286 (topical formulations);

5 688,529' (oral SEPRHEIBALS™ Bha5 559 e U FSI cd se it iniaihs);
glucose, 51BE®@8 T:{liguict, formutatigais}i & 4kbikol(cantioliedoclease sugars and
sugar al[%'i{&lélaytgpc%)eg %gldls ’89&%’1’864}1%3@9951'{%? I)?rrtgirlggjc/) rﬁ?é derivatives such as
dextran, cerclose, as well as complex nutrients such as oat flour, corn meal, millet, corn,
and the like. The exact quantity of the carbon source that is utilized in the mediom will
depend in part, upon the other ingredients in the medium, but an amount of carbohydrate
between 0.5 to 25 percent by weight of the medium can be satisfactorily used, for example.
These carbon sources can be used individually or several such carbon sources may be
combined in the same medium, for example. Ceriain carbon sources are preferred as
hereinafter st forth.

[0204] The sources of nitrogen include amino acids such as glycine, arginine,

threonine, methionine and the like, ammonium salt, as well as complex sources such as
48



102271 Further disclosed herein are various pharmaceutical compositions
well known in the pharmaceutical art for uses that include intraocular,
intranasa], and intraauricular delivery. Pharmaceutical formulations
include aqueous ophthalmic solutions of the active compounds in
water-soluble form, such as eyedrops, or in gellan gum (Sheddcn et al.,
Clin¥Phesr/123{3):440-50 (2001)) or hydrogels (Mayer et aL,  PCT/US2004/019543
Ophtlrcdmologica, 210(2):101-3 (1996)); ophthalmic ointments;
epthalmie suspensiansusuchias nicsapasticiiades ditg;contamieg small fish
polymeric particles that are suspended in a liquid carrier medium %Joshi, )
R 009 ScdrPrbfiakol 1726755 ABIEEEhRbBI IS GEORs tAnT 8t o 1
@hpiregaClinaBialhResng3L2id47 08 (1989)krand Byickesphereshc medium, for
bMuc})]rqgnti, Toxicol. Scl., 52(]):101-6 (1999)); and ocular inserts. Such
Stitdbfe -55 WO 2005/002572 PCT/US2004/019543 pharmaceutical
formul@ilénl arevmosyg ofitentamehpreferably fdrsmutated ¢tenbie:sterbgporated in the
Jﬁﬂ!l?@'i%p@igd apé'l Hw%rgtgsg(:%}'%%fg{“tsyc nfgﬂgoo ‘;%’deﬁ a ;3&1‘? u%?z%[%i m, magnesiurn,
compositions may also include drd)ps and spray often prgpare to
silvinlate oz redskctshivasi sedrativhsis! disurensmalivitenapiadedf are trace
normal ciliary agtion..As.disclosed.ip Rapingtons BhAIMAcerlion! ke,
Sciences (Mack Publishing, 18°r Edition), and well-known to those skilled

HEEr ALl RRBGARLMALEAYArEdNost often and preferably isotonic,
slightlygby RN AeRbahR-» IR &iRcanRg Magheitenanth fammation,
preferably include anti-microbial preservatives and appropriate drug
LB sPhersracetticalb g iosel s asridbarabRisranceiage. for
Ssuspensiens:and oltmestsior lapisat@pplisRLan 1 thH@akCOMMPRs of new
solvents for _?uch aural formulations includgglycerin and ..atej [\0228'

) , |
RRRH TSed ad'Bh dRti-CaReRF Ghi i AT P aht2RntiiFdpiy reat cancer,
iafnmnpouid, forléxample;, ¢dheasempounds of Formulae I-V or compositions
including, Formylae |-V can be administered by either oral or ngn-oral
ot el BT BV G B S FHIAVEN i Gofatiarle: the
dabletygrahule, dprayssyiupnoraotivéy such-fiacmobi¥i/haeni administeked and anti-
ng(peflo,(alilé/i,i it can be administered as an aqueous suspension, an oily
brepabratior%('or the like or as a drip, suppository, salve, ointment or the like,
when [8HBinistdiedopiaiinjedtidny subatapeolsiybimrapetitonealljye proteasome
intTAVRNQLS Iy inggamumac!ym%m%JH%L@@%%MW@%mh%_yﬁs@&um% act

anti-cancer, an_ti;inflammatory or anti-microbial can be mixed wit
DIt s SRR TS S h AL thi B REsRiEss. In one

{0209} The proteasome is 2 multisubunit protease that degrades infracellniar

proteins  through its  chymotrypsin-like, trypsin-like and peptidylghatamyli-peptide
hydrolyzing {(PGPH; and also know as the caspase-like activity) activities. The 2685
proteasome contains a proteolytic core called the 20S proteasome and two 198 regulatory
subunits. The 208 proteasome is responsible for the proteoiytic activity against many
substrates mcluding damaged proteins, the transcription factor NF-«B and its inhibitor B,
signaling molecules, tumor suppressors and cell cycle regulators. There are three distinct
protease activities within the proteasome: 1) ehymotrypsin-like; 2) trypsin-tike; and the 3)
peptidyl glutamy! peptide hydrolyzing (PGPH) activity.

[0210] As an example, compounds of Formula II-16 were more potent (ECs
InM) at.inhibiting the chymotrypsin-like activity of rabbit muscle proteasomes than
Omuratide (ECsy 52 nM) and also inhibited the chymotrypsin-like activity of human

erythrocyle derived proteasomes {ECsp ~250pM). FIG. 5 shows omuralide, which is a
.49



embodiment, the anti-microbial is combined with an additional

anti-microbial. In another embodiment, the anti-microbial is combined with
Wzt B Inedicament that is helpful to a patient that is takimigiS2004/019543

anti-microbials. Methods of Administration 10230] In an alternative

degrad@Bn0qeliment, dhe diseloser chamicaheampoungspansither diselesedr. o,
harmaceutical compositions, are. administered hy a particular method as
o AL SER i ANSHL SSRGS BT Ty o s
tike actadininiStiatipnothowgte oredpatihhiays, tehichebdiminisivatios! insjudespsin,
inistration | le. tablet, granule, .spray. syrup, or other such, .
comofETIPRIRIGN PR BN B PR SR IR,
but are lgssipelestadmimbstiegitn BGRin atjuspastsaspensions 4RIy piépiation or
f&ﬁi're Orﬁiﬁiﬁogﬂp’sﬁw&osﬁtﬁ % &%%%te%?&@et%teogﬁectgkﬁf compounds
administration via injection, subcutaneously,  intraperitoneally,
describdhtimvenousiys limrametsdisianty, nraderfially, or the Ikex&s Wwal ag(e)n56

pamwa}WQ_ég?x&%{O&?Q%%BETJH;?%R&ﬂéﬂl&%@ﬁgfm@%?e}fimﬂltg‘eéﬁ&!'Xge@r?)sis
administration rectally, or (e) administration vaginally, as deeme
Factor-iidr dpivate byrthiose pfoskiibinltherapnfbpisigingcthe doteb dagrddofitheo!
IxBo. MESENt,ERIPoGIMERt inta coptact with living fissue; and, (R administration
via controlled released fol mutations, depot ormulations, and infusion
were pisufagadelivery. Aapfuriibr exampids off sbiehowirodesofiadrministratitiFand

stimulatth f u 'ﬁﬂ%’flﬁéﬁ?lWr@dﬁfﬂ&%%emﬁgiﬁ! %i ?)ngb?géo ﬁ]%dac??%ﬁt'ﬁt%rﬁ 0

various methods for administration of the disclosed chemical compounds
phesphogHgreghBirRtacegtiedlncoMposito pE ipierinarsiiviss oflad iinistraonwas
inhibitedhrough intraocular, rntranasai, and intraauricuiar pathways. 10231] The

[ﬁharmaceutically effective amount of the compositions that include the

ekthibed RBRTHBERS, HEAHG RO 6 T FORE-1 298 tire grasrated
carryingd@sSgivvtrslepend ©op hecraxieohadminisiiation; the yps.gf @iﬁml’sites.

includin%human, bein‘g treated,'and the physical characteristics of the

Stmulapp e by oAt Febngitielalfor. Trresseskidinse adivises orehiele
NF-«<B &6esiredglfechdubwil depend, fnsueh fastgrs.as W?@@écrgla%g’shactivity.

concurrent medication and other tfactors which those skilled in the

Westernphdofic i HS wilF Psaiee . a2 soy i préicdintp e lmdtHédsremied the
accumulBRROHIRMERLHAS IRQUMES QhdCRTIRASHINS £AMAKINERT RIANGREIT: the

__combination with one another, or in combination with other therapeutic or
NF-«<B/lfa gd Sl sademty orndse! figauedichh bl shomvioonardinaiiyareia

of the caMayomadgREeiefRRly=iRa UM @r in vitro. In employing them in vivo, the

roducts or . e
[0213] Tumor cells may be more sensitive to proteasome inhibitors than normal

cells.  Moreover, proteasome inhibition increases the sensitivity of cancer cells to
anticancer agents. The cytotoxic activity of the compounds described herein, including
Formula 11-16, were examined for cytotoxic activily against various cancer cell lines.
Formula I1-16 was examined, for example, in the National Cancer Institute screen of 60
human tumor cell lines. Formula 1I-16 exhibited selective cytotoxic activity with a mean
Glsy value (the concentration to achieve 50% growth inhibition) of less than 10 nM. The
greatest potency was observed against SK-MEL-28 melanoma and MDA-MB-235 breast

cancer cells [both with LCse (the concentration with 50% cell lethality) <10 nM].



compositions can be administered to the mammal in a variety of ways,
including parcnterally, intravenously, subcutaneously, intramuscularly,
colonically, rectally, vaginally, nasally or intraperitoneally, employing a
variety of dosage forms. Such methods may also be applied to testing
chemical activity in vivo. (0233] As will be readily apparent to one skilled in

thewvaut éhentgetul in vivo dosage to be administered and the particuian o193
mode of administration will vary depending upon the age Weight and

mammpligh species treated, the particular compounds employed, aﬁ Pevo),
specific use for ernc these compoun S are emp oyeé) eIch ermination

rofsetedtivi. dowat EMBve B s Ming dosadE @}ew&n@@e(ﬁé‘éfy%@m“avef -cell
Ulﬁe%?'(ﬁﬁ’kﬁ‘?ﬁ%aﬁ%@&%? gg‘?gslhﬁﬂ QXI Ay alﬂ 8%219 FoB %Sllj:? r(‘g:D 27sk)

routine pharmacological metho Typically, human clinical app |ca ions
otsprstiaeteidre ehrnprercadeat | dwettliosarectsvellaicnaddgiage 1BV8P, LoVo,

reeing; ingreased;unfitthe, desired effectigachieyad s AMiernativelye seasitive with

acceptable in vitro studies can be used to establish useful doses and

r%u“téé wittirfiniStratiord ofthéRoipdidivhalbiemsd tithdigieet. the ECs

ymethasiscusingzeptahiished pharmeacalegicahipeihads «=aé WR Salinosporamide
2005/002572 PCr/1752004/0 19543 [02341 In non-human animal studies,
‘applitEoH BF ptentiarprottied e cShichcst GiiRyREr ddsugeeteRARP

cwithhdosageibeingdeargasesiuntil the desired effect is no longer

achie rse side effects dlsap ar. The dos ge may range
broadY‘%qgleper:f(T}ﬁga%@H R VLY gﬁéé?s e (RErRsandt Was evaluated
umn@catmnumypmmm;djmsaggsmamhﬁmt\memmbwhﬁﬁ mieregnamiiiitate that
F nn uioﬁmligﬂ( 961036313{ V\ll\glﬁllﬂ %r ErLe{;)g \El)lgucgos X%E%%%E;Ut Ogrmécﬁ%% d){%agg like
?’e’aWuﬁtéd don m@ilsmflaa:feRa“f@éZ@# ﬂweehat«\\eﬂﬂ andé?ét@mﬁlbgﬁdihmsze 16 fold
isilhin thear;.AEipistaton s %rgg%a&%;% o 2 Aqlly. of wice I%%y(avemg:e
basis. 10235] The exact formulation, route of administration and élosage
ElanPethtiden by the individual physician in view of the patient's

reannditionioes foraxanmies FinakelatiinsThe Pharmacological Basis of
Thera eutics, 1975. It should be noted that the attending physician would

know!fdlfo aﬁdl%ﬂ%‘f‘f“tosﬂé‘mﬁn%ﬂée|ﬁlﬂéf‘}‘&tﬁi176fia@ﬁj§c Ihiffsthgticpmpounds

dewseitedtpriaiyeron g RYstineliopGRayessele e RleRding unstimulated
Bl?s ysician would also know to adjust treatment to higher levels if the

“Chhit FRSERER WA ‘&E‘:é“&é&t?é?’é "E,BP@MM@%&W?S Thibratpmigen an

sofanadminstrateddoss bt theproanapgememaidher NF-xB). Various stimuli can

cause [kB phosphorylation by IkB kinase, followed by ubiquitination and degradation by
the proteasome. Following the degradation of IxB, NF-«B translocates to the nuclens and
regulates gene expression, affecting many cellular processes including inhibition of
apoptosis. Chemotherapy agents such as CPT-11 (Irinotecan) can activate NF-¢B in human
cofon cancer cell lines including LoVo cells, resulting in a decreased ability of these cells to
undergo apoptosis. Painter, R.B. Cancer Res 38:4445 (1978). Velcade™ is a dipeptidyl
boronic acid that inhibits the chymotrypsin-like activity of the proteasome (Lightcap, ef al.,
Clin Chem 46:673 (2000), Adams, er al., Cancer Res 59:2615 (1999), Adams, Curr Opin
Oncol 14:628 (2002)) while enhancing the trypsin and PGPH activities. Recently approved
as a proteasome inhibitor, Velcade™, (PS-341; Millennium Pharmaceuticals, Inc.) has been
shown to be directly toxic to cancer cells and also enhance the cytotoxic activity of CPT-11
i LoVo cells in vizro and in 2 LoVo xenograft model by inhibiting IxB degradation by the

proteasome. Blum, ef al., Ann Intern Med 80:249 (1974). In addition, Velcade™ was
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disorder of interest will vary with the severity of the condition to be treated
and to the route of administration. The severity of the condition may, for
wOeltaiipté7be evaluated, in part, by standard prognostic ereluesimmiii93is
methods. Further, the dose and perhaps dose frequency, will also vary
found acGORAINGRS the adbedyWeight.and reshgnse f the individual patient.
arable to¥ that%isggugsgd %%o@lgsrﬁgf \Igeﬁség"i"r?h Teclstea

One A program com
“""g%‘é‘ié‘r‘ﬁgériﬁfﬁ@d%ﬁ rBd Noper Diagethdlivg Growmd Specific\bubEitions beings

coll caltemied, Sushagents 1ay bt JRRYRIeE ard admInisieres systemical o

v ; variety of techniques for formulation an on ma

Chen rlgﬁ?\ya%/?rf I{?Iegr%' RS PHARMUESEHIcHIS cratersemd dthiBtioMaek not only

decreasRublishirg GeviviaRston:RA(199QsSiitable administration routes may
inf'%ﬁg{e'{ rectal, transdermal, vaginal, transmucosal, or intestinal

Anti-Antiire . ; L
_‘&maﬁ%a n; parenteral delivery, including intramuscular,

$bcutaneoushintramedullasylijections, @f?t{é\é‘é‘ﬂrﬁcs mflf{;%ltb%&adoﬁ%iég%m
e Y tr eU arl l‘nf[rav n _!JS,_I/n ra}[c),erltonea . |_ntr_a}n§lsa, or Intraocular
ecent éiEj&ré%%%sf??lc'ilz"é“zj‘ﬂﬁ%ﬁffj%éﬁan, RERLENE Y ehE brliatimerhiay tercs
e nhgsitrigthteddn laguebusselutionseprefambly-n physicladisaly opmpatiple
macrop BRrSSUCR-ARbIANKS, Solulian, Ringer s solytion, or physiological saline

“buffer. For Such transmucosal adminieraten PerttHAE a8 robaed b
cell. Bfarpditimetowerpebpieatad infecesenindhbafmsmuiation (Stehypenaitants

where, afifgenQiRllyieownin.the art. rmaceytically acceptable
b " Carriers o -Sé@?BYO 2(?05%%2%@%%%%@?&2%4%1@%%1?& |5cthéhe
oodstream Y TREs Frles dise lssel b tbiabtpramsticE ofth ererhodinment ey Se;

U S 4 9dosages | suitablg fian sysienic.admipi ion is within the scope of the
odiment. With praoper choice 0 %ﬁgi[ﬁ%r?gngle Gitable asi#a{éi‘iﬂiﬁ’ h

e b ‘ ' S e man
amhzax'pg%ﬁc%?{ngscgﬁfdﬂgi’ti%ﬁf§>ﬂl'§3ﬁo‘§e@%E?éiﬂgﬁneﬁtﬁaﬂfaﬂwﬁmmmtecﬁve
antigen f6AM amtm)gmgmégm@rﬂéﬁatmM@@Qﬁyﬁﬁ%ﬁqr%&%@ﬁ%@kﬁgcﬁ S0y
roxin (ﬂ%%veﬂﬁ%énéecthn. The compounds can be formulatec ree}(my‘usmg

pharmaceutically” &CE8HfabaLartidre VirRaritRORA ife thidigreints dobages
effect. Ngithblé foroidl administratian ety CRsiis.enakle g samnaunds,of
death withg:§Roriment to be formulated tablets,gi_lls capsules, liquids, gels,
o7y rur%%,l?_slurries, sus| einns%ﬁlsmésn ??Esrilféﬂ‘o BrltrEeaon By parent
297:506 {3 W wrbatasy giqyzggg_cﬁ@em‘spmeu‘@}ed‘&oszm:MQt_&;r@g intracellularly

(maw be administered &%i@l%tee%hnti&- es well known to thqse qf prdinarx
o SKilLin the art, For example, such agents may N fitapistiated ffits '
responsipis JOp AU PRTERC A hiGKEre dnie dedmibed labbie A molacuies ring-
shaped heptumer (see FIG. 6). Each hieptamer, bound to its receptor on the surface of a cell
has the ability to bind up to three molecules of LF. The complex formed between the PA
heptamer and LF is taken into the cell by receptor-mediated endocytosis, Following
endocytosis, LF is released into the cytosol where it attacks various cellular targets.
Mogridge, et ul., Biochemistry 41:1079 (2002), Lacy, et al., J Biol Chem 277:3006 (2002)
Bradley, er ul., Nuture 4314:225 (2001).

[0219] Lethal factor is a zinc dependent metalloprotease, which in the cytosol
cm1dmwemmﬁmmﬁa%s@mﬁngmnmmsofMenﬂogmﬁmWMahxménMn%ekm%e
family (MAPKK). Duesbery, er al., Science 280:734 (1998), Bodart, et al, Cell Cycle 1:10
(2002), Vitale, et al., J Appl Microbiol 87:288 (1999), Vitale, et al., Biochem J 352 Py

3739 (2000).  Of the seven different known MAPK kinases, six have been shown to be
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present in an aqueous solution at the time of liposome formation are
incorporated into the aqueous interior. The liposomal contents are both
protected from the external micro- environment and, because liposomes

fuse with cell membranes, are efficiently delivered into the cell cytoplasm.
Additionally, due to their hydrophobicity, small organic molecules may be
diregthradmiristered intracellularly. [0239] Determination of thepetf@gtivgni9s43
amounts is well within the capability of those skilled in the art, especially

ddightof the gelaleddiselsuisnrovidedRersing Rs ALAHINIQ the activRived

.ingredients, these pharmaceutical compositions may contain suitable
DA EutAaE st e sl et Er et tomprIEInG HXeoRrinteEnd  ghiimgmacant
uwvhich faeilitate, pregessing etihe.agtive compeuREstecpreparations: prevent
x\ﬁvg'xiﬁﬂfcaﬂ.b?)g e J,hagmaceut{catllé(._ Thefplrepara‘tioqfs forrEPIaIed for orafj |
“administratidA maybé TRERE 10T of fABIES aiagekd! ApL gsgpetion of eell
dsalutioksnTheqpharhadealitical TEMPOSItNS majnbe mandiactureddna 33:224
{ma}@ er that is itself known, for example, by means of conventional

mixing, dissolving, granulating, dragee-making, levitating, emulsifying,
encad8dkiing, Bnttappimg, ordyophllitinginprbtesses. 1) 240iQomprundsvent
L‘!*?%'%%Qcﬁ%éﬁ'ﬂc%@!‘ kﬁn%\/@:hfgte;’gfggf iﬁﬂ},?,%%%%t?ﬁ@lﬁ o ql.!&/ncowglwra that
methods. For example, the toxicology of a particular compound, or ofa
PECISERY T BREVEDpUHEY! Serakifibrcapditcenahingap hibielidss rhajpperhage-like

cestahlished by ERGHNIRING; BYITRIRXIN owards a1eailing, Stch %R asome
mammalian, and preferabji/ human, cell line. The results of such studies
[

HRGRB phBichiRgo t§ F 28 mslfgEcstieh B hahirmallyay msopat blocked

wppeeifically MEImansa e rnatively, ’éthmXiCin@fti@ﬂEﬂW'ﬁfere's%VﬂQ increase in
20115/002572 PCT/US20041019543 _compounds in an animal model,
pé%%'ﬁs‘é‘gen%‘éé‘f”r%%&Cr‘%ﬁbtﬁ%?t é"é%r%%hk@{?&?erﬁ%? SBEEFStET IR nsif potent
rkrioywymnmeéthdds: Tke wéficasyoohdsphstidhitdreoshpaundmoybent LeTx-induced
stablished. usin | art recognized methods, such as in vitro
C?ﬁe@ %g&é’s ﬂ%%%@ﬁﬁ@ %r human clinical trials. Art-recognized in vitro
model823xist foF metadyrevefyr dtassasfbeonditioridhcutingthesonditionsy cell

tﬁ)tggtegsp%/g?ee?%m99}%991%797'1%9'%%%%ﬂef %@’I 5nct%%gpt0§ﬁp?se Letive in a-few cell

cardiovascular disease, and various immune dysfunction, and infectious
cHiseadess Simayhagesciig aplindatihoddie masrbboused Hewetatsligh Froc

Aefficacy of.chemicals; i %eﬁbéﬁﬂsm{?,ngil&@?&-é%h%éﬁ'@féiem megsl 1,

determine eﬁicag’g the skilled artisan can be guided by the state of the art

afo CHBOME B AT Iatd Wb o, inflerediad srcrosis and apoptosis in mouse

macrophuge-like RAW264.7 and J774A.1 cells upon in vitro treatment.

[0222] The resuits indicate that the compounds described herein act as a potent
inhibitor of LeTx-induced cytotoxicity of murine macrophage-like RAW264.7 cells.
Treatment of RAW?264.7 cells with, for exanmple, compounds of Formula II-16, resulted in
a 10-fold increase in the viability of LeTx-treated cells compared to LeTx treatment alone
{average ECs of <4 nM) and therefore provide a valuable therapy for anthrax infections.
Forpula [1-16, for example, promoted survival of RAW264.7 macrophage-like cells in the
prescnce of LeTx mdicating that this compound and its derivatives provide a valuable
clinical therapeuiic for anthrax infection.

Pharmmaceutical Compositions

[0223] In one embodiment, the compounds disclosed herein are used in
pharmaceutical compositions. The compounds preferably can be produced by the methods

disclosed herein.  The compounds can be used, for example, in pharmaceutical
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administration, and legime_ Of course, human clinical trials can also be
used to determine the efficacy of a compound in humans. 102411 When
WQ3¥F'Y84A anti-microbial, anti-cancer, or anti-inflanmiatoREAGSR0-has+3
compounds disclosed herein may be administered by either oral or a
COMPEHGHETlpEhtiay . PiMhencadiilisteregiarallyaiticap bgadrnisisrad g
subse U .granule. spr rup, or.ather such form. When )
gﬁrﬂggﬁgd@%ﬁ%%goriﬂ%ﬁt %ﬂggogsénaﬁ ministered AsPAHBRGRally effective
AOUT IERIIBIHUEN ey prepeirationi sk like or iasigpbiim SsUpRAsioRLSaivg.
curie ainiment oy ks, when2mINsEres M erion.sybeiRneously
11arminga}[peEit(pnealIy, intravenously, __intramuscularly, intradermally, or thé Ii‘l?é.
P Shtrdnet! teEBsé orftAhehs fte fotmimuratidmirate nfision auripal
Sciencdeliviery are similguly conteruplaiad. 4024645 T he:compesitions diselosgd,
and e@er?{[ﬂvﬂiﬁt‘a{mﬂceuﬁcaﬁ compositions may also comprisea
pharmaceuticany adk8ptibil CAREr s tith Riswmpissiiins rapesitiorepared
examplor stéragebamaior subseguat atniRiEAtoN,-ALEERIBBIS SATISIS Oy be

adaed QINENEs, for, therapeutic use are well (mown in the pharmaceutical art, and
v argr%etsé:??vga, grg{é%fal(rﬁlpfél,ui%x{ﬁ?él}ﬁiﬂ SIFRBHAEMEREE A Satatices,

NARERIP ubligkingo@oo(AdRs, Gentiantnedit Q85 )1 Fogrexanmpleyvsuehy, e
formul SRIRRSION S May.Re formulated and used as tablets, capsules or
) solutions for Sra?ae m%‘ﬁfg@g?igﬁ ;egfjg%g%it%ﬁ?agdeP?%tb?HPBrW@ﬂﬁ&P““s for
rectal aéiam]mgﬁg{mﬁf@t@i%hwmmonsmnﬂ@lﬁ)ﬁnsiﬁ?jﬁsnfbl’eimﬁBﬁIﬂblﬁliiOn; patches
for waBdRIRBYAlAN.IRGARIES AANRG PrERAred in conventional forms, either
" _Aa}s,liqyid solutions or suspelnstigns., s_o‘lﬁ?%?n%lsldsﬁ} aﬁcéi'fo%ggl‘ Bher be
Prepureg K SRRIGAL G dRipricH s injé chiorid ool iemuisionspBsiitableexcipients
suiabldriluseatut aresnptnien 19, saline. dsxizezs, mapniol [aciose. edthin
exci mgl{lbulrginﬁsqu_um glutamate, cysteine hydrochloride, ang the Ifl(é, n
P Addition, It GGG, YHETn ok ECBrFmacB ek egnspoksitions, miaymin,
sodiumcghtainamj nogsameunts: eihnantoximawsliany SUbstanees, 69 WQrea ihe
i FOBRIBNZETE BCTILSZ00I00043, such as weting agerts pH buffering
agents, and the ke " HSSFeB A bSR3t SHOR ARG Pravarationstery
substangseapplessiposvmesy)mali beftiizer:o[02434 Thapharmasuticllytion
- enhancififectve.ARQYRL of the composition required.as a dose will depend on the
roﬁ_e !oc;‘ da_dmi:]eistrati.or?), %ﬁelptgsﬁ)éng?%ﬁ%%fjﬁl&ﬁ@e@eated, and the physical
Rardcteridticarofetisdpdoificiatimal fmdercansideraltion;sThedoSe6a0
d on,such factors as

aquecusP@JRIlRRRd Igve,a desired gifect, but will depen )
9 JP%@Q%?@QS?&SQ@@ g P%f qWHich ddifonn.

weight, diet, concurrent medication and other factors
Siispeﬂsmlt%éﬁ}n@ai@g}ig_ﬁg:w@é@éjgm}ng_ be prepared as appropriate oily injection
suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil,
or other organic oils such as soybean, grapefruit or almond oils, or synthetic fatty acid
esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous Injection suspensions
may contain substances that increase the viscosity of the suspension, such as sodium
carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension may also contain
suitable stabilizers or agents that increase the solubility of the compounds to allow for the
preparation of highly concentrated solutions.

[G226] Pharmaceutical preparations for oral use can be obtained by combining
the active compounds with solid excipient, optionally grinding a resulting mixture, and

processing the mixture of granules, after adding suitable auxifiaries, if desired, to obtain
-54.



[02441 The products or compositions of the embodiment, as described

above, may be used alone or in combination with one another, or in
combination with other therapeutic or diagnostic agents. These products

can be utilized in vivo or in vitro. The useful dosages and the most useful
modes of administration will vary depending upon the age, weight and

anima irealgd-the particular compounds employed, and the SQ:%RU{%H,%?/M 0343
for which these composition or compositions are employed. The

magnitude of a dose in the management or treatment for g particular
ARBTHEr Witsary With SRR BYEHE @Snd]i’tié?ﬁntﬁ%%r’trﬁg’fésd WD & s
rouiie:of ddoministrationg anddepéndingedsittite cilense wopditions anch as, for
their severity, the compasitions may be formulated and administered
e T e e e B R smgpeant
adinihistration. nhagr beplisenbiviiRemihdton' sRhamradeutivaliStiehidess, and/or

;J&EKHSQ&VM@&&E@ . ﬁbmglp&siﬁe@?t(%‘inf) agz%%g.@e%g%ﬂ%lb-goa&%%@&ﬁ as the

the compounds of Formulae |-V as an anti-microbial, an anti-cancer, or
FRERTI AR Y EE BRI kit SUMaEECattde B aTits lskespisils 2s sodium
smeathing.Agenis:SHsReRsIR agenisand phaipacestisally.ascapiabi&ntrated

film-forming substances and coating assistants, and the like may be
USEU SPHRIE B aRtohRS, Bhiehs L RBHea= I FRIR AIBER IS MR d e HREVInYE
iy e usedras SUHACEMGING g &ING0 S UGS i SIUGO Ko 1aRIOs ey A Mitions,
crchta!!iFﬁd cellulose, manr_litoll, Iig?ht.an{%/dr us sili(;:ate, magnesium
Aominate, MageSi hetrasi i difine Sy n e s hiRthr e added to
iticatl)s caldisgnecadopate; seditimaacidocashonatecdalaliffarbydregeinations of
Rosphate, calgium carboxym sthyl %%'éé‘l'%%%aas%‘?: the like may be.used hich
as exmplénts; magnesium Stearate; falc, hardened oif and the frké may be
sediasstipothing ggefn&s;mc_f@hupoiwmbdeagxﬁgéésmn@rlmjbqb@h gobikthylene
g? ycﬁ%%o@%ﬁ%ﬁgna(ﬁ&ﬁg qgédgg %91%(\}5%& ral!ﬁp gﬁ%’ﬂ&%’ Egzu%{lcoécﬁv%%%t%esoivent
phthalate as a derivative of a carbohydraté such as celllifose or sugar, or
TEHRacdbarsl e thapigiztelc opolyira erddsda idellivaldbisisf pofireieyl srajngs for

ibeusesias sHspension-Agentf-And pIAsHisizsES SUCh as &stghrithalates such
and the like may be used as suspension agents. In -61 WO 2005/002572

BeTeEopGaEAY ARSI I Ty BN S SRR dan GraMRiRS) S Patent
el BEsSiagEanees .oalaantss) PrEratives @ndarlikerpRY dgpounds);

dmini df lati f th d duced hy th
sl e mined formulen of e conpound prociecely e )

Atministésedotallys polymeric agents); 5,707,615 (anti-viral formulations); 5,683,676
(particulate medicaments); 5,654,286 {topical formulations); 5,688,529 (oral suspensions);

5.445.829 (extended release formulations); 5,653,987 (liquid formulations); 5,641,315

{controlled release fonmiiations) and 3,601,845 (spheroid formulations).

[0227] Further disclosed herein are various pharmaceutical compositions well
known m the pharmaceutical art for uses that inciude iniraocular, intranasal, and
intraauriceiar delivery. Phammacentical formulations include aqueous ophthalmic solutions
of {he active compounds in water-soluble form, such as eyedrops, or in gellan gum
(Shedden et al, Cin Ther, 23(3):440-50 (2001)) or hydrogels (Mayer et al,
Ophthalmologica, 210{2):101-3 {1996)); ophthalmic ointments; ophthalmic suspensions,
such as microparticulates, drug-containing smal! polymeric particles that are suspended in a
hguid carrier medium (Toshi, A. 1994 J Octwl Pharmacol 10:29-45), lipid-soluble
formulations (Alm et al,, Prog. Clin. Biol. Res., 312:447-58 (1989)), and microspheres

(Mordenti, Toxicol Sci, 52(13101-6 (1999)); and ocular inserts. Such suitable
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[0246] The compounds and compositions may he orally or non-orally
administered to a human patient in the amount of about 0.001 mg/kg/day
wotpHeboat720,000 mg/kg/day of the active ingredient, and rear&anefenably
about 0.1 mg/kg/day to about 100 mg/kg/day of the active ingredient at,
pharm:peaferaliy ot erpardayRh ﬁ@%%@%ﬁ%ﬂ%{e&‘@@b@sﬁpﬂftig'-g:%ni(:
and bugmeg per dra‘oy .Alterna‘tively_and) also preferably, the compound produced
v tive MetOH B HRE SHAHGHiImEHEFRASE P&t NP U R iRStetesd i s
drops statethamoiintpreprinuoushyby: for gxamplecan inavenrys drig. Jhys,
- .fgg the example of a patient weighing 70 kilo grams, Ehe prefelrredﬁ(jal.ly
R e R e T b e A
Sciencap @olt P00ighmiday s Andtione preferabilendwmgldayste aboutl T the art,
suitabl SHAMRIARNRNGIEISSS: A9 willbgynderstood by thase of skill in the. art,
}' in certain Situétions}i%%%aﬁ% Hr‘ié%%tgé"a{?ﬁ){?on Kot hltsrg?Lﬁw%ginW-e}fH?}é?} a
PH o Htidrifiandratery oittteantiviftedtverchnipounanofitives e mbedinent ind
approp@ROURES thatBXeass, Piga%%ge{ﬂc%xqgﬁgmIg?;eungb%\lle{z%ti%g lgi &rderf?{gl?\gu
‘ dosage range to effectively and aggressively treat particularly advance
melude SUMSINQNS diKkeMiBIRE L (EA7pit tRENEs8 BT inghegthe Gmtismicrobiadts for
such u|pnn0dU£iedfbymmﬁéh@@§19£éhe «8Mbodiment as a biochemical test reagent,
&L’e’compound produced by methods of the embodiment inhibits the
(oiessio R tHEctistass WHEMF RS HistBivedwar Gy anicbvsmiss!
compoulydriduScREganc sojventhangidtisdiecty;Rppligd to @&%ﬁs}fﬁﬂguﬁﬁHM?d
Formul &S hSYSt ms, U.sattale (fié%anic solvents include, for example, methanol,
methyleuRSXIde "Ahd the T HE R ARTARIP RN #6r VAR s gred
orally, ipoweder agnainistaredrintivrsie)ichinhiitar;, apligUishinhibitemprepay et
W1 tggin}g‘%n rganic solvent or.a hydrous organic solvent. While a preferred
e 1¢o]r'111c§ntra%i§0nno 15%’6%&“80%E’n8¥b%9&%"§8g BY e HEHD GUspERRon. an oy
preparatgmboditiieitdorouse asdaip.antppoicraliakairticanceaar @nttUMe! when
adminis@orppPound is &q:.rally in the range of about 1 ta abouyt 100.g/ml, the
_ P most aprgropri'a?e U2E amotnt VaRes depenting o1& Wpe BY EHgrel
intramussglpgystaiiahiethe purpose of use, as will be appreciated by persons of
osnary skihiniheath s LA ARRlicaions hinay be necessar
or preferred to persons of ordinary Sklﬁ in the art to Use-an amount
can be gigfde tHE Gl BImG ratbE102430 IPnberseriisodinféntiiresmetod ofe

embodirkiiNGIR GAMPRYDS ASANABTEMICIAbIAl  AnliEANGES- Al aainTan e
. involves administering an effective amount of -62 X W 21)05/00257

SmbOdIET IS THOTHOL B WYt e B dReSF o a s helpful to 4
patient ticomapasitipasiohtheseigompounds. In a preferred

Methods of Administration

j0230] In an alternative embodiment, the disclosed chemical compounds and the
disclosed pharmaceutical compositions are administered by a particular method as an anli-
microblal. Such methods include, among others, (a) administration though oral pathways,
which administration includes administration in capsule, tablet, granule, spray, syrup, or
other such forms; (b) administration through non-oral pathways, which administration
mcludes administration as an aqueous suspension, an oily preparation or the like or as a
drip, suppository, salve, ointment or the like; administration via injection, subcutaneously,

ntraperitoneally, intravenously, intramuscularly, intradermally, or the like; as well as (¢)
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embodiment, the method involves administering the compound

represented by Formula Il, to a patient in need of an anti-microbial, until

the need is effectively reduced or more preferably removed. 102491 As

will be understood by one of skill in the art, "need" is not an absolute teen
and merely implies that the patient can benefit from the treatment of the

antiy gnigrohiadythe anti-cancer, or anti-inflanmlatory in use. By ppgfieBhn/a19543
what is meant is an organism that can benefit by the use of an

antmi ia t r nti-inflammatory agent, For example, an ]
G R R A S RS AN A T T
Rt e pRey BEnefit frormriheitipplication fof anasitignterobiaidinat bfayte ipresent
dwm aedues the.areuntef m&%@?&%&?%@%%ﬁﬂ% AUEDL A9 n%%?:’tg]ger(i Jeleased

example, any organism with cancer, such as, a colorectal carcinoma,

xample, any | 1cer, |
BPOSIAYS RIS s B eas e it eiemee iy pion-SerfalticelEhangles of such

\CATCINOMAn AF DMBBANGREGI TSy MILIRIG: MY CIRNIRS, A MNEIANeMAL20 . 1nsed
the like, may benefit from the application of an anti-cancer agent that may

R i e LR TR AR AP EPBSEih 6 e pReFisaheamenends and
ramynarganis i andnflanmalery enditions: SHeRas: sHeHMARIdi yraocular,
h%j&[}lnggiﬁ, %%ﬂi‘mamﬂjuﬂft;if-l% Uscl,ergsis, psoriasis, stroke, myocardia

infarction, and the i e 'aaﬁ%‘évﬁefit from the application of an
anti-infladmatortimhtmayeintally édocesthe@amosnihofeellsassaciatednelude
awithdhe. ygfmmm;p({y respensepresent in the patient. In one embodiment,
the patiént's health r’néy n(%? F’jq}%lsfeoﬁig 11<311}1‘m§ntl-m’icr?gkl)’ilafl, AR EH gpend
B iR s atsrprisEaBeimihtshere df Fowelencihdipmbientmayistilrabedind the
psaiael benebithy ihe reduglionohing.1e%atof UEIODES, 3SR EEUS; ©F tilored

tOingl‘lcfil)r.nmatorci%/ cells present in the patient, and thus be in need. In one
embodiment i SHRchiibBikl dremd cantishagenriserradale dighingtcurrent

noeatypensf slierdhecss eansenobiiintAeAINSHRINEN HRES; Thus,allawing

a highgg?%ree ?f se_Ieg:ti_vity in the treatment of the patient. In othér
embadiignts, e Rt RN afBR RSy He BRecthedgsmist the products or

“Ghftamimatonn denditibrisreharacterized hy: diffarent Sellb-assoaiated Wilhbn with
ofihe inflammationy Ing such an anti-microbjal, anti-canceror =~
Eanti-im!:la‘:'flgr@nr[natory Jlg[glg%(Ieglr{?tg %f%eegtr%eg%(sj%péﬁ resft slj |su(t:]|%§ it ordinarily in
2 pPRAvipleR Ay inselulmn. an altetnatile ceplbpidimbat, the/antitmicebial or
comayshepifegtive against aread spec icrobes, preferably a, :
broad spectrum of foreign, and,gmdﬂre &% élrg)élarlr)}/h hgarr%lﬁ%a% e‘ﬁg},}ét’o frauding
PR gLEr g RsaniBH VR Gtfbod s ehes binti-tanossandrbr antilinfatimatosyally,

vaaganymay.pe .effeciive t@ﬂéiﬂ;ﬁtf%m&ﬁggsg Ot 09‘58&@%%%6?&‘ dSuch meﬁléods

mj{r&f[&gn ator ,‘condi.tiqns/cells_substances. Inye anothet embodiment, t
ANt SBRArT efstive Mgarb eV viciones, even those

{0233] As will be readily apparent to one skilled in the art, the useful in vivo
dosage 1o be administered and the particular mode of administration will vary depending
upon the age, weight and mammalian species treated, the particniar compounds employed,
and the specific use for which these compounds are employed. The determination of
ctfective dosage levels, that is the dosage levels necessary to achieve the desired resuli, can
be accomplished by one skilled in the art using routine pharmacological methods.
Typically, human clinical applications of products are coramenced at lower dosage levels,
with dosage level being increased until the desired effect is achieved. Alternatively,
acceptable in vitro studies can be used to establish useful doses and routes of administration
of the compositions identified by the present methods using established pharmacological

methods.
-57-



-63 - WO 2005/01)2572 PCT/US2004/019543 native to the host.
 Examples of microbes that may be targets of anti-microbials, include, but
WO HUEfMited to, B. anthraces, Plasmodium, Leishmania? Miypanssorie,
and the like. In still further embodiments, the anti-cancer agent is effective
@gadist albroad-spectrumiofl cantess qpaltcancess. foxamglesieancers,
commmﬁ:%@';@lsﬁi ue H(}srcli LC%%%O%Qﬁsdcmsg e%%igﬂ%%w%srl:g({!gt(iiletﬁeCdce)ils?rrt%cé?flecti
carcm_orﬁa, a prostate carcinoma, a breast adenocarcinoma, a non-small
no longgelidbiryecarcindnescandovelfiats odiseimoma, Thultiplegyelymasgabroadly,
depenaiEIANPME AR S Ke.  FXRmRlan inflarrunatory candiions against..
wpen !w“hi?h the agentfs are eﬁ‘gctivléa.iﬁlgfﬁ\éfé Y Eﬂuringfgl}é eﬁ?ﬁ%ﬁ@&é@?ﬁ%ﬁg ey
be betwpgntipiat Sélerosisgpodriagid, $itoke knyodardiallinfardkiorn)ahd wie likeut
loo micrEBeiARgUiRalY sfbeiveamannt “Rhamacatsaly.siiegive amotnt or

similar term, means that amount of drug or pharmaceéutical’ agent that will

calculaigddippanis BiERsgicEor Hdetrrestionstssloatal, hesue! systemttarirnal,

AdminiffNemanthatisheingsoughlelnadkerefered gmbodiment, the medical
response is one sought by a researcher, veterinarian, medical doctor, or

188at clinfhs o B NG Bdtaro Mt in bRy dstseanths dhesen
by the illikeliheoghofisurvivialiel: sricroRes0f blagkner sleviates the.deleteroys
: ffects of a microbe. In one embodiment, the likelihood of survival is
in The Fhatmas %L?%F?&n%‘m)sﬁlmdM&%aﬂhﬁmsézetﬂa@%@t detrsresial
physiciawith dntteases thevchaage Mahap neiidual misrope wikdgie: iAN8sration
embodiment, the likelihood of ?#rvival is determined as a function of a

due o O afbR of T DR TR, T bFite i o ETid R e R Kl s
know tthatjtherecwitldoe & degheadevirls thethoptlilatidnreipniccobes: kboneequate

JuaBmbagiment nti-l'égyigrt(a%ial eans antibiotic or other similar term. ﬁu h
(?mc ¢ gﬁi-mimias are (faba eof %I%crﬁfﬁléttrﬁ%(?ﬁé%?ﬁfﬁ éq eCte, GRaFoyf gtg%r
disorder g el ey roltho rrepioduidtio pooflinior sobgdnisrisysUichiasoute

of admiRasIera. TR s@m}p&ﬂ?@%}l@ﬂ%g%%ﬁ“@?&gﬂ @%é%@&]{m&{%}'aﬁ are

described in Antibiotics, Chemotherapcutics and Antibacterial Adents or
standard piegReiCHIHHG AN NSt o R EdRb therbBe rdyBars drsefetucTite will
also varMQJ@&id_lag Basts Q%é@@?t%ﬁmﬁ¥l%@q6§9éﬂ% é#%)n&?ﬂ@ﬁ@t Sent. A

I_Oui_amecronbcgo!_lltg)rlent, n antl-mlcgrpblal will not change the likelihood of survival,
PROSTAM SERRAT CRANGE S URSHCES that e it dBe§ il RAHHRT to the host
19 30me WeyerBorg instancgsdfithednitiohe saoretes i substanses thay is.
harmful tg the host, the anti-microbial may act upon the microbe to stop
formulatdf T ugmunster 5’ temCe 4 }% '
the Secration or Pay conteiact oF tﬁ’gé *he harmfLiY of ehniques “for
formulation and administration may be found in Remington's Pharmaceutical Sciences,
18th Ed., Mack Publishing Co., Euston, PA(1990). Suitable administration routes may
include oral, rectal, transdermal, vaginal, transmucosal, or intestinal administration;
parenteral delivery, including intramuscular, subcutaneous, intramedullary injections, as
well as Intrathecal, direct intraventricular, intravenous, intraperitoneal, intranasal, or
intraocular injections.

10237] For injection, the agents of the embodiment may be formulated in
aqueous solutions, preferably in physiologically compatible buffers such as Hanks' solution,
Ringer's solution, or physiological saline buffer. For such transmucosal administration,
penetrants appropriate to the barier to be permeated are used in the formulation. Such

penetrants are generally known in the art. Use of pharmaceutically acceptable carriers to
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effect. In one embodiment, an anti-microbial, while, increasing the

likelihood that the microbe(s) will die, is minimally harmful to the

surrounding, non-microbial, cells. In an alternative embodiment, it is not
important how harmful the anti-microbial is to -64 WO 2005/002572
PCT/US2004/019543 surrounding, nonmicrohial, cells, as long as it
redueesidhentikelihood of survival of the microbe. "Anti-cancer pgerkunim19543
refers to a compound or composition including the compound that

f(‘]n‘gxld?%?(gho : §§Ibh88lg %ﬁgl{f&l{ %s qfo(f%&cega% ” lnf ?eecle dﬁ g}"ﬁ? mttb dosaces

likelihoo rvival IS determlne as a CtIOI’] an in al cancer
seeib i, thecanti-ehner ragent wiil ihcréaseomeoéhhmewblqammndmndiuabper

L%@Q%ef( %‘%H \‘54"k;%esukﬂlﬂg%ﬁﬁﬂ?ﬁ%ﬂ%"g’l}m&h@e"‘61‘?4'@9890‘3 s i‘(@l(‘)%@d herein, in

determined as a function of a popu ation of cancer cells; th us, , ——C
AFPREahcEP sy EntWilidcre 68 thescHanc &s t%ﬁ@ﬁéﬁ@%llﬂ’b@ée@@mé@léb as by

i 08 RRRKIALRR Of RN &RISs IB.aNe ?&QQQ@?W@&W'L&Q’%@(&@Q%UC&]
means chemotherapeutic agent or other similar term, [0250

HEHRGHETAFS MR éﬁ@ﬁf“ (3 Ccﬂbmﬁ%a%?fp%ma?né%faiﬁham@ntf@a%m*eﬁuc
cafraneaplastio.disease,siich Rmeannssd mxamplesofshamatberapaulis, pills,
agents jinclude alkylatl 8% (]qents such as a mtroaen mus érd an

hy

& Vighelting &56°a QPR AR UtEridte, S R daareton by a

wandxattrl&mdollc acid antagonists, anti-metabolites of nuclelc acid

metaggl,l éblo ics, pyrimidine analog E ofluoroyr CI| cisplatin,
enls ntbrided to.h a
purin nuc eOSI i ¢ adIRIIy r;e,d nuac egn he admiistered

S, amines, amino acl 1aZ0l NUC eOS
usonticostesoidsyd! hiawralqoﬁ%@duolfsuhh"@:smulmathék:atolﬁpaﬂcample such agents

nERIBEAARhY '.9}'%'ﬂn%&%ﬁi?&'%&{‘aﬁ%ﬂ%&ﬁ a*saa@s@ﬁbécl‘é’b%‘ bm!%@'z(%l%llecules

response modifier; miscellaneous agents such as a platinum coordination
PESRPlE@BrIEPRHI- stEHediBrike dmanfHipespaindransiipsdtatodamperstet into the

ety ydrazing, derivatives ehamadrenecatical spPTessalt mal micro-

haormone or an antagonist such as an adrenocorticosteroid, a progestin,
SR BRREeH b SHtES BRI AT et lame mbtiatsdr dgR Alfisiaatly delivered

ngeuadairapiRpeleasinghemenaangl %1@%%%&%@@Péﬁﬁfp&lgegﬁc molecules
Ad mgﬁ/cm Doxorubicin, 5- Fluorourau) Cytosine arabinoside ("Ara-C"),

&y diop é%rf'&fﬂl&@‘ﬁ*f%‘f@ﬁ%? BlElifan, Cytoxin, Taxol, Toxotere,
Meth@ﬂéﬂate Ciaptatingtibidefphalam Virblasting: BleemyainiElepesidatity of

Carbo gqtel r%] ge)r:?ggsl?dacé::é%ﬂ Itof(na{]tgcm% \E/llr%%elt%e%f?ng Qiescylpu%elln?g\]f%ed herein. In
addition to the active ingredients, these pharmaceutical composxtlons may contain suitable
pharmaceutically aceeptable carriers comprising excipients and auxiliaries which facilitate
processing of the active compounds tato preparations which can be used pharmacentically,
The preparations formulated for oral administration may be in the form of tablets, dragees,
capsules, or solutions. The pharmaceutical compositions may be manufactured in a manner
that 1s 1tself known, for example, by ineans of conventional mixing, dissolving, granulating,
dragee-making, levitating, emulsifying, encapsulating, entrapping, or Iyophilizing
Processes. |

{0240} Compounds disclosed herein can be evaluated for efficacy and toxicity
using known methods. For example, the toxicology of a particular compound, or of a
subsct of the compounds, sharing certain chemical moieties, may be established by
determining in virro toxicity towards a cell line, such as a mammalian, and preferably
fuman, cell line.  The results of such studies are often predictive of toxicity in animals,

such as mammals, or more specifically, humans. Alternatively, the toxicity of particular
.50,



Aminopterin, Dactinomycin, Mitornycins, Esperamicins, Melphalan, and

other related nitrogen mustards. Also included in this definition are
Wha#rtiial’7agents that act to regulate or inhibit hormone @§tkHSeH-H indiss,

such as tamoxifen and onapristone. [0251) The anti-cancer agent may act

compagiréetly upomiaganceeicelidn kill:Hhe cells, induae, deathpf thengsl, Qay be
determ‘?&@{e{ﬂéﬂvﬂ nof the cell, a[i]p th,%Jike. Alternatively, the anti- cancer
agent may indirectly act Upon the“cancer Telf b?faﬁrlﬁﬂrﬁ’g FRIFEREOrBRY OkE
establighisiyites shereel! forexamplesSuth anti-sanceragentsalesanaie of,
or hurdestreyin uppressing, the, -65 WO 2015/00257 _
D 1o o o rebodCtn B Enf e eBhsc et s
conditieg|orsétdincatieimmiitionpraistatebraicinammuadiréast 6@ NERACROMAnS

cancer NORSMALLE! ngcarging 1.Qvaria rcinoma, multiple myelomas,
__amelanoma, and the Tike. %‘é%%“ﬁ{“ﬁ%gﬁﬁ?%’a?séggn F RO ebashe
Similalyraceqpiablecnisia Bepilranon bt vewlls rolbliihg Biturnar ohdisBUE 1o treat
such c&ﬂm@MmgWﬁHxﬂmfﬁﬂgmﬁp%H% %élggﬂﬁcr@ﬁ%%%aﬁ? SF'?HQE 5 (s::giacin be
Ioo% or serum), that exhibits abnormal growth by cellular proh eration

gmdedgr atet thalhi Rorial Hslfe ShRs8pIAMBREGPIBES banilsh clossaligdantu@©263]
adminiArtinflammetony. condition; includession example .conditiQos SUeR s
the effISEDEMIa, septic shock, autoimmune diseases, rheumatoid arthritis,

e 1|&n%g§1fr%att}81 %B]éwlé]l%}%ggse, systemic humus eytllematosus, multiple

$&leidsis, BAthinacoatenartinriili OB AROLQSISeTIBFONE HSBATESory agent,

h s, Ingluding psoriasis, atopic dermatitis and ultraviolet radiation
e Gtk Qa/Rab BULTANE SN, AWl S o
When (isinestatid erghnirsjectioninlzbieirders disdasebhtrakenathgrosclerosis,

other shiestenasisydiabetes:,glomerylonenbritis, cancer, Hodgkins disease,
cachexia, inflamm.atli,gln aschiatgdm vgi’t# f“r?f}ec%t?oanaglﬁﬁsg%rr C@fiﬁsv‘lll’:%\ﬁq““’us
SUSPERIOFL AoNE) IMERIHIRR s dbir ddarpnisinetdefitippeyiteyn dromeoiGhiBE oadult
like, wrespiatonsdistreas sypdreme.andMaxia elangiestasiay (02541 In one
- embpodiment, a descri eci compound, pre%rﬁ){?}%’amé%zrﬁgg nd' agwgsrlﬁ,e
MU e AR fihing tHB & e s de Sctitvad dtertsiteass considatiensaniepor
formulaeffective iamtimﬁigmty’@le]a@wgaéﬁﬁﬁﬁdé?rﬁ%ﬂtlﬁﬂﬁm%?tory if the compound
l%qgi' fluepce 10% of the microbes, cancer cells, or jnflammatqry cells, for
example, i a RAoTe Brate fHStiodh bt Shehae eesiisel periaastfsotveas it
also congpmsidlpemoe: 40 io-59 % efptBlmig R e S uoRRERLEEID R AN RAIRN:
for Smrggysmm an.even morea pggferred embodiment, the compound is effective if

it'can influence 50-8006 oM RS TIEdbes CAREE! CAREI6P i afirasnior

therapeygg|fese are well known in the pharmaceutical art, and are described, for example, in
Remington’s Pharmaceutical Sciences, Mack Publishing Co. (A.R. Gennaro edit. 1985).
For example, such compositions may be formulated and used as tablets, capsules or
solutions for oral administration; suppositories for rectal or vaginal aéministraiion; sterile
solutions or suspensions for injectable administration. Injectables can be prepared in
conventional forms, either as liguid solutions or suspensions, solid forms suitable for
solution or suspension in liquid prior to ingection, or as emulsions. Suitable excipients
nclude, but are not liniited to, saline, dextrose, mannitol, lactose, lecithin, albumin, sodium
glutamate, cysteine hydrochloride, and the like. In addition, if desired, the injectable

pharmacentical compositions may contain minor amounts of nontoxic auxiliary substances
,
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In an even more preferred embodiment, the compound is effective if it can
influence 80- 95% of the microbes, cancer cells, or inflammatory cells. In

an even more preferred embodiment, the compound is effective if it can
influence 95-99% of the microbes, cancer cells, or inflammatory cells.
“Influence" is defined by the mechanism of action for each compound.
Thusofaexample, if a compound prevents the reproduction ofggigtb®s019543
then influence is a measure of prevention of reproduction. Likewise, if a
GABAPE : i hen influence is a sure of microbe ,
et Al o and T BeahE (iR HloR B ELfbenancine

FERRATHNEAS At exEENiS. di Rveerserk whpheveifition of cancer cell division.
Iti eration of .

Furtheqﬂmg?xamﬂ@ﬂilfd%ggﬂggﬂﬂpeﬁggk{ p%%nt{l)‘ltgjfpére\} r(]‘ﬁ8}¥%slﬂlon L’equired asa

i_rllfla:tmmatory cells, then influence is a measure 0
M al6P e 186 Kty 200810028 7RIV 1152004089543 treated, and the

protiferation et alk srasbanisms pf actian fegdbe at.the g‘%\e\? can be tailored

p,erc?ntage gf effectiveness. In an alternative embodiment,
O acnieve g

percantags Sffictveieds iy Pedtrssiableitthétwentegightofiict, concurrent

effdtiveness isheffsetdy wrnardfastarsisyahas ihaispesificlty,of the.
compaléggﬁfor exam e, Tthus_ a compound that is only 10% effective, for
examplé. but displaySAtiesS P HHEMRR G rapinthe simbosifaets o timdidst, above,
Brndn-harflbtmierabes-anbealis; canisillbeonsidsred %H%th‘é%bl}ogﬁtﬁ] other

J&%ﬁ]@u‘ﬁ@&o éign%‘stﬁ Cthaeeccgm unds described herein are administere

simply to remove microbes. cancer LGt sandmmiEiar) dengcapidneti. The
‘ﬁ%t;i(’&féﬁ?ﬁ @imémdzgsalpaﬂ?mo&srcﬁx‘ammftr%ﬁ&Hugﬂwséﬁding upon the
[picrahes GAn RIEsent a.proRlem; sych as in food products, the o
compounds described herein a]n{ quégiorﬂllﬁ?é’ éc?(%aa‘gm?é’ﬁﬁﬂ@ the protidetss for
VO FEIHEE HREVRSR P e st sifithie produptsydAllteThativeiith® of a dose in the
sompoundcaninuretioseduahedoyol e espI e

surrounding environment, such working surfaces. As -another €

‘the CShpotindstiah BE Raiifiniswsied afvivbitetmueihsatpledisyon abealisease

€ compo
cooriemanrawelsterriog|litanspiantii: GRsHEe HalaNyNoR-cancerous, .
sSﬁQr%%E mOtrr(;?du?]qd mto Ithe recipient. After the compounds arc
admini They iay BptiS RN e HeshSTdar THR ricgpBe frairtisusnly may be

~administere &
'eesiratieinn gituatinswherscu ok siEaces et foad-RregcS PRy, Came, A
¢ intg contact with other surfaces or organisms that could risk being banne

by the compounds. In an alternative embodiment, the compounds may be

left inl#Réood Brotiuetsdr or thenvorkdsurfatemtOaAllaw R AMOIS crobial, an
;umrQ@ﬁUQnOWQEIE‘;‘ELQﬁHRMiQE&{? :?‘gc:?tpti&%xw;” sql?glgg dagt?\(f)cn gggn{se, Iac‘ftjc\éiepients
smuoothing agents, suspension agents and pharmaceutically acceptable film-forming
substances and coating assistants, and the tike may be used. Preferably alcohols, esters,
sulfated aliphatic alcohols, and the like may be used as surface active agents; sucrose,
glucose, lactose, starch, crystallized  cellnlose, mannitol, light anhydrous silicate,
magnesium aluminate, magnesium methasilicate aluminate, synthetic aluminum silicate;
calciwm  carbonate, sodium  acid carbonate, calcium hydrogen phosphate, ca]cium'
carboxymethyl cellulose, and the like may be used as excipients; magnesium stearate, talc,
hardened oil and the like may be used as smoothing agents: coconut o1l, olive oil, sesame
oil, peanut oil, sova may be used as suspension agents or lubricants; cellulose acetate
phthalate as a derivative of a carbohydrate such as cellulose or sugar, or methylacetate-
methacrylate copolymer as a derivative of polyvinyl may be used as suspension agents; and

plasticizers such as ester phthalates and the like may be used as suspension agents. In

-6}~



needs of the situation and the risks associated with the compound, which
in part can be determined as described in the Examples below. [02561
WORRERSAdRIng non-limiting examples are meant to descritfé #HESpeFa et
embodiments of the methods. Variations in the details of the particular
additioométhdlls dmptoyed mnindhépratises chemitalcompesitions, obtdineds,
preservMlUNAOURIGAlY e ApPIegiated DY INnSe. 8K IR Me At EXAMELER,

Example | Fermentation of Compound of Formulae 11-16 11-20 and Il 24C
producegh p5 7S i CINB 476 WaBogrevm: iRt Bobu 1 fesk (Be reiitingd 06 il tof
adminisMgGEeLAtive medium consisting of the following per liter of deionized water:

lucose, 4 g; Bacto tryptone, 3 g; Bacto casitone, 5 g; and synthetic sea

@%((instaHtf-‘oe@@ﬁ?w jarilith SYRRHISYISB0THYTRE firstibecd cofnaalias
adminisiBedbatethahsB degre e Grior3iay siomaufetan i/ \Wa2ROROA2R/7 @

PCf/U 52004/0 19543 shaker operating at 250 r{%r]n Four ml each of the

h
e/l A SRS BN LRSS Th S At8T I it 508 -l fhidke Sontaithn oF0
mg/kg/dh00 lhohthiepgeititveampdiierab T hensecond-sead oc Uk 9s-Weldy, over
., sncubated at 28 degree, C and 250 rpm on a rot aker for 2 days, Four
oo o e dEb i SUBH AP TS GBI TR A S5
by the rflagks cdrtairinpodfnt00mlyohtieardgétativenieditminTihe thirel seesints

- re re incubated. at 28 degree anﬁi 250.rpm on a rotary shaker for
conn B N R L PR Whe 1 GEUILEER o T

weighinpifdkddgs00snibflaskés cohiditind 400 rmivohtheeproductiofeanediupedient

c 't'_ O ' 1oni v starch, 10 g; yeast
ok L, R AL e SR L S T
7 gramsyflgy. cANIuFH elarhorardll 1bg; undarsepstiotib ewacsakifinstaht @teangertain

sitnatiorAGh AHINDSYSRINS): ShdidiherRrRdustion chtiies were, ingybated af,28

) . degree C and 250 rpm on roatry shakers for 1 day. Approximately 2 to 3

nfective FORROYPL aFiIR ARG RAD- FHEGH Wite A8 d Tb tHeP produicaish the

above-s@WiIrgR: el pERductioneutugRwem furiherdneubaiad & R8deRies ¢
dv and 250 rpm an rotary shakers for 5 days. The culture broth was filtered

4 Wm@ﬁ%ﬁfﬁh‘ﬁc HeB4E W8t to recover the Amberlite XAD-7 resin. The resin was

[@x#rg ctedwithe 2ctimes Gibibey Stiethyltacatateiiollowed day dytimethbd lierge
embodin%ﬂy lagcaetrgg%h;:rnq%zﬁo{c%?ipe%deleﬁ( trt%gtgovr\{le ';:)eu%sieg mlc\:/g(f: O'r;r hﬁo%geq the

extract, containing 3.8 grams the compoun dt Eormula’il- (61and esser
cmbodingfiantitidstofbomiseinigisiop! the discase when it is dissolved in an organic
sotvent or hydrous organic solvent and it is directly applied to any of various cultured celi
systems. Usuble organic solvents include, for example, methanol, methylsutfoxide, and the
like. The formulation can, for example, be a powder, granular or other solid inhibitor, or a
liguid inhibitor prepared using an organic solvent or a hydrous organic solvent. While a
preferred concentration of the compound produced by the method of the embodiment for
use as an anti-piicrobial, anticancer oy anti-tumor compound is generally in the range of
about | to about 100 pg/ml, the most appropriate use amount varies depending on the type
of culturcd cell system and the purpose of use, as will be appreciated by persons of ordinary
skill in the art. Also, In certain applications it may be necessary or preferred to persons of
ordinary skill in the art to use an amount outside the foregoing range.

[0248]) In one embodiment, the method of using a compound as un anti-

microbial, anti-cancer or anti-inflammatory involves administering an effective amount of
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formulae fl 20 and IT-24C, was then processed for the recovery of the
compounds of Formula 11-16,11-20 and 11-24C. Example 2 Purification
of Compound of Fornntlae 11-16,11-20 and 11-24C (02581 The pure
compounds of Formulae 11-16, 11-20 and 11-24C were obtained by flash
chromatography followed by HPLC. Eight grams crude extract containing

3.8 vgrams/ahthe compound of Formula fl-16 and lesser quantitpes @& 2003/019543
11-20 and 11-24C was processed by flash chromatography using Biotage

Flash40 yste Iash cartrld il Silica, 32-63
TR R e R S G
gragigntel, Hmn@r(ﬂ_z)nzalm@/a@uhyﬁaoe&m@e|notnemlmé {tpyBerz0d b EHymula II,

@C?tﬁﬁ‘? lﬂthg)ﬂ%}g JES eAH fqn&olb)aﬁl gz%ﬁ) tﬁct,hﬁ:éf: & aetﬁeé}wglx ﬁwi_ ed or more

second elution (1L) % Ethyl acetate in hexane, third elution
P50 E’ﬂﬁym@étféte in hexane (1L) -68 WO 20115/002572

PCT/OR30A019543 7. 2036y Rcs gl ihexane A&y hacsiaitome

(I L) 102591 Fractions containing theé compound of Formula II-16 in

GreatiloP kAl e Apn ﬁumwy Pﬁﬂ@%@fe%’eu&f a‘ﬁ%ﬁ%’ﬂﬂﬁﬁb&f the anti-

IHBtC@lﬂU[lf&élﬁl@ﬂ?tﬁ:&ldeﬁ@.ﬂbﬁﬁlﬂmmti@lﬁb.@n Hy 19 aidangwiithid nébht is an
[1-24C each as._pure. corg‘gounds Column Phenamenex Luna IOu

f%gb‘bm%ﬁ ORESE RIS Y TR TEIBRA 2B 5 ab‘éf@ﬁﬁ?fﬁmtory
zﬁ’h@D Sﬁbxemuﬁiaﬁahbgemhpf &@%ﬁt@%ﬂhexam;i@n&& MiNas2@%oum, Leishmania,

tOA hexane %EtOAC In ]?5)00/ Et Ac for. 4 mi
DT A A ity ROtk 1ol 435 hiibia that may

above red09sisurawith sEspecbts kd@pastiissolved iracetding cxample, any
<(Q%m94m&itﬁ"&%9éﬁ @éﬂ lAQ Qxf colorectal carcinoma, a prostate carcinoma, a breast

adenocarcinoma, a non-small cell lung carcinoma, an ovarian carcinoma, multiple
myctomas, a melanoma, and the like, may benefit from the application of an anti-cancer
agent that may in turn reduce the amount of cancer present in the patient. Furthermore, any
organism with an inflammatory conditions, such as, rheumatoid arthritis, asthma, muliiple
scierosis, psoriasis, stroke, myocardial infarction, and the like, may benefit from the
application of an anti-inflammatory that may in turn reduce the amount of cells associated
with the inflammatory response present in the patient. In one embodiment, the paticnt’s
health may not require that an anti-microbial, anti-cancer, or anti-inflammatory be
administered, however, the patient may still obtain some benefit by the reduction of the
fevel of microbes, cancer cells, or inflammatory cells present in the patient, and thus be in
need.  In one embodiment, the anti-microbial or anti-cancer agent is effective against one
type of microbe or cancer, but not against other types; thus, aliowing a high degree of
selectivity in the treatment of the patient. In other embodiments, the anti-inflammatory may
be effective against inflammatory conditions characterized by different cells associated with
the inflammation. In choosing such an anti-microbial, anti-cancer or anti-inflammatory
agent, the methods and results disclosed in the Examples may be useful. In an alternative
cmbodiment, the anti-microbial may be effective against a broad spectrum of microbes,
preferably a broad spectrum of foreign, and, more preferably, harmful bacteria, to the host
orgamsm.  In embodiments, the anti-cancer and/or anti-inflammatory agent may be
effective against a broad spectrum of cancers and inflammatory conditions/cells/substances.

[ yet another embodiment, the anti-microbial is effective against ail microbes, even those
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this solution were injected onto a normal-phase HPLC column using the

conditions described above. The compound of Fonnula 11-16 eluted at
- woaheusik4minutes, and minor compounds 11-24C and 11-28eltag, @t ks

and 23 minutes, respectively. Fractions containing 11-16, 11-24C, and

native & 00 1WE[E %‘?Agﬂe?%ﬁ?;%b%?%gtor%'%'o@&&?%@%ﬁ%ﬁi.%EF‘?&%%F{r?c‘g]'&r,‘s
contalnirig the desired compounds were concentrated under reduce
but are ppeseuredter, el ureisotipourdtiof Fommua izl 716 e wel.csddbatiie

In still HAGHORSICAMANNGHI-24C.and; el iWHeRwers fudhe BBHﬂi@Bgc@ﬁm of

described below. 102611 Sample containing 11-24C (70 mg) was dissolved
cancers py all storifthile A BPES et ETo B0 Wit i arrn BoBds way Teadidton
include ARJMRAS COIBRS, dIMEARIOBS Ao ey AR RRLIEREEN CORAIRING:

Eclipse XDB-CIS support. The solvent gradient increased linearly from
cell lung sorc OBt 8506 Wethortd To0IBlaceEkmite svesomminmddhatise.
ExemplilQWirater@fddep Qi nEheselenticomppsitighwas-belgrat:l 0% ude

acetonitrile for 3 minutes before returning to the starting solvent mixture.
rheumatpdd A Ao TBIRY AHT9 SRR B v SripBtinB Hs Her ke
the like.conditions. -69 WO 20051002572 PC17 US 2003/019543 [0262] To

gtialxia;g P%g{.e com u99 11-20, tth,e enriched sztslmples g,en_erate;d from the
preparative HPLT Method dadcribel above Watetrifirsied with Bt Acto
similar removesmindratlipophilicdinpugitiespiina resultid gegample coiitainadt in a
Vi poL -20.1In >95% purigy.. [0 ompound of Formula 11-16:. UV
R e Al g A e 2
sought. (W+Nz)fo2d 41nBompotngconFdamulsion0is Uve(Asaioritriletdsa®)her,

veterina?&m,amie%a.‘%%ﬁmorlﬂ%‘{gl%ﬁl%tM@SS: nilz 266 (M+H)' FIG. 7 depicts the IFI
NMR spectrum of a compound having the structure of Formula 11-20.

(6985 CEMBoUITEFST IRotrfiriyaund At epucsedisrnnaheadoy Bngyal of
microbed 2R (BRL Ry LOW RES 118 HVikiasuss $ifedd bha 2,30 2816 thY thlhodidr/1 (
he Tik ]gvt ~ tviO.‘) Na,.IF_IG. 8u _deé)[Cis the 1Ff NTM trum ofa M1~"H)~ um ui

¢ BCRAvARL Pl s EREHEOURS HAVHGTE SiriR4iigsY BufFibfa a4
anti-micko¥@mplél B ikesnentaiioh.ot Campanngdaioliormilae - Wiaag - 1§ [0266]
embo di{%fr'[?irghcw%li@ vk\éasfgrownr_!‘n a ag_o-ml g&?ﬁk containing %OO ml of the first

Vehetafive MediinT consisting of tHE1bik ﬁq“ng?HSP‘df deittYEY Watdr:
microbeg)ltloos@yddanti-microbial will increase the chances that there wili be a decrease in
the population of microbes. In one embodiment, anti-microbial means antibiotic or other
stmitlar term. Such anti-microbials are capable of blocking the harmful effects, destroying
or suppressing the growth or reproduction of microorganisms, such as bacteria. For
example, such antibacterials and other anti-microbials are described in Antibiotics,
Chemotherapeutics and Antibacterial Agents for Disease Control (M. Grayson, editor,
1982), and E. Gale et al., The Molecular Basis of Antibiotic Action 2d edition (1981). In
another embodiment, an anti-microbial will not change the likelihood of survival, but wili
change the chances that the microbes will be harmful to the host in some way. For
mnstance, tf the microbe secretes a substance that is harmful to the host, the anti-microbial
may act upon the microbe to stop the secretion or may counieract or block the harmful
effect. In one embodiment, an anti-microbial, while, increasing the likefihood that the
microbe(s} will die, 1s minimally harmful to the surrounding, non-microbial, cells. In an

alternative embodiment, it is not imporiant how harmful the anti-microbial is fo
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g; Bacto tryptone, 3 g; Bacto casitone, 5 g; and synthetic sea salt (nstant
Ocean, Aquarium Systems), 30 g. The first seed culture was incubated at

28 degree C for 3 days on a rotary shaker operating at 250 rpm. Five ml

of the first seed culture was inoculated into a 500-ml flask containing 100

ml of the second vegetative medium consisting of the following per liter of
deignizackates: starch, 10 g; yeast extract, 4 g; peptone, 2 g; ferrigs2004/019543
sulfate, 40 mg; potassium bromide, 100 mg; calcium carbonate, | g; and
@@ﬁlﬂaﬁmb@mtdﬁxié’}%tgazﬂaﬁié%%ﬁtﬁ?% QEHHJ&%}%%&&%HQQ tepl satv2\§ of the -
for 7 days on a rotary shaker operating at 250 rpm. Appromma?elyué {6

GHSH'SF sterile Amberlite XAD-7 resin were added to the second seed

culture: Rhe-segendsseedculiume,was Juhes ineHbee At R8G 0! 3.98¥8 pound
Dﬁ.cﬁ%%g%}?hﬁkeﬁop raiting at 250 rom. Five nil of the second seed
| inoctlated ifitd" B Babohit s chiitaifiny e ounhntisrare besbahood

culture was inoculate
végetativeimédiunindhes thifchseed auiiiedwvas dneubated @t 28C for LaaYance:

on.a rotary shaker operating at 250 rom. Approximately 2 to 3 grans of
S e Ampsarite WAS S oird ARALH (GRRE AT SbetecuPee PHBodimen,
th¢r&jE<§éé@<t9ﬁauwi~alsiSfLmttwminﬂubﬁﬁe@uatBBGSff@rpB}ﬂﬂM&Q%@cﬁ%@ﬂéens; thus,

shaker operating at 250 rom__Five ml of the third culture was inoculated,
into a 500-m1 ?I:éi containing 100 nil o 'Seté%tc MY Egdtdtivé fiwsdsasn. in the

RS ERIe sesteurlive Wasincubaliowa 28CfortidaynmenetaRhaRkepeutic

[raratingat a0 4nm,Approximately 2 to 3 grain of sterile Amberlite
XAD-7 resin were added to the fourth seed culture. The fourth seed

culturd {2 furtier rnwher ZBOS0028T> RCTAISARBH/CABBAR useful in the

insubatedrat 2811ond daY.0N alataby.shakeranaialing aio0 om. Five
.mlleg\ch. fihe fourth seed culture was inoculated'into ten 506-m1 flasks™
‘ot ﬁnﬁ%y B IREF e SEEBNE vegBIARRE madstaT. The fitlvsoethine and a

oelbyhesivereinaubieduabrfe; fonkday.en artar: shakeraRelrating @ onists
A00.pm. A eggqéli@%telg 2dto 3t ?r?ms of sterile Amberlite XAD-7 resin -
nerc aade to the fitth seed EMtIrET- FRETIHIF S Rifioreevrgte folusapuracil,
Grelibatatian SC dpiB g aysies, arotarishakehaperatiogsal 25 Histeroids, a
Eeunmlgach.ofithe fifth seed culture was.inocylated into one hundred

“and fifty 500-m lhfi%gé{ktégc%na?gdr%ﬁg DG LA BRB Al SR enzsme, &
Heihgthe Sdnedogsm posiiosr aseHidi secofdeliegesative:madiuth. as a platinum
(‘Aﬂﬂ!’%lmﬁ%%ge’i@ g‘llgﬁ@ﬂm%c%&}%rﬂlf m%w&gyéﬁi _Z R Igo Baethyl

had_c‘ic_a_ol to the production culture_: The prgduch_on cultures were incuba e
& PEETOPE BAYP off &Y AEAFYOSHERE SBPRIRIENY: AF 250 Mpome Fieuattagenist such
abrothasasditeresttheauch sheeam clathdaiecoves e AMBEIE XAR T en an
a{}%sa!{]dr;)rgr}:%,r%?g Yg&%&ﬁ@%i@l%?&g EEgPITelgll?i Ilatgggge.th)élpggi%t? tgxamples mclude
Adriamycin,  Doxorubicin,  5-Fluorouracil,  Cytosine  arabinoside (“Ara-C"),
Cyclophosphamide, Thiotepa, Busulfan, Cytoxin, Taxol, Toxotere, Methotrexate, Cisplatin,
Melphalan, Vinblastine, Bleomycin, Etoposide, Ifosfamide, Mitomycin C, Mitoxantrone,
Vincreistine,  Vinorelbine, Carboplatin, Teniposide, Daunomycin, Carminomycin,
Arinopterin, Dactinomyein, ‘Mitomycins, Esperamicins, Melphalan, and other related
nitrogen mustards. Also included in this definition are hormonal agents that act to regulate
or inhibit hermone action on tumors, such as tamoxifen and onapristone.
[0251) The anti-cancer agent may act directly upon a cancer cel! to kill the cell,
induce death of the ccll, to prevent division of the cell, and the like. Alternatively, the anti-
cancer agent may indirectly act upon the cancer cell by limiting nutrient or blood supply to

the cell, for example. Such anti-cancer agents are capable of destroying or suppressing the
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followed by | time | liter ethyl acetate, The combined extracts were dried in

vacuo. The dried extract, containing 0.42 g of the compourld Formulaﬂ
WOZNYTAE 0.16 gram the compound of Formula 11-18, w&s CHE004/019543

processed for the recovery of the compounds. Example 4 Purification of

growthCom2youdasiof FarmadesdIcdifsandch1218,1026,£).1h ec% o o(rzﬁ)ﬁ;n ng)lpo%ﬁn%f
ndr [mul% fl-17 agd 11-18 were obtained by reversed-phase HPLCas .

Camlméll(ge%s’criibeif%ﬂel(g‘we?I GItIARTACE S e8! BitheliSiors b8iem:X 20 avaviid

carcinoplgypirgtelt45eitimine Detlection 24mumsolvent Gradient of 35%

itri ityi 15 min (0268]
B B el e abia palrs o

Crude extract (100 mg) was dissolvé
cells, ivehging v wrisTselutionawers idjacted! Qﬂﬁ@@ﬁﬁﬁﬁ'ﬁﬁﬂ'@b%ﬁﬁe‘?%—rgw and
; iti i . ounds of Formulae
fluids ﬁ@lﬂmnbl}’(%@go;h?ez‘ﬁgﬂ,dmgp%g%%gIH)ez%ratgi Vﬁog@nk% Wn‘ﬂpédﬁ@}ig:mtiou
H-17 and 11-18 eluted at 7.5 an minutes, respectively. i .
gredter BRLIRRY e pu P eRlBswANS Wsrésfinst mohigentrated using nltro%en to
i madni j n frozen an
feragye organiGARIventJ he FamaNiNg ”ﬁ%ug%nﬁ%‘gﬁgdaﬁ‘? Hepg ek as

: lyophilized to dryness. -71 ... WO 2005/0025 07 :

‘“‘“’““[%z%@ﬁ“‘c Hipb SRS dlectEs 7hynqatkwtitile/ HEONAGMAX bowel

. . L. ml
diseasc,ZZﬁ@'n)]inm]nh!gh @%::M@%(A%G'me/ 252185953-,‘?)6 (M?;Il%gol’ d%g[[e%x%'i%zﬂg,
i the 1 H NMR spectrum of & compound

15ke0 O%JTSH?gNIOA'dFsI%'Ag (ig.eplpt%" & eduglt SOGIvIpoulvdiof tonmula Lihdl 8:

P having the SuiRfire or gt 11452 (027 obCbtipouisdio o

ultravio|py (Aoetomittile)-H2ORT ,smﬂXiM@Wsﬂﬁﬁticﬂﬁﬂrﬁ@ﬁd%?&ﬁ: angn)d %ﬁth
: H ~C -1,9 ppm, CuSH21NOA4Br. FIG. 50 deép Cts the
e ot gﬁégﬁ%)‘id D Sb o e roRalsrases Fofemods uBets,

S
glonmierufogapfiples 5 Rrepar atiogiofC oitersouadhed iz ormuma s fram 414 6wi(§h
infection0R7 L:A5apnle;af.compound gt Formula 11:16 (250 mg) was added to
N acetone solution of Soditim odrIEAUEY iHNterH) dehiaiene rewdrime
(AIDS), mivdiuissitiviesyl déitsss syndrome and Ataxia Telangiestasia.

[0254) In one embodiment, a described compound, preferably a compound
having the Formulae -V, mcluding those as described herein, is considered an effective
anti-microbial, ami—éancer, or anti-inflammatory if the compound can influence 10% of the
microbes, cancer cells, or inflammatory cells, for example. In a more preferred
embodiment, the compound is effective if it can influence 10 to 50% of the microbes,
cancer cells, or inflammatory cells. In an even more preferred embodiment, the compound
is effective if it can influence 50-80% of the microbes, cancer cells, or inf}almnatory cells.
In an even more preferred embodiment, the compound is effective if it can influence 80-

- 95% of the microbes, cancer cells, or inflammatory cell_s. In an even more preferred
embodiment, the compound is effective if it can influence 95-99% of the microbes, cancer
cells, or inflasnmatory cells. “Influence” is defined by the mechanism of action for each
compound. Thus, for example, if a compound prevents the reproduction of microbes, then
influence is a measure of prevention of reproduction. Likewise, if a compound destroys
microbes, then influence is a measure of microbe death. Also, for example, if a compound
prevents the division of cancer cells, then influence is 2 measure of prevention of cancer
cell division.  Further, for example, if a compound prevents the proliferation of

inflammatory cells, then influence is a measure of prevention of infiammatory cell
-66-



days. The solution was then filtered through a 0.45 micron syringe filter

and injected directly on a normal phase silica IIPL_C column _

(Phenomenex Luna Wit Silica, 25 cm x 21.2 mm) in 0.95 ml aliquots. The
HPLC conditions for the separation of compound formula 1_1-_19 from
unreacted 11-16 employed an isocratic HPLC met_hod consisting of 24%
ethylacetate,and 76% hexane, in which the majority of comp_ogaql,@;lﬂw,mgs 43
eluted 2.5 minutes before compound 11-16. Equivalent fractions from

led to. yield 35 mg compound 11-19.
e 5 SO e o
E SIS 218584001 . 0r(Mid)ad el ENWIIFIEBII\/IS@@@’S teeenkdte. ki, LSH may be

QHiA: B QH QN NGN:@' Q fo?c %ss 1S 0 V\(/)‘I#Fog?n{]]égﬂs;%%6 as lhe

11-19 Ct F,xanmle 6 Synthesis of the ompoun S
AR iy [62'7?&“@6%‘#38{1%§X@f‘1?é)?rmﬁ1aea1®2p&11n® !amdsldnlﬁy cam béfective, for

oL oA AT ong 1118
Symm?ffﬁd JE%{%ﬁgﬁﬁqﬁ?gfoggg{.on BB S0 B non-hamntu
ﬁf% %64 f)f@%ﬁ@ Iesatmpiy Odfsriign of Synthesis HH OH C OH

N O N{@285MY . Bk HLadeheh ARBIONEITHIS deR fed herein are administered
simply to remove microbes, cancer cells or inflammatory cells, and need not be
administered to a patient.  For example, in situations wheve microbes can present a
problem, such as in food products, the compounds described herein can be administered
directly to the products to reduce the risk of microbes in the products. Alternatively, the
compounds can be used to reduce the level of microbes present in the surrounding
environment, such working surfaces. As another example, the compounds can be
administered ex vivo to a celf sample, such as a bone marrow or stem cell transplant to
ensure that only non-cancerous cells are introduced into the recipient. After the compounds
arc administered they may optionally be removed. This may be particularly desirable in
situations where work surfaces or food products may come into contact with other surfaces
or orgamisms that could risk being harmed by the compounds. In an alternative
embodix‘mnt, the compounds may be Jeft in the food products or on the work surfaces to
allow for a more protection. Whether or not this is an option will depend upon the relative
needs of the situation and the risks associated with the compound, which in part can be
determined as described in the Examples below,

[0256] The foliowing non-limiting examples are meant to describe the preferred
embodiments of the methods. Variations in the details of the particular metheds employed
and in the precise chentical compositions obtained will undoubtedly be appreciated by those
of skill in the art.

EXAMPLES
Example 1
Fermentation of Compound of Formulae O-16, I-20. and [-24C
[0257] Strain CNB476 was grown in a 500-ml flask contaming 100 ml of

vegetative medium consisting of the following per liter of deionized water: glucose, 4 g;
Bacto tryptone, 3 g; Bacto casifone, § g; and synthetic sea salt (Instant Ocean, Aquarium

Systems), 30 g. The first secd culture was incubated at 28 degree C for 3 days on a rofary
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11-16: R-CI 11-2: R=CI 11-17: R=19 11-3: R=H [1-18: R=Br 11-4; R=Br
Example 6A: Catalytic Hydrogenation of Compound of Formula 11-16
WORg9 8 Compound of Formula 11-16 (10 mg) was dissolv&d b soetons {5
mL) in a scintillation vial (20 mL) to which was added the 10% (why) Pd/C
shaker( Lr2mign@aRd2a omagnetic stiresnbat The reaction BEJ%IH&W@%Q%%QJ %
threc SMATQORN.AIMOsphere atr om temperature for about 15 hours. The
reaction mixture wasiltered tAOGHH'S 3eee it reslivmn dig washédeed
culturgittracetobesd he2filtatewas fitesedagainthroug b2t SEITET oy |
eae ‘ndis! emove any traces of catalyst. The solvent was evaporated o
o o at i e e LTI et e CoRrpd o of
100 mip3has aepire whitdipowdar: i (acetolnifie )32 160 6.1
250 Gy 10 depicts the NMR trum of the compqund of Formula 11-2 in
imcui DMSO-d6. I(%q.ﬁlnlgdzl%){:&s%%%gIow@?glséﬂii%dﬁ’ 1?n%?; 3 p@&?u?ﬁegf‘tﬂé“re was
COMPUIRY R IR A 12D ke 3B aMa41) 0838 1(Methia: Examplen6Binm
consistiaatatysie yee tiog, _ | of Formla H-17 10274] Compound
Soy, 4 gng.ormula fl_—l?gé??ng))@ ﬁﬁ%?s’%%ﬁ ‘}%*aé%lt‘&!%e]é%b‘iﬁ %?léﬂé‘i%m%%ﬁ
4 ial 6 M dhidepasssie i daobiving Ral@:iabativisng)anda
suntheimagnelic siite bat.Thegeacion midreas siired 8 iydrogen |
imubﬂg&mo&;g}%gre_ at room_temperature for about 15 hour%._ The' fadires were
“Hiikture WESTitePBE #3fOUYR SroRiBHEhdketmEn Ackodistpeasmans they 3
grams chtadyst. FheaoiveRtavas eyapoyat rom filtrate 1o_vield the .
product?c%rr(l;[afﬁgpd of Fe&rm%a 11-3 as a Wﬁ%%%ﬁ%@f%\%h%ﬁt}vﬁé Bu[‘rl |tét(gle %y The
1286 HBL rdgiﬁﬁ”ﬁ?éi %lﬁﬁ/\ﬁﬁ@'%ﬁd@ﬂérﬁsﬁ&mvm rotary shakers

normal phase

for 5 dpEOSHE0RBTRRERIUGRINR i3 Colma RaeRomensx una LIl
m ID Flow rate: 14.5 nil/min Detection:

XAD-7 2GR PHOENGIONS: 2o cm X 212, mm 1D :
ELSD Solvigr%%%%%’c%%éf%ﬂz‘fé’%&z%&?ﬁ%? ks stikeostrie e bews o |
L3 hterﬁﬁﬁb&thé%ﬁ@tmin”fé@ma%moa%m%ascaaaape;lm}@lhci&gqrzﬁg;ﬂ?&ﬁl)-&@ie&ed
containi@k 3% 2R 8% aRPE.AATPOYNG; YV, facstonitrile/1-1,0): sh) nm.
; FIG, 12 depicts the NMR spé%:%ﬂlr‘ﬁ%éll éhaé}%c(%r%sﬁf)ﬁﬁﬂmms of compounds of
ormulae II-20 and [I-24C, was then processed for the recovery of the compounds of

Formula11-16, H—2d and II-24C.

Example 2
Purification of Compound of Formulae 11-16, 11-20 and [1-24C

10258] The pure compounds of Formulae [1-1 6, 11-20 and [-24C were obtained
by flash chromatography followed by HPLC. FEight grams crude extract containing 3.8
grams of the compound of Formula IT-16 and lesser quantities of 11-20 and 0-24C was
processed by flash chromatography using Biotage Flash40i system and Flash 40M cartridge
(KP-Sil Silica, 32-63 um, 90 grams). The flash chromatography was developed by the
following step gradient;

I. Hexune (1L)
10% Ethy! acetate in hexane (L)

o8]

20% Ethyl acetate in hexane, first elution (1L)
20% Ethyl acetate in hexane, second elution (1L)

20% Ethyl acetate in hexane, third elution (1L)

S S

25% Ethy! acetate in hexane (11)
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of Formula 11-3 in DMS0-d6. FIG. 13 depicts the low resolution mass
spectrum DI the compound of Formula 11-3: nn/z 282 (M+H), 304
(M+Na). Example 6C: Catatic Hydrogenation of Compound of Formula II-I
S [02761 3.2 rig of compound of Formula H-18 was dissolved in acetone
(3 mL) in a scintillation vial (20 mL) to which was added the 10% (w/w)
Pd/G dabeuwthmg) and a magnetic stirrer bar. The reaction mixiwre, Wasi/m19543
stirred in hydrogen atmosphere at room temperature for about 15 hours.
The reacti ixture was filtered through a 02 m Gelman Acrodisc to
remov‘e?l'th!"ceejgc/f’at”zg(fg;sfl.c'?ﬁ}g?eB gios]\%%[ e\/\ggg evaporated off from filtrate to yield
the cofmpditind affortiila 11-4 as a white powder which was further
pu“fle?ﬂ?:y!)inomﬂﬂlcgg)%?% 'ﬂﬁhu%a‘r‘ﬁ!@%%&ﬂﬂ?f"&'{nﬂo%%ﬂ Itllp—rpé i J%P or equal
Phenomenex Luna |Ou Silica Difmensions: 25 cm x 21.2 amt ID Flow rate:
4TS i Deteetidht- €S Soasnt8%5%1tir80% EXOR arMdicsopnoripscribed
840, 10050 BRAS, Ich ik thep 4minat100%:EIRACHAZM4s
Compound of Formula 11-4 eluted at 16.5 min as a pure compound: UV
(acetonitrile/H20): k,,,,x 225 (sh) urn. FIG. 14 depicts the NMR spectrum
of the compownd of Formula 114 dnRMSOrd6a Fie s1iz depicts the Toy
resolutipn-mass-of-the.compouhd-of_Eormula.tl-4. m/z-360.(M+H),.382
(M+Na). BX&FRBRY® -74 WO 2005/0012872!2 M Be T/US2004/019543
Syntb.esig@f the Compounds afsgrmuiae 17 SAand H5B Compounds of
Formula-11-5A-and-Formula-l-5B-can-be-synthesized from-compound of
Fo mnuld 11516°By epoxidation Wit MCPBA. 102781 Compound of
Formula $56:(101 mg, 0.32 nunoig)ivas disspmethinhameibylenechiaride
(30 ml-) in a 100 ml of round bo 1:];31 gtt which wa W%g mg
(0.46 nynole) of meta—chloroper%%%z t(:8 C%?M&DQAT%Q 2 h5gRetd stir
bar. Thé reaction mixture was stitrethat 00t Bxdweratdrerior about 18
hours. Fhereaction-mixture—was-potred-onto-a-20-ee-silica-flash-eetwrm
and eluted with 120 ml of CH2C12, 75 ml of 1:1

[0260] The fraction enriched in compound of Formula II-16 (described above; ~

<

70% pure with respect to [-16) was dissolved in acetone (661ng/m1). Aliquots (950 ul) of
this solution were injected onto a normal-phase HPLC column using the conditions
described above. The compound of Formula 11-16 etuted at about 14 minutes, and minor
compounds [I-24C and II-20 cluted at 11 and 23 minutes, respectively, Fractions
containing i-16, I-24C, and II-20 were pooled based on composition of compound present.
Fractions containing the desired compounds were concentrated under reduced pressure to
yield pure compound of Formula I[I-16, as well as separate fractions containing 11-24C and
H-20, which were further purified as described below.

0261} Sample containing 11-24C (70 mg) was dissolved n acetoniirile at a
concentration of 10 mg/ml, and 300 ul was loaded on an HPLC column of dimensions 21
mm i.d. by 15 cm length containing Echipse XDB-C18 support. The solvent gradient
increased linearly from 15% acetonitrile /85% water to 100% acetonitrile over 23 minutes
al a flow rate of 14.5 ml/min. The solvent composition was held at 100% acetonitrile for 3
minutes before returming to the starting solvent mixture. Compound II-24C eluted at 19

minutes as a pure compound under these conditions.
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ethyl acetate/hexane and finally with 40 ml of 100% ethyl acetate. The 1:1

ethyl acatete/hexane fractions yield a mixture of diastereomers of
wogbxyérivatives, Formula H- SA and 11-513, which werePS@iaadited 19543

normal phase HPLC using the following conditions: Crate Detection

B2 P Someﬁtsaaﬁa%ute 809 datQActhlaxeonetchSd minpld0 gm&ﬁ%f&ﬁ@&e in

en 00% EtOAc 102791 Compo Formu
preparat vcaf%[?Lg?O UC 1b§g iiﬁ%\ﬁ% IWSF% tu ateﬁiu{’ve # Ié?lT@VL mmox

lipophilrespeatively Tas mémg)mpmlmdmtﬁmpmmpduiztiBBZWaSDf‘ﬁﬁrthem ity.

GAnRogaRed 02 3o plioa [ash cOlm BIIENS aC8S 8L nn

Low ReP GTRAsIS2Q04/0054 B 38Hévhicdd)Structures: HCH, HH OFIOHHHN O

L e e e e

Low RefAbbtonitnite A6RQY122B. (SHGINL&wiRe e MASSMR/21880uiM ¢H), B5Round

having t{] stN@?m G2 H6:h 4 epectively depict the Il NMR  spectrum of
Formula Ii-5A and the mass spectrum of Formula 11-5A. 10281] Formula

: 02058 UV mpetodivd @H}z@? ﬂz@@th#CEmNIR& Hm&wdniﬁﬁ G3pnm.
Low Regl\ﬂf\ﬁ!'_t:l;}o 32 iM-hN'a’}(‘IF J.)U \1\'1 r-i;c'i% rle;s\'_;p%:ﬂy'el thhe\

11174 LD I.l}. TLE i%1V 3 u\..au Uin \.u d

spectrum of 11 5B and the mass spectrum of 11-58. Example 8 Synthesis
compoupf {he ThipB ity ot Homulad¥449 121-2 1v-3 and V-4

Example 3

Fermentation of Compounds of Formulae H-17 and 1I1-18

[0266] Strain CNB476 was grown i & 500-m! flask contaming 100 mi of the

first vegetative medium consisting of the following per liter of deionized water: glucose, 4
g; Bacto tryptone, 3 g; Bacto casitone, 5 g; and synthetic sea salt (Instant Ocean, Aqguarium
Systems), 30 g. The first seed eulture was incubated at 28 degree C for 3 days on a rotary
shaker operating at 250 rpm. Five mi of the first seed culture was inoculated into a 500-mi
flask containing 100 ml of the second vegerative medium consisting of the foliowing per
liter of deionized water: starch, 10 g; yeast extract, 4 g; peptone, 2 g; ferric sulfate, 40 mg;
potassium bromide, 106G mg; calcium carbonate, 1 g; and sodium bromide, 30 g. The
second seed culiures were incubated at 28°C for 7 days on a rotary shaker operating at 250
rpm.= Approximately 2 to 3 gram of sterile Amberlite XAD-7 resm were added to the
second seed culture, The second seed culture was further mcubated at 28°C for 2 days on a
rotary shaker operating at 250 rpm.  Five ml of the second seed culture was inoculated into
a 500-mi flask containing 100 ml of the second vegetative medium. The third seed culture
was tncubated at 28°C for 1 day on a rotary shaker operating at 250 rpm. Approximately 2
to 3 gram of sterile Amberlite XAD-7 resin were added to the third seed culture. The third
seed culture was further incubated at 28°C for 2 days on a rotary shaker operating at 250
rpm. Five ml of the third culture was inoculated into a 500-ml flask containing 100 ml of
the second vegetative medium. The fourth seed culture was incubated at 28°C for 1 day on
a rotary shaker operating at 250 rpm. Approximately 2 to 3 gram of sterile Amberlite

KAD-T resin were added to the fourth seed culture. The fourth seed culture was further
-70-



Synthesis of diol derivatives (Formula 1V-2) 102821 Diols may be

synthesized by Sharpless dihydroxylation using AD mix-a and 13: AD

mix-a is a premix of four reagents, K; Os02(OH)4; K>C03; K3Fe(CN)6;
(DHQ)2-FHAL [1,4-bis(9-O-dihydroquinine)phthalazine] and AD mix-(3 is

a premix of KzOsO2(OH)4; K2CO3; K3Fe(CN)6; (DHQD)2-PHAL

. ['1,Mis(@:0wditeydroquinidine) phthalazine] which are commerciattyus2004/019543
available from Aldrich. Diol can also be synthesized by acid or base

RyGralysis okepaxy ICmRAUNGS:(ferardla Heafansd Hs®BWhichmare or the

different to that of products obtained in Sharpless dihydroxylation in their

Kiatacere Mkt A PpOHE TR MEhyBYaRYITGR6E senk g gD 00 i of the sccond

OOBOL125d12:F CTHY 200440 19543 Shat plrss Ribvd regertation ahy on a rotary
gom pounds 1I- 16 11 17 and 11-18 [02831 Any of iL1he compaounds of

PGB 4T 48 PO AnaPRETE R oe VSt the SikhdnePeiifpotifal resin
inthedexample belowecompeundiof Horswibchidedsvesethrihibenstatingat 23°C

com ound is di solve in t-butanol/water in a round bott m_ flas
PSRRI e U TRE TR MO IR 0P e
\menlt@redixtnyl silica cheCrasivee || -ag rﬁﬁgs§épentrmsemoﬂtmmtgeldﬁblsﬂam the
obigined by usual }%%%U%”Q?H%“f'ca“on b%xf'as?*h ghromatogra
BPLE “Phé Strlictures ate confirmed by NM spec roscopy an

Spectrometty, Arichisgmetholl HothchydrioxiitgidipsTareson wamelsvde:ldeﬁ to the
}Ho(Hc%:{QI\@nHml}:l ’ﬁ?c lal 0(9%9{1'011 @uguép@re?bl? utgt)eH !ir!!l_g?@&Ole '?)' dé\l}l Q1 a rotary

Dihydroxylatio p O . aaa Starting ompou Formula |
“YhélrmLﬂl%ﬂli{‘ilé’l\%éﬁb‘p?ﬁ}hcl#iﬁg”é‘ﬁéhhﬁ@ pepkgred HpBEhdb Ry hagajcover
The\apexysingis-opensd with variows: nueleophilas:lika;NaCNiNaNZ ! acetate

followed by 1 time 1 liter ethyl acetate. The combined extracts were dried in vacuo. The

Le HYVL, EIICU}UHI

dricd extract, containing 0.42 g of the compound Formula TI-17 and 0.16 gram the
compound of Formula [I-18, was then processed for the recovery of the compounds.

Example 4
Purification of Compounds of Forrnula I-17 and T1-18

j0267) The pure compounds of Formula H-17 and II-18 were obtained by

reversed-phase HPLC as described below:

Column ACE 5 C18-HL

Dimensions 15em X 2] mm D

Flow raie 14.5 ml/min

Detection 214 nm

Solvent Gradient of 35% Acetonitrile/65%
H,O to 90% Acetonitrile/10% H,0
over 15 min

[0268] | Crude extract (100 mg) was dissolved in 15 ml of acetonitrile. Aliquots
(900 ul} of this solution were injected onto a reversed-phase HPLC column using the
conditiens described above. Compounds of Formulae I1-17 and II-18 eluted at 7.5 and 9
minutes, respectively. Fractions containing the pure compounds were first concentrated

using nitrogen to remove organic solvent. The remaining solution was then frozen and

lyophilized to dryness.

71-



NaOAc, HBr, HCI, etc. to treat various substituents on the eyeiohexane
ring, including a hydroxyl substituent. Examples: H*\H HR H 5 Uo' OH
-WOWesA25@H H 0 R,. H Nucleophilic ring opening " 0 O NaCNisrNaN o3
litln,... ¢ Cl cI R7: CN or N3 if R6 is OH R6: CN or N3 if R7 is OH
Formula IS EQURA Y by 17117 WBZOREI00RS
0269 0-17: Hy
[ ] PCIY11S20u4 19%43 [8%%% The epox(ye} IS o%neﬁieﬁw
High Reprivheda (WPSTH G189 H (1D HD)=-4pr:2CHionHO:sN2NM, HCH Mpﬂso
e ' K e G PRI, B LIRS, (03863, Gomppund of Formula

A (3.3 mg) was dissolved In acetonltrl e (0.5
10”’70} Compound of Formula 11-18: UV (Ac,e{omtnid HO) Agwx 225(sh) nm.

High Res. Mass (APCI): m/z 358.065 (M+H), A= 1.9 ppm, CisH;:NOBr. FIG. 50

HéJI‘ 2725 s ) nm.

depicts the 'H NMR spectrum of a compound having the structure of Formula JI-18.
Example 5

Preparation of Compound of Formula 0-19 from [I-16

{0271} A sample of compound of Formula [I-16 (250 myg) was added to an
acetone solution of sodium 1odide (1.5 g in 10 ml) and the resulting mixture stirred for 6
days. The solution was then filtered through a 0.45 micron syringe filter and njected
directly on a normal phase silica HPLC column (Phenomenex Luna 10u Silica, 25 cm x
21.2 mm) in 0.95 ml aliquots. The HPLC conditions for the separation of compound
formula I-19 from unreacted I-16 employed an isocratic HPLC method consisting of 24%
ethyl acetate and 76% hexane, in which the majority of compound TI-19 eluted 2.5 minutes
before compound I-16. Equivalent fractions from each of 10 injections were pooled to
yield 35 mg compound I-19. Compound II-19: UV (Acetonitrile/H,0) 225 (sh), 255 (sh)
nm; ESMS, m/z 406.0 (M+H); 'H NMR in DMSO-d; (see FIG. 9).

Acetone

Example 6
Svnthesis of the Compounds of Formulae I1-2. T1-3, and [1-4

(0272} Compounds of Formulae II-2, [I-3 and -4 can be synthesized from

compounds of Formulae II-16, 1I-17 and H-18, respectively, by catalytic hydrogenation.
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ml) in a I drain vial to which was added 5% HCI (500 ul) and a magnetic
stir bar. The reaction mixture was stirred at room temperature for about
an hour. The reaction was monitored by mass spectrometry. The reaction
mixture was directly injected on normal phase HPLC to obtain compound
of Formula 1V-3C as a pure compound without any work up. The HPLC

. conditiansaused for the purification were as follows: Phenomenex iudnadio19543
Ou Silica column (25 cm x 21.2 mm ID) with a solvent gradient of 25% to
80% EtOAc/Hex in, 80 to 100% EtOAc in | min, then 5 min at

L%gl 0 tiech \(f)% r%e@}(%f 14.5 ml/min. An ELSD was used to monitor

the purificatipriproecess. Compound of Formulg 3C eluted at about 18

SIW
(FIG. 20) The St&reochEmisiry of the compound of I
determined basedion §oupling constants observed ilmthe?cyclohgxane ring

in 1:1 C6D6/DM&SO-

- 21) 2005/0025 72 mmes”™™ ||

H C% H® ,ON. OO Cllll SA
VE TG openingtefepoxides (14-5) THe compound

of Formula isHtredted ith metalhydrides like BHS-THF c@mplex to make
compound of Foriqula IV-4. H H Oa HO H H pre™ QH 0~n,.. OH

R R
I1-16: R=Cl 11-2: R=C1
H-17: R=I1 :R=
18 RoB 11-3: R=H
-18: R=Br 1I-4; R=Br

Example 6 A Catalvtic Hvdrogenation of Compound of Formula I-16

[0273] Compound of Formula II-16 (10 mg) was dissolved in acetone (5mL) in
a semtiflation vial (20 mL) to which was added the 10% (w/w) Pd/C (1-2mg) and 2
magnetic stirrer bar. The reaction mixture was stirred 1 a hydrogen atmosphere at room
temperature for about 15 hours. The reaction mixture was filtered through a 3 cc silica
column and washed with acetonie. The filtrate was {iliered again through 0.2 pm Gelman
Acrodise to remove any {races of catalyst. The solvent was cvaﬁomted off from filtrate
under reduced pressure to vield the compound of Formula T1-2 as a pure white powdef: UV
{acetonitnie/Ha0): Amay 225 (sh) nm. FIG. 10 depicts the NMR spectrum of the compound
of Formula 1I-2 in DMSO-d6. FIG. 11 depicts the low resolution mass spectrum of the
compound of Formula [I-2; m/z 316 (M+H), 338 (M+Na).

Example 6B; Catalvtic Hvdrogenation of Compound of Formula [1-17

[0274] Compound of Formula [1-17 (5 mg) was dissolved in acetone (3 mbL)mma
scintiilation vial (20 mL) to which was added the 10% (w/w) Pd/C (about 1mg) and a
magnetic stirrer bar, The reaction mixture was stired in a hydrogen atmosphere at room
temperature for about 15 hours. The reaction mixture was filtered through a 0.2 pm
Gelman Acrodisc to remove the catalyst. The solvent was evaporated off from filtrate to
yield the compound of Formula II-3 as a white powder which was purified by normal phase

HPLC using the following conditions:



NO liN~E3H~-TPdF O Hi O Hplt,. CI cl Formula II-5 Formula V-4
Example 9 Synthesis of the Compounds of Formulae 11-13C and 1I-SC
wOROeB815Compound of Formula 11-16 (30 mg) was dissolVed/ i BHATCIX {6
ml) in a scintillation vial (20 ml) to which Dess-Martin Periodinane (122
mg) and a magnetic stir bar were added, The reaction mixture was stirred
temperature jor about 2 hours, The progress of the reaction was
?négﬁlii[,lg?‘éd by TLC ( 'e]%:rllgf&e,&%}f 6% dRY A&y tical HPLC. From the
redetstoRtixture, the2Solvent V8lumeivas reduced to one third, absorbed
qnosilica.gel, poured onstop,of a 20 cc silica flash column and eluted in 20
ml fractions -79 WO 2005/042572 PCP/ U S2004/o0 19543 using a
JrEarEAE of Hexane/EISRC from 10 to 100%. The fraction eluted with 30%
EtQA&- In Hexane ¢ | A f ers o r -13Cina
il of 15:8.5. The. mosure it Iothh period By Ao Al RaBi e e
using the Phenomeréi: LEfHet i Sill64%eBIGHAn (25 cm x 21.2 nun ID)
wit7s solvesnhghadiest afrdrds 10:8Q% FiPAcHex over 19 min, 80 to
(acet 10.90//9.%(}‘?% o%/er | min, holdintgﬁgll{g%@;@é@%%? %drm:rl{? é’t‘figiﬁ)&%&?apevof
nectoni ettt ELED Was tised Toltpistitde thePusificationopibeessipound
of For@dmpound bfForasulait-13Celated gt 13.0,and 13,2 mins as a mixture of

LD A-UOATE U L2 o OTUMWY TOSURINIOIE fda ER?(./U'UYH CE 1he

compolQIPErs with.in a ratig of |1.5:8.5 (7 ing). Formula H-13¢:
omp (K%Tfnﬁ?ﬁ‘eﬁﬁ%)%?%@%ﬂi»é‘&dw )nm; ESMS, nuz 312 (M+H)",

334 (M+Na) *; 'H NMR inDMSO-d6 (see FiG. 22). [0289} The rotamer

E m ure,g F opiiiJa 11-13C (4 was dissolveq in acetone (Inil)ina

xampsckfﬁm%%%;%%m Ddeatia ol sk Earmallals ma) of 10% (wiw)
FB7tland d2magrétierstiviarafereradd et Thed @astionMiEas mL)

ina sciﬁ@i’fi%@&l@ﬁl%rﬂﬂgrtb %‘P&?&Q& Eﬁi%j ?é?TOL%T\BF\;&?FJI%]C&%oattx){olufn%g) and a

I

[

hours. The reaction mixture was filtere
magneuc stirer bar,  The reaction mixture was stirred in hydrogen atmosphere at room

temperature for about 15 hours. The reaction mixture was filtered through a 0.2 pum
Gelman Acrodisc to remove the catalyst. The solvent was evaporated off from fltrate 1o
yield the compound of Formula 1I-4 as a white powder which was further purified by

normal phase HPLC using the following conditions:

Column: Phenomenex Luna 10u Silica

Dimensions: 25emx 212 mm D

Flow rate: 14.5 m¥/min

Detection: ELSD

Solvent: 5% to 80% EtOAc/Hex for 19 min, 80 to 100% EtOAc in 1

min, then 4 min at 100% EtOAc
10277) Compound of Formula -4 eluted at 16.5 min as a pure compound: UV
(acetonitrile/HaO): Ay 225 (sh) nm. TIG. 14 depicts the NMR spectrum of the compound

of Formula II-4 in DMSO-d6. FIG. 15 depicts the Jow resolution mass of the compound of
Formula [-4: m/z 360 (M+H), 382 (M-+Na).

Example 7
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through a 0.22 m Gelman Acrodisc to remove the catalyst. The solvent

was evaporated from the filtrate to yield compound of Formula H-8C as a
colorless gum which was further purified by normal phase HPLC using a
Phenomenex Luna 10u Silica column (25 cm x 212 mm ID) with a solvent
gradient of 25% to 80% EtOAc/Hex over 19 min, 80 to 100% EtOAc over

| ming holgingsat 100%, EfOAc for 5 min, at a flow rate of 14.5 mplx@iRaddio 19543
ELSD was used to monitor the purification process. Compound of Formula
I-.8C (Img) elyiadialil3HiMinAsARWSSOMpound. Formula
(Aceton(ilrilell-l.ZO) 225 (sh) nm; , N (N » +Na)~;

'H NMR TR EE: 8’ (Seenefe DA (nd| Fsren® HINB H@ Be~50H8sized from
tampo @O Utsa:MartingdReokl @iy Pei igdingne HI~u HOVE.. G~ Cl

ClIGt 03 haC 11(:‘33C -80 1WQ 2005/002572 PCT/US2004/019543

Example 10 Synth8EI8 B RE LBRPBURA D Edrialide3t-28 b 77 UB@lved in
10800 PHewotarienmixture ofFermolaubl-43G.(5M%) Was dissovedddy 7o e
Jimet ethane (monoglynne; 1.5 nil).in a scintillation vial (20 nil) to =
T RRS ) Sl B oo Al e bar. The
Iiaghetie StrbarwerecdddednT henphanes SolU5ON WaE&RQIethiA /8GO ixture
@qg%'Lg@aqg@g,qu;%tgiig}p{da%lsgqli%@ bo.ro.hgdrid;e soﬁlution §3,7 mg of

NaBH1 in 0.5 ml of monoglyme (created o aifow For st 86 GiHehly wiam! of 1:1
datled-WsHIIE TR feertionvithixiireniast stiored athyi8Gelanabous 14 ethyi

mriresx IReHFRAGHON: WIS WaS, AGH isﬁig_goysing % ml of 4% HCI salution

in Wa(ﬁ{ and extracted with CH2CI2. The organic tay&r WAS B FEsErataenipla I-
Yiet it BB ovfisosherstddrmaram 18 BRECL kst e 2950hE ¢ali@tions:
as a white solid, which was ftirther purified by normal phase HPLC using
a Phenomer Silica.column (25 ¢cm x 21.2 mm ID). The mobile
phase w aS(f gmn Phenomenex Luna 10u Silica “
| Dimensions . 25emx 21.2 mm ID
Flow rate 14.5 ml/min
Detection ELSD
Solvent 25% to 80% EtOAc/Hex over 19
min, 80 to 100% EBtOAc in 1 min,
then 5 min at 100% EtOAc

i

10279] Compound Formula [-5A {(major product) and I-5B (minor product)

eluted at 2 S

luted at 21.5 and 19 min, respectively, as pure compounds. Compound II-5B was further
chromatographed on a 3cc silica flash colummn to remove traces of chiorobenzoic acid
reagent,
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EIOAc/76% Hexane, which was held isocratic for 19 min, followed by a
linear gradient of 24% to 100% EtOAc over 1 min, and held at 100%
--------- WOEIOABTOE 3 min; the.flow rate was 25 ml/min. An ELSD WE® uSsthtor 9543
monitor the purification process. Compound of formula 11- 25 (1.5 mpg)
Chemi@iuied-atrdd .64 min as a pure compound. Compound of Formula 11-25:
jv\‘//%ietonitrile/H,O) 2mex 225 (sh) mu; ESMS, mh_ 314 (M+H)+, 336
(

+Na)+; rH NMR in DMSO-d IG.24).HHOH o
aBHO -78C O O Mon 6 mg/1 % water Hii
1N5( Example | | thesig of.the Co upg of Formul
10291 Aeetone (7.5 ml) was ﬂ‘gorously:mlxed with 5 N NEOHH3 ral) and
|xture > gyaporated to A mine ~A
fMWO ~-'0' 572 PCTAUS2004
armula 11-19 (6.2 mg) ip-acetone
_ turevortexed for 2 mifut

Conditipns for the purification involved a linear gradient if 10%,

aceto#iitrile/90% water to 90% acetanitrile/ 10% water over 17 siinutes

using an Ace 5 It C18 HPLC columnigidittiensions 22 mm idilse 1560,mm

length. Compound of Formula 11-21 eluted at 9.1 minutes under these

conditions to yield 0.55 mg compound. Compound of Formula 11-21: UV

(Acetomtnle/l 120) 225 (sh), ESMS, m/z 296.1 (M+H); 'H NMR in
SIsERF|G. 25). HHH40H OHN=HO

[0280] Formula U-5A: UV (Acetonitrile/H>0) Anux 225 (sh) nm. Low Res.
Mass: m/z 330 (M+H), 352 (M+Nu). FIGS. 16-17, respectively depict the {H NMR

spectrum of Formuia [I-5A and the mass spectrum of Formula [1-5A.

j0281) Formmla H-3B: UV (Acetonitriie/H;:0) A, 225 (sh) nm. Low Res.
Mass: nyz 330 (M+H), 352 (M+Na). FIGS. 18-19, respectively depict the 1H NMR
spectrum of I-3B and the mass spectrum of {-5B,
Example 8
Synihesis of the Compeounds of Formudae IV-1, V-2, IV-3 and [V-4

Svynthesis of dio! derivatives (Formula IV-2)

j0282] Diols may be synthesized by Sharpless dihydroxylation using AD mix-u
and B: AD mix-a is a premix of four reagents, Ky0sO,(0H)s; KoCOs; KaFe(CN)e;
(DHQ)-PHAL {1,4-bis(9-O-dihydroquinine)phthalazine] and AD mix-B is a premix of
K:0s0;(0OH)y; K,COs; K3Fe(CN)g; (DHQD).-PHAL [1,4-bis(9-0O-
dihydroquinidine)phthalazine] which are commercially available from Aldrich, Diol can
also be synthesized by acid or base hydrolysis of epoxy compounds (Formula H-5A and Ti-
5B) which may be different to that of products obtained in Sharpless dihydroxylation in

their stereochemistry at carbons bearing hydroxyl groups
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NaOHH O-~000 OH 11-1911-21 Example 12 Synthesis of the
Compotmd of Formulae 11-22 from 11-19 [02921 A sample of 60 mg
sodium propionate was added to a solution of compound of Formula 11-19
(5.3 mg) in DMSO (1 ml) and the mixture sonicated for 5 minutes, though
the sodium propionate did not completely dissolve. After 45 minutes, the
solyfign was fillered through a 0.45 syringe filter and purified diegiign 1019543
using HPLC. Conditions for the purification involved a linear gradient if
10% acetonltrlle/90% water to 90% acetonltrlle/ 10% water over 17
: d ) S doibrinld Hraersions 22 mm id by

150 mmJae_ngth M@dﬂﬂ&@%@ﬁzﬁ&ﬂﬂﬁ@ﬂﬁoﬁﬂﬂﬂ%@]ﬂm@ @n‘ Fosmute %132y be used as
?Iuted at12. 3 m|n ield 0. zg g.com ound |so teﬂ )flce|d) Ué/ ™
SO o (U NG S SR, T e © e, Tne
@M&@cdﬁqésmeiﬁslGlssaﬁf)edgﬂt—W@BE@%GﬁEZ@und botiomy, flask to which is added

BT/QS&ZOOM 9543 H Hc H:Ha ng 23C 101 N1J\<I>1€(:)d(8 FcanBL as well as
prop}?f)natgl)ﬁq ]13%0 It fﬁ B Ram Iié%méatlon Hf'$6Eonda
hydy axyt igroaiein Tempeudids arfel%mmaéﬁﬂsﬂ:ﬁ Whskirpamd ﬂ:ﬁFiIBafamdby flash

[ﬁ%%tzl(agg\p{zllmyh&df%yfo "1RE ts%%)é%taetama?ee onfirmed by NMR spectroscopy and mass

spectrometry. In this methed both hydroxy! groups are on same side.

Shamless

-
Dihydroxylation

&)

5 Ci
Starting Compound Formula IV-2 Formuta 0-5

Nucleophiiic ring opening of enoxv compounds {(11-3):

[0284] The epoxy ring is opened with various nucleophiles like NaCN, NaN;,
NaOAc, HBr, HCl, ete. to creat various substituents on the cyclohexane ring, including a
hydroxyl substituent.

Examples

Nucleophilic ring opening

P
NaCN or NaN;
cl
& R7:CNor N3 ifRGis OH
R6: CNor N3 ifR7is OH
Formula II-5 Formula IV-1

-



[0293] Any of the compounds of Formulae 11-16, IT-17 and 11-18 may be
used as the starting compound. The secondary hydroxyl group in the

= e WOSEIRING T mpound is-oxidized using either of the followirlty Fé&geng19543
pyridinium dichromate (PDC), pyridinium chlorochromatc (PCC),
PessiMartimpegiadinanen walytchigrda { Swerm oxidation) (Ref:

Organic syntheses, collective volumes I-VIII). Preferably, Dess-Martin

e

‘s:o§3 VO 2005/002572 PCT/11S2004/019543" j KO
1< O Huu"- DesK=H, Me Or Swern omdagon Ra Ra Ra /-O
Sta;\r*tlng CompBund [1-13 11- gcﬁxample 14 Reductive arpma '
k9{o- {Ve (0294).The keto.derivativeg,.for exa ormdla IS and
teated with sodlum cyanoborohydrlde (NaBH. I fe

%PdIC, H2to

refuce the double bond in the cyclohexene ring. Example:'NH:, \ ~\s"" _
YNH2H NH NaBH,CNH, Nj j
/ @
Cl
Formula {I-5 Formula I'V-3

[0286] Compound of Formuia II-5A (3.3 mg) was dissoived in acetonitrile (0.5
ml) in a 1 dram vial to which was added 5% HCI (500 u!) and a magnetic stir bar. The
reaction mixture was stirred at room temperature for about an hour. The reaction was
monitored by mass spectrometry. The reaction mixture was directly injected on normal
phase HPLC to obtain compound of Formula IV-3C as a pure compound without any work
up. The HPLC conditions used for the purification were as follows: Phenomenex Luna 10u
Silica colummn (25 cm x 21.2 mm ID) with a solvent gradient of 25% to 80% EtOAc/Hex
over 19 mimn, 80 to 100% EtOA¢ in 1 min, then 5 min at 100% EtQAc at a flow rate of 14.5
mi/min. An ELSD was used to monitor the purification process. Compound of Formula
[V-3C eluted at about 18 min (2.2 mg). Compound of Formula IV-3C: UV
(Acetomtnle/HaO) Anayx 225 (sh) nm; ESMS, m/4z 366 (M+H), 388 {M-+Na): '"H NMR in
DMSO-d; (FIG. 20) The stereochemistry of the compound of Formula TV-3C was
determined based on coupling constants observed in the cyclohexane ring in 1:1

CsDe/DMSO-dg (FIG. 21)
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OOotO Hpur™ Hit Rn R5Ra Il-13 R-11 11-12 Example 15
Cctohexene tine openiil: [0295) Any compound of Formulae 11-16, 11-17
and 11-18 may be used as a starting compound. The starting compound
is treated with OS04 and NalQI in THE-H30 solution to yield dial
derivatives which are reduced to alcohol with NaBH4 in the same pot. -84

...N.Ow290p10d52572 PCTI1JS20041019543 Example: | HO H Y%pc&Hnitqihios13

OH HOHOIHCHjO pH N N-OSOG NaBFf4 O al>0o0 OqMnn...
HIU~,,. HIUn,,. Re ee R

{'_//’\\\
i’i i W
N
:f \\_\\\“‘“ \ OH
e ’ \P
HoE ,0
N H ( HCl
[ - 5 TR H
Cl
Cl
[I-5A IV-3C

[0287) Reductive ring opening of epoxides (II-3): The compound of Formula is

treated with metathydrides like BH;-THF complex to make compound of Formula IV-4,

BH,-THF

M

o

Formula II-5 Formula IV-4
Example 9
Synthests of the Compounds of Formulae T-13C and [1-8C
[0288] Compound of Formula 11I-16 (30 mg) was dissolved in CH,CL (6 ml} in

a scintillation vial (20 m}) to which Dess-Martin Periodinane (122 mg) and a magnetic stir
bar werc added. The reaction mixture was stirred at room temperature for about 2 hours.
The progress of the reaction was monitored by TLC (Hex:EtOAc, 6:4) and analytical
HPLC. From the reaction mixture, the solvent volume was reduced to one third, absorbed

on silica gel, poured on top of a 20 cc silica flash column and eluted in 20 ml fractions
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Starting Compound 11-7 11-6 Examine 16 II_)ehydrat_ion of alcohol follqwed

by aldehyde formation at lactone-laetam ring |unet|on. [0296] A st{artl?g
wogompmint of any of Formulae 11-16, 11-17 or 11-18is tna.atﬂdzwmhl 9343

mesylchloride in the presence of base to yield a dehydrated derivative.

R A . i, reptegdwith 0504,and Nalod In,
s Ttk debsodanmands s N IRATANIAS
in Hexhhl cHiZ0 10 TS fl\ﬂg g 85 Wadld B NarostiHe" RE. ReTRe

offc SIEETH NN e S MEeTBasY 630 YOO Nafo o
mixturSteifigtGomptiimic ¢ 16 dak] Exampe Er.Mas %Iﬁ%%ﬂﬁlﬁxoﬂlﬁl E(ﬂy §I Sica

, derivatives -1 [02971 Wittig reactions are performed on the aide yde. )
w}ﬁmng?bubnl),léiﬁ(‘]:]m\'/arlgus) aﬂgls:bﬁamgiﬁa@gr[é%‘,ﬁ Y 10 80% EtOAc/Hex over 19

min, SQthh@Cﬂgd@r@gphp«ariylide,nﬁ)ﬁﬁhgﬂﬁ]i@%m%ﬂ%x@;ﬁn%@@ﬁ%@;@_
41 8 s SR eeen e
Formu[N ’ILni]:%&]GltF-in it €19 3@HPPh81 09 Ru Ryidtitcla3 #ﬁi@g%hﬁﬁqyﬁﬁ%eof
1.5:8.5 amipatiorisnerfermed opihealdsiyde aroyp,using v T 300 (sh) non:
ESMS, m/z 312 (M+H)", 334 (M+Na)"; "H NMR inDMSO-d, (see FI1G. 22).

10289] The rotamer mixture of F ;i‘liltila H-13C (4 mg) was dissolved in acetone
(1 mi} in a scintillation vial {20 ml) to which a catalytic amount (0.5 mg) of 10% (w/w)
Pd/C and a magnetic stir bar were added. The reaction mixture was stirred in a hydrogen
atmosphere at room temperature for about 15 hours. The reaction mixture was filtered
through a .2 um Gelman Acrodisc to remove the catalyst. The solvent was evaporated
from the filirate to yield compound of Formula T1-8C as a colorless gum which was further
purified by normal phase HPLC using a Phenomenex Luna 10u Silica column (25 em x
212 mm ID) with a solvent gradient of 25% 1o 80% EtOAc/Hex over 19 min, 80 to 100%,
EtOAc over 1 min, holding at 100% EtOAc for § min, at 2 flow rate of 14.5 ml/min. An
ELSD was used to ‘monitor the purification process. Compound of Formu]zl-ILSC (1 mg)

eluted ar 13.5 min as a pure compound. Formula [I-8C: UV (Acetonitrile/H,0) A, 225
(sh) nm; ESMS, m/z 314 (M+H)", 236 (M+Naj": '"H NMR. inDMSO-dg (See FIG. 23).

o
Dess-Murtin
Periodinane

-6 1-13C : 1.3C

-80-



bases (cg. NI-I3) and sodium cyanoborohydride to yield amine derivatives.
Alternatively, the aldehyde is reduced with NaBHa to form alcohols in the

side chain. Example: /CH /rrt, HOH O H =0 N N R~ductive N i

Reduction O Arnnafion O O NaBH CWNIA3 Mu,,,. Ry P~ 1-2 1-1 1-5

[02991 Organometallic addition reactions to the aldehyde carbonyl, such

as fspgnarghreactions, may be performed using various alkyl magnesisiniosi3
bromide or chloride reagents (eg. isopropylmagnesium bromide,
phenylmagnesium bromide) to yiel(é:ygr{]iollésl substituted secondary

alcohols. Example: OHC Grignard G /o Reaction Reactor ~--.0
PhMgtar (CH')%pikgsjs 3f e’ ReRuR BF dridd 11518086 WO

2005/ 1:!4%72 PG q%gi%l/ qg[%%?cs Dl%xgcgplglﬁal%_l%gitr@ I?_{I%BO%S dissolved in

dimethoxy ethane (monoglyme; 1.5 ml) in a scintillation vial (20 m) to which water (15

(1% of the finai solution concentration)) and a magnetic stir bar were added. The above
solution was cooled 10 -78°C on a dry ice-acetone bath, and 2 sodium borohydride solution
(3.7 mg of NaBH, in 0.5 m] of monoglyme (created to allow for slow addition)) was added
drop-wase. The reaction mixture was stimed at -78°C for about 14 rminuies. The reaction
mixture was aciditied using 2 ml of 4% HCI solution in water and extracted with CH,Cl,.
The organic Jayer was evaporated to vield mixture of compound of formulae [I-25 and 11-16
m 2 9.5:0.5 ratio as a white solid, which was further purified by normal phase HPLC using
a4 Phenomenex Luna 10w Sitica column (25 em x 21.2 mm ID). The mobile phase was 24%
EtOAC/76% Hexane, which was held isocratic for 19 min, followed by a linear gradient of
24% to 100% EtOAc over 1 min, and held at 100% EtOAc for 3 min; the flow rate was 25
ml/min. An ELSD was used to menitor the purification process. C§n1;30ﬂnd of formula IT-
25 (1.5 mg) eluted at 11.64 min as a pure compound. Compound of Formula H-25: UV
(Acetomitrile/Hy0) Ay 225 (sh) nm: ESMS, m/z 314 (M+H)", 336 (M+Na)"; 'TH NMR in
DMSO-ds (see FIG. 24).

NaBH,, -78°C o
___»..

Monoglyme/1% water

Ci | =
H-13C 11-25 (95%)
Example 11
Svnthesis of the Compound of Formulae -1 from I[-19
{0291} Acctone (7.5 ml) was vigorously mixed with S N NaOH (3 m1) and the

resulting mixture evaporated to 2 minimum volume i vacuo. A sample of 100 pl of this

R1-



B i

10300! Initial studies of a Compound of Formula 11-16, which is also
referred to as Salinosporamide A, employed the National Cancer Institute

wdNGhsgreening panel, which consists of 60 human tumasGelldines,ibal;
represent leukemia, melanoma and cancers of the lung, colon, brain,

._ovary, breast, prostate and kidney.,. ajled description of the scregning
st S R A B ealer Aot (e, i o B
resultingtpipasitmyoiier anchres/itb Avoispittmi e 630iddn| robrieh; eachnohtle:el
- human tu ellli re i 1040 medium, supplemented
st e Ee e O TSR Sy
gradienthigin BPpropaiatel déNSityirosowsllnmieronisr plates anddnoubraléduain8EC,
: 5,0 CO., 95% ai 0% relati nidity., After 24 hours, 100 pL
Heing %a%o%s 1 -?g?dgag?r% é%%%%rll{sggf %%ﬁﬁ%?g%@%%@A%Lgvté)?eqaddlglqtgeﬂ%j '
Compoappdpriatenedits tomtaihmg 100ineoindsiishreseitingtivna tfinagld 0.55 mg
compomRliNeSRATAMIAGA:sonagniration ranging fam Q. alyl 405 100 likarells, .

were incubated for an additional 48 hours and a sulforhodamine B protein
296.1 (Neday WaS V& loMestimatereEliabliity or growth. [03021 Three dose

response parameters were calculated as follows: GI50 indicates the

concentration that inhibits growth by 50%. TGI indicates the concentration

T

levk below. [0304]
finosp

amideOA was less

d in both the
an LC5 the mogt sengitive’and the most
resistant tumgr cellmes illustrates that Saln poramide A displays good
: xin. Furthermore, the
shaws preferred

Data indicate that¥he mean 0150 value o

than 10 iM. TH@AAfde ge ﬁ%%oo-fold differen'?ce ébser

repeated and ghowed similar results. [03051 The results of the NCI tumor
screen show that Salinosporamide A: (1) is a pgtent compound with a
mean GI50 value of < 10 nM, and (2) displays ggod tumor -87 WO
2005/002572 NCT/US2004/1119543 selectivity of more than 1000-fold
difference in Bdth the mean TGI and mean LC.58b%alues

. Example 12
Synthesis of the Cémpound of Formulae II-22 from 11-19

[0292] A sample of 60 mg sodium propionate was added to a solution of
compeund of Formula 1I-19 (5.3 mg) in DMSO (1 m]) and the nmixture sonicated for 5
minutes, though the sodium propionate did not completely dissolve. After 45 minutes, the
solution was filtered through & 0.45 p syringe filter and purified directly using HPLC.
Conditions for the purification involved a linear gradient if 10% acetonitrile/90% water 1o
90% acetonitrile/ 10% water over 17 minutes using an Ace 5 p C18 HPLC column of
dimensions 22 mm id by 150 mm length. Under these conditions, compound of Formula Ii-
22 eluted al 12.3 minutes to yield 0.7 mg compound (15% isolated yield). UV
(Acetonitrile/H,O) 225 (sh), ESMS, m/z 3522 (M+H); '"H NMR in DMSO-d; (see FIG.
26).

SR



between the most sensitive and resistant tumor cell lines. Table 1:

Relative Sensitivity of the NCI 60 Human Twnor Cell Lines to
Salinosporanude A National Cancer Institute Developmental Therapeutics
Program nsc: u ut267 i 1 um.,: maw SS PL: msr ea,. wwmexsor.i Mean
Graphs Ixeoua nm<: Scpru,her 17.2W) u" uok: A.,.,, € 205) LL www w ~
W MWW o s s W __La, (bExampleioss
18 Growth inhibition of tumor cell lines 103061 B16-F10 (ATCC;

CRL-6475), DU 145 (ATCC HTB- 81) HEK293 (ATCC; CRL-1573),

HTB-26),

PaCa- 2 NCI 1- 12 p O\7CAR 3, PANC I PC 3, RPMI 82%6 and 11266
cells were seeded at\125x10, 5x103, 1.5x10"~, 5x103, 5x103, Ix104,
2x103, 4x10', Ix10, 7,5x208. 5x10, 2xI0, 2.5x104 cellsiwell gegpectively in
90l complete media into Coming 3904 black-walled, clear-bottom tissue
culture plates. 20mM stock solutions of Formula 11-165 were prepared in
100% DMSO, aliquoted and stored at -80C. Formula [4-16 was serially
diluted and added in triplicate to the test wells resultingAm final

Example 13

Oxidation of secondary hydroxvl eroup in Compounds of Formulae H-16? TI-17 and [I-18

and reaction with hvdroxy or methoxy amines:

{6293] Any of the compounds of Formufae -16, 1I-17 and II-18 may be used as
the starting compound. The secondary hydroxyl group ia the sfarting compound is oxidized
using  cither of the following reagents: pyridinium dichromate (PDC), pyridinium
chlorochromate (PCCY), Dess-Martin periodinane or oxalyl chloride (Swern oxidation) (Ref:
Ovganic Syntheses, collective volumes I-VIIT). Preferably, Dess-Martin periodinane may be
used as a reagent for this reaction. (Ref Fenteany G. ef al. Science, 1995, 268, 726-73).
The resulting keto compound is treated with hydroxylamine or methoxy amine to generate
axXunes,

Examples:

-83-



concentrations ranging from of 20 M to 0.2pM. The plates were returned
to the incubator For 48 hours, The final concentration of DMSO was

w0 Qudb862rall samples. 103081 Following 48 hours of drugrexpaseirey ek of
0.2mg/ml resazurin (obtained from Sigma-Aldrich Chemical Co.) in Mg2',

a2+ free phosphate buffered saline was added to each.well and the

a/éﬂes were returned to thée hator for 3-6 hours. Sifice living ¢8lis

’ @?}&Resazurln the escence of the reductiqn pro ucto
Fegazarm was measured us 9.8 F

Bio$ (vithoAve; = 535 a
o ‘ecmou%ee{m‘vas 2 i :

subtracted frotirtive data for all.gxpermentalwsis. The dat
nofmadized tothe average fluorgscence of the cells treate

.25% DMSE (100% cell growth) and EC;() values (the drig
conﬁentratlon,hf Whiets896°0f the maximal observed growth inhibition is

established) werevdetermined uging a standard sigmoidal dose response
Start ?F‘Ve f|tt|n algorithm (generate by XLfit 3.0, ED Business®Solutions Ltd
arting L Bhag O GraphPad Softwaréiiht). [03091 The data inFéble 2
summarize the growth inhibitapsgitects of Formula 11-16 against 13

diverse human a d mouse tumor cell Ilnes Table 2 Mean ECso values of

Formula 11-16 R FAESIEEI| line Source EC50

(BMYI medrh SBerB dfﬁ}ﬁilﬁ,wl@msexﬁﬁ%@d”l@mﬁlﬂz 29 134 BV 145 Hyman,
1l 9 gﬁt S.Salginoma 3 93 _Human, embryonic kidney 47 2
SO 9}23 Humal rclincgl ectal a ngﬁéza THE605 K0 8% eV Wielnine
de“”“&ﬁd?ﬁe‘éfaﬂ&ﬁ@ﬁ@@@tﬁﬂh@d@a@@@ BreMDAcdMBR3 HHdmRAMDREAISY 0%Pd/C,
H, to rRdNAEASIDRME BT, 4 12, MIARAGA:2 Human, pancreatic carcinoma 46
B 2 -89 WO 2005/002572 PCT/ U S20041019543 NCI-11292 Hunan non
Xamplgm311 cell lung carcinoma 66 + 29 IZ OVCAR 3 Human, ovarian

denocarcinoma 49+31 6 PANG 1 Human pancreatic carcinoma 60 rjl

a
Q/O
/ .
.

NH,

O
x
it

\\O

NaBH;CN bd/C, H,
e
NH, CH5Cl
D S
Rg
o-11 I-12
Exampie 15
Cyclohexene ring opening:
205 Y "L
[0293) Any compound of Formulag U-16, H-17 and [-18 may be used as a

starting compound. The starting compound is treated with 0sQy and NalOy; in THF-H,0

solution to yield dial derivatives which are reduced to alcohol with NaBH, in the same pot.

=84~



C - Human prostate adenocareinoma 64 26 19 MI 8226 Human, multiple
myeloma 16 , 1.9 26 U266 Human, multiple myeloma 47+0.7 6 [03101 +
Where n (number of independent experiments) = 2, the mean value is
presented (0311) The ECsp values indicate that Formula 11-16 was

cytotoxic against B16- FIO, DU 145. EIEK293, HT-29, LoVo,
MDA«MBr231s MIA PaCa-2, NCI-H292, OVCAR- 3, P ANC-1, RG13us2004/019543
RPMJ 8226 and U266 cells. Example 20 In vitro Inhibition of Proteasome
ﬁﬁgixég}/e:by Formulae U-1 11-3 1I-4 11-5A 11-SB 11-SC 11-13C

11-16,11-17, 11-18 1f-19,11-20, U-21 H-2) 1I-24C 11-25 and 1V-3C. [03121

AI!,thé\chpounds were prepar 20 mM stock solu in SO and
stored, in’ small aliquots at -SOC, Purified gbit mustfe 20S proteasorng
Wégqp. ingd _from CalBiocheﬁ*r‘(ﬁlo ﬁ:é{the chymotrypsin-li CH
activity of thé proteasome, the assay buffer (26°'mM HEPES, pH7.3, G 0
¢ z . ] . N : i
mM EDITA; and 8.06%, Triton XI 00 lementgd with SDS \gj

as
resulting ina Tinal SDS-emacentration of ¢

1 VY , aﬁffé)r’ogenic peptige sebstrate specifically clgav
the 'thymotrypsin-like activity of the

ostar microliter plates. Formula 11-2, Formula 11-4, FornZuIa
11-16, Formula 11-17, Formula 11-19, Formula 11-19, Formula 11-21 and
Formula 11-22 were tested as eight-péint dose response curves with final
sengentratipasidanging from 500 n-M tp158 pM. Formula II-SA,fE@rmula
11-5B and Formula 11-20 were tii'ged it ?gncentrations ranging from I M
to 0.32nM. Formula 11-3 was teste o s ight- dose response curve
witleliviadiconcesitrdtio s xanging fideh e fpihtoi G2 M oabilecthonmnglanction

11-SCFgrmula,11-13C, Formula,11-24C, Formula 11-25 and, Formula

V-5C R testod WAl ERURSR B REAGD ory 28 o B s
Ttk wasmiplderWere ihcubme;teaﬂ@%@ ff_@r}ﬁ@é mﬁuhuehamchdt@mm@tme resulting
ganiralied plate [eader, LUANG e RECINGHRANGN; SERE N SYDSILAIE WaS. 1 4e

diluted 25-fold in SDS-containing assay buffer. After the preincubation
Peviod, Hid rdartibiisweradiiitia®ed by the addition of 10 | of the diluted

substrate and the plates were retur to the plate reader. The final

co tration of
i bl 1
N OH
\\\_‘\‘c /

Ry
Starting Compound 1-6 [-]

Example 17

Various reaciions on aldehvde devivatives I-1

{02971 Wittig reactions are performed on the aldehyde group using various
phosphorus ylides {e.g., (triphenylphosphoranylidene)ethane] to vield an olefin. The double
bond in the side cham is reduced by catalytic hydrogenation.

Exampie:
-85-



-90 W O 2005/002572 PCT/1152004/019543 substrate in the reactions
was 20 uM. All data were collected every five minutes for more than 1.5
wohoerand plotted as the mean of triplicate data points. ThexBE@sewalues s
(the drug concentration at which 50% of the maximal relative
fluorescence unit is inhibited) were calculated by Prism (GraphPad
Software) using a sigmoidal dose-respﬁse, variable slope W{del. To
evall;.ggﬁfé the activity of the compounds against the caspase-likg activity of
_the/20:8-pfotcaspmescieastions We;a erform las 3
exce Z-LLI%?FK%?W&S used-as the p ptidﬁéu’ﬁst . Formulae
4 11-4, 11-5A, 1158, [T3SC, 11-130: 1717, 11- 1S- 11, 1=, 11-22,
, 11-25 and Formula PV-3C wére tested at concentrations ranging
from 20M to 6.3nM. Formula 11-2 wasitested at concentrations ranging
fronT™10OuM to 3.2nM, while Formula 11-16 and Formula II-19 were tested
at cbhcentrations ranging Born 5M to 1,38nM. For the evajuation of the
compounds against the trypsin-like activity of the proteasome, the SDS
was omitted from the assay butter and Boc-LRR-AMC was used as the
pépiide su&@mmezemmwaxilfagm&ﬁel@t@d @k @mmgaygml?ﬁl@ﬁl]g Nious
es (o, Ul ta 1.6 nM. Formulae 11-3, f-8C, 11-13C, 11-17, 11-21, 11-22,
s R B VBT e b g meioone
aldehydg ig Brnsedvitrofitlas 102 dndhtlb-bBhéhtieehgantrations tested ranged
Exampftom 10M to 3.2tuM, while Formulae U-4,11-5A, 11-16,11- 18 and 11-19
were tested at concentrations ranging from 1M to 0.32nM. 103131 Results
(meaWSO values) are shown in Table 3 and illustrate that amontkthe
te;:ptegi compounds, FormulaeHHgSA, 18.-16, 11-18, 11-19, 11-26, 11-21

and IV-3C inhibited the chymotrypsin-like activity with ECso\values of 2.2

, 8.2 uM and 7.8 uM respectively. EC50 values for Formulae 11-SC and
%1-25 were greater than 20 pi. Under the conditions testé&d, Formulae
1112,11-3, 11-4, 11-5A, 11-5B,111-13C, 1I-16, 11-17, 11-18, 11-19, 11-20.
IT-21, 11-22 and 11-24C were able to inhibit the trypsin-like activity of the
(395 proteasome .. Formulae. 11-4, fI-5A, 11-16, 11-18 and 11-19 inhibited

.. the caspa%?—:gjlike acti??tyddv%ll RECESVARISS Mgt sEm tsurh st
Orignard Ke e8¢ R frh S BIsiE- Y7 A1k 20y] 1R heanth bloRRdbad ER50.
reagentsV@KIESSRRGIN JEA I MR B3 Mheny}magnesium bromide) to yield various

subsututed secondary alcohols,

Example:

Grignard H 2 Grignard

Reaction ] Reaction
A

PhMeBr {CHy),CHMgBr

I-1 110



-91 WO 20u5/002572 PCT1US20041019543 Table 3 11- Effects of
Formulae 11-2, 1I-3 R-4 1I-5A 1I-5B 1I-8C 1I-13C II-16 11-17 11-18 -1 9, 11

20 11-21 11-22, 11-24C 11-25 and IV-3C on the various enzymatic activities

of purified rabbit 20S proteasomes ~-Analog EC50 Values

Chymotrypsin-like Trypsin-like Caspase-like Formula 11-2 18 nnM 230
NMleoihdEosmula 11-3 927 nM 6.6 pM > 20 M Formula 11-@ckde20bi019343
109 nM 744 nM Formula II-5A 6.5 nlvi 89 nM 487 nM Formula 11-5B 87

nM 739 nM 3.3 pM Formula 11-8C ng EGM > 20 pM > 20 pM Formula
[1-13C 8.2 pM 10.7 pM > 20 pM -16 2.5 nM 21 nM 401 nM

Formula 11-17 29.5 nM 588 nM #:2Kte Bevhogiia 11-18 2.2 nM 14 nM 250

M F 11-39%:31M3 piv| 5 For -2V B318nivila
M. Formutn 11y LA e e Al IS didreitea o
153N ORsRIe 14 20 ey pibe Sl Gankar Hosmiia MNCEscse2lipVbanel,

2120320 IERMUIRNY -3 1(n8AM 720 PM 7222 AM 195!%}%%%?&%&15&1‘3
%Ali}Salinosooramide A (11-16) Inhibits Ch no sin-like Activity of Rabbit

4e18 20 SE° BPotBdSofaR" (U511 PTHE StRtt biisafindspibtilpidesaription of the
{Lld6):0n proteasomesawasexamined usingaeammersially ayailable K./,
fﬁ?;ﬁ*.‘ng%': 1'?28@ 55‘:&%%2%'8919&;? P%I?n]].&_?’s)’ which uses a

10301} In brief, cach of the 60 human tumor cell lnes were grown 1n RPMI
1640 medium, supplemented with 5% fetal bovine serum and 2 mM L-ghatamine. Cells
were plated at their appropriate density in 96-well microtiter plates and incubated at 37°C,
5% €03, 95% air and 100% relative humidity. After 24 hours, 100 nl of various 10-fold
senal dilutions of Salinosporamide A were added to the appropriate wells containing 100
il of cells, resulting in a final Salinosporamide A concentration ranging from 10 nM to
100 M. Cells were incubated for an additional 48 hours and a sulforhodamine B protein
assay was used to estimate cell viability or growth. ,

[0302] Three dose response parameters were calculated as follows:

Glsp indicates the concentration that inhibits growth by 50%.
TGl indicates the concentration that completely inhibits growth.
£.Csg indicates the concentration that is lethal to 50% of the cells.

{0303]  An example of a study evaluating Salinosporamide A in the NCI screen
is shown in Table I below.

{0304} Data indicate that the mean Glsg value of Salinosporamide A was less
than 10 nM. The wide range (>1000-fold difference) observed in both the mean TGI and
mean LCsy values for the most sensitive and the most resistant tumor cell lines illustrateg
that Salinosporamide A displays good selectivity and does not appear to be a general toxin,
Furthermore, the mean TGl data suggest that Saiinosporamide A shows preferred
specificity towards melanoma and breast cancer cell lines. The assay was repeated and
showed similay results.

0305} The results of the NCI tumor screen show that Salinesporamide A: (1) is

a potent compound with a mean Glsy value of < 10 nM, and (2) displays good tumor



fluorogenic peptide substrate to measure the activity of rabbit muscle 20S

proteasomes (Calbiochem 20S Proteasome Kit). This peptide substrate is
wospeaifizsfor the chymotrypsin- like enzyme activity of the protesmomey>o2

WO 2005/002572 PCT/11S2004/019543 103151 Omuralide Was prepared

sdeuua@&)ﬁ%MM sickdn. BMePand starsshiniz haliguets at-

prepared as a 25.5 mm SO|U1’IOI‘I in
Sied i argeibis ét’%?fﬂ?‘“?hié”ﬁ%&é?ﬂlrﬁé%sures the hydrolysis of

bctwwr{?)]

linosporamijde A was

Bhikerae

Sugihil VY rAMG JRIG s Ul V¥ ApdedWEnIiDe eleasgd coumarin (A'V'C)
was measured fluoromety; bigalypBynUging ne, =390 nut and 2 = 460 tun.
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Sallnosporamlde Ais a potent

Example 19

Growth infubition of tumor cell lines

s of AMC were followed for one NoUL_All datp Were cotegied ard -
pIotteE Jts the mean of tripli ate‘:':data"pmms,-The ddta were norr'ﬁ[iiéﬂ to
"I reacti ng pcrlormed in the bsgnce of % poramlde A and—mod'el‘ed'“i
» Prisn| asia siginoidal dose- esponse, vz |)3 slope.i103161 S:ﬁr_t.o F
-ther sults -obtained-for-the-inVitro cytgtg ty anhlﬁé), Lcling—erxl., .
‘&ient lilt Ed Engl 42:355 (20'03')"&:& EC50 vélbies in IRE-20S
e proteasejlne -assay-showed- rhat’SaIm ___“p_ma'midp A \{\mc approx mately
d: more potent than O utzaltde.:mﬂiﬂ an averdgéwvalue SEIT3TIvT
s49 n A, respectively (Fi. 27). Trn's_:experlrneﬁt was L&p‘%ea anj
5. the at/er;age ECS5o] ifi the tw s ,o\lemunettto be-2rivt-for
Salinosporamide A and 52 N30 k 1031 7)%Halino _@__lae A
otght inhibitor of the chy‘rﬁ?otrypsinglnﬂactlvn cﬁthe pratéasome.
CE@ values for-cytotexitity-Were-hithe-10-2 r-fM range-isuggesting
' @_gll de‘éth Was-d-ae‘:,?é"t-%,ast

B16-F10 (ATCC; CRL-6475), DU 145 (ATCC; HTB-81), HEK293
(ATCC; CR1-1573), HT-29 (ATCC; HTB-38), LoVo (ATCC; CCL-229), MDA-MRB-231
(ATCC; HTB-26), MIA PaCa-2 (ATCC; CRL-1420), NCI-H292 {ATCC; CRL-1848),
OVCAR-3 (ATCC, HTB-161), PANC-1 (ATCC; CRL-1469), PC-3 (ATCC;, CR1L-1435),
RPMI 8226 (ATCC; CCL-155) and U266 (ATCC; TIB-196) were maintained in

appropriate culture media, The cells were cultured in an incubator at 37 °C in 5% CO2 and
95% humidified air.
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small molecule inhibitor of the proteasome. Example 22 Salinosporamide

A flI-1G) Inhibition of PGPH Activity of Rabbit Muscle 20S Proteasomes
[03181 Omuralide can inhibit the PGPH activity (also known as the

caspase- like) of the proteasome; therefore, the ability of Salinosporamide

A to inhibit the PGPH activity of purified rabbit muscle 20S proteasomes

was, 8556Ssed7 A CommerCia”y available -93 WO 204)5/0025?)%1‘/”52(;04/0'()543
PCT/US20041019543 fluorogenic substrate specific for the PGPH activity
was usegd instead of the chymotrypsin substrae. lied i NS :
protea?s(%%nﬂ asgrg}fl kit id 1(83&%@65%}5 ﬁ%%?}je? isﬁé'i%? %ﬁ?&r&%@gy 93, HT-29,
[(2Y 1 6) Was\Piepdrdd ds a0 mMMEdtan iV DIMSO ki Gtoréd -ih KNBIF 8226
Allavats,at 806 The sbsirate 2 LEAMEC was prenared as a20m 503
stock solution in DMSO, stored at -20C. The source of the proteasomes

Was thex Gomiteiéiall§xa0ailable kit frorh 'Calioet bry@elivei 5 30 185). Aenplete
Hath, the coymaitypsin SUBSTAIRLNS ISR &9&9&&@@%&&%&%& stock
into Z-LLE and ffee AMC. The activity can then be determined by
wiebefingieflliolestaisie wenhedeeHiEd RMEQ7aliazo890emidstend 2660°C.
oML BNe profeasomesiers aclivaled wWith ppe.anthbeld, MHCGRTIRL in final

manufacturer's recommendation. Salinosporamide A was diluted in DN
YO EfETEH e A0 ERPcnceRiaie 8 Bapbint elirionsuragumd eliiednoubator
was dillned AQ-faleh with asaayn buttenand preinsubated withthe

proteasomes as described for the chymotrypsin-like activity. After addition
of subéiate, thd Siipnestherurcabatet atareranédOmidst sragie! resazurin
HuarescantAdMmwasimenitessckin adfluprimetec All fala WerR.coleied saline
and plotted as_ the mean of triplicate points. In these experiments, the .
'EEAHRLL rishetel frbiismaes Rorfilizaadiculity namaiy the bt ofince
IAME ggleasasbinitberkabsenseni Salnesprpaide RAirRRRSABERAIN R esazurin
activity. As before, the. model c oslejglwas a sigmaidal dose_—r}%%ﬁ)onse

|

AR e {320 BATE (VAR S JUBEaRRde AD '=< = 539

e

rimhibdted, the RGRHi astvRydrvurabit museleud0Si proteastmesustht@determine
11%935-‘9121:- (%% QNI\{I IG. 238 .Ari% I'gatetex e{r'i e_ntl was erfotrqwedglwhjighh dat
gave apredicted f B0 AV ThESe e (s h GrPstaRRNE! Wells. The data
'Salinospehamide Adoees biockithesirnitro PGP ktikctindtye ofvithifieelrabbit.25%
RiRsle gk dpleasnmen BET I INERBG'ENRLNAMIE LIRS, of e
the chytnotrypsin-like activity. Example 23
maximal observed growth inhibition is established} were determined using a standard
sigmoidal dose respense curve fitting algorithm (generated by XLfit 3.0, ID Business
Solutions Lid or Prism 3.0, GraphPad Software Inc).

[0369] The data in Table 2 summarize the growth inhibitory effects of Fonnula

II-16 against 13 diverse human and mouse tumor cell lines.

Table 2

Mean ECsq values of Fonmula IJ-16 against various tumor cell lines

U Celt line Source ' ECss (M), mean £ 8D * n

' B16-F10 Mouse, melanoma 47+20 12
DU 145 Human, prostate carcinoma ‘ 37£10
HEK293 Human, embryonic kidney 47
HT-29 Human, colorectal adenocarcinoma 40£26
LoVo Human, colorectal adenoccarcinoma 70+ 8
MDA-MB-231 Huma_n, breast adenocarcinoma 87 £ 40 12
MIA PaCa-2 Human, pancreatic carcinoma 46 2
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Inlvbition ofthe Chymot sin-lil:e Activity of Human Eryflnocyte 20S

Proteasomes [032.1] The ability of Salinosporamide A (lI-16) to inhibit the
woO ehnrmatrigpsin-like activity of human erythrocyte 20S protédsaneg/vyes 3

assessed in vitro. The calculated EC50 values ranged from 45 to 247 pM,

Ncipand seemediin denend Hpon Ing, Jot of proteasomes tested (BIOMOL— ——
Fgg At SE-221These datarint Egiléﬁ%?ﬁg‘?nhitnweﬁeé&?m S

L
-ﬁg:%mesp W A8 HBEHARREH 18 PARnit skeletal muscle'Proléasomes. |
PANCH03221 Salifisepbrmtae s wesisrepared as a 20 mM solution in DMSO
PC-2 and storedHmsmatialiquaisaic80Gorthe substrate, suc-lLY%AMC Was 5"
- d asi2,20. MMESRUTR.I,DMSO and stored at =20C - Huyman-—————
RPMI grepared asiangt, MIVESQIUTLN, NG 4 S

e O A NA 051002
U266 ery_throcy[ US Proledspmes were =94 vijzubpxodz - R
T = 52@356 inedffom BIOMOL (Cat- # SE-2210./The | ¢ |

;g(gbqeégson”fe B E i S SR Af INAPRaNIER inpesiiee BN Y Al frenAMGeand
presenttide activity can then be determined by measuring the fluorescence of the

rglﬁ? ed %\{Ieg%k = 390 nut and Xem _ 460 tun ). The proteasomes were

Neivdted by SDS ARIPStAPSLFBh ol EeThith dhed expermiieists sing it
F10, Dinistl€lipiateastimss Leslinsapararmide Awes dituied i RMSSO By ax.

3, pAN@ENgate & 400-fold conce r_atb d 8-point dilution series. The series was
then diluted 20-folc vﬁ% a"égsagjl‘j ??jffer and pre-incubated with

proteasomes at 37C. The reactioriadds initiated with substrate, and the
In w’nﬁ%@?ﬁ@i&g éf*\ﬁ%t\é’a%érﬁ‘é”ﬁé’{’%ﬂ P%Lﬁgﬁ%g —9. '-‘];luon_mete[' Data

were cIIected an plotte tul
Ehowed Iigqamgigﬁgddgﬁg e, e data were normalized to

and siofEACHON pe,rformed%iélothe absehcé ofgggél’?i-rllilcz)ssrfalorasmoicces/gxkétﬁodx %é&g%% in
a¢ storg SRS itfaPl dse Fusfehubbianatsle 3i5per k08284 Replicated
from Caikpelienents pariatened UsinG AN BIERIORYISRIOIGASOMES &Om .

5 &hd 260 HM

. rate. resylted in a range of EC50 values between 4
ot Voo B X T oS Beemvscpmionana
with SD20SspiotedsonteaBhifiedneamuiuiman ensh oayes A% DO was suc-
LLvy_mkerggﬁB%)usjn subunit com%ositiq_n.plaverol, et at., Afol Cell _
" Proteoinics F 587 5P PHE RSB i presedtip Srrares imngin-like
activity gefiefareivesaue tadifferencasintheramposiionand astivity.ebihe; |
_h otegsome_ preparations. Regardless, these results
L TR PGk e AL ot il Brinooyte
114, Fompgdapthidadtmeslis kdfsifiverta SalinhsporamiderA 9EXmRIR 2821 ang

" ) - ‘ : '
Formula [1-22 were iested as etght-point dose response curves with final concentrations

N
H

ranging from 500 nM fo 158 pM. Formula [-5A, Formula 11-5B and Formuida 11-20 were
tested at concentrations ranging from 1 #M 10 0.32nM. Formula II-3 was tested as an eight-
dose response curve with final concentrations ranging from 10 uM to 3.2 nM, while
Formula [I-8C, Formula [0-13C, Formula I-24C, Formula 1-25 and Formula IV-2C were
tested with final concentrations ranging from 20 uM 10 6.3nM. The samples were incubated
at 37°C for five minutes in a temperature controlted plate reader. During the preincubation
step, the substrate was diluted 25-fold in SDS-containing assay buffer.  After the
preincubation period, the reactions were initiated by the addition of 10 u} of the dibuted

substrate and the plates were returned to the plate reader. The final concentration of
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Salinosporamide A (11-16) Specificity [03241 A possible mechanism by

which Salinosporamide A inhibits the proteasome is by the reaction of the
(3-lactone functionality of Salnlosporamide A with the active site threoninc

of the proteasome. This covalent modification of the proteasome would

block the active site, as this residue is essential for the catalytic activity of
the“Q{Q‘tﬁ@@ng Fenteany, et al., 1 Biol Chem 273:8545 (1998};{?‘?\/”52904/019543
structurally related compound, Lactacystin, has been shown to also inhibit

cathepsi Ostrowska, et al. lilt J Rjoclrenr Cell Biol 32:747 (2000),

o AR M BR0T Suroieecet A1 Bioeledr mor
BigpHys IRes 0o miviinie:234: 729:(1897))iand TRPHo(@eiehetat, vSEI8NaR drg
283:978,(1999)). hu rypsin, chymotrypsin, papain, calpain (Fenteany,

et ai., TSl(:ience_ %g?%qgil)@;éﬁnt]ﬁrgprlliﬁrllg‘burvﬁl '@Wi%ﬁ*é‘f‘? dBtivatphibited) were
(Ol dvaly FARBIIP T Skifo)otd): 1384 29930 BimiarStgisavestabie slope

initiated to.explore tbe specificity of -05 WO 2005/002572
F>c:T/u520L04/019543‘“‘8a?ufri{lol‘gg%'F“"afﬁ”ﬁ3 & K for e BhotEadsiecnife activity of the

eV 5P 8 Abiler TR NI thefoatmytis dstivitydofispectolyRiCRASENNG:. AMC
Proiease, CMYMS Iy Sal ramide s prepared as.a20
RURAIRSIn, HOREH, BAlOSPOIAMIde A WASPIARALS 85 ¢ AEAS

rEngM ISO,}|l)Jti0n7in DMSO and stored in small aliquots at

sticLEvylantc! vas Prifsarddasad dommsdiitish inBMSOdandsiaretrations
ata0C Inotsolitia cleauagerafihis suosale R 6L RIGIGARINSS Bl rom
‘FWWC{HVPZ';M'Q%L%E%theT quoreLséc_:ent product AMC, which can be

monitored in & fluorimeter (2'eX L2 o Hamaii & K5 0rean YBevineconcentrations

aserektiv: Ehymotryidsin was obtainec oy Sienm ok S:dked. é?’%jisin-nke

prepar .Mg/ml solutign in assay buffer (10 mM HEPES, 0.5 m
e R PTG HRaary il e addshy AMC
tHE Wrﬁ%ﬁ@p@ﬁ‘%@‘&l‘m@d f@liimg#ﬂﬁﬂ(@v%g/eﬂelﬁ) dfb@ﬁ&ﬁwbtlytff@ rrﬂ’rgiing from
Dekd anice,akin rappide./ > dijuted i ), generate an

S?point lolose-respgoﬁr‘15Isp.ctlaé’;clzfzfj'lrtgg.I %‘E?Eiﬁ#fi?@%ﬁ%fs%&?mﬁ&é G 1-25 and 1V-3C
LR ST i0 BIsiam foomPlete ithRids, dloe BEmeIBOSIN and 5B

requires taaéibe-dluted £azme, Bﬁnﬁé&eﬁ%ﬁ

dded to the ¢o d
lcgilutio series. The inclusion of 1% DMSO é\?i%% %gﬁlgear?%?oﬁ]&ﬁ’m]é’m

SolU&HE In tHtEstsiah sy Rt Imiere rogins FadnoMgnificandeffect on
chyrotagasin acivifyifoyyasss tis, subsitate.. The [eactigns were
re-ir cu ated for 5 minutes at 307C anjl thee rea(‘:%?]or% 3vr21e%rlg inifia e%l%s)}r%% that

“addition of SUDSHFARUHSA Wk Brittdl ¥nBtichlf-10r BrONBEN an8 T2 are
tin thesFludroskanband plottedcasHbeymesnief activity of the 208 proteasome with

ECso values ranging fronr 2.2 nM to 7 nM. Formulae 1I-2, Il-4, I-5B and 117 inhibit the
proteasomal chymotrypsin-like activity with ECsp values ranging from 14.2nM to §7nM
while the ECsq value of Formula I-3 i{s 927 nM. Formula 11-24C, 11-13C and N-B(;
mhibited the chymotrypsin-like activity with ECso values of 2.2 uM, 8.2 uM and 7.8 uM
respeetively. ECso values for Formulae T-8C and [1-25 were greater than 20 uM. Under
the conditions tested, Fonmulae [1-2, 0-3, 11-4, II-5A, 11-5B, [I-13C, I-16, I-17, TI-18, 1-19,
U-20. I1-21, i1-22 and 11-24C were able to inhibit the trypsin-like activity of the 208
proteasome. Formulag I1-4, [I-5A, 11-16, 11-18 and 1-19 inhibited the caspase-like activity
with ECso values ranging from 250nM to 744nM, while Formuiae 11-2, 11-5B, 11-17, 120,
i-21, and 1-22 had ECs values ranging from 1.2pM to 3.3uM,
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triplicate data points. The data were normalized to reactions performed in
the absence of Salinosporarnide A, and modeled in Prism as a sigmoidal
wodasaresponse, variable slope. Normalized data from SalinessoamigesA
inhibition of the chymotrypsin-like activity of rabbit 20S proteasolnes has
been included on the same gﬁ%@@ 4103261 The average inhibition
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Example 21

Salinosporamide A (11-16) Inhibits Chymotrvpsin-like Activity of Rabbit Muscle 208

(0314}

Proteasomes

The effect of Salinosporamide A (II-16)} on proteasomes was examined

using a commercially available kit from Calbiochem (catalog no. 539158), which uses a

fluorogenic peptide substrate to measure the activity of rabbit muscle 20S proteasomes

(Calbiochem 208 Proteasome Kit}. This peptide substrate 1s specific for the chymotrypsin-

like enzyme activity of the proteasome.



100% DMSO and this dilution was used to generate a 8-point half log
dilution series. This dilution series was further diluted 40X in appropriate
culture medium and ten | aliquots were added to the test wells in triplicate
resulting in final test concentrations ranging from | pM to 320 pM. For
Formula 11-3, Formula 11-53, Formula II-SC, Formula 11-13C, Formula
11'\1&; :I!:”(‘:;)qr%glia/zll-zo, Formula 11-21, Formula ;1-22_, F_ormulaé};@é%mm“
Formula 11-25 and Formula IV-3C, a 8mM starting dilution was made in
100% DMSO and the same procedure was followed as described above
resulting’iH final 188t Behdenransnaedriging frovd 2Ok o BI3EM aRbstored in 5 ul
Formulad151% .2 daihMostanting diltionwas.madeds 100% DIVRO AMhso and
the flpal test concerlt(?@élons ranging from 317 rt1V1 to 0.1 nM. The plates

n

were returnedetd the®ifcubEto Ao mse AR e rtphatie afriert 1 Y gEAIC into

568 ng/m TN assolutiohe prepasedointhe: nhenol-red frea MMENL MGHMally by

V\/fzgg,}queg,%%d Ethe @@Ltes:\_/v%(g incu ited for an additional 6 hr- The final

concenttation of DMSC Was U259 in' dfi &3i5I8<"a BS3pyEHeHiFstiter plate

theoTiN g Biidulatibrio 100t of iBteady, LitehHA SsIHeHRIRS R VESUBY minutes. The
lates were left

(Bgt%l%re%ﬁﬁ%%c\'@an eae 1¥Vma§oa}fja%e%§&%?%¥i§§§gf g&%ﬁ%lﬁ?ﬁw%@l chamber set to

uqnﬁcjistur or 10 min at room témperat
ldéiferaddactvity. The pOTNING 200500257 21RORAIS2A0M%GL 9BAS 0], with the

relative liferase #his (RL RS LY USIng A Fus! -
rnicro It flug?éfoniete?j ((c@;g?}ﬁé? gfor%%%%cg).ﬁecﬁg%’o \}gﬁﬁéé%(tﬁ’éddlrﬂa o ice
JBHESRHRIdTIAT WhiEI SSovsnsend anvhdmiahidativeclsoifgtasidwinit in assay buffer

inhihitionsis established)auere calgylated n !%ﬂ:?mné%r@'é%%ﬁa%%f%%e%dded in
|

using a sigmoidal dose response, variable slope model. hihibition of

NEB AC&RSFO Y HSrHidN 12 Ri3hE1ctiHaBA BB DIE@H ABEdfhliGnixed.
Il GaddpkS 1'\'9&%)'&%&!!)‘&3!?(’1'”z)ﬁ”é%ﬂ%ﬂ:%ﬁ%% ﬁﬁ'q II 1§§8e§0§%3§7]?5'.F'§§1%sme was

r_equlaﬁes the expression of a large number of genes important in
fiisrh o pshptedid Mimsrgehbsiscd iy antdimmund diseasas chllitged and

inagtive:fonm, Nk aomplexesvithihsB iﬁ*ﬂ@%ﬁxmﬁ%a}%}fﬁ%? to reactions
stimulation JrKB IS %%%%%h rylated, ubiquitinated and subsequently

Hegradsd by thasy SOt A Autb R etel kBN g 16 atsmoidal dose-
activatiompfabiEdkBeand its translocation to the nucleus. The effects

ofFon 1-2, .Formula 11-3, Formyla. 11-4, Formula If-5A, Formula
_B-SB,rElc‘ﬁrﬁula fll-lgé‘ffl;&mﬁlﬁzﬁt-slg Al I i-6V R Gr RNty (Table 2),
Formule’ 1¥-18;Forniullarl Ixl ¥ armuke B52Q2¢ormida b2 lalfarmilae 20s

T2 Rrermula 11-24C, Farmula 11-25.and Formula 1V-3C on the
activation ofN g tdB were %\r/@f&% DY Koo Y& IS NI FLR fhto farsgie potent

ﬂhféffé?a’é‘éa!iéﬁv}t?“?naHEY@% Nafue of 1.3 nM versus 49 nM, respectively (FIG. 27).
This experiment was repeated and the average ECsg in the two assays was determined to be
2 M for Salinosporamide A and 32 nM for Omuralide.

[0317} Salinosporamide A is a potent inhibitor of the chymotrypsin-like activity
of the proteasome. The ECsy values for cytotoxicity were in the 10-200 nM range
suggesting that the ability of Salinosporamide A to induce cell death was due, at least in
large part, to proteasome inhibition. The data suggest that Salinosporamide A is a potent
small molecule inhibitor of the proteasome. '

Example 22
Satinosporamide A (II-16) Inhibition of PGPH Activity of Rabbit Muscle 20S Proteasomes

[0318] Omuralide can ichibit the PGPH activity (also known as the caspase-
like) of the proteasome; therefore, the ability of Salinosporamide A to inhibit the PGPH

activity of purificd rabbit muscle 208 proteasomes was assessed. A commiercially available
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xB/Luc cells upon TNF-a stimulation. 103321 Pretreatment of NF-KB/Luc
293 cells with Formula 11-2, Formula 11-4, Formula lI-5A, Formula 11-5B,
wokeranka721-16, Formula I1-17, Formula 11-18, Formula 1k&9;u&06mulas;

11-20, Formula 11-21, Formula 1T-22 and Formula 11-24C res_ulted _in a
upon TNFE-a stimulation.

- .decregse iferase activity ) sumt :
e L o A R e Tt deb B haroe SopAgpars
substragp supaliadTabhe pnan@cmmmsmawammamn@mndsl of Folrrgulél 11-2|,

jla 1%- |1-5A: Formula 11-5B, Formula 11-16, Formula
gﬁ%@?orrﬁﬁgi g%glﬂ&%)r{%n@{afﬁglwff)pE@r%u éibl‘erT} d}éb?ﬁ%‘]‘ﬁﬁi‘-wso
and stopgstiR R abPIosnel EormulBbi-20Crinhbitéd NRKBvacimpuia this 20 mm
sock selkased assas, -9610R005/002592 RGTIISIPUIOLARIS Tabled
Mean ECso values of Formulae 11-2 11-3 [I-4 II- A TE9BH [13CLI-
commerpighy |§}§ilﬂfii§filq@lf@h952£h22‘ QUG JEP5 BndAV80: fiarehymotrypsin

substr:NFrixBprorgiateslciierase. IeperialOrne 2553Y GOMROURI-EGRO (DM
" SUdF%m?ﬁ-Z 8§dcll:&(ﬂ){;¢mula II-?ij%0,000 Formula f1-4 7%.7 ormu aﬁﬂl-\s)}l\(

san (e DL PG RSSO BrGHSRIBE 75 HD, 0001Eo iR (A1 £30 nm

, - Farmula H-18 9.5
2 et 20 or | o ! "
I 10 .5 Formu 1-20 S Earl T2 S R
manutaﬁi_gég i E}'&%m@g{:ﬁﬁﬂgpuég}és@g)’gggnde A was diluted in DMSO to generate a

400-fold concentrated 8-point dilution series. The series was diluted 20-fold with assay
buffer and preincubated with the proteasomes as described for the chymotrypsin-like
activity. After addition of substrate, the sarnples were incubated at 37°C, and release of the
fluorescent AMC was monitored in a fluorimeter, All data were collected and plotted as
the mean of wiplicate points. In these experiments, the ECsy was modeled in Prism as
normalized activity, where the amount of AMC released in the absence of Salinosporamide
A represents 100% activity. As before, the model chosen was a sigmoidal dose-response,
with a variable stope. |

[0320] Data revealed that Salinosporamide A inhibited Ihe: PGPH activity in
rabbit muscle 208 proteasomes with an ECsy of 350 nM (FIG. 28). A replicate experiment
was performed, which gave a predicted ECsy; of 610 oM. These resulis indicate ‘that
Salinosporamide A does block the in vitro PGPH activity of purified rabbit muscie 208
proteasomes, albeit with lower potenrcy than seen towards the chymotrypsin-like activity.

Example 23
Inhibition of the Chymotrypsin-like Activity ofi--luman Ervthrocvie 208 Proteasomes

[0321]) The ability of Salinosporamide A (H-16) to inhibit the chymotrypsin-like
activity of human erythrocyte 208 proteasomes was assessed in vitro. The calculated ECsy
values ranged from 45 to 247 pM, and seemed to depend upon the lot of proteasomes tested
(BIOMOL, Cat# SE-221). These data indicate that the mhibitory effect of Salinosporamide
A Is not limited to rabbit skeletal muscle proteasomes,

{0322] Salinosporamide A was prepared as a 20 mM solution in DMSQ and
stored in smal} aliquots at -80°C. The substrate, suc-LLVY-AMC, was prepared as a 20

mM solution in DMSO and stored at -20°C. Human erythrocyte 208 proteasomes were
-94-



Formula I1-25* >20,000 Forurula JV-3C >20,000 " n=1 Example 26 Effect
of Salinosporamide A on the NF-xB Sitnraling Pathway 103331
Experiments were carried out to study the role of Salinosporamide A in
the NF-i<B signaling pathway. A stable HEK293 clone (NF-,,B/Luc 293)
was generated carrying a luciferase reporter gene under the regulation of
5X \Wh-x34inding sites. Stimulation of this cell line with TNF-a peads;ioiin19343
increased luciferase activity as a result of NF-KB activation. 103341
F-x13/L.u re p ed.with 8-point half- Io serial_dj

0 lSmF%olﬁs%ldrar%) g%i( ranglng rom % Nﬁo §iaﬁaf\ﬂ5”feor Th %VFoﬁ%gNjé%véPyiMc
a6 sQ9WOY201) 51602572 B@M&ﬁ@ﬁ»@@ﬂdmmm Roamstimutetionapviting the

l 10 ng/ ible lyeiferase activity,was meagyred at 6,
ﬁgﬁr@ Via ”%[Jp gle\l,\‘ %/E\a@éizlg celig)%a fer t?eatment Wlt%nn} P s
Salinegpotainide WiorRY fwraias dssessedtbyithexadditionopsesambiii muscle
9%%@&9&?\"O%alym%a%m&d 403321 Rretreaimeni SN KRAHHE 293 400-fold

cells with Salinosporamide A resulted in a dose-dependent decrease of
nasiersehBtviy. oINS stithtiRetich VrIGhandiiged y0-Aid)vitmassay buffer

calcuated R dar jntibiion of NFxBAyeiferasehactivitwas with MivArate, and

cytotoxichy ass 9/ was smultaneous% performed, and showed that this

HinEdprratiin BG Aiolhershide A dRPRekErERE BBy TRRS, J1ate were

leftanaxigld bhesg E@M%Sﬁé&n%‘?%ﬂﬂiﬁesﬂggﬁs@ﬂmﬁb@a@bﬁ@d\l@ﬁ’enoaily for 3
decrease in lueiferase activity by Salinosporamide A treatment wa

bt U8 N e e A0SR B PR B i esime. The
death.erExample27 £033600iR additiordoiheNibiRusicraseaepartae A and

the ef ect of. .Salinosporamide A e levels of
Oggﬁbca%??%a’ fedtc a&o\madtslta(f § was &Vatia it S? %y western blot.

EndogBﬁ@&B pratejniteietspmeredssesteddn b@ttg HERKROS dells dngittteasomes
Nﬁn 'ﬁ%% 293 F@B%ﬁ? 9'9'1‘31 JO33 Al e BRIt %@9@“%6 BQN{HG 29

with Salnosporaml eA att e ind |cateci concentrations followed
tirhislatisarVRRAA0 h gl orFTNFIR et Beriniprresd that 205 proteasomes purified

from human erythrocytes are highly heterogeneous in subunit composition. Claverol, ef al,
Mol Cell Proteomics 1:567 {2002). The vanability in these experiments may therefore be
due 10 differences in the composition and activity of the human erythrocyte proteasome
preparations.  Regardless, these results mdicate that the m vitro chymotrypsin-like activity
of haman erythrocyte 208 proteasonies is sensifive to Salinosporamide A.

Example 24
Salinosporamide A (1I-16) Specificity

[0324] A possible mechanism by which Salinosporamide A inhibits the
protcasome is by the reaction of the B-lactone functionality of Salinosporamide A with the
active site threonine of the proteasonie.  This covalent modification of the proteasome
would block the active site, as this residue is essential for the catabytic activity of the
proteasome.  Fenteany, ef al, J Biol Chem 273:8545 (1998). A structurally related
compound, Lactacystin, has been shown fo also inhibit cathepsin A (Ostrowska, et al., Int J
Biochem Cell Biol 32:747 (2000), Kozlowski, et al, Twmour Biol 22:211 (2001),
Ostrowska, et al., Biochem Bioplhys Res Commun 234:729 (1997)) and TPPI (Geier, ef al,,
Science 283:978 (1999)) but not trypsin, chymotrypsin, papain, calpain {Fenteany, ef al.,
Science 268:726 (1995)), thrombin, or plasminogen activator (Omura, ef al., J Antibiot

(Tokyo) 44:113 (1991)).  Similar studies were initiated to explore the specificity of
-95.



Antibodies against total and phosphorylated forms of I1cBa were used to
determine the endogenous level of each protein and anti-Tubulin antibody
wo waswsed to confirm equal loading of protein. 103381 Ay shawmniindrE s
32, treatment of both cell lines with Salinosporamide A at 50 and 500 nM
Saiinos&%ﬂﬂ% %%9%5*}%&9&6%@@%9%%&%@1#&%aﬂﬂhg'%’ fﬁﬁ%ﬂeﬂé%talytic
~ phospho-hcBa level when stimulated with TNF-a. These results strongly
activity gl pportthe i sHeshan vt erachvri BrBiElinosporamide A as a proteasome
piugitor, which prevents the, degradation of phosphasylatadh Basnond

NF-a stimulation. Example 28 Effect of Salinosporamide A on Cell Cycle
stored iRagal htdgHPTOREITY TO330T THS iy dHinprdtedSyine \rthtiEg 5e ahe 2V
mM sol88SEMIR ratenlyticrysiemoiavalvadiin el syaie:-cantiokbysreguatingshe

degradation of cyclins and cyclin-dependent kinase (Cdk) inhibitors such
proleaseiath o9l AT BT YRy RS Uttat S cIbiNEE S89: 885 {1098Y Cki¥deiay Bt &F
monitorcnein Bioh&in3:(20Q1)-King, et atndocighce 2731652 (BA9%6) pdle:WO

200510025%2 PCTNSZO&g%lgl 43 FFumr&tﬂ%gwore, 21 anéio 27 [grotgz]n_

cl as obfamed ¢ at. # and picpared as me/ml
WYmOURIRG WS PRSI HastedsRke of protedsame iHistors. FakliET et

solutionaby BieghbuftBio) wevVASIEPESL 1:306N1 BO99)A TakeéticHirietak,-Jph JH(rMG
- rrs 9.3:774 (2002). Therefore, western blot analysis was performe A
caiy. e o e e e P DD
ng/wellpiipabandbpHzrusingiéhe ol EK 293 bellp@nthite A 4EK 20Bited in DMSO to
sencra i ERIHOICIESC Coporter cone, A0R40% TR esler Pas presRnlBd.

were repr using antibodies "against and p
needed detbiminecthplenddgerionsfevebafioach proteit dhd datidiluled|imzyme be
tirectty HAQ0PAY WasHzsASoconfiim syl loading ofpsotein JL0SbAR Shawn
{Iledlyincglpé. 33A acnc[?‘ gS%Pprélim%a% results ind?cate!d that%Zl andA(§]27 ]
concentpoteinlievsisnverdhsldvsited Nsharhbth elitinebadere sragifadwiehcct on

chymotMIROSARIANIAE Mt Marious cancenifatons; atg showed talia for 5

_ allngsporamlde A acts by inhibiting proteasome activity thereby
minutespredértingtHBC TRIELQ 1A dVfee drdetiva for &t MEIR®. ofsabrdiaien, g were
collectc@NRiRARAMAlIRRIRItIN Fesultsdn; theacewpilation.af the LGk inhikitars of

e p21 and_p‘2‘7,,]\?/vh|ch has been rgpqr(}ed to sensitize cells to apoptosis.
iplicapdia e et al TS YEGOR RING O AL SHBR PEIORT R RAMpIE 7 of
Salinogporamide A, and modeled in Prism as a sigmoidal dose-response, variable slope.
Normalized data from Salinosporamide A mnhibition of the chymotrypsin-like activity of
rabbit 208 proteasomes has been included on the same graph.

10326] The average inhibition observed m two expenmenis using
Salimosporamide A pretreatment of chymobrypsin was 17.5 pM (FIG. 30 shows a
representative experiment). The data indicate that there is a preference for Salinosporamide
A-mediated inhibition of the in vire chymoftrypsin-like activity of proteasomes over
inhibition of the catalytic activity of chymotrypsin.

{0327] Thus, Salinosporamide A inhibits the chymotrypsin-iikke and PGPH
activity of the proteasome. Preliminary studies indicate that Salinosporamide A also
inhibits the trypsin-like activity of the proteasome with an ECsg value of ~10 nM (data not

shown).



Activation of Caspase-3 by Salinosporamide A (H-16) 103421 To address
whether Salinosporamide A induces apoptosis, its effect on the induction

of Caspase-3 activity was evaluated using Jurkat cells (American Type
Culture Collection (ATCC) TIB-152, human acute T cell leukemia). 103431
Jurkat cells were plated at 2 X106 cells / 3 mL per well in a 6-well plate

and incubated at 37C, 5% (v/v) CO2 and 95% (v/v) humidity.  ocpyga00.4019543
Salinosporamide A and Mitoxantrone (Sigma, St. Louis, MO. Cat #

M6545), were prepared in DMSO at stock concentrations of 20 mM and

40 mM, respectively. Mitoxantrone@ﬁ@é@ﬁotherapeutic drug that

induges apeptosisin dividing.and-nen:diiding ez via inhikitomof BNA 1.5
synthesis and repair and was included as a positive control. Bhalla, et at,

Blood 82:3133 348y Il verd-tb dlot iR IE8:33.dbRdEnFativn:

(Table 5) and incubatgd IS heurs PHigs; it assessing.of Gaspase-3

activity, Gells treated with 0.25% DMSQ served as the negative control.

The celf@#dre calléctdd vy tontguinaandacnsmedih keeisvedetelive of the
peliets aveigquiocessed don the CaspasecRk activity assanasdesetibedsin cportar

the manufa turers proto ol i\Egp;Chek Caspase-3 Assay Kit from .
Siet Uit Probes STl Se ApBBNaR GowHich oalivatplVor s ouinely

applicationiandip lals @rskiAhIe akhyRarexbkansfer-agteaal asihesedkdl 2mm
qu aH]EJ[%OL/gS? P}%%% S2 ¥4/U19,543 worldwide web at
"probes.Com/médiaspi ‘%I?f U i BrreforeBetietd hdremysey sppre/ml,
i@epmﬁb(ed/)/\dﬂ’p;thﬁﬁﬁzﬁmi,jk CAspasa-Gomn Wﬂ@fmﬁz}fbﬁlrglﬁg‘ﬂ%lllﬁ@f@ase assay,
incubated in the dark for 30 minutes prior tq reading .

T e R Ry Benbic el g e
Fdsio with kied: 285 quils and: <188 filténsulRrotein3cotCentsadions fod 95%
lysates;wele determined using the BCA Protein Assay Kit (Pierce) and

these values were used for normalization. [03441 Data from
represéhtalive eXperthemtsieticeatdut fr Sealmvespo AR ANTFedtinefale cells

el o SO I D SR R S
Eytorexicity’ agaistigkatoGelsisdurkatt@ells BompouRidi @salrmFdamula 114,
maxeelhirih Sajinpsperapide ALQ9Y I1-18, a 400pM starting dilution was made in
100% DMSO and this dilution was used fo generate a 8-point half log dilution series. This
dilution series was further diluted 40X in appropriate culture medium and ten il ahquots
were added to the test wells lén triplicate resulting in final test concentrations ranging from 1
uM to 320 pM. For Formula [I-3, Formula 11-5B, Formula 1I-8C, Formula 11-13C, Formula
[I-17, Formula H-20, Formula [I-21, Formula [1-22, Formula 1-24C, Formula [I-25 and
Pormula IV-3C, a SmM starting dilution was made in 100% DPMSO and the same procedure
was followed as described above resulting in final test concentrations ranging from 20uM
to 6.3nM. For Formula II-19, a 127 pM starting ditution was made in 100% DMSO and the
final test concentrations ranging from 317 nM to 0.1 nM. The plates were returned to the
incubator for | hour, After 1w pretreatment, 10 ui ofa 50 né/ml TNF-o solution, prepared
m the phenol-red free DMEM medium was added, and the plates were incubated for an
additiontal 6 hr. The final concentration of DMSO was (.25% 1n all samples.

[0330) At the end of the TNF-o stimulation, 100 ui of Steady Lite HTS

luciferase reagent (Packard Bioscience) was added to each well and the plates were left

andisturbed for 10 min at room temperature before measuring the luciferase activity. The
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Mitoxantrone 50 99 Example 30 PARP Cleavae by Salinosporamide A in
Jurkat Cells 103451 In order to assess the ability of Salinosporamide A to
WO nGee2aBoptosis in Jurkat cells, cleavage of poly (ADP-ED®8&p604/019543
polymerase (PARP) was monitored. PARP is a 116 kDa nuclear protein
relativih Atciseome ofithemain iracelidirsdargats of gﬁﬁﬁ@? -3, Decker, etal.,
(Pku,_;\,ﬁq.gi@iggg%gge%@g%%(zoqi \ Nicholeon, D, Nat Bt é’ﬁ%h gt
- (1996). The c"leavagt-:-’jéiﬂf’]ll 3P (n diteoa spimEoBo R Dehilodet, afdhe
TR ITHiST o s der v monitoriettibyh westene kiettindy Gleayage of PARR, by
(Grapigagpases isa halimark of apoptosis, and as such serves as an excellent
for e pr‘goceé? ‘@1%?%&?&%‘%”881%%&‘?& Hehseaensd in RPMI
Inhibing stiebioliittia D% Fetal BovineSerum (ABS) @t@%@,@?@iﬁy {2105
16. 11- cEllf Refmb) prgr fo.the,experi ells were harvested by o
centrifugation, an’dﬁ;)(afsgﬁI et 5’”8”{[53 Y5646 cells per 3 mL.
Méll’lly miNbf«tRe mﬁawsﬁ)emj@ﬂmeﬂtﬂa@g lmlﬁkbgiogl%%(zs mmportant in
i;;;_hmﬁgjm}g‘ 9 igeté 20 mM. DMSO stock stored at -80C), and a : mL
E aliquotsiirg%%ed én? Paced oh icd ForhR RO ISsMple. Phiteensiivliduots
NF-kB dﬁﬁél%z‘é”ﬁ? suiSpénBion plusyBalihespagamidewese placed ﬂﬂos%%(gl ated,
ubiquitﬁa&%@@%@ﬂﬁﬂ@éyEQI%‘? toe'gge .!er&aéjbator..Aus a positive control for PAR
cleavage, an itentical Cell suSpeNsBRH R tFeatln JrraB@RMIKB leads

to the aistaeﬁ@@péﬁ%aca knbiunapapiasis iDAUSAISIIME 5592 J0RJIMRHSO
Formui S1QCK Sipreq at - )..Samples were removed at 2, -102 WO -
¢ 21)05/08[5%(#71;} }P%%’%Bfé?%rgggié}é%“ﬁ%?%, Efenole [$6h themdss-apc,
Formuilshipdisoratside! A reated: dBlls, Bochat4nrs, fon tha1-S1Rs OSHONINE 11 2
Formulcanirol: Gon.eagh i 6 cells were recovered by brief ’

B w centrifugation, the cells were washed w
K5 ey sliREECA guiris izt M oB - thel RBS | thid-palietswrie starachat 29C

xB/Luc eI 102 P]PAGE Each cell pellet was resuspended in 100 L of
NUPAGE sample buffer (Invitrogen 46-5030) and 10 L of each sample

SR sepBratensrt 00N uBAGE BIScTlis gals Koritragen, N3303). After
Formul:dlesoransiRriospitiocellnlase - th mprane was probed with a rabbit
Formul pHIXBIOtFaI antibody to Pg‘!%q&%ﬁ@i%nair?g’%gﬂrﬁﬂgfgfrd%ga’%?u&o]&tw’

e anti-ra l?l?’%ﬂ'l%%\ligf@i/ah%@ﬁﬂé%ageﬂc@ﬁjhéamnhbeﬁeMrgeaméboﬁuy {Jaskson
depended:14058:045) Jﬁ%ﬂg@aﬁ[&@gg %qug t&ﬁltl%qat%z)ll.o rjltpg Efgggln%&sul r\]fg]ues

[
. /NBT (Roche 1651451).
to thbP I%:F—)k —meélated luciferase activity are shown in Table 4 and demonstrate that

compounds of Formula -2, Formula [i-4, Formula II-5A, Formula [I-5R Formula 11-16
Formula [I-17, Formula I-18, Formula II-19, Formula [I-20, Formula II-21, Formula 22
and Formula [1-24C inhibited NF-xB activity in this cell-based assay.

-G8.



[0347[ The western blot presented in FIG. 35 shows the cleavage of

PARP within the .lurkat cells in a time-dependent fashion. The cleaved

form (denoted by the asterisk, *) appears in the treated cells between 2

and 4 hrs after exposure to Salinosporamide A while the majority of the
remaining PARP is cleaved by 24 hrs. The Staurosporine treated cells
(Sthshow:rapid cleavage of PARP with most of this protein beggleavedios.s
within 4 hours. These data strongly suggest that Salinosporamide A can
induce apoptosis in Jurkat cells. Example 31 Anti-Anthrax activity [0345]

hr order to assay for the ability of Sal#c%%%ramide A or other compounds

tojeemvefitceliideafli sesulting-frdms LBTX BXPOIUSS, RAWAB43C, 1116, 1117, [1-18.

e R e o s g cpoter

cytotoxmty, as descrlbed below [OMZM 7 ceIIs (ATCC # TI3-71)
wereada o-and : etHin—Adva 2
' ?f“@‘ﬁﬂ%‘bad CA) supp mented wﬂh@%ﬂelﬂai)bovme
serum (ADMEMEMedlal{ech, Herndon, VA) at 37C in a humslified 5%

C£2 Incubator. Cells %piaTeu' overnight-in-ADMEM stp plemented-with
5¢ Fﬁsmﬁl&naﬁnfﬁn idified 5% CO?iincubator at a @oﬁé@@traﬂon of
50,000 cells/welFimau@Giwell plate. Alternatively, cells cultyred in DMEM
supplemented Wlth TR e ai caif serumwere—atso used o%ud foundto-be
amenable-to fhlq assay.- Media was remgved the following’ 1rr?orning and
replaced with sﬁwumﬂtréb‘iBDMEM with or without Salinosparamide A or

Qmuralide at s.a from T pM o USTnivt-for-an-S=point
DSEe-response- dﬁﬁg&&%@mndq were prepared from a THGRAL DMSO

tock solution hﬁ@dlmlbd?)fb the final -103 WO 2005/60257 300

CT/U82004/OIJ.§§4§8_ gofcentration n ADMEM. Aftera 15 minute

re- |||\,uba.tICﬂ 200 nglml L.E.or 400 ng mlL PA alone.or IH éomb”'la“on
_eTx) were adﬁéﬁ“l?d)ﬂdél]é' Recombinarit LF and PA weres7abtained from

ist Biological l:ghgrateries and stored as I mg/mL STGCK Spl tionsm

i H -80-C-as-described’hy the

nufacturer, E¥1Y9dI Yincubated for 6 hours at 37C, fdiléwed by

qddltlon of RG%ZMHQ ﬁszygrewously desg rlbed Plates were Jncubated an

nnnnnn ] ahility, hu moneurlnn

/'\-o-U(nQ_

fittonal6 llUUlb }JIIUI to gbbcaolllg Cer vnauuu.y
fluorescenc: @Y5ti dre a summary of three experlme?ntg&/wth three to

i})ireplicates FeFmula 11-22° 1,046
Formula [1-24C" 5,298
B Formula [1-25° >20,000
:ﬂ Formula TV-3C >20,000
Fy=1
Example 26

Effect of Salinosporamide A on the NF-xB Signaling Pathway

J0333] Experiments were carried out to study the role of Salinosporamide A in
the NT-icB signaling pathway. A stable HEK293 clone (NF-xB/Luc 293) was generated
carrying a luciferase reporter gene under the regulation of 5X NF-xB binding sites,
Stunulation of this cell line with TNF-¢ leads to increased luciferase activity as a result of
NF-«B activation.

0334} NF-B/Luc 293 cells were pre-treated with 8-point half-log serial

dilutions of Salinosporamide A (ranging from 1 pM to 317 pM) for 1 hour followed by a 6
.99.



experiment and are expressed as the percent viability using the DMSO

(negative) and the LeTx controls (positive) to normalize the data using the
wofallewing equation: % viability = 100*(obsetved OD-positive:contsgl){vs43

(negative control-positive control). 103501 The data represented in FIG.

36 indicate. atment with, Salipgsporamid anprevent. . =
oo < R Rl Mo 1 e o
measuréfreatmenttoafRAW cells with elfierd/Fuor P alonik, or&alinosporamigaiA
Satinos PPN FESU 'fﬁ‘?‘zﬁ‘rl}t}@a&e%%&%‘ 10 gellyiaby, pynereas teatmenit,
_ Lefx resulted in approximately 0:2/% cell viability as compared to
describgbntrols. Salinosporamide A may enhance macrophage survival by

mgljlgﬁtlng F? rgﬁg{@rg%t[}%ﬁ:«%gggg% BE‘H&E&H%%%Q &ﬁﬁm&p%uked n

synthesis of cytokines, which will ultimately lead to the inhibition of the
a dose-Jethalieffdectscofart firaictesdnstinm Vv f0BB o AlhoughvS diilkosiorarhide A

axis), Llfgatm F{Hd gilg : IEor QIU %%qb\ilgg}{ %OIQE_S%B%WCO#&)SI& '%‘?‘1"\1%9*\9%” tl?“igl}\r/ls Oi
nivi an t

above, treatment with lower, relatively non-"toxic levels
cylotox reViealedy avasarked imcraalsenivr iRopd 264 Bloeladidbilitihin taTrventedo!

SalinosF&lsilE! S 4ROk FRREEXADMPIE, SiRE, PAINCSPQLAMIde 4 el lpalad.aieup
showed 82% cell- V|ab|I|t§ y\!hen pretreated with 12 nM Salinosporamide

data suBgSHRfc s REEHt thae BiHfrass gede iabity hipsporamide A

treatme R HROSRALAMIGR A 2lPRe. e N in0 foenSalinesperamiged in
these studies was 3.6 nM. In contrast, Onntralide showed relatively little

effect on cell viability until cE&8akZtons of 1 tM were reached. Even at

thisdligh songgnbRtionel Gmusalidg. aalyd/Aeyiabilitawas ahsemwedqr

Indicating that Salinosporamide A is a more potent inhibitor of

SalinosprpRifiiahBiRANS 641 PhepradiicddshisihtihPrawaaralrsAdet.
westerndhiolNTEREJPeAMR /80P RAL2 9D founddhat thenBG0 congrniratigosifor

I\4I(G132 and Lactacystin (the precursor to Omuralide) in the LeTx assay
wB/Luc gt deBNACHERREN together, these data further illustrate that

PalinpsparamidesA: i$AR-aked Petent infibiteriof dalysinghead cxtolpxigty
~_ than any other compound described to date. -104 WO 2005/002572
indicateg eorerastinaoirdsnsd e daitn ahbrPweak SfohhBteuieuitivaingtes.
AntibodRAMEGA71&ellsdn e presanca obha Txrindicatingthatdhis gampamng,or

it's derivatives may be a valuable clinical therapeutic for anthrax. In
endogengdditidii! it isTHBrf Nty St ShIROEhBraRde Kok UktdR e 6iRlc
loading @NyRAMM 264.7 cells than for many tumor cells. Example 32

[0338} As shown in FIG. 32, treatment of both cell lines with Salinosporamide
A at 50 and 500 nM not only reduced the degradation of total IxBa but also retained the
phospho-IxBa level when stimulated with TNF-or.  These results strongly support the
mechanism of action of Salinosporamide A as a proteasome inhibitor, which prevents the
degradation of phosphorylaied ixBo upon TNF-a stimulation.
Exarmple 28
Effect of Salinosporamide A on Cell Cvcle Reguiatory Proteins

10339 The ﬁbiquitin-proteasome pathway 1s an essential proteolytic system
invelved in cell cycle control by regulating the degradation ot cyclins and cyclin-dependent
kinase (Cdk) inhibitors such as p21 and p27. Pagano, et al., Science 269:682 (1995),
Kisselev, et al, Chem Biol 8:739 (2001}, King, et af, Science 274:1652 (1996).
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Activity of Salinosporamide A against Multit le Myeloma and Prostate

Cancer Cell lines 103531 NF-KB appears to be critical to the growth and
resistance to apoptosis in MultipleMyeloma and has also been reported to

be constitutively active in various prostate cancer cell lines (Hideshima T

et al. 2002, Shimada K et at, 2002 and Palayoor ST et al. 1999). NT--KB
activigy-is3egutated by the proteasomal degradation of its inhibsefiKBasmi9s43
Since Salinosporamide A has been shown to inhibit the proteasome in
Wireaand fo iptergre, with (e NEKE signalingpatyay. He-aehay ghocasome
Salinosporamide A against the multiple myeloma cell line RPMJ 8226
iahidithe plodtate candeBéall indoPies3tand: B 346 W) eVakaagbd & o/, Jpn J

{93R4LECHOvaluRs wene determingd iR siandard gronth inhibitien 2358 he

using Resazurin dye and 48 hour of drug exposure. Results from 2-5
Jfidepehdalitcsrpenmients teraptal s Eg arnstth & Ebs0f vl liegdop2 7 using the
ipalinosporamide, AagainstRBMIB226 and dhe prgstate cell lines range

from 10-37nM. Tablc 6: FC;o values of Salinosuorarnide A (l1-16) against
Multipl€3d8ielonidant-proskies mespsed iKes’ S omisoane RO NERZE bodies
(A=) PY 14a (11734 Rbad(Redk: BEESRQA%EERD % BP0 Yem(BM>0t-Tubulin
cvtotoxieity, (howl), cytotoxicity, (nM) cytotoxicity mean - mean SD mean
iiiedn ™ eI SHIS P BHIThHRRbISHie f6™2'$ B4+ 1 37 10 75 4 31, 25 88,

89 [0368)17 he akility of Salimasporaaide ¥ (e ibguteapepinsihiic REMIat p21
,82126 ;;:Lpd PF.—S ells was eval atc?d b¥v on'togng ttﬁe leavage of PAR witl
Afd E’To-@é%ﬁlgse%e Ssin“g’;m\?’veeé é’raneglo halysis: Biiefly! Pt- and K o
B2R26speltsniiere treatechwitind&@OmibnSalinoshoramite: A{284DRON) Hisr O a@s by
or 24.hours, Total protein Jysates were made and. 2049 of the lysates ... .
S T MR S 100 A R v
111 661\W@, 2065/00257 24P G SR0 041019648 eertumnitrdcsllfidke Clik@nhibitors,
I@Ptﬁzwgﬁg}@ﬁmpﬁgpﬁgew%&% ?ﬁ%@lQEMT§%WO§ESa$M%§I al., supra

followed by stripping and reprobing with an anti-actin antibody. [0356]

(RESUIE BEtRe%e E4p8IMERts illustrate that Salinosporamide A treatment
Example 29
Activation of Caspase-3 by Salinosporamide A (11-16)

10342} To address whether Salinosporamide A induces apoptosis, its effect on
the mduction of Caspase-3 activity was evaluated using Jurkat cells (American Type

Culture Collection (ATCC) TIB-152, human acute T cell leukemia).
|6343} Jurkat cells were plated at 2 XIOG cells / 3 mL per well in a 6-well plate

and incubated at 37°C, 5% (v/v) CO; and 95% (v/v) humidity, Salinosporamide A and
Mitoxantrone (Sigma, St. Louis, MO. Cat # M6545), were prepared in DMSO at stock
concentrations of 20 mM and 40 mM, respectively, Mitoxantrone 1s a chemotherapeutic
drug that induces apoptosis in dividing aud non-dividing cells via inhibition of DNA
synthesis and repair and was included as a positive control. Bhalla, ef al., Blood 82:3133
(1993). Cells were treated with ECsq concentrations (Table 5) and incubated 19 hours prior
to assessing of Caspase-3 activity. Cells treated with O.ZS% DMSO served as the negative
contral. The cells were collected by cenirifugation and the media removed. Cell pellets
were processed for the Caspase-3 activity assay as described in the manufacturer’s protocol
(EnzChek Caspase-3 Assay Kit from Molecular Probes (E-13183; see Appendix G, which

form a part of this application and is also availabie at hypertext transfer protocol on the
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of RPMI 8226 cells leads to the cleavage of PARP and Pro-caspase 3 in a
time-dependent manner (FIG. 37). RPMI 8226 cells seem to be more
woSensikiyerio Salinosporamide A than PC-3 cells since theimduciiongbs.s
PARP cleavage is already noticeable at 8 hours and complete by 24
worldDRKIS.cID fontast in PG3:.cells the cleavage of PARP is noticeable at 24

~ hours, whi_Ie%the cleavage Fl’%r-l ?aéga?' § g is %lol?lae teCteATrtRigere lysed

on Iy parihettiPis . BECIeBS7sRPIME 8226 elisswiore seddd pualyatel they
incubaefieGhofiealing thg cells fon &00WES WD varigys concentrations.of,
ber }Sa!ir)osporamide A. Briefly, RPMI 22rG cells were t@é‘é&%%@@vﬁﬁn Qgr)‘/’liﬁ@%d
Ny PRGOS 'O SAfR s adfigkan SABRO1) for 8 hitfunsnand JprOtESR0

nm fillysates.were Poacerdldniomsf t Lihenyresolved SN
Assa Tegéging(denaturing conditio_nspS‘irl:é(?baiyo@tlt%evél{g’(grer?tl(.{)H ﬁ%o@%ﬂﬁlglseeﬁﬁwge Pigedn
AS3Y (Ve re TREH BreneHe WatHea e A f8F seimehspisse 3 antibodies followed
Hyﬁ‘ﬂpp'n@ﬁ(fffﬁipﬁ@piaﬁlﬁﬁmlé_@xﬁéﬁhﬁﬁw]iﬁ@ﬁggdt\ﬁ'al: Qﬁég{%goramide A
e atmeq?@ppusf_}{rﬁtesnthat alinosporamide A induces a dose- depen lent |
cleavage ‘of BotH PAR P 4Rt erotadshag satior aNIP1sE283 oot 5, FI1G.
34).  inhibition of human multiple nxYeloma by Formulae 1Il-2 11-3 1l 4 1I-5A
Table H’%@ﬁrjﬁ 11-1 (1315}11-16,.1-7, 1-18 ’II-- 9 1I-v0. and 1V-3C ~ RPMI
: S BB Calo FEsEges & gnd. Miloxantane Cviatarictkagdins durkat
RPMI 8226 (ATCC; CCL-155) andidJ266 (ATCC; TIB-196) were
maintained- “mﬁeemmm%#&%he@@multured in an

incubato ;5% CO mﬁﬁ%&ﬂ&i&_@ﬂw] For cell
rowth in RH WBEH e seeded at
g ’3’ m0’$p‘0 dn é/A roc fi\lﬂl\

&

2x104 and TO4 CeliSkvel-respeetively-in 90!9‘7\mplpt media into
Corning g%ﬁé%mwaemeﬁen : P_jates. 20mMVi
stock solutions of the compounds were prepared in 100% DMSO,
aliquoted and stored at -80Q:xEheledithpounds were serially diluted and
added in tpiphigate g thedest wells, The final concentration range of

%) Ak (e
Formula 11-3, [I-8C, I tkat Cel

; [3C, 11-171v- =20 were from 20M
W88 2nMn THE iR aFcoh Bt of dtiormalanikid 8, th ind BeanpoBch in
Jurkat cealngaekirgm G320MA0ZORM; JLhsfipal.ce tration range of Farmula
N él__—4_ and 11-5A were from 2)1%&%0 632%M. T ‘é?‘ﬁn‘%?%g%gc‘?‘elht}?é%n‘%f
DMSE WAL G088k s SAMpIRaIL TE b PO0OBIRORS aspase-3. Decker,
eral, J@@wwammamo;s@@m&wm@wmpm%gw9%@% LR of
cleavas Qo2 P! resazurin %Q%}ai 'Jd from Signia-Aldrich Chemical Co. in)Mg 4,
5Cas1 fre ffp 31515% 3 aéée élaas%{ﬁ’ﬁgd’ and this process can be monitored by
western blotting.  Cleavage of PARP by caspases is a hallmark of apoptosis, and as such

serves as an excellent marker for this process.

[U346] Jurkat cells were maintained in RPMI supplemented with 10% Fetal
Bovine Serum (FBS) at low density (2x10° cells per mL} prior to the experiment. Cells
were harvested by centrifugation, and resuspended in media to T X 10° cells per 3 mL.,
Twenty mL of the cell suspension were treated with 100 nM Salinosporamide A (20 mM
DMSO stock stored at ~-80°C), and a 3 mL aliquot removed and placed on ice for the T,
sample. Three mL aliquots of the cell suspension plus Salinosporamide A were placed in
6-well dishes and returned to the incubator. As a positive control for PARP cleavage, an
identical cell suspension was treated with 350 nM Staurosporine, a known apoptosis
inducer (Sigma $5921, 700 uM DMSO stock stored at -20°C). Samples were removed at 2,
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was added to each well and the plates were returned to the incubator for

3-6 hours. Since living cells metabolize Resazurin, the fluorescence of

the reduction product of Resazurin u-as measured using a Fusion

microplate fluoronreter (Packard Bioscience) with Xe, =535 nm and =

590 run filters. Resazurin dye in medium without cells was used to

detgrmipg the-hackground, which was subtracted from the datad@rallsgsni9s:s
experimental wells, The data were normalized to the average

flyoge cence, f the cells treated with media + 0.25% DMSO (100% cell

growth) and 8 VAITES RS IRAY UoReErtdtich SevHidr bosarané hus for the
rbéRimatobserved growtkeinhibitioniis, estaklishad) wesedeterningd dsii8sation,

tandard, sigmoidal dose response curve fitting algorithm (generated by
R S R S A R S . o
18taR8 3. 5U0E xarihple 84 Salindsporafiitierof 1sb- Be)Ietaing activily agaipgict was
the multi-dru istant. ines MES- SA/Dx5 and HL-60(MX2 [0361]
R e R R PR M o
sarepna MESBiatell line lane sPrultitirBisresistant desivativen NB302).  Afier

MES:SARK? wers detgrmined,to evaluate whether Salinosporamide A
retains activity against a cg%lelir?ge overexpressing m%l?l-e?[-{gR’/Etgp?ofélhjfléfﬂﬁy"]o”al

S IR 4 RARE (G akhbiwin bub8hdits folthedbglyeoproteitbpuniiplivashosphatase
inshudedasasonroblabled: G ialtesaf Ralin rami aa{nst X
MES?:SA and the gRr?J -resiqs,?ta(gdt glét-g\r{ﬁ/?;}:lti\;ég(3 M{%% S?Aﬁl%g(ﬁag !\‘hrg%-%fs vere detected
MESIEATI%E 5182 BEBHIRMS Reyhetbsiety EC50 (NM), % cytotoxicity,

changgomagan mean wSR-mean: n a ).20+5 9411 23f

92 12€[ r_amiiide A Paqlitaxe_le?BZ 33$%43§%(§ 7§g‘(§1ﬁ§\8§ %83%%%1%6 OQPARP

RESUItS ol 1R Se g ravitr TAtibibeH 2 A5 rablé y shisd than dgenoted by the

expested;Pagfitaxelididinot retatn EsiRctivityagainstMES-BAIDYS cellSocre 1o

ggl reflected by tj{we 408 fold increase in the EC50 values. EC50 values for
alinosporamide R BFainsIHES SN hh e iminng RARE el shhar2his The

mmstrat@simam'@aggmmrammieﬁ ispablgderdbibit pRL WP QPRI Zrotein

~T 4 :
E&}g/ Léh?%oeg (Qi‘hm %3hours. These data strongly suggest that Salinosporamide A can
mduce apoptosis in Jurkat cells.

Example 31
Aunti-Anthrax activity

[0348] In order to assay for the ability of Salinosporamide A or other
compounds to prevent cell death resulting from LeTx exposure, RAW264.7 macrophage-
like cells and recombinant LF and PA lethal toxin components were used as an in vitro
model system assaying for eytotoxicity, as described below.

[0349] RAW264.7 cells (ATCC # TIB-71) were adapted to and maintained in
Advanced Dulbecco’s Modified Fagle Medium (Invitrogen, Carisbad, CA) supplemented
with 5% fetal bovine serum (ADMEM, Mediatech, Herndon, V A) at 37°C in a humidified
3% CO, incubator. Cells were plated overnight in ADMEM supplemented with 5% FRBS at
37°C in a humidified 5% CO; incubator at a concentration of 50,000 cells/well in a 96-wel}
plate. Altematively, cells cultured in DMEM supplemented with 10% fetal calf serum were
also used and found fo be amenuable to this assay. Media was removed the foliowing
morning and replaced with serum-free ADMEM with or without Salinosporamide A or
Omuralide at doses ranging from 1 pM to 0.5 nM for an §-point dose-response. The

compounds were prepared from a 1 mg/mL DMSO stock solution and diluted to the final
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the growth of the multi-drug resistant cell line MES-SA/Dx5 suggesting

that Salinosporamide A does not seem tq pe a supstrate for _the
WORgHwaptotein efflux pump. [0363) In addmgn, Salmo_spo_mmmmr:m?&sun

evaluated against HL-60/MX2, the drug resistant derivative of the huma

(emil | i ' vin reduc _
T opoisomerase 1 sty anc el o Tt S g nemt
PA sleneid éﬁc@m%’&%%?% Yot Growbsdrinibiitsn @ewmwmmdmmé}n‘%

obtain@dlimpsher didei & Against dhe; kg Qgré@gsl_lu'rﬁ' 9@’% %. Th Pon" i1 sierle
_ %?ﬂwlthanﬁé was inclyded as a control, gf}s HL-‘B&I\%S& cells'are
e reported to' Be TasiStant t6 ?1igc??eﬁ‘?é‘iﬂé?%é’uﬂlﬁ_a@@htfeﬂamer WIG. vete
incubaigtl fggDhoReEbie B°E0E0values afGatinosperamide A ARt hé@&gga‘?'
Plates INSMGIERIBANARHYANVS) k- COMX2 L0 IIL-60IMXS Fold n ECS0
(M) 95 ey Oty B0 (IR S SToMiciy EHARGE SalinbSpbrarERsaone
ﬂuores%ﬁ@cgl Bl gugagure ggxﬁr@@@ﬁﬁi}e%%ﬂﬁﬁmmf%ﬁlglﬁé@ %&];Q%A%%e§§7
s hedatain Table 8 reveals that Salinosporami
exper1Hﬁfﬁggiigﬁggrgﬂiggfv%ﬁgggmg % tl!—éijm?‘l1 &&f&g%lﬁﬁw&w—ﬂ%@e
bl cRislRRRENiNTY hapDutHespormidenA s dotive i cefls ePresSInG iy -

. - : bout
100*(credusedThopeisemerassl) aclvity. l!l;%?éllilﬂg%sti%'%oxa” one Wwas abou

orr . . .
i [ - Salinosporamide
d lesg active against HL-60/MX2 ce __xa}mp]_le "
1@58 severhl affifodsPstinttirencivity Relatidivship (0365]ckonestablish

Salinosgrinitial structyne-aativigrrelaticashin(SAR) Je %&@5{9&? e‘?frif%‘!}“fgﬁfﬁ‘z@pqe

. Seri alings jde A analogs were evaluate. against the mu
s S LSRRI g v AT i
alone re@p@jw’lﬁniHﬁibitkﬁumaiylswﬂin‘gkﬁi&sj,am@f&ém?e@ﬂgeé%gyigf \d%%%ltad in
: 366] The results of this initial series of SAR (Table 9) indicate
appmmﬁ])ﬁ hggg(%itc%ﬁn]g §Iﬁ%o€§eﬁoﬁp&5ﬁdtéotﬁér§¥ﬁ§i groupepemeids efthange
enhancefpagiAptegic Butiy. by 0BNMDR00R/0RZRAARE YL S2004/049743, Table
decreasifp |1®Ei@b§ﬂ@i§%ﬁi%§igl§i§@,l%Qgr\%mlgﬁiéallze y”le'éi/ld (try ?I?Q inhibition of the

lethal effects of anthrax toXins in vivo.

[0351] Although Salinosporamide A treatment alone produced very modest
cytotoxicity at concentrations of 100 nM and above, treatment with lower, relatively non-
toxic levels revealed a marked increase in RAW 264.7 cell viability in LeTx treated cells
(FIG. 36). For example, the Salinosporamide A + LeTx treated group showed 82% cell-
viability when pretreated with 12 nM Salinosporamide A, which was a concentration that
showed 96% viability with Salinosporamide A alone. The average ECs, for
Salinosporamide A in these studies was 3.6 nM. In contrast, Omuralide showed relatively
hitle effect on cell viability until concentrations of 1 KM were reached. Fven af this high
concentration  of Omuralide, only 37% viability was observed indicating  that
Salmosporamide A is a more potent inhibitor of LeTx-induced RAW264.7 cell death.
Consistent with these data, Tang e al., Infect Immun 67:3055 (1999}, found that the ECsy
concentrations for MG132 and Lactacystin {the precursor to Omuralide) in the LeTx assay
were 3 uM. Taken together, these data further illustrate that Salinosporamide A is a more

potent inhibitor of LeTx-induced cytotoxicity than any other compound described to date.
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ici 'y. box
Com ound No. Molecular Structure SD % C totoxicit (mean SD 'y
cia, | IN~ 11-16 0.0070.0001 940 Ln"CM. } 11-17 2..6,.2.3 94,95 I1I-18r
0.017, 0.022 94, 94 Where n>2, mean standard deviation was
determined Example 36 A vrvo bioloey Maximum Tolerated D_ose (MTD)
Determination [03671 In vivo studies were designed to determine the MTD
of Salingsppramide A when administered intravenously to fem@gﬁ@%ﬁﬁwm
mice. [6366/5]‘ BALBIc mice were weighed and various Sallnospgrqml te AOI
ncenfrations (ranging from 0.01 mg/kg to 0.5 mg/kg) were adminis ered |

i(:n(iraverjb%és?y aé g-i%ﬁ’W@ﬁtﬁ/@bﬁ?@%ﬁ‘ﬂ‘@?mﬁ/@&%&@-b sifliglein the
doses(igedy drdailinforafive censanutivedays diﬁ?d%ﬂugmgsﬁv%tgg; be 2 valuable

]S fai rclinical signs and were weighed individually twice .
\?\iﬁ(liﬁ%&%ﬁ%ﬁg ’o’#ﬁé‘ixéx%ne?f%ggﬁp(ﬁ%&i B‘f‘ﬂgdg% ﬁ%‘?fﬂ%aﬂﬁs@e Als
dAY USSR CRISSUIERAYe AHolelin Fabler ihandingdicats that a smglg
[ [ [ lerated.
intravenous Salinosporamide A do%e, of QIQ 025 mg/kg was to
When administered daily for five COn}%ié%pluitrv"e (lays, concentrations of
Saltigap6randemUptele A ingiie: WMenieltoleratedd Novbiehaviosal Cell lines

i I . Tablel1 1 MID

changegyxere notgd, glu ours f.t experiment. tosis i
Dete?rﬁinﬁi(gn oﬁf?o%?ﬁﬁd% :ﬁﬁgﬁa{%’gﬁgﬁ% f%:gleéfﬁ)tﬂlbuf)@s@f’p 0815 1n
gAY ROUEPSENEULIBSD AT sRATdyodiDeathtDEy aiige 343@Sphostate

cancer cell lines (Thideshima T ef al. 2002, Shimada K er al. 2002 and Palayoor ST ef al.

1999). NF-«B activity is regulated by the proteasomat degradation of its inhibitor IkBa.
Since Salinosporamide A has been shown to inhibit the proteasome in vitro and to interfere
with the NF-xB signaling pathway, the activity of Salinosporamide A against the multiple
myeloma cel} line RPMI 8226 and the prostate cancer cell lines PC-3 and DU 145 was
evatuated.

[6354) ECs values were determined in standard growth inhibition assays using
Resazurin dye and 48 hour of drug exposure. Results from 2-5 independent experiments

{Table 6} show that the ECsq values for Salinosporamide A against RPMI 8226 and the

prostate cell lines range from 10-370M.

Table 6: ECs, values of Salinosporaimide A (11-16) against Multiple Mveloma and Prostate

Tumor cell lines

- Compound | RPMI 8226 (=3} DU 145 (n=3) | PC-3 (n=2)

j ECso | % ECs % ECs, %

| (nM), | cytotoxicity, | (nM), | cytotoxicity, | '(nM) cytotoxicity
. mean + | mean £ 8D | mean + | mean + 8D

| SD | SD

‘ Salinosporamide | 10 + 3 ’ 94 1 1 I 37 +10 75+ 4 31,25 88, 89

| A |

[0355] The ability of Salinosporamide A to induce apaptosis in RPMI 8226 and
PC-3 cells was evaluated by maonitoring the cleavage of PARP and Pro-Caspase 3 uvsing
western blot analysis.  Briefly, PC-3 and RPMI §226 cells were treated with 100nM
Salinosporamide A (2345R01) for 0, 8 or 24 hours. Total protein lysates were made and

20ug of the lysates were then resolved under reducing/denaturing conditions and blotted
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20.251.v.; gdxI 0/3 30.11i.v.; gdxl 0/3 4 0.05i.v.; gdxl 0/3 50.01i.v,;
gdxl 0/3 6 01i.v.; gdxI 0/37 0.51i.v.; gdx5 3/3 4,6, 7 80.25i.v.; qdx5 3/3 4,
WORIGAGH2 i.v.; gdx5 0/3 10 0.05 i.v.; qdx5 0/3 11 0,01 i.\BLEd%B00/B1430
i.v.; gdx5 0/3 Example 37 Prelimialary Asse_ssm_ent of Salinosporamid_e A
onto nfiBsMtiRRDistrihutignMstahelism and EliminalignABME) gharagteristics
(0369] Studies to initiate the evaluation of the ADME properties' o
antibodegs iplapet e pigers! prfdnmryitr A satsagtireasbndisted of solubility
pesRESMant kogPd.detgrmination and.@ Areliningy SCHaRD fo detgck,

...... cytochrome P450 enzyme inhibition. Results from thése studies showed
of KEMir etifititelisiItibilify -G SafrspbdniRie A #9983 (oM 7 yor@ement
manner(BRGIMi) amd R Logid 74 ivalue:0fodh 4 mbhis: b0 R £4valuad s oMthin.the ran

ted |imit mpatible with drug development (L.o-D7'4 <5.0) and
e o s B e

suggests “oral availabili
complescpeén showeththat: SalimoRpdraciidd; viher: teStekat i1 0M;shpwed2a0

e QEIow inhibition of all 450 isoforms: CYPIA2, CYP2C9 and CYP3A4

o R IBRC Ty S 5 550 Go ISRt e GBI
Y2 CIoRvafe SRRbIEYE Wrig%iblnctmﬁfeb«peﬁﬁmedrjiréﬁﬁg/ﬂ@ cells for

s s 20PO0R 2 ECTARS200A01004 arte 1305 Hngenomaranids A
and its effects in vivo on whole F 0 pro_teason1e ctivity

treated gainBapEIArHEECAIRERprevibusIysHemstratédPRH BBIA foténbamd and

protein SPRGIHE imrl%it%%@the PEILASEME,IN VIR W Rap 1620 Oie%o'ibl\éldtm{tvnadgs
the chymotrypsin-like activity of purified 20S proteasomes. To monitor the

reducinagﬁmr&g conditions and blotted onto nitrocellulose. The blots were then probed

with anti-PARP or anti-caspase 3 antibodies followed by stripping and reprobing with an
anti-actin antibody. FIG. 38 demonstrates that Salinosporamide A induces a dose-
dependent cleavage of both PARP and Pro-Caspase 3.
Growth inhibition of human muitiple myeloma by Formulae -2, 11-3, [I-4, 1I-5A. [1-5B,
H-8C, 113G, T-16, H-17, T-18. 11-19, [-20, and [V-3C ; RPMI 8226 and U266 cells
[0338] The human multiple myeloma cell hines, RPMI 8226 (ATCC; CCL-155)

and U266 (ATCC; TIB-196) were maintained in appropriate culture media. The cells were
cultured in an incubator at 37 °C in 5% CO; and 95% humidified air.

[0359] For cell growth inhibition assays, RPMI 8226 cells and U266 were
seeded at 2x10% and 2.5x10" cells/well respectively in 90l complete media into Coming
3904 black-walled, clear-botiom tissue culture plates,  2Z0mM stock solutions of the
compounds were prepared in 100% DMSO, aliquoted and stored at -80°C. The compounds
were serially diluted and added in triplicate to the test wells. The final concentration range
of Formula -3, II-8C, I-5B, [1-13C, 1I-17, IV-3C and I1-20 were from 20uM to 6.32nM.
The final concentration of Fbrmula H-16, TI-18 and If-19 ranged from 632nM to 200pM.
The fina! concentration range of Formuia [I-2, II-4 and II-5A were from 2uM to 632pM.

The final concentration of DMSO was 0.25% in all samples.
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Salinosporamide A in vivo, a rapid and reproducible assay (adapted from
Lightcap et al. 2000) was developed to assess the proteosome activity in
whole blood. ]J0371] In brief, frozen whole blood samples were thawed on

ice for one hour, and resuspended in 700 1iL of ice cold 5 mM EDTA, pH

8.0 in order to lyre the cells by hypotonic shock. This represents
appioximately<2;3 times the volume of the packed whole blood,eglss1un.4/010543
Lysis was allowed to proceed for one hour, and the cellular debris was
removed by centrifugation at 14,000 X g for 10 minutes, The supernatant

(PackeldiRHole BHEH gsHtenBIVBL) NG Faprstdtedtd! afrdbArEIY, LHar "

thepelletrdiscardad. Ruateimreansenttationol the PWEE yasptietentibed saline
by BCA assay (Pierce) using BSA as a stangard{ Apgr@xima}elly%n 0% of o ..
tHE <HipIERs Fat HHOE brtdi ConcEniFation bRiNEaH 880 it 1206 °

gl (O3 2cRiateastme-actiyity: iiasraetarminiethdyeriveasumngitheo! Resazurin

hydrolysis o a.||(l;I0r4 enic sub§ te.specific for.the chymotrypsi -Iilﬁ?}\ =535
ac T\fi‘ﬁ%/‘ 38?'550 lé%’o%s)egss ' é‘d};‘ﬂﬁg@%ﬁﬁ? c ea%[r?é)r%c%ia%.)%{gfgggf Control”

experimegnts inticatéd thaR=88%ioflthdn hydraly sistiofithis| peptidedd thdgermine
P BCS e AR B N PIOIRSOME, S IAVRMEIS SELMB DY MO R data

L ofa rom an animal wi of assay butfer (20 mM HEPES,

OB mMMIEDTA] 008% TritoacXf100sG:08%SDS ool 7i8)id Cobtardgos 0.25%
Riaies) (Titation experimenisreyealrd thareis 2 JINLRLIIRUORSAiRL 50% of the

between protein concentration and hydrolysis rate if the protein
coceAtr Ao i tEcasSap OB S AsEObAY 100 Jo'TREREatBRs standard

wierslniiates: by dheh addition afikQ aleehifd RMEUGEH LY YKAMG.0, ID Business
gprep,ared by dilutir%gaca 10 mM solution of thePpeptiilyg in DMSO 1:25 with

(P2H

SAAPBUEY), ARt St S HUBroPRTe
was.measured
T'h}"ll (I-10] 18 ‘ 1Ug res] . €
hydrolysis rate of each sampAi®iienddir@izEd2to relative fluorescent

units p {lligram _of protein (RFU W O 2006/002572, tors
PCl?lﬁ%%OM%@@S%?TO&% Sft)yg(% o‘???haé%r?%\’/i\% attvity of o e
SalinospbiBmite Aslindte Sndssls WalisteremisistiBtpergaugs, MESSE XS were

W&j&ﬁ%ﬁg treatad Wit various censentiaions 91 RalinasRORe A celi line

Salinosporamide A was administered intravenously and given itS LogD74
valexpfessinssigostiveorporal dianabiny, Sanhespbrafmiaensipagsdrser the P-

giycoprotein pump was included as a control.

stems Fluoroskan) at

Table 7: ECsp values of Salinosporamide A against MES-SA and the drug-resistant
derivative MES-SA/DxS

- MES-SA  MES-SA/DxS Fold
| ECso (NM), | % cytotoxicity, | ECso (aM), | % cytotoxicity, | change
? meatt mean £ SD mean + SD | mean + SD ‘
Salinospo 2045 94 + 1 234+ 1 92+2 1.2
ranude A
| Paclitasel | 5+2 637 2040 + 150 78+ 1 408

[0362] Results from these growth inhibition assays (Table 7) show that, as
expected, Paclitaxel did not retain its activity against MES-SA/DXS celis as reflected by the
408 fold increase in the FCq values. ECs, values for Salinosporamide A agamnst MES-SA

and MES-SA/Dx5 were similar. This illustrates that Salinosporamide A is able to inhibit
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administered orally. Salinosporamide A dosing solutions were generated
immediately prior to administration by dilution of Salinosporamide A stock
wosphiians $100% DMSO) using 10% solutol yielding a finglccopcapiration
of 2% DMSO. The vehicle control consisted of 2% DMSO in 10% solutol.
the NG IIRURLRT JRIMals WasHRLApsed; With LTNRIVERIGHS O ¢ ouesting  that
. Salinosporamide A in order to establish a baseline for proteasome activity.
SalinosgatHidn rdrifde ISV ENRae Whsat RISt ethar O §iR AG snRrATRety
misstes affesdagalnisiialion. theanimalswers angsthetizegrangiosd, .

withdrawn by cardjac puncture. Packed whole blood cells were collected
drug Ry RERtTRiAtTON, WalH@a Wit PBS Centi e MlenttifituatcAneddmpragns «
reduccVErgasionedaat BQCPrioriq; thenevaluatiomofdhe proteasome, ARHVIY ce.
BCe v 03‘7f41_ In order ]Eobbe certain dthat the ngr%lxgsis of the substrate observed
0 ViR hese SXpertRENtS WS 6 18 SBIEIy O Te HRANIR) OF e’ brotead o -
60 and d0serdEDNSheeRPeriniehite cpdne\Bxiraatewerapriforaedsusingtbe as
: ighly specific proteasomal inhibitor Epoxomicin. PWBL lysates were,
L 60 R B T A 10 e Lot CoSCiar3acn O
et al. |Plakes. Epoxomicin (Calbochem Cat. 324800) was serially diluted in
DMSO to generate an eight point close response curve, diluted 1:50 in
assay buffer, and 10 pL added to the diluted PWBL in triplicate. The
Table SAaniaalgsed Sedirsubemad b B {i 187 hirdet hesisbmt Hons:
initiated with substrate as akgveggJpedose response curves were
————analyzed in Prism, using a sigmgidal dose.response with varjahle slope as
a model.-103751E18940 is a scatter plot HisadhEthe normdiiiéd
___ proteasbie @&ty P ORICIY de difed Gl thé iRdRRNIEDMICE R mice
Salinosg groupd7id%ach grotip,the horizdfitdoar fepre¥eritd the mddh 0-3
ml.de normalized activity.- These data-show that - Salinosporamide A causes.a
Mitoxanings ind fbdrbash in Sfottsomal AtRiS2Th BWBIO3afd that thid. 33
inhibition is dose dependent. In addition, these data indicate that
BAfitbspotaniae B iSetled e ibrsiaiskuriprstiadsd 10376l tpHgtain its
activitySpeeificiy obivexassay waaisbewn by examiniagtheeHecs of & skoawe
As ,mE,roteas.l?me inhibitor, Fgo %mic.in, on'hgglrpl‘ sis of the peptide substrate.
" Epdxomicinis & peptide ee(ixa QS 15 BERN Ehol B FG AT LpEERESfor
was abdhé Protéasoma yamighimo Hihilitof Actidty towards any other known
protease (Meng et al.,1999)..| ysates.-1 12 WO 2005/002572
PCT/U52004/019533 Cron%:a*}\/l?gfé%iei control and also from animals

P3pPraAYBimAS yiaish @dogiyMoucture Activity Relationship

NG KD

[0365] To establish an initial structure activity relationship (SAR) for
Salinosporamide A, a series of Salinosporamide A analogs were evaluated against the
muitiple myeloma cell line RPMI 8226. ECs, values were determined in standard growih
inhibition assays using Resazurin dye and 48 hour of drug exposure.

{6366] The results of this initial series of SAR (Table 9} indicate that the

addition of a halogen group to the ethyl group seems to enhance the cytotoxic activity.
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Salinosporamide A were incubated with varying concentration of
Epoxomicin, and IC50 values were determined. Palayoor et ol.,
Oncogene 18:7389-94 (1999). As shown in FIG. 41, }poxomicin caused a
dose dependent inhibition in the hydrolysis of the proteasome substrate.
The ICco obtained in these experiments matches well with the 10 nM

valuggabsgryag,using purified 20S protcasones in vitro (Not ShQWR)ican04/0 19543
These data also indicate that the remaining activity towards this substrate

in these lysates pr e om als tre ted Wlth 0.1 mg/kg
Salinosporamide i 9 asn S8 e SRS REE Y AT other

protease. The. Pesndual activity seen in extracts treated with high doses of
Epoxomicin is less than 2% of the totaksignah @reieating that over 98% of
heFRiAE Mserveaipipimiag fagatvy -AMC__a$8) substrateé Bythiexiie(yeon + SD)
the activity of the protea$ mes present in the PWBL. 103771 Comparison

of intra-run varlgtlon in Baséline activity and the ability|of Salinosporamide

A to inhibit prot asomafﬁty was also assessed. In FIG. 42, the results

of separate assays run s veral weeks|apart are shown. Qureshi, et al., J.
nmunidl} 6171(3):1515-25:(2003). For clarity; enlycthe yehicle congrat and
matching dose tesults are shown. While there was sgme variation in the
proteasomal acﬂvity in PWBL derived from individuallanimals in the
control groups, the overall mean was very similar between the two
groups. The animals treated with Salinosporamide A (0.1 mg/kg i.v.) also
show Very similar resigualactivity ang average mmbitiorm="Thissuggests
that results between a@ can be compared with confidence. Example

39 Inhibition of jn vivo I,PS.deuccd TNF by Salino oramide A [03781
Studies suggest that th f)g‘oteasome blays a role in the activation of many
islgnallng molecules, inchiding the transcription factor NF-KB via
protealytic degradation of the inhibitor of NF-KB (IKB). LPS signaling
through the TLR4 receptor activates NF-xB and othef transcriptional
regule“qr§ resulting in tHe expression pf a host of proinflammatory genes
like TNF, IL-6, and Il I P. The continued expréssion of proinflam £ ?y
icytokines has been identified as a major factor in mahy diseases.
Inhibitors of TNF and TL-1(3 have shpwn efficacy in many inflammation
imodels including the LPS murine model, as well as animal models of
rheumatoid arthritis and inflammatory bowel disease. Recent studies

have suggested that inhibition of the proteasome canjprevent
LPS-induced TNF secretion (Qureshi et at., 2003). These data suggest

that-Salinesperamide-A—a-nrovel-potent.-1-13
;H\§ HOH
o=
11-18 *‘\(/D 0.017, 0.022 94, 94

[

Where 12, mean + standard deviation was determined

Example 36
it vivo biology
Maximum Tolerated Dose (MTD) Determination

[0367] In vivo studies were designed to determine the MTD of Salinosporamide
A when administered intravenously to female BALB/c mice.
[0368]  BALB/c mice were weighed and- various Salinosporamide A

concentrations (ranging from 0.01 mg/kg to 0.5 mg/kg) were administered intravenously as
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WO 2005/002572 PC77US2004/019543 proteasome inhibitor, may
prevent TNF secretion in vivo in the high-dose LPS murine model. (0379]
WORKH88E3S the ability of Salinosporamide A to inhibit in vive':PS«imduced
plasma TNF levels in mice, in vivo studies were initiated at
a singBoldes BipRATH, dne, 4 Bouldels ing metho s outling the
daily PIOIRCOl design for!t%Flese studlese%%\é%-]qﬁlrale gi( %}ss stSéFV Hicgbserved
(1 27g foup WalghiiG BoeBGEtrskéijdcely witire P’Sﬁ‘@mr Wiy Yipye tideoit phe
L\]}u1ngumezmhmylmwfumﬁl@teﬂi{mlﬁe M@E%W@@%%Y fradl yein) wish, o ahle
11 mﬁ%[&%ﬂ% ﬁ@rpls de A mti 2V5 mg after approximately 5 minutes un er a
heat iamp. Ninety mlniﬁtgéoé?téf’ P REEdsH: dremiceniee?s my/ky was
oler d“éhestﬂétﬁzedwbmhlmmrailaEyarfdl bieekbyogaidiaepuncture,tn.oblal rans §
2 e o) eIIet then resuspended in 500 I, of PBSto
> h““%ﬁ’?”?ﬁ%%@%%“ée R T LA e aghimsaserrmid
during {8 €OpEYR GV E axrkBood pellet frozen for analysis of proteasome inhibition
in packed whole blood lysate. Table 12 Time Group ID Group n=0 nun

+’i;0 nun No injections /_basellne 1 5 Sallne I- solutol vehicle 2 5 saline

om 5icy

y%mcﬂgﬁ, 73, )q 12.0PS  Salutl/DMSO
Yaline/

Group(- Bfai%mh&/kg}l-%ohf’%bpd
saline/Balinosporamige A, §30rrun

pa—y

2 Salinogpmyramide A (+30m);0;25 7 12 sali% 0.25 mg/kg mg/kg LPS /
3 Salinosporanude A (-30,,gh8,12 ITS 0.2, mg/ LPS / Salinosporamide A
4 (+30mypoR5 9 12 LPS 9:23,ma/kg [0381])osing solutions were prepared
> using &l@mg/mL Salineggetamide A stagk solution in 100% DMSO. A
6 10% sdlutol solution was grepared by dilgiing w/w with endotoxin-free
7 water 8rid a 1:160 dI|U\tlplthIB.S made of the 10mg/ml §%I|q,osporam|de A
8 0.25 iv.: qdxs 373 i s
g 0.1 v.; gdxs 013 T
10 0.05 1.v.; qdxs 0/3
' 0.01 Lv.; gdxs 0/3
12 0 iv.; qdx$ 0/3

Example 37

Preliminary Assessment of Salinosporamide A Absorption, Distribution, Metaholism and

Elimination (ADME) characteristics

[0369] Studies to initiate the ovaluation of the ADME  properties' of
Saltnosporamide A were performed. These studies consisted of solubility assessment,
LogD™ determination and a preliminary screen to detect cytochrome P450 enzyme
inhibition. Results from these studies showed an estimated solubility of Salinosporamide A
in PBS (pH 7.4) of 9.6uM (3ug/mi) and a LogD™ value of 2.4, This LogD™ vale is
within the accepted limits compatible with drug development (LogD"™* <5.0) and suggests
oral availability. Resuits from the preliminary P450 inhibition screen showed that
Salinosporamide A, when tested at L0uM, showed no or low inhibition of all P450
isoforms: CYP1A2, CYP2C9 and CYP3A4 were inhibited by 3%, 6% and 6% respectively,
while CYP2D6 and CYP2C19 were inhibited by 19% and 22% respectively.
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stock. Animals were dosed i.v. with 4ml/kg. A vehicle control solution was

also prepared by making the same 1:160 dilution with 100% DMSO into

10% solutol solution giving a final concentration of 9.375% solutol in

water and 0.625% DMSO. Measurements of plasma TNT were performed

using the Biosource mTNF Cytoset kit (Biosource Intl., -114 WO

20(15A002512sPLCT/1JS2004/019543 Camarillo, CA; catalog f GMGROkA 19543

according to manufacturer's instructions. Samples were diluted 1:60 for

the assay. 10382] Data from two i%g%ggg] dent experiments with at [east

ten replicate animals per group indica 1at treatment with 0.125 or

0.25 m@ékg apssnaanides Alfelsefp gk PRoiA dhrasch TN R SOar asibHtin

vivo. AiRprgsentative experiment i5.showndns Fl@ i Hhese daia 1eysaht and

that treatment of animals with 025 mg/kg Salinosporamide A thirty

mifttes aferPmrf/kg L PS ipjectiontesiled Wiighifiant péddctibh igwards the

SaMm NG, Ievels. Racked wholeblord samplessvere glsganalyzed fRhviey of

ex vivo proteasome inhibition revealing 70(3% inhibition in animals

HERREIRIA T 25Hny Ky FPYAndTTRTamimRlS ssaxtedaniad 0o dighteep o o/

Nessignifcantidifferenses Ve e seendn Pieteasementnhipition in animals

treated with or without L PS. Salingsporamide A reduces LPS-induced

plasma TN levBISBY appakitialen Bsd s WHER Atrfinietrd Pait 195%F hour

Qiidoreagiieniiat IAtOOM|CE oBeLandBlItESSROSEDR B, thepiantokkammadte cells by

Pogetntiaj IS V{'trorf:hemosertlsitizine .Eff? tsq%I Salin{s ~ Lamid gA 03§3 hol

CHEMBIREPIEY agehte e L et Y E?I}Fiﬁ tECHH) Can atiate @acket who'e

transcription fastornsiclBay tdctorpkappd B (NReKBMin muinha colbrecalnbes was

celdnes nchidig.koy e el seu o & ARECaRRA BRI G ERRed whote
139535 { 01). In

cells to undergo apoptosis. Cusack, et at, Canker Res 6

Ghatinuratesd BRRBINFIK Bapssided fn th&ceytopraswdithar st iieswordpldxotein
with dhe-tnhibitoryprotein, 6B (hibitaral NFHB). MariquseRINUliLABSA as a
cause |KB phosphotylation by hcB kinase, followed by ubiquitination and
SagTAatoRPETIRI'Y the" Soti-88tRes BaliamRyRIRG Hetarsatiaticaraskeen 800
NR-icBotignsiocates to the nucleus and regulates gene expression,
affecting_many cellular processes, including upregulation of survival

genes tieteby inHbHHY Sobi5sV o384 TRR $E Sty sppRsy ity hydrolysis of a
freteasomeindubitospdeiicade Tk (RS34iypMillerniuriRhasn acauiionlss (suc-

ﬂC\)Y I‘%g)[r(?%%c%?é‘lﬂc E%tc.:alp&%%?.e"%gh gof%gpaelf%%e%?sh%{]d?ga%g that >98% of the

hydrolysis of this peptide in these extracts is mediated by the proteasome. Assays were set

D

up by mixing 5 ul of 2 PWBL from an animal with 185 pL of assay buffer (20 mM
HEPES, 0.5 mM EDTA, 0.05% Triton X-100, 0.05% SDS, pH 7.3} in Costar 3904 plates.
Titration experiments revealed there is a linear relationship between protein concentration
and hydrolysis rate if the profein concentration in the assay is between 200 and 1000 ug.
The reactions were initiated by the addition of 10 pL of 0.4 mM suc-LLVY-AMC (prepared
by diluting a 10 mM sclution of the peptide in DMSO 1:25 with assay buffer), and
incubated in a fluorometer (Labsystems Fluoroskan) at 37°C. Hydrolysis of the substrate
results in the release of free AMC, which was measured fluorometrically by using he = 390
nm and Aem = 460 nm. The rate of hydrolysis in this system is linear for at least one hour.
The hydrolysis rate of each sample is then normalized to relative fluorescent units per

milligram of protein (RFU/mg).
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cytotoxic activity of CPT-I | against LoVo cells in vitro and in a LoVo
xenograft model by inhibiting proteasome induced degradation of liCB.
WONHETHE2T2 Eu.r J Haemaiol 70:265 (2003). In addition, alcaded i mas

found to inhibit the expression of proangiogenic chemokines/cytokines
G&r3 andiVE&RdR sguamous, cell garcinoma, presumably through
wepahibition of_ﬁt‘hie?%?:-KB pathway. Suh%v%o&eg At Cin lérg@gefoQ?Lf: DYiigs-
PE00T THE - £ 5PN D 05K 72 PTTHISPO0K/ 01954 3o datarindisate
Salincgipatpnateasoma inbipitienimay notonly-Gacreass, iim IrOCi:,esll Sy r(%\{a\!e%ngs
LogD’g‘rQWfDe b(lgt glso Sap(gjoi%enes's. Example 41 Growth inhi itlp% p’f‘ slon.
~ Prostate Breast LUy Ovaridin Mitipie Mylonsalisritomaidnomay 403851
admmiggradnretlorSaderpcarcidoma (k29 HhB38). é?:‘i%%?é@innnediatelmarior
to adnfE8N9sALGINOMA (PC-3: CRL-1435), breast adenocarcinoma (MDA-MB
1(; :i f231; H_'I'Bf%){,m %ﬁéﬁgﬁ%é‘é)ﬁﬁ%rﬁ‘g“ CArEiRohk IREt o o8 0ERIME 48 using
W bgggﬁgm%% Zégﬁilm%@ t(r@lwim-%-ml TBu-ggé)u_eli_I:il;iéilﬁg%FHY%M@Qed of
200 D : iple myeloma ; - 196) and mouse
. melanoma (§1_6-F'10; él%ggﬁip'})g)agg %?%v\évﬁ i pliedasin it Avieds and
Sdilno:?ﬂtgizﬁ;‘sged?g fpgimﬁggiamim;%eﬁaﬁbﬂﬁellfweﬁ?éﬁgé%éﬁg i@(ﬁﬁ}jty.
Salinodpenbager At &/ fyilowa LOmAnd 2o humidified air, 10386] For ce
i .%owth iﬂgibition asscays, FIT-Z%E,E B3’ Mﬁfwggﬁf RiEGL 1 Zppgges after
TENIORRY AR R 6rrtoreiikelied andebiod b B%EO8y B Ahidiad PuANERS3,

Packed1w10OR anehd 25%10d-celigtwell § IRl in, Q1 complete media into
centrifid8qvell (Corning; 3904) blgck-wgﬁ%&ggfﬁﬁiorﬁs |§'éﬂ‘g}%ugﬁ§1 gstes
TR the bRa ?%é*f%f? BEsdtaa-BUErimpK to Bl owebsite tooé stallishoaache

activityenter log phase growth. RPMI 8226 and U266 cells were seeded at 2x10'
ﬁg@ﬁ.le " C IIs/tw%Iil? respectively in 9C:§1 complete media into 96 well
plate$ on the'd=y oF e 5e88y b M@k g8 afichs pbtteteatmpowdds
these auereprepared inud 00Tty DMSQ apgvsiored al-§0G.Lhe compoynds were
plicate to the test wells. Concentratibns

B o E IOV 1o CSDEH W faLteki Aok PEES R Asarr1e Dl
Epoxomjqiry 7RyRE. thistend acvoridentrations rasging fFam29034 19 6,32 Mued o
o OO0, F ST o TS b et et PVISO
0 gene@%%%‘mmammgemm@mm 6B2pN ai3d 20MsE 6:320Mind 10 L1
added (JeSPEGLNRIY:WHE HJ%PE&:’XX%FG f%usrdr}l%glé[g \Efrge?elg?elill?cauti%rtgg rfc‘o';85 minutes at
37°C, and the reactions initiated with substrate as above. The dose response curves were
analyzed in Prisim, using a sigmoidal dose response with variable slope as a model.

{0375} FIG. 40 is a scatter plot displaying the normalized proteasome activity in
PWBL’s derjved ’ﬁ'om the individual mice (5 mice pet group). In cach group, the
horizontal bar represents the mean normalized activity,  These data show that
Salinosporamide A causes a profound decrease in proteasomal activity in PWBL, and that
this inhibition is dose dependent. n addition, these data indicate that Salinosporamide A is
active upon oral administration.

[0376] The specificity of the assay was shown by examining the effect of a
known proteasome inhibitor, Epoxomicin, on hydrolysis of the peptide substrate.
Epoxomicin is a peptide epoxide that has been shown to hi ghly specific for the proteasome,

with no inhibitory activity towards any other known protease (Meng er al.,1999) Lysates
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hours. The final concentration ofDMSO was 0,25% in all samples. [03871
Following 48 hours of drug exposure, 101 of 02mg/ml resazurin (obtained
from Sigma-Aldrich Chemical Co.) in Mgt+, Ca2+ free phosphate buffered
saline was added to each well and the plates were returned to the
incubator for 3-6 hours. Since living cells metabolize Resazurin, the

fluotegcengs REshe reduction product of Resazurin was measui;g%cjsmg oss
Fusion microplate fluorometer (Packard Bioscience) with ?~,x =

and X,, = 590 am filters. Resazurin dye in medium without cells was used
UMl -SAB W SOOI 72 et I sspbmbteass fhy) with 0.1 mefkg
Fackgsotachidvhichwas subtiacted:fronnine, datadokalh expEsRentaln, and ICs,

s. The data_were nprmalized t e avera r of the cells,
s Rl b o Gt A B Siiiabin FIG

(the drugrooncertration absw hiigheS09 oﬂmhetqmammaliobsﬁwedo@ thwiftoteasome

'EUHQII N is-est b|IS e termined_usin tanda o]
dose respor?feﬁ::ur\% fﬂtl%’({:} {glé%%rlt gnp%} “ésogﬂ ?I.Iﬁ as‘fﬁgggég IHJ ((){r?snM value
Lteyr Wiheresthie vhakh mqtmmmgwmweil (growtbvieas Tese thamab0%hdante that

BCR0valie was.notdetarmined,(0388), T Tt}ﬁcd@lm@ T@f&%&% SHM am%ah%%md

the growth |nh|b|tory effects of Formulae
N7 fl-ng B G nopacsaIAsttHE hisrm coloRcRIN AT ﬁ@%ﬁaﬂmﬂ@g protease.

humas: prastaie; caeinomauRSs Jehdmanieat Adepoearc IR i MRAan 2%
non-small cell lung carcinoma, NCI-H292, human ovarian

8&?‘6&8‘ “Q‘“% CRES U YRUTESI Y B IRTAEL) RSt S 258 Ahkrld2B6AMC
and miurine melanomsy Ble KO/ cebi Iﬂﬁ&%m oﬂe,kZoWe@ ﬁ@&ﬁl@@a&mBL.
PCP/W%;}R}"OB/OC’LQ543 M N I- - F+ ~~'~d0OO0

0 (m MR VRSO L S B9 (5 G5 eyt el e o
0@ A ©iGhPhiQOtQAOHE @ INIQ Gas also assessed. In FIG. 42, the results
of separate assays run several weeks apart are shown. Qureshi, er al., J Immunol.
F71(3):1515-25 (2603). For clarity, only the vehicle control and matching dose results are
shown. While there was some variation in the proteasomal activity in PWBL derived from
individual animals in the control groups, the overall mean was very similar between the two
groups. The animals treated with Salinosporamide A (0.1 mg/kg i.v.) also show very
simifar residual activity and average inhibition. This suggests that results between assays
can be compared with confidence,

Example 39
Inhibition of in vivo LPS-induced TNF by Salinosporamide A

[03738] Studies suggest that the proteasome plays a role in the activation of many
signaling molecules, inctuding the transcription factor NF-xB via protealytic degradation of
the inhibitor of NF-«B (IxB}. LPS signaling through the TLR4 receptor activates NF-xB
and other transcriptional regulators resulting in the expression of a host of proinflammatory
genes like TNF, IL-6, and IL-18. The continued expression of proinflammatory cytokines
has been identified as a major factor in many diseases. Inhibitors of TNF and [L-1p have
shown cfficacy in many inflammation medels including the LPS murine model, as well as
animal models of rheumatoid arthritis and inflammatory bowel disease. Recent studies
have suggested that inhibition of the proteasome can prevent LPS-induced TNF secretion

(Qureshi er al, 2003). These data suggest that Salinosporamide A, a novel potent
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JCNONNONNNNM--0080~nn¢c,nAAAOzWOOQqOVYH
NNUN~~IMOryFMe"l~--nN Q+ MNv2O NbHVI.d mC
WOQIBMN2ZWMROb N7 NAAMO~ + MO O O O O OtA N n rarusedimAAA
1C) oONON13.bN~NMMN hN ~~mtN NMUUxGz09Q

proieasﬁ%@iwgi%@,og‘{%o %%ngn? Qfﬁt]'s%gxggé 601179 gﬂ’% 1{9 ?(’§c9 )J ] ?d Es%“:ﬁ—’g aljuqfrﬁ}e

indicate that the Formulae 11-2, 11-4 and 11-18 were cytotoxic against
model. tha HT-29, PC-3, MDA-MB-231, NCI-H292, RPMJ 8226, U266 and

§3%0;Flo tmayscall figes,ifth2ovas miseviptoicagaingtthe QYCARYE
tumor cells. Fonnula 11-17 was cytotoxic against MDA-MB-231, RPMI

inducedgﬁ%"@lé@g éﬁs(algwg, ﬁffn’i@’?’ stndies were 1nitiated at BolderBioPATH, Inc.

in Boulder, CO. The following methods outline the protocol design for these studics.
[0380] Male Swiss Webster mice (I12/group weighing 20-25g) were injected
with LPS (2mg/kg) by the i.p. route. Thirty minutes later, mice were injected Lv. (tail vein)
with Salinosporamide A at 2.5 mg/kg after approximately 5 minutes under a heat famp.
Ninety minutes after LPS injection, the mice were anesthetized with Isoflurane and bled by
cardiac puncture to obtain plasma. Remaining biood pellet was then resuspended in 500 e
of PBS t0 wash away residual serum proteins and centrifuged again. Supernatant was
removed and blood pellet frozen for analysis of proteasome inhibition in packed whole

blood lysate.

Table 12
Time
Group ID Group n=  min +30 min
No injections / baseline 1
Saline -+ solutol vehicle 2 saline
Saline + solutol vehicles 3 saline Solutol/DMSO
LPS ip./ Vehicle (-30min) 4 12 LPS
LPS i.p/ Vehicle (+30m) 5 12 LPS Solutol/DMSC
saline/  Salinosporamide A (-30min) 6 12 saline
0.25 mg/ky
saline/ Salinosporamide A (+30m) 0.25 7 12 saline 0.25 mg/kg
mp/ke
LPS /7 Salinosporamide A {-30nun) 8 12 LPS
0.25 mg/kg
LPS 7/ Salinosporamide A (+30m) 0.25 9 12 LPS .25 mg/kg
me/kg

(0381} Dosing solutions were prepared using a 10mg/mL Salinosporamide A
stock solution in 100% DMSO. A 10% solutol solution was prepared by diluting w/w with
endotoxin-free water and a 1:160 dilution was made of the 10mg/ml Salinosporamide A
stock. Animals were dosed i.v. with 4ml/kg. A vehicle control solution was alse prepared
by making the same 1:160 dilution with 100% DMSO into 10% solutol solution giving a
final concentration of 9.375% solutol in water and 0.625% DMSO. Measurements of

plasma TNF were performed using the Biosource mTNF Cytoset kit (Biosource Intl.,

1 14-



cell lines. Formulae 11-5A, fl-5B and 11-19 were cytotoxic against HT-29,
PC-3, MDA-MB- 231, RPMI 8226 and U266 tumor cells. Formula 11-5A

and 11-19 were also cytotoxic against NIC1-H292 humor cells. (03901

The data in Table 15 summarize the growth I1 1 11 itoly effects of

Formulae [1-2, 11-3, II-4, i1-SA, 11-5B, 1I-SC, 11-13C, II-1_6, l1-17, 11-18,
1149, s3@amd Formula fl--")O against the human multiple neyaleaccalosss
lines, RPMI 8226 and U266. Table 15 Mean ECso values of Formulae II-2

I-SBI8 16 R-17 1-18 11-19, IV-3C and
ot 1100 e M 2o e A REMFB2 58 B3gns. Sampls
CORfigblg EEBETAIMPEES0 (11M) Fonnula 11-17 4800 1670 Fonnula

la 11-3
11-16 Tqndsd) fin Fonuladd-18.6:34 g&pnw%ﬁzq 36. Fortmlu ; icat
>200 gx>201000 IfIi%ormula 11.4 54 36 Formula I SA 53 18! Poriitia en repticate
Formuia s 32 7 {18 g Sra oo 080 60! Formis 8@ $2008Poramide A

>20080J-L FHimided T8 6:5rdids houmpla Ve 220000 8020, Fotniula .
szglé 0.3810 *n= e} -119 w0 2005/002572 PC'/1JS20 6%3 é‘g] 43

103911 The ECBE Vaiti M Reate Szt FEsimime 1l 025 maykg Sainosporamide A

1rsByEtdGatler 2 mg/kg LPS injection resulted in significant reduction in serum TNF
fevels. Packed whole bicod samples were also analyzed for ex vivo proteasome inhibition
reveating 7023% inhibition in animals treated with 0.125 mg/kg and 94+ 3% in animals
treated with 0.25 mg/kg. No significant differences wers seen m proteasome inhibition in
ammals treated with or without LPS. Salinosporamide A reduces IPS-induced plasma
TNFE levels by approximately 65% when administered at 0.125 or 0.25 mg/kg i.v. into mice
30 minutes post-LPS treatment.

Example 40
Potential /n Vitro Chemosensitizing Effects of Salinosporamide A

[6383)] Chemotherapy agents such as CPT-11 (Irinotecan) can activate the
transcription factor nuclear factor-kappa B (NF-xB) in human colon cancer cell lmes
meluding LoVo cells, resulting m a decreased ability of these cells to undergo apoptosis.
Cusack, et al., Cancer Res 61:3535 (2001). In unstimulated cells, NF-«B resides in the
cytoplasm in an inactive complex with the nhibitory protein IxB (inhibitor of NF-«cB).
Various stimuli can cause xR phosphorylation by IR kinase, followed by ubiquitination
and degradation of IxB by the preteasome.  Following the degradation of kB, NI-xB
translocates to the nucleus and regulates genc expression, affecting many cellular processes,
inchiding upregulation of survival genes thereby inhibiting apoptosis.

[0384) The recently approved proteasome inhibitor, Velcade™ (PS-341;
Millennium Pharmacent cals, Inc ), 1s (ii]'f:CfI}f toxic to cancer cells and can also cnhance the
cylotoxic activity of CPT-11 against LoVo cells in vifro and in a LoVo xenograft model by
inhihiting proteasome mduccd degradation of IxB. Addms Y., Ewr J Haematol 70:265
{2003).  In addition, Velcade"‘“ was found to inhibit the expression of proangiogenic
chemokines/cytokines GRO-oc and VEGF in squamous cell carcinoma, presumably through

inhibition of the NF-«B pathway. Sunwoo, et al., Clin Cancer Res 7:1419 (2061). The
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17, 11-18, 1{-19 and 11-20 were cytotoxic against RPMI 8226 and V266
cells. Formula IV- 3C was cytotoxic against U266 cells Example 42
woGrowtharhibition of MES-SA MES-SA Dx5 HL-60 and Hlpee0dMob2:umar
cell lines 103921 Human uterine sarcoma (MES-SA; CRL- 1976) its
data iHRUH@IUcLI Sist ( gfs CRL-1977 an acute
omyeloc;%?gEE le@ﬂ%ggn‘?g}{ (:{E!eql?{ss'}(lll}{ll x%%ﬁég d%b:}S ax e r?ﬁj tietfgra! and
ngﬂ? ILART YRGS CHL-60/1\MX2; CRL-2257) were purchased from

ATCC and maintained in appggg%@teégulture media, The cells were
G cul_ured in. an mcubator at 37 C In 5% C02 and 95% hum|d|f|ed air.
B o5 Kt s ‘ ' SAMHiIMESySAIRXECells

were both seeded at 3x103 Q&Lﬂn\bﬁﬂ in 9OI complete mdla into 96 well
(E,ggy g; ?ﬁ)um blac -walled, clear-bottom tissue culture plates and the
plates were Incubaté overr"i‘%‘ﬂtofdmalﬁ?i%acellgltb etablishBaht). enterotee
adenogspaengrdehs: HLRGO mdthe@iwamtslwe lpoth sseaded at pxh0e)
non- sn@ﬁ“c%ly\’tﬁtl @098!1&91[1‘ 5“ 0 lates on the day of
ke ?? r\g 88?&88&?1‘8%%\9@’ CAR-

. compoun addition. 20mM stotk solu
3 BT arayiirionos! @Ms‘,@yﬁo&z@:mtaopnmmeommumawege TIR-

196) wserallydiluted.andmdd inHipl éqtthe teg .wells. Cancentrations
ing frgrr?%%§M t%déerg}M Were$%2§ d for Td- ?’ Hdc 11598 P33 Hd4nd 7
m‘““‘aW%t%‘té%té‘a’%tt‘béHBéth%msTm@Hﬁg\tmtzommo;ﬁsﬂmmtbﬁomp@wHd in
v COEaLS 9wvasitesteskat,concentrations ranging from 2M to 632pM. The plates
ed to the incubator for 48 hours. The final concentration

vere retur
i@fﬂ vt?ag 2588 MEa i LR eSS oA T- R BWiRg MB hovFs T Idrig -
H292, @YM{E#MB@MFM@W@%&%@HHE dobtainesirom, Sigmach) drhc‘%d“d”
ed

53, e S WE in Mgt+, Ca 21 free phosphate buffered saline was a
to each well aiﬁtdafﬂ Hfa‘t’és) Ui recrakifta daad thiatin 6 batdr (GrBibeh Guts,)

lack-vSihde c lvingraefstmatabalize B@e@%ﬁ@@h&%ﬁ%%%&@ﬁ{l?ﬁat’&{%%eri%tj hetion
Allow cpr]OdtoC},:(t)f Rfesaztémn was measured using a Fusion microplate

Uorometer (PatKafl BidLeiBRsS) St e REBAS 23 andd2 G0 0ahm ilters.

secded Re%azﬁrmtdyéxm(fhe&immcﬂ%%ﬁﬁé@ Wﬁ@ott%%gn%t%t% mine. s, el

lates oRAGKQQUNd, which btra ted from the data for all experimental
PSS Wells % n%% a Were nor %ﬁ&%&%ﬁﬂ@aﬁféﬁg@m@w@%eme pEthetetls

100% Tpdatedwithomedia-8R5%mDMHE(HA0%celkarawthhand ER5Qyalugs
twip! mu@ etﬁi 4yg.con Qﬁratlon at. which 50% of the maximal observed growth
ab

inhibition Is SstablisliSHj WaPs Haaipinit Gty histamtniddvsigrissietalor
1I-2 anddésle Pesponge CuneditingialgesitbimeXbit 3.0 Bysiness qlutionslid)-

Formula ]I? 9% and TI-19 were tested at concentrations ranging from 2uM to 200pM.

Formula II-5A and Formula 11-58 were tesied at final concentrations ranging from 2uM 1o
632pM und 20pM 1o 6.320M respectively. The plates were returned to the incubator for 48
hours. The final concentration of DMSO was 0.25% in al] samples.

{0387] Following 48 hours of drug exposure, 10ul of 0.2mg/ml resazurin
(obtained from Sigma-Aldrich Chemical Co.) in Mg”™, Ca™" free phosphate buffered saline
was added 10 each well and the plates were returned to the incubator for 3-6 hours. Since
living cells metabolize Resazurin, the fluorescence of the reduction product of Resazurin
was measured using a Fusion microplate fluorometer {Packard Bioscience) with A, = 535

nm and Aen, = 590 nm filters. Resazurin dye in medium without cells was used to determine
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w0 2005/002572 PCT/US2004/019543 Where the maximum inhibition of
cell growth was less than 50%, an EC50 value was not determined.
103951 The multidrug resistant MES-SA/Dx5 tumor cell line was derived
from the human uterine sarcoma MES-SA tumor cell line and expresses
elevated P-Glycoprotein (P-gp), an ATP dependent efflux pump. The data

in Tahle 16, symmarize the growth inhibitory effects of Formulaqe(.]r}l-;g2

. . . . S2O0/019343
11-3, 11-4,11-17 and 11-18 against MES-SA and its' multidrug resistant

d(—{:gig/gti\{e MF§-SA/ x5. Paclitaxel, a J[mown substrate of the P-gp pump

nOEOL

was inCIde ds WEontrel Sraibeladk iemgboditre bRt Sranulmentel telk7 The data

andit-18ragairst MEG-SAapd MESsSARXT Mmansellings snEGSR.Q o 250
Foldc W}Md gAEs-gg MLEES-SA/EI)XS change F- 193220 L 55 138 1.0

11-3 >20000 520000 4000820606 REA FheaTHigcanerpBaien 4t ovhiqhos0% of the
1REFIO2B09460d QiSWRIQBIFESH it lesthBohcky Mrd.2Ra6HIRYCLEE 2 standard

29 4 X Fold change = the, ratio of EC50 values
(ﬁ%%%@/%%ﬁfé@gi )c%zqze }?ﬁ{l]}gg algonthm &gﬁt .0, IDD Business Solutions Ltd).

Where the maximum inhibition of cell growth was less than 50%, an ECs, value was not
determined.

[0388] The data in Table 13 summarize the growth inhibitory effects of
Formulae [1-2, 11-3, 11-4, H-5A, 11-5B, [I-17, 1-18 and II-19 against the human colorectal
carcinoma, HT-29, human prostate carcinoma, PC-3, human breast adenocarcinoma, MDA -
MB-23t, human non-small cell lung carcinoma, NCI-H292, human ovarian carcinoima,

QOVCAR-3, human muitiple myelomas, RPMI 8226 and U266 and murine melanoma B16-

F10 cell lines.



Table 13

103961 The EC50 values indicate that 11-2, 11-4, 11-17 and 11-18 have
cytotoxic activity against both MES-SA and MES-SA/Dx5 tumor cell lines.
wFherivatidrug resistant phenotype was confirmed by the pbserzation dhat
Paclitaxel was --800 times less active against the resistant MES-SA/Dx5
cells. -121 WO 2005/002572 PCT/US2004/1119543 103971 HL-60/MX2
is a multidrug resistant tumor cell line derived from the human
promyelocytie leukemia cell line, HL-60 and expresses reduced
topoisomerase 17 activity. The data presented in Table 17 summarize the
growth inhibitory effects of Formulae 11-2, 11-3, 11-4, 11-17 and 11-18

against HL-80 an{l its multidrug redistant derivatiye TIL-60/MTX2.
Mitoxantfone,the| tepo somerase 11 targeting agent was included as a
fegntrol, Fahjle 17 ECSO valués of [Fofmulde 11-21-3U:4,41-17 and B-18
“against-H-80-ane-HL-160AVX2- tumorcell lines B d
"8Cbmpaund changey, 11L:60 HL-60/TyIX2 -~ 237 33 0.7
£>20000 320000 1|-3:N A 2>2000Q.>28000 @uI@? #2000 >20000
ENA 27 1§ 1131 23 1§ (57 42 134Q7Mitoxantrone 40 1170 30. Fold
«change = the ratio of EC50 values (HL-60/MX2 HL-60) 10398] The ECso
-2values iindicate that 11 11-4 and_11-18 retained gytotoxic activjfg against
5 Py < o @ o . ;
=pboth HLG0 argl HLE60 I@XZ ainor eIl @mg. The|multdng) r&sisthnt
Zphenotype was cofirmél bysth&oliersatidn thatMitox Atrgne was -30
‘Simes less attive @ v
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against the resistant HL-60/MX2 cells. Example 43 Inhibition of
NF-KB-mediated luciferase activity HE <293 NF-tcB/luciferase reporter

cell line (0399] The HEK293 NF-xB/luciferase reporter cell line is a

derivative of the human embryonic kidney cell line (ATCC; CRL-1573)

and carries a luciferase reporter gene under the regulation of 5X NF-tcB
bindiRg&ites2The reporter cell line was routinely -122 WO 2005/002372/40 19543
PCT/US2004/019543 maintained in complete DMEM medium (DMEM

plus 1Q0884)V) Fetat havine sestimddnMibtahlaninglL0mM HERES1ang were
Penicillin/Streptomyein & /ml.and 100g/ml, respectivel .
R TR S P A M e e M8, 11266 and

assay| (theDMEM hasal medium akas seplacedapdthsplignalred Ree mor cells.

YMEM basal medium and the \ omi T 0EC I ere cultur
e o i o ar ha0n Lt T
NH-KBsnadiaté RidiferisBasgays IHEK29B NREKBAUGCITEFASe, dulls, Wiara -MB-
seedediat 510, celsiwelin 9014 phenglied free BMEM SOMPIEIR, o ioioxic
medium into Corning 3917 white opaque-bottom tissue culture pﬁates. or
EERTUR A E6iIIEc11-4 and Formula 11-5A, a 4001iM starting dilution
was magdedn 106% DMS O and:ibis  dilutiam.was 4sed IQeenerale & offects of
S-point halfjlo dilution series. This dilution series was further diluted 40x

P EpEps diate e tlrd Hetud 2Ralteit didtfordnérd adudi ® the fedy-3C and
wellanintipligaigsterylingain:finahie st eanse B aLnS KaRAIReaRy 1M 4o

320 pM. For Formula 1I-3 and Formula 11-5B, a 8mM starting dilution was
made in 100% DMSO and the same procedure was followed as

described above resulting in final te$agiernéentrations ranging from 20pM

RIS el 8 e ol T e G AR T L S

HlatéSIdeTeclls

phenol-redi IIVIE Muddedinute WS agld ,_
incubated for amadditional-6 hr— e finaconcentrationof DMSO was
Co2uitd all samples. 104011 At the end of the TNF-a stimulation, 100 | of
Steady Lite HTS luciferase reageré-{Padkard Bioscience) WaS adaedl to

EARhWell@nd the prates were feftuggligturbed for $0-minat ropmy;
temperature before measuring the luciferase activity. The relative
Toemsrade! inits (RLU) were measuredby using a Fusion micropite
fluaremetes (Packard Bioscience), Thg ECS0 valugs (the drug ;3 B}

—concentration-at which-50% of the .
Formula I1I-2 47 34

| Formula I}-3 >20000 >20000
Formula J1-4 54 36

- Formula 11-5A 33 10
Formuia [I-5B 327 ‘ 115

| Formula i1-8C >20000 >20000

 Formula I-13C >20000 >20000
Formula 1-19 6.5 33

TFormuia IV-3C >20000 8020

| Formula 11-20 * 10500 3810

* =]
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maximal relative luciferase unit inhibition is established) were calculated in
Prism (GraphPad Software) using a sigmoidal dose response, variable
woslopermodel. 10402] NF-icB regulates the expression of adarge2mumberof

genes important in inflammation, apoptosis, tumorigenesis, and

ageimmuueidiseasesiEhysicamppyRds, ca 35’.'@ f nedulating or

17, paffegting NE-icB ai:tivity are useful in trerfftrtlllﬁft‘}:;ﬁ)3 |s‘é’a%e%1?léf§}eg“ » 116, 11-

" inflammation! CAnEEr SHA'EtiforsaRsnR Gesi¥dsidrésa@mpli. Foitula [v-
3C winagtive formiNFEKBs eamplexes with heB in the cytosol and upon

stimulation, IKB is phosphorquat'ed, ubiquitinated and subsequently

degraded by the proteasome=FHEHedtadation of IKB leads -123 WO
)Bf d its
£

_ 0049.810548, tarthe achivation RENFISR a1
tr&@ﬁmﬂ@ 1o thgtglrurg:éjesus. The effects of Formula 11-2,"For -3,
~ Formula 11-4, Formula 18R AR Mo (BB 6% fheticrvdtion of NEwKB
derivainad eyl fatéapy GBsessing teNF-KB-mediaied JuCifarass 260N D .
on, 104031 Results from 4

CCL-2BKA9 - C..gells upon TNF-a stimulati
re@ yese%%ﬁ\t/_me%é{(u%é i rr% é%ntt evaliatis éﬁ% ARG 21 SRR eI rerghged
from fetirin ROBIAIEIG U ) repemieddivatipretieatmeriwin Foeumuailis2 and,

incubafoeBMiad i sesuited.in %g@ﬁgﬁggﬁi%ggﬂe_nt decrease of luciferase activity
im-rB/Luc 293 cells upon TNF-a stimulation, The calculated EC50 to
ihhibit NF-KBF firduemsah deifbitieieasservity BS tRis @xpRIBHEI/DAS FRaMior

both skaemutastie? eGS0 yalue dorformula 13-4 was 67 oM. Similar
data were observed in a rep%cate eﬁ%%ri%%%ﬁ fafogﬁﬂfgifgﬂﬁ%ﬁ% 3904)

Plackyalod ol distin satrevall ey Oremileick IvsA andbEearma (iR
allow calle showniis eﬂé@ﬂ@ﬂﬂyﬁ@%m%ﬁ@g@g}@ &ﬁ%ﬂ{)ﬁf%ﬂg&{%ﬂ% -gq%

seeded ighipi NP-KB/ inqucjble luciferase activity with o values
J61 M fedfediively. Eitlistepieswerdipbrenisdiinia peplicaie the day of

compogxpedifient. Exampladt I Vit dnhibiiionsf Ripieaseme Activity by,
pMsoEQimula A'?'@Qﬁmﬁ‘”{g Formula 11-4, Fo#:%ugﬁi%%éwgrpdlfgirﬁuﬁgo’@
| ||5é5 TOADBY Forrn A SPBP R tsr Bzt diuled bdiadiedtapib o
the test anndlsFOrmedani SR Wate Prepaieshas;2Q B S9lytion in, DMSO and
3 anq pSt0red in small aliquots at -80C. Pgrified?é&glb%{%%ﬁg%% i%sdg’“raf'\éié‘é‘n%
was Obtamad fofiressisene mnaioceitmise Mido CHyAmatrgpsipdikg 1118

was tesadtivityatthepreieasamerthessay bifarn (30 MM HEPES, pH7.3, 0.5
incubard"M EDTA, and 0.05% Triton X 00) was sup'p@r% Ated With %%@%%mﬁg

i 1o fina}logﬁs e final concentration of DMSO was ¢.25% in all samples,

[0394] Following 48 hours of drug exposure, 10u! of 0.2mg/m] resazurin

Gro

(obtained from Sigma-Aldrich Chemical Co.) in Mg®", Ca®" free phosphate buffered saline
was added to each well and the plates were returned to the incubator for 3-6 hours. Since
living cells metabolize Resazurin, the fluorescence of the reduction product of Resazurin
was measured using a Fusion microplate fluorometer (Packard Bioscience) with Aey = 335
nm and A., = 590 nm fitters, Resazurin dye in medium without cells was used to determine
the background, which was subtracted from the data for all experimental wells. The data
were normalized to the average fluorescence of the cells meated with media + 0.25%
DMSO (100% cell growth) and ECs; values (the drug concentration at which 50% of the
maximal observed growth inhibition is established) were determined using a slandard

sigmoaidal dose response curve fitting algorithm (XLfit 3.0, ID Business Solutions Lid)
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concentration of 0.035%. The substrate used was sucLLVY-AMC, a
fluorogenic peptide substrate specifically cleaved by the
chymotrypsin-like activity of the proteasome. Assays were performed at a
proteasome concentration of | Itg/ml in a final volume of 200 Irl in 96- well
Costar microliter plates. Formula 11-2 and Formula 11-4 were tested as

eightepQitess response curves with final concentrations ranging, O 0543
500 nM to 0.16 nM, while Formula 11-3 was tested with final

congentRtiQns; fanging.from 10 pM to 3.2 nM. Formula II-5A and Formula
11-5B were tested wit ‘];i‘r%af ‘c%?n%?n?r%%’h&?ﬁdaﬁh&Wbﬁ?‘i/wtbltﬂs}zvmvr? was not

T‘i’fé“?éﬂ?ﬁles were incubated at 37C for five minutes in a temperature

controllggh piate regder, During the preincubatjon step, the substrate was

diluted 25-fold in assa;lbﬁég%%gﬁgé?\n%’%tégg d&ﬂ? GRS iRe, Watedaeed from
S; dpitiated e itign of 10.p,| of the diluted

supstrate and the glates were r@tﬁdr ed Sbthgéltdpfgtg ﬁélﬁd{e(?.sﬁﬁé’“ﬁﬁéf the growth

BHCERMaRBRCET etifstiadem the rédctibrs Wad 200N 1Al gsiie: WEFS-SA and its

colieited evensfiveminiesermarp iiantl,a;hour and plotted as the

mean of triplicate data points. The EC50 vaﬁ%le%x%gq G BoneER et e P-gp

At Which B854 0118  Hiaifkal relative fluorescence unit is inhibited) were

calculated by Prism (GraphPad Soffwgye)dising a sigmoidal

drg_s_ie-‘gg onse, variable slope mdel. 10406] Results from a

r“e"ﬁi’(éseﬁ& olsgbmmiae st L3 doA TR 7 and 111§ a0 MBS AL BANES-SA/DxS

Formula 11-4 are shown in FIG. 46rasd-#iustate that Formula l1-2 and

-
v

this assay WIIVARCEES0 va ~Simila s were obtained
from an independent experimelEJe37] E@Biﬁﬁw@ma EPrBEEAtative

experiment/ evaiuatin = a-Fermula-11-
FIG. 47 and ili@strate that Formula 1l-5A and Fofhula 1 Irbhlblt the

chymotrypsin-like activity of the pfdteasome with£C50values of 6|nM
and 88 nM respectively. Simi &) tts c.c>g%*“in.cd ndent
experiment. lEXample 45 Inhibition of Anthrax Cethal Toxin (% nthrax

toxin is responsible for the #yr’rﬁ@?ﬁ@ as _L,ociatﬁlﬁ)w}ith anthrax. In this

Formula 11 -chyImehy e with
EC30 values of 1 S.5nM a;nd 15nM rE&pettivaly. Formula I3 is active in

disease, B, anthraces spores arg phated and iH"ége in-the-lun here
they are irrdééted by macrophages. Within the macrophage, gpores
germinate,|replicate, resulting int#¢ 93

: — _ ]

1517 7230 9450 0

L 12900 7530

! } 57

| 118 o 32 o

! 17 14 )

| Paclitaxel > 2930 70

| | 4.6 5210

* Fold change = the ratio of ECsy values (MES-SA/DxS : MES-SA)

{0396} The ECsq values indicate that I-2, -4, 1I-17 and 11-18 have cyiotoxic
activity against both MES-SA and MES-SA/Dx5 tumor cell

plicnotype was confirmed by the

lines. The multidrug resistant

observation that Paclitaxel was ~800 times less active
aganst the resistant MES-SA/Dx5 cells.
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killing of the cell. Before killing occurs, however, infected macrophages
migrate to the lymph nodes where, upon death, they release their
WEHHEHES Allowing the organism to enter the bloodsteam€rtHaptEplicate,
and secrete lethal toxins. 104091 Two proteins called protective antigen
(RAHS kDajasshiethalfactoil iy 98skia), RiayrackeViRI R B from the
hums athoge nea%\%{gnthrax.lThes%%r_otel_ns are collectively known as lethal
Y W BB EnEer. P AH T SiES At erPRiEcte 1
activitintféve deushrdseamimal STLgthal texinmsradsotaetirevirhaifeiyieal) cuttidte of
Fonnu!l';[be[?-?,f llr@aﬁfgpﬁﬂg%%§ %U%%d%%l ﬁi@éﬂ X\illlftlh 1 %&ﬁmlho%gﬁ IEE‘EF a(egezgivc
induce both necrosis and apoptosis in mouse macropﬂ%ge-hrke
HL-60R 2 Bl tgxealrstisp i IaniirorerszamibiatetiZiligs ColtsBagedeAssay dotrol.
Inhibitors of Lethal Toxin-Mediated Cytotoxicity [0410] RAW264.7 cells
(obtained from the American Tyype Gulture Collection) were adapted to
EC;andunaintained p RPMIs1 649 medivm sugplemanied sith 1876 detalo
bovine serum, 2nmM L-glutanype-angak% Penicillin/Streptomycin
(complete medium) at -125 WO 2005/002572 PCT/t1S2004/019543 37C
in a humidified 5% COZ2 incubator. For thej assay, cells were plated
overnight in complete &t at a concentratigniof 50,000 cells/well in a
| L@&We“ﬁ plate. l\/ledé' was re move% he followinggay and replaced with
serum-free comp ?&'&Oedium}i;\}'rtﬁ gw\hﬁhout varying iconcentrations of
Formulae 11-2, II-3,)£174, [I-3A, H- J?., II-1£11-17" 11-18 and IV- 3C

Ustarting at 33QnM aﬁﬁ%diluting at g]og intervalg for an S-point
dose-response. After a_45 minute preincubation, 1g/ml LF and | g/ml PA
alone or in combination(LFIPA -alsgydermed lethal tokin (LeTx)) were

Uzxtided to cells| Recamfinant LF-apgyRA were dBained from List

inlaaiesal l-abkaratoracAdditionalplatac.a vlith no-LeTx added were

D
Ululuglbal CLABUTAWUINIC S 7 waariroiT o Hlut\rd

gincluded as a | contriol3 Cells were lttien incpbated, for six hours followed by
addition of 0.02 mgihl resdzurin @ye (Molecular Probes, Eugene, OR)

I prepared in Mg++, Ca+-r free PBS (Mediatech, Herndon, VA). Plates
Iiwére then incubatexh@yo additionglodd® hours pripg to the assessment of
cell viability. Since resazurin is metabolized by living ¢ells, cytotoxicity or

cell viability c{n be assessed by megasuring fluorescence using 530

Ughtitation and 590 emission filtersg Data are eXgressed as the percent
pared-te-a-PDMSO-alene-—cpntrol-(high) and the LeTx alone

viabulihsac-co
Vlaulllly ASTCOTIT

vRntralflow) using t#e following egtfation: Perg;srgt viability =I
. 00*((Measured OD-#éw control)/(high control-low control)). Inhibition of

 Fold Anthirax kethal, Toxin:matialeti Cyfalpdcity N BAW 264.7 Cells

[6398] The ECse values indicate that [-2, 1I-4 and I-18 retained cytotoxic

O™ VIO TUATUTTOS

activity against both HL-60 and HL-60/MX2 tumor cell lines. The multidrug resistant
phenotype was confirmed by the observation that Mitoxanirone was ~3( times less active
against the resistant HL-60/MX2 cells.

Example 43
inhibition of NF-kB-mediated luciferase activity, HEK293 NFE-xB/luciferase reporter cell line

10356} The HEK293 NF-xB/luciferase reporter cell line is a Gerivative of the
human embryonic kidney cell line (ATCC; CRL-1573) and carries a luciferase reporter
gene under the regulation of 5X NF-kB binding sites. The reporter cell line was routinely
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(04111 Data in FIG. 48 summarize the effects of Formula 11-2, Formula

11-3 and Formula 11-4 against LeTx-mediated cytotoxicity of the RAW

264.7 murine macrophage- like cell line. Treatment of RAW 264.7 cells

with Formula 11-2 and Formula 11-4 resulted in an increase in the viability

of LeTx treated cells with EC50 values of 14nM (FIG. 48). The EC50

values toidrormyila 11-3 for LeTx protection was not be determineghabiheoiosss
concentrations tested (EC50>330nM, the maximum concentration

eyaluaied);Paia] f%ﬁﬁg'* 8 t&ﬁ\ﬁ% cts of Formulae 11-5A, H-5B,
11-13C, 111117,91]41@[1% an %fg%a%%hlnst e xﬁ“l?nieggé%é%&%%%%’éﬂ%Sof‘iﬁ‘é amM
RAW26M7. rHurird MEEephadellikieidel fing Treatment 6F RIAW 264.700ug/mi,
Gells-with Formpla LloAand ki 18 ¢ aprincrease in the viability of

Loty tréaggdu AW A2é4%ﬂ£ |2st ﬁvfﬁﬁ/‘éﬁé%%?\%mlé%fpﬁh (ARG S 1ok assay,
respettivé)aTreramentwitheFomhna ik ard Forfia U1h5B! restitedand the

imansinateasdn, theovialling of Letx reaied, callsith £CGe0 yaly g
42nM and 45nM respéctiverE. The EC50 valﬁlesl%?\%%rﬁulgg%?? %@Jﬁg 95%

IVBE G ETX protection could not be determined at the concentrations

tested ((R6i0>3BANNE the maximyNserseNta] igwmt%—d%i\fgr%e cells
20115/002572 PCT/US2004/019543 Table 18: FCse values for inhibition

OF BEARRF 56477 ol By ttbseaty, Ph Qidtarers-seritras RvHEVtormplcte medium into

Compeutd ECse: (adyuEopmslatsid 421derpmia | 48 4Ramued 1iBA R 1. 114
Fo?&ula [I-5B 45 Formula I1-13C >330nM Fommla N3C >330nM

R ampleds Fonntisht i Bena ditiraeretresrsiy dP e RIMEQ oud Ayindilution

Xal

wixture Obiainedby dhopeughiyibieadingibe of.acompounsehtalned a0 er
QH{ig%d«iP)}/ the method of the embodiment, 98 g of lactose and 1 g of

hydroxypropyP Eelle 1L Tsmetume g Eud dlisyelnyebrdsaddnahe test wells
methpitaThe-grianyles areithaionahbadiiessandssifted 4 obialn & HapUlRL For
pre 8&{??8? aslydtgg_l’% for &??qugmgwlén bottles or by heat sealing. Tge

resultant grafule prqu‘é\ Gind PR el I te rises b dsistive BiP % DMSO and
the same procedure was followed as described above resulting in final test concentrations
rangimg from 20uM to 6.3nM. The plates were returned fo the incubator for 1 hour. After |
hr pretreatment, 10 pl of a 50 ng/ml TNF-a solution, prepared in the phenol-red free
DMEM medium was added, and the plates were incubated for an additional 6 hr. The final
concentration of DMSQO was 0.25% m all samples.

16401} At the end of the TNF-a stimulation, 100 pl of Steady Lite HTS
fuciferase reagent (Packard Bioscience) was added to each well and the plates were lefi
undisturbed for 10 min at room temperature before measuring the luciferase activity. The
relative luciferase units (RLU) were measured by usir;g;a Fusion microplate fluorometer
(Packard Bioscience). The ECsy values (the drug concentration at which 50% of the
maximal relative luciferase unit inhibition is established) were calculated in Prism
(GraphPad Softwarc) using a sigmoidal dose response, variable slope model.

10402] NF-xB regulates the expression of a large number of genes important in
inflammation, apoptosis, tumorigenesis, and autoimmune diseases. Thus compounds
capabie of modulating or affecting NF-«B activity are nseful in treating diseases related to
mflammation, cancer, and autoinumune diseases, for example. In its Inactive form, NF-xB

complexes with IxB in the cytosol and upon stimulation, KB is phosphorylated,

ubiguitinated and subsequently degraded by the proteasome. The degradation of kB leads
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approximately 100 ml/day to approximately 1000 mi/day, depending on
the symptoms, as deemed appropriate by those of ordinary skill in the art
wooltreating cancerous tumors in humans. [04131 The exawiplesdeserided
above are set forth solely to assist in the understanding of the
to the RTPRAMANE:-.THYS4 E&O&&%&%{%Mhﬁ@dﬁ&@ll@ﬁfg&%%!@é‘?stm* thR -2
) methods may provide derivatives of compounds. [04141 One skilled in the
Formulgrilwo dlerrase il goreibitd thatark iwesdatirntiche isveliadaphdd 8
was o GRIRGOHL NISObIRGIR apd abian e anda and advaniades menligned; as
well as those inherent therein. The methods an p%ce ures describe
cells upraydiNfatespredeintly representative of preferred embodiments and are
yesaplary.and are,nqt intended as; imitations gn the,scope pfthe,
i?wven'gon. Changeé thereiné%nd othler useécwﬁe%ccﬁr% %Bat% %seoglgl‘lllléid ];.Enz,

Formulg H-grayphfcrnars dntofipadsbrs vorlsh tee mpiraoh e inlehtion {04250t
Fonml\é’iﬂ—ﬁ%ﬁﬁgﬂx_;ﬁ@B@s@-ﬂé&@n%}ﬁ é&ﬂ&gé%mﬁ&&f}&a&cY%ﬁI}ggggg Hiytiags

and modifications may be made to the embodiments erein
cells upgrhbit -degyaritig drom thededpehRl spiritdftieNRvéhiichne i Tovaase

activit)%gcm{g 925&%1%’&%4%%/ %g'?o%tﬁa[%%éye en‘}% genfj t?]liil%?lti%ﬁﬁ
mentioned in the specification are indicative of the ?%veﬁs 019 hose sﬁl ed

was 67iANh SHRA WY diticHom e irvsrdishageplits S04 LmeThe invention illustratively
qeansibed Rarain suitabmambeiwaclicesdn: the.ahsenss.af any glemgnt

- pr_el_emre.nts, limitation or limitations which is not specifically gisclosed

‘ormuigdlh, R SRR eXpraCsI SRR AR B 2inpidyaars (588

inhibit asitemsnafcdescriptionsanst natofdimitation .andshgreds i intension that
se of such terms and expressions indicates the exclusion of

cspectLfIe dse of such ter ! . |
ms}je(’“éﬁbiv&#’éwgr R & FERIIPEY $hB\ViT G e SHIBERF S portions thereof. It is
recognized that various modifiaafigangsare possible within the scope of the

n V,-:fgg%mf%?m?%a-&e%@%%lidﬁbﬁ%Hﬂnﬁgﬁt%%%%fi;hg%a'};h%O“@g!,;QHE?. A ;;.; lde g

optional features, modifidation\and Ranatiol-6Bthe concepts herein

diselgsed mayhe 1esopgd, 9.0y ihese skilled in the artpand that such .,
modifications and variations are consi ered to bel}a Ing within the"Scope
> B werg prrRArRit @O R koGP amestolfolvingrelirtiguos28 -50%C.

Purified rabbit muscle 20S proteasome was obtained from CalBiochem. To enhance the

chymotrypsin-like activity of the proteasome, the assay buffer (20 mM HEPES, pH7.3,0.5
mM EDTA, and 0.05% Triton X100) was supplemented with SDS resulting in a final SDS
concentration of 0.035%. The substrate used was sucLLVY-AMC, a fluorogenic peptide
substrate specifically cleaved by the chymotrypsin-like activity of the proteasome. Assays
were performed at a proteasome concentration of I jg/ml in a final volume of 200 ul in 96-
well Costar microtiter plates. Formula 1II-2 and Formula II-4 were tested as eight-point dose
response curves with final concentrations ranging from 500 nM to 0.16 nM, while Formula
II-3 was tested with final concentrations ranging from 10 uM to 3.2 nM. Formula [I-5A and
Formula 1I-5B were tested with final concentrations ranging from 1 ¢M to 0.32 nM. The
samples were mcubated at 37°C for five minutes in a temperature controlled plate reader.
During the preincubation step, the substrate was diluted 25-fold in assay buffer

supplemented with 0.035% SDS.  Afier the preincubation period, the reactions were
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CLAIMS 1. Use of a compound of a formula selected from Formulae I-V,

and pharmaceutically acceptable salts and pro-drug esters thereof,

wherein Formulae IN have the structures: R4AE5RnE. 2MV myE3E3

E3 EpEpEZ EE;E,E4E4 E4 R3R3H3C R/nR/1R nFormulal
Formula Il Formula 11l /E5 Es (R5)m E3 E3 E2 (R5)mE2 E, E1 EaE4
(RIVRB2(RIn3k3 Formula IV Formula V' wherein: the dashed lpaasus2ao1/019343
represent a single or a double bond; each R, is independently selected

mx rlt(l;lﬁgtlt%g% cp tqgﬁsgulg}s h’z Q Xdr(?%?c !ﬁﬂa%? {Eg nlce)& sub%’gé[ lfflcg?lgmed to the

pon substituted or Unsu uted varlan dfiowing redidae
saturated:C 1102 4imkyhunsattirated ©RsCR4 aikanhaumatwaI@@ GM.C%? data

QJKypx 186¥h SO, alk e%xcebon '0%9/111 plogycarbanyl ﬁé’d the mean of
(i ﬁaslkoxy

cyc oaIkyI cycloa en oxy cycloa koxy aryl eteroary ary
carberigl, L%lkowléarﬁéﬂyié@yi mmitlmWMnWBaMMCwmdyléﬁ% of the

RO RZ 140 e My RYEQXY x:ﬁJKXWE‘B};B‘{XHS"Qzez%xé’%gﬁ@@ &arﬂ@é}{ {GraphPad

cyano, and halogenated alkyl including polyhalogenated alkyl; 130
SRS 8 QTG B ds arirfppsts GHIRITSIDIMATRL can be the

same qu4differenteqund atdgast oBGREIBAA NYYQERM cvaluating Formula T-2,
Formula 11-3 and Formula I1-4 are shown in FIG. 46 and illustrate that Formula 1I-2 and
Formula II-4 mhibit the chymotrypsin-like activity of the proteasome with ECsq values of
18.5 nM and 150M respectively. Tormula T1-3 is active in this assay with an ECs, value of
890 nM. Similar results were obtained from an independent experiment.

[04G7] Results from a representative experiment evaluating Formula II-5A and
Formula II-5B are shown in FIG. 47 and illustrate that Formula II-5A and Formula 1I-5B
inhibit the chymotrypsin-like activity of the proteasome with ECsq values of 6 nM and 88
nM respectively. Similar results were obtained in an independenf experiment. i

Example 45
Inhibition of Anthrax Lethal Toxin

[0408] Anthrax toxin is responsible for the symptoms associated with anthrax.
In this disease, B. anthracis spores are inhaled and lodge in the lungs where they are
ingested by macrophages. Within the macrophage, spores germinate, replicate, resuiting in
killing of the cell. Before killing occurs, however, infected macrophages migraie to the
lymph nodes where, upon death, they release their contents, allowing the organism to enter
the bleodsteam, further rephicate, and secrete lethal toxins,

[0409] Two proteins called protective antigen (PA 83 kDa) and lethal factor
(LF, 90 kDa), play a key role in the pathogenesis of anthrax. These proteins are collectively
known as lethal toxin (LeTx). When combined, PA and LF cause death when injected
intravenously in animals. Lethal foxin is also active in a few cell culture lines of
macrophages causing cell death within a few hours. LeTx can induce both necrosis and
apoptosis in mouse macrophage-like RAW264.7 cells upon in vitro treatment.

In Vino Cell-Based Assay for Inhibitors of Lethal Toxin-Mediated Cytotoxicity

[0410] RAW264.7 cells (obtained from the American Type Cuiture Collection)
were adapted to and maintained in RPMI-1640 medium supplemented with 10% fetal

bovine serum, 2mM L-glutamine and 1% Peniciilin/Streptomyein (complete medium) at
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R2 is selected from the group consisting of a hydrogen, a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following
woragitires?saturated CI-C24 alkyl, unsaturated C2-C24 allseriyRze04/019543
unsaturated C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
37°C ;ﬁrﬁlwmamwyizk?;aogwﬁm?w C%Epalkedgziy Hle@%ylw&yqlmowarﬁfgﬂt in
e eroar arylalkoxy carbonyl, alkoxy carbonylacyl, amino
comple ST Sl BIRTRCB DO s T, BrieApr R, Mt
rcmovc&i’yllihtb Imyagmﬁgmyzﬂ ﬁ@nb@mwayammnamm@gmamddmwwnnI@kdmmm

lyhalpgenate I |s onsisting of a alo
vansin R g BT isht i At ot Gaftd 1
3C starﬁexh@\amiig{msidméshmnyated ﬁg@nﬁﬁx@lk}tbx un%wrmﬁdﬁagézﬂealmnyla
saturat d C2-C24 a| acyl, ac x alk loxyc bon lo
5 i o ) R s R A e
termed Hetferomryl) ryladkoxyrearbenyt aélhsxmolnﬁnmacyjf a:mirim were obtained
irom 1 RUIAAGAIDR T, ATINCCAtbRYIRNN IS AR PRI Ly dioxy, & aﬁé‘&@&

arylthio,” oxysulfonyl, carboxy, cy no an alogenate Ikyll Inc
controlnofyhidioyeitaten alwbcé%bﬁomus mﬂép&i@éﬁﬂykgem@é}@ffroﬁﬂﬁé glgjup

resazurBPNBISNG QbR Y BRGEN. 8, halogen a mang-sub %ﬁd &4+ free PBS

poly-substituted or an unsubstituted variant of the fol owing residues:

( Wdlagéfhrafféaden C29-dliyes orisatlifatd otz aldhgnlhsdarated @ e

asse,ssnadkyeylu@pylaﬁw}om&lI@@!%{ﬁ@i@Qw!a@zsxp@dylwmﬁﬁb&ny'%yatsys?!@f'&y'
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, C%/}rlblkoxy carbo

cell vighyliy, 90 ASORRIEH, BiRfa S HhimLaFBRsEDFCariRe Caib Sy rspoRited 590
emlssxcazidm;;prmmylm’eydp@e@ym a&lqyxlémewaﬁylﬁmesl@qﬁ&&ia@she@abbpms@aﬂ@me
at d.alkyl] includin alogenated alkyl; wherein in is
coneot R T s DD S e e e b
viubiliteatH{RE Mcndeg driddntly celetidd frammthe-grouprcengisting of a
nininBXHOI8R-2 Paenet mono-subatiuied, 2 pRlyguhs(ifeg.or an

34 AT .C24 alkyl,
ihEdturatdeh@2:CR4A a&mmmwafmtﬁaﬁm&m&y@waﬂmﬂaw
Formuld a -19 ng aEP %%‘ﬂoé%ﬁ )glto J«'E’l%r‘¥'°i‘3fh Cﬂ%lg ({Lglaékl%r:}. 1b age—
Ikoxy, cycloa koxy, ary teroaryl; ary afkoxy car ony
like ceihamgmmai@qua@ﬁ ROW 264.7 cells with Formula H-2 and Formula II 4 resulted 1n

an increase in the viability of LeTx treated cells with ECspy values of 14nM (FIG. 48). The
ECs values for Formula II-3 for LeTx protection was not be determined at the
concentrations tested (ECs>330nM, the maximum concentration evaluated). Data in Table
18 show the effects of Formulae U-5A, O-5B8, 11-13C, 0-17, I-18 and IV-3C against LeTx-
mediated cytotoxicity of the RAW 264.7 murine macrophage-like cell line. Treatment of
RAW 264.7 cells with Formula II-5A and 11-18 showed an increase in the viability of LeTx
treated RAW 264.7 cells with ECsy values of 3nM and 4nM respectively. Treatment with
Formula I-17 and Formula 0-5B resulted in an increase in the viability of LeTx treated
cells with ECs; values of 42nM and 45nM respectively. The ECsy values for Formulae -
13C and 1V-3C for LeTx protection could not be determined at the concentrations tested

(ECs>330nM, the maximum concentration evaluated),

-126-



aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,
arylthio, oxysulfonyl, carboxy, cyano, and halogenated alky! including
polyhalogenated alkyl; each of E1, B2, E3, E4 and E5 is a substituted or
unsubstituted heteroatom, in the manufacture or a medicament for
treating a neoplastic disease; and wherein the neoplastic disease is
cangdr ¥efetrsdzfrom the group consisting of angiosarcoma; SiROS/CSMeeN; 9543
esophageal cancer; uretal cancer; liver cancer; and angioma. 2. The use
of Claim 1, wherein the cancer is a drug reS|stant cancer. 3. The use of
Claim 2, wHérain $a&dn, 1< 1eep diSHk ' ‘
following: elevated Ievels gﬁg&g{g{g 8991{8}‘?@ &ﬁ{ I pump, mcreased
expression of the multidrug-resistance associaté tein 1 encoded by
MRPJ, reduced drug uptake, alteration of the drug S target or increasing

repair of drug- |ndu,gg1%6—}]gamage alte @J@m ‘vt le apoptotic Ji)athway
or the activation of ‘?'o%fhzs auhr F-?r'l-wu enzyt mes:4: . he-use-of-Claim 1,
wherein the animaHs-a-n 1'1'"'8‘ 5.-TFheuse-of Claim-1.-wherein the
animal is a human -6 "Ph& 15 of Claim ~wherein the animal is; a rodent.
7. The use of Clainaﬁ?jﬂﬂé?r_éﬁﬁﬁle dis:OH HO NOHR,
wherein R8 is selected i tA8 group condlsting of H, F, Br and/ 1. 132 8.
The use of Claim 1,5wheréinith&compoundis®M OH OHO NO

Formula I'vV-3C >330nM

Example 46
Formulation to be Administered Orallv or the Like

[0412] A mixture obtained by thoroughly blending 1 g of a compound obtained
and purified by the method of the embodiment, 98 g of lactose and 1 g of hydroxypropyl
ceilulose 1s formed into granuies by any conventional method. The granules are thoroughly
dried and sifted to obtain a granule preparation suitable for packaging in bottles or by heat
sealing.  The resultant granule preparations are orally administered at between
approximately 100 ml/day to approximately 1000 ml/day, depending on the symptoms, as
deemed appropriate by those of ordinary skill in the art of treating cancerous tumors in
humans.

[0413] The examples described above are set forth solely to assist in the
understanding of the embodiments. Thus, those skilled in the art will appreciate that the
methods may provide derivatives of compounds.

{0414] One skilled in the art would readily appreciate that the present invention
is well adapted to carry out the objects and obtain the ends and advantages mentioned, as
well as those inherent therein. The methods and procedures described herein are presently
representative of preferred embodiments and are exemplary and are not intended as
limitations on the scope of the invention. Changes therein and other uses will occur to
those skilled in the art which are encompassed within the spirit of the invention.

[0415] It will be readily apparent to one skilled in the art that varying
substitutions and modifications may be made to the embodiments disclosed herein without

departing from the scope and spirit of the invention.
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O H R, wherein R8 is selected from the group consisting of H. F, Cl, Br,

and I. 9. Use of a compound of a formula selected from Formulae I-V, and
- WOBpEMARCéutically acceptable salts and pro-drug esters thEEGEARHEES

Formulae I-V have the structures: R4 E5 R4E5 RpnVME3E3E3 EZ

@E@f E,. At Fadité Bt BYOKRIERR BEifoRd R HRG: doqimia: hipcmula
1 Formula Il 133 /E5 E$ (R5)mE3 E3 Ez (REZEIE, E4E4 (R)nlI3

of the | ("Pécjgélfl’é;%eﬁlffﬂﬁ%iﬁ K7 BT WhirEREothesHA%Red lines represent a

gingtg or amh@uﬁ}enlnaﬂ@k;l@@ﬁhd&@l&%@@@ﬂ&@mlyu%atﬁyﬁfﬁdyfwﬁr&h&@mﬂp
conS|st|n en, mono-substituted, poly- substltuted

dro 0-
the o e S e REERT ) DB ML ETReeai
discl Dsaﬂdyctz'cumsélthﬁ&@ads@ﬁdezpraikewwhmsammat@dzﬁaamaﬂealkxm;deda@yhms
of des BRYISIBINISHERIBRO A AOITNER M, SYPlBRI Prslarliey!
lkoxy, cycloalkoxy, ar heteroary ary oxy catb ony
and exwﬁ@@nwéwa@mexdmme@ém@m eamumrmwmswmmmmmbed

or pom%ﬁ?%elayqq%(}[ec%lé%{H@éq}ﬁrﬂﬁwﬁs modifications are possible within the scope

of the invention. Thus, it should be understood that although the present invention has been
specifically disclosed by preferred embodiments and optional features, modification and
variation of the concepts herein disclosed may be resorted to by those skilled in the art, and
that such modifications and variations are considered to be falling within the scope of the

invention, which is limited only by the following claims.
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oxysulfonyl, carboxy, cyano, and halogenated alkyl including

polyhalogenated alkyl; wherein n is equal to | or 2, and if n is equal to 2,

then Rr can be the same or different, and at least one R1 is not hydrogen;

R, is selected from the group consisting of a hydrogen, a halogen, mono-

substituted, poly-substituted or unsybgtituted variants of the following

residues: saturated C,-C24 alkyl, unsaturated C2-C14 alkenyl,

unsaturated C2-C24 alkynyl, acyl;agylaxy, alkyloxycarbonyloxy,

aryloxycarbonfyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,

HeteroaryF, afYlafkoSS d sy Plalkoxdp Carbonsfisfanting, Formulae -V, and
pharmAainacarbesyl aninacarhy Xy iresazidReRBENYhhyar exymallkyithio.have the

arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
Stmcml[c?(%thalogenated alkyl; R3 is selected from the group consisting of a

halogen, mono-substituted, poly-.substituted or unsubstitutedvariants; of
the following,residues: saturate C‘:EBj'A/alkyl, unsaturate
)

aIkenyIEunjaturat Cz-C24 alky@%/l, cyl, agytéxy, alkyloxycarbonylox £
134 aryloxy nyloxy, cycloalKyl, ¢y enyl, alkoxy, c clzoﬁﬂmxyfy/
%ﬁr‘y&,:%giryl, arylalkoxfﬁ%ﬁﬁlkoxy carbonylaéyfamino,

aminobarbonyT, &minocarboyloxy) #itrp, azido, phenyl, hydraxy-akyitio,
arylthiq{; oxysulfonyl, carboxy, ¢ c#no, g\lnd halogenated alky}ingluding
polyHalpgenated alkyl; each R4 fs)independently selected ff@n the group
consisting of a hydrogen, a halogen, a mono-substituted, a
poly-Substi#ated or an unsubstitdi@evirint of the followingaesiduds:
saturated C1~C24 alkyl, unsaturated C2-C24 alkenyl, unsaturated C2-C24

cycloalk , alkoxy, cygIanIkoxy, aryl, heteroaryl, iarylalkoxy carbonyl,
alkoxy carhonytacyl,.amirfio, aminocarbonyj,amirios yIOXy, nitro,
azido, { ¢y, alkylthio, arylthioé xysulfonyl, carb? s Cyano,
and halogenated-& i ing polyhalédé%ate falkyl; wheféin m is
equal to | and when m is equal to 2, R be the same or different;
each R5 is independenthyselected from the group consistirgg of a
hydrogen, a halggen, a mono-substituted, a poly;substituted or an

1

unsubstituted yariant& of the following residues
unsaturated C2-C24 alkenyl, unsaturated C2-C24™"
Formula IV Formula V

turstéd C'-C24 alkyl,

wherein:

the dashed lines represent a singte or a double bond;

each R; is independently selected from the group consisting of a hydrogen, a
halogen, mono-substituted, poly-substituted or unsubstituted variants of the following
residues: saturated C;-Coy alkyl, unsaturated Co-Cas alkenyl, unsaturated C»-Cyy alkynyl,
acyl, acvyloxy, alkyloxycarbonyloxy, aryloxycarbonvioxy, cycloalkyl, cycloalkenyl,
alkoxy, cycloalkoxy. aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hvdroxy, alkylthic, aryithio,

oxysulfonyt, carboxy, cyvano, and halogenated alkyl inciuding polyhalogenated alkyl;



alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl,
alkoxy carbonylacyl, amino. aminocarbonyl, aminocarboyloxy, nitro,
azido, phenyl. hydroxy, alkylthio, arylthio, oxysulfonyl, carhoxy, cyano,
and halogenated alkyl including pojghalogenated alkyl; each of E1, E2,
E3, E4 and E5 is a substituted or unsubstituted heteroatom. in the

manufagiurerhaimedicamenifor ipdibitingstaguarawth afa canesr selihe same or
g Whereln thg cancer cell sel&yged from the group conS|st|ng of

ng osnér%crinaé toé’i?‘l&é g4I E%eé"Sophageal cancer cell; uretai
cancerltells Ilmecﬂamcﬁomeldhar@loam@mmmﬂ diOaUSﬁiﬁfgamomh@ldﬂdmfmono-

o slRcleg o Farulae da. 20d. BaEace RN ACLERIEbIS, ey
I’U esterst ereo erein ormu

ﬁrt@:iur@k%ﬂﬁ&tume@ﬂm&zEglkMEs@%BSaE:ﬂ EZCEZ Ry EycEl B4 yloxy,

Eﬁﬁ%xgéﬁﬁx . RY BYLBhiba, Eﬁ%ﬂ“'a L E!: 85‘5}5%@[_:' F%E”&!ﬂc!e 1)% alkoxy,

ESEaESE s (Rs m Ep (Rs)n EZ
Frroieo Y. Ferrhuldaperoaryl, aryialkoxv oarbonvl alkoxy carbonylacyl, amino,

aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkyithio, arylthio,
oxysulfonyl, carboxy, cyano, and halogenated alky! including polyhalogenated alkyl;

Ry is selected from the group consisting of a haiogen, mone-substituted, poly-
substituted or unsubstituted variants of the following residues: saturated C,-Cyy alkyl,
unsaturated  Ca-Cps  alkenyl, unsaturated Cs-Cpy  alkynyl, acyl,  acyloxy,
alkyloxycarbonyloxy,  aryloxycarbonyloxy, cycloalkyl.  cycloalkenyl,  alkoxy,
cycloalkoxy, aryl, heteroaryl, arviailkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azide, phenyl, hydroxy, alkylthio, arylthio,
oxysulfonyl, carboxy, cyano, and halogenated alky! inciuding polyhalogenated alkyl;

each Ry is independently selected from the group consisting of a hydrogen, a
halogen, a mono-substituted, a poly-substituted or an unsubstituted variant of the
following residues: saturated C,-Cay alkyl, unsaturated C,-Coy alkenyl, unsaturated Cs-Cyy
alkvnyl, acyl, acyloxy, alkyloxycarbonyloxy, aryioxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy. aryl, heteroaryl, arvialkoxy carbonyl, alkoxy
carbonylacyl, amino. aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthie, oxysulfonyl. carboxy, cyano, and halogenated alkyl including
polvhalogenated alkyl;

wherein m is egual to 1 or 2, and when m is equal to 2, Ry can be the same or
different;

each R; is independently selected from the group consisting of a hvdrogen, a
halogen, a mono-substituted, a poly-substituted or an unsubstituted variants of the
following residues: saturated C;-Cay alkyl, unsaturated C,-Coq alkenyl. unsaturated Cy-Cys
alkynyl, acyl, acyloxy. alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,

cycioalkenyl,



wherein: the dashed lines represent a single or a double bond; each R; is
independently selected from the group consisting of a hydrogen, a

halogen, mono-substituted, poly-substituted or unsubstituted variants of

the following residues: saturated C,-C24 alkyl, unsaturated C2-C24

alkenyl, unsaturated C2-C24 alkynylzacyl, acyloxy, alkyloxycarbonyloxy,
aryioxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,
Be&@isaadsyl: wmaimw@ammyar@ﬂk@mmbp@ﬁk@@wﬂamMy carbonylacyl amino,
ammoc [, aminoc loxy, nitro, azido, phenyl, h droxy }l,thlo

A RS L AT ETBRR ey FE: AP el ARG ETGR rhic,
p@k}dﬂd‘:ﬂ@g&h@ﬁ@d@ kyhanthereimaldgeaqudl 4y on2pdig ibalsadguabted2ikyl;
then R, can he-t ¢ same r_different, and at Jeast one R, is no

R2is se?é}cteqefﬁ “tarllgtré1 gEro updcfghgs m%ljotfl% Iﬁg r%u%n bgt %a%dt Qntem?gom in the
subsiitgted, @dynsdmgmdoonmmgmmmtwmmmsef thé following

residu rat rate 5 c ‘o
e AR LBl g o o

ammwm@rwmfaéyétoawyha@y@lﬁmwaﬂﬂwcaﬁybmm@wra@yﬂ angioma.
heteroaryl, awylalk@in carRamdn kO carbanylae¥h AMiQancer.

amlnocarbonyl aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,

Arylthiol P& fdrine arbuhsresy il ad 1wtk Aateer diRplarcidasgt one of the
followiR@lybialegenates alkylR3 iscselested frospthe graup QQ&%@&GQ&‘}J?@SS}OH of the

halogen, mono-substjtuted, poly- substituted or unsubstituted variants of

b R RESRRTES ALKl b e i Bt scnieley alteration of
the d1uglkemgamsa;méamg%ﬁzéfa&kwyhd@ey& BOYI0Xyim adkylaxyaasRonyinX ypoptotic

carbo cloalk Ioalken [, alkoxy, cycloalkoxy, aryl,
pat }Waﬁé{ret oa W\ ﬁ)ﬁy&vgc 86%{/%%@8% X onylacyl, amino,
aminocBirbaryhfaninocansbytaxythnitramarida, piemdl. hydroxy, alkylthio,
rylthi 19X sul carbox .cyano, an hal enated alkyl including
golyhaﬁgge%ateé%géyﬁl za (%f%% |§ In e"é"é‘i en(g y I$8lected from the group
éonsisting ofeohydroyen vaehalogemnanmone-sulsstituted, a
poly-supstituted-of ﬁﬂﬁ”%‘x@%i uied C\é%%tngflghe following residues:
saturated C1-C24 alkyl, unsaturated C7-Cz4 alkenyl, unsaturated C2-C24
alkynyl, acyl, acyloxy, alkylexycakbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy. cyclalkoxy, aryl, heteroaryl, arylalkoxy carbonyl,

Rg
wherein Ry is selected from the group consisting of H, F, Brand I.



alkylthio, arylthio, oxysulfonyl, carboxy, eyano, and halogenated alkyl
including polyhalogenated alkyl; wherein m is equal to | or 2, and when m
is equal to 2, R4 can be the same or different; each R5 is independently
selected from the group consisting of a hydrogen, a halogen, a
mono-substituted, a poly-substituteggr an unsubstituted variants of the
following residues: saturated C;-C24 alkyl, unsaturated C2-C24 alkenyl,
gnsaturpted e 2rC24nalkymd-anih asyigxyurlkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,
heteroaryl, arylallcoxy carbonyl, alkQxy carbonylacyt, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,
arylthio, oxysulfonyl, carbo (Y Cyang, and halogenated aIkyI |nclud|ng

angioma cell. 11. Use of a co of a formula selected from Formulae
I-V, and pharmaceutically acceptable salts and pro-drug esters thereof,
wherein Formulae IN have the stryctures: R4 E5S R4 E5 Rm E3 E3 E3
EZEZEZ EtE1 EIE4 E4 E4 R~ R3 'R~/n R3 RH3C Formula | Formula
IT (~"v1 Formula lll EE E5 5) Ep Eg (R5)m Ep E3

Rg
wherein Ry is selected from the group consisting of H, F, CL, Br, and 1.

0. Use of a compound of a formula selected from Formulae I-V, and
pharmaceutically acceptable salts and pro-drug esters thereof, wherein Formulae -V have the

structures:

A
(Ri)y

Formula I Formula Il Formula 1



E E, E4 E4 K), CH3 ~n R3 ~R1~n Formula IV Formula V wherein: the
dashed lines represent a single or a double bond; each Rl is
independently selected from the group consisting of a hydrogen, a
halogen, mono-substituted, poly-substituted or unsubstituted variants of
the following residues: saturated CI-(324 alkyl, unsaturated C2-C24
alkenyl, unsaturated Cc-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
alyloxycarbonyloxy, cycloalkyl, cycloalkenyl, oxv. 138 cycloalkoxy,
. carbonylacyl, amino,
aminocarboyloxy, nitro, azidg, phenyl, hyﬁgoxy, alkylthio,
onyt.cafboxy, cyano, and hélogenated-alkyl including
gnated alkyl; whergia n is equal to | or 2, and if n is ggqual to 2,
different, and4t leasfenelRr isfot hydrogen;
e group consisting otz rogen, a halogen, mono-
tituted or unsubstituted variants-éfthe.following
residues: saturated €-C24 alkyl, unsaturated C2/C24 alkenyl,
unsaturated C n24FﬁIkynyI, acyl, acyloxy, alkyjg ycaLriE‘anyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,
heterodrytpangldikoxy carbonyl, alkoxy carenytacyl, amino,
aminoc\%g]k%%xl, aminoearboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,
arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalthgehaled bikylrdRBisnselettgld fromdthbighauwd;consisting of a
haloge 0- ' ly- tifuted or unsubstituted variants of
the foIIE\?vgi{r}]g&rlegzﬁggﬁ%g%}gfge%egg%Zf (gl%alfgﬁ, gﬂ%uéjatct?réjig’tlggn(?;Z- 5 iydrogen, a

Aeagt, unseturshethCRLCu yalpaliiuEdy hrauyioky:italiky/ | oxsieaib ohythexyolowing
arylgvcarhanviaxy,.excloalkyl cuelpalkenyl alkaxy, eYEIRalko @Yk, alkynyl,

heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl,’amino,
afihodaYtony|, ARyiesrearBoyvky yniteey lazdsT psmaigty hyerehep! latkylearioalkenyl,
A0 RSNy hrcarRaXY: £Yaney ANG halogsnated gyl INEWILINGcv1, amino,

polyhalogenated alkyl , )
aminocarbony!, amindcarboyloxy, nitro, azido, phenyl. hydroxy, alkylthio, arylthio,

oxysulfonyl, carboxy, cyano. and halogenated alkyl including polvhalogenated alkyi;
wherein n is equal to | or 2, and if n is equal to 2, then R, can be the same or
different, and at least one R; is not hydrogen:

Ro is selected from the group consisting of a hydrogen, a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated
Cyi~Cos alkyl, unsaturated Co-Cas alkenyl, unsaturated Ca-Coy alkynyl, acyl, acyioxy,
alkyioxycarbonyloxy, aryloxycarbonyioxy, cycloalkyl,  ecycloalkenyl,  alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyi, amino,
aminocarbonyl, aminocarboyloxy. nitro, azido, phenyl, hydroxy, alkylthio, arvithic,
oxysulfonyi, carboxy, cyane, and halogenated alkyl including polyhalogenated alkyl;

Rj is selected from the group consisting of a halogen, mono-substituted, poly-
substituted or unsubstituted variants of the following residues: saturated C,-Cpy alkyi,
unsaturated  Cy-Cos  alkenyl, unsaturated Cp-Cas  alkynyl, acyl, acyloxy,

alkyloxycarbonyloxy,



each R4 is independently selected from the group consisting of a
hydrogen, a halogen, a mono-substituted, a poly-substituted or an
unsubstituted variant of the following residues: saturated C1-C24 alkyl,
unsaturated C2-C24 alkenyl, unsaturated C2-C24 alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryyloxycarbopyoxy, cycloalkyl, cycloalkenyl,
aikoxy, cycloalkoxy,. aryl, heteroaryl, arylalkoxy carbonyl, alkoxy

@aym@ykawh}ammoc@@wﬂmgrbwyhlmﬁgmpmbgyjoesyalaana)@,i%él, heteroaryl,

phenyl, hydroxy, alkylthio, arylthio. oxysulfonyl, carboxy, cyano, an;

G S e TR IncHUG ORI R Gk HHEH BT 1S BULFERo 0.

hion2, antbwhismn i$ etual toaBREicanbeithe samelaimdiffesenix13yano, and
ach RS is,independently selected from.t roup consisting of a

%ﬁgj %neaﬁ?da%:ﬁolggﬁ’%én 8? %—Eéﬁbes ﬁhet%é]?ég poly-substituted or an

unsubstitcitet.varianipoidheifoliolwing residubs: Saturatedi@g 24 alkydrogen, a

HRAIate AScRaca AR aRlURIe fida Ol A AL AR of the
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyP, cycloalkenyl, alkoxy,

éylﬂ_wﬁikéi%iéﬁ%i ReteroRhil; Arylalkokyeeiorisi! Gikoxydearhonytaegiiated Co-Ca
aming., aminocarbonyl, amiFOcAUIRXY, LY, az %xpflagﬁ%lmhgg%(?xycycioalkyL

alkylthio, arylthio, oxysulfonyl; carboxy, c%/ano, and halogenated alkyl
Reiflig by REisgenatedcaikroeachvef BrtERapd, EavdglHoES isarbonyl  alkoxy

dhstituied orunsubatiined petgIoaiamei e mandfastusei®f ashenyl, hydroxy,
medjcament for inhibiting NF-rcB activation in a cell; and wherein the cell

i8Iy i o AT e LRSI TR th S5PY cOVRISHNEPST etegsaalRcbritk elfncluding
gilys gapaetaeiilegophageal cancer cell; uretal cancer cell; liver cancer
cell; and angioma cell. 12. Use of a cgm ound selected from Formulae

1, 2 BB oot SIS Ahayraandg SelorSthaighe same of
wiénent;Formulae |-V has the structures: R4 E5 (R4 Es RME3 C3 E3
E2EZ gazch SEisE i ép%ﬁdgéiy selected from the group consisting of a hvdrogen, a
halogen, a mono-substituted, a poly-substituted or an unsubstituted variants of the
following residues: saturated C,;-Ca4 alkyl, unsaturated C»-Cos alkenyl, unsaturated Co-Coy
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryioxvearbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arvialkoxv carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polvhalogenated alkyl;

each of Ei, Ey, E;, Es and Es is a substituted or unsubstituted heteroatom. in the
manufacture of a medicament for inhibiting the growth of a cancer cell; and

wherein the cancer cell selecied from the group consisting of angiosarcoma cell;
sinus cancer cell; esophageal cancer cell; uretal cancer cell; liver cancer cell; and
angioma cell.
10. Use of a compound of a formula selected from Formulae -V, and

pharmaceutically acceptable salts and pro-drug esters thereof, wherein Formulae I-V has the

structures.



Ey

R3 H3C Rrn (Ri) m3 Rin Formula | Formula Il Formula lll 'Y ES E5
(R5)mM E3E3 Ep (RSm E2 ErEq E4 E4 R CH3 /(R1)n \R~)n 3
Formula IV Formula V 140 wherein: the dashed lines represent a single
or a double bond; each R1 is independently selected from the group
consisting of a hydrogen, a mono-sulstituted or poly-substituted
saturated C; - C24 alkyl, a mono-substituted, poly- substituted or
unsubstituted variants of the oIIown’y:q5 residues: unsztru ated C% C24
alkyn)él acyl, acyloxy, alk nyloxy, aryloxyc cycIoaIkyI
ﬁ<enyl cloalkoxy, aryl, ﬂteroar s arylalkoxy carbo?yl alk

, aminocarbo rboyloxy, nitro,/azieq

r=subistituted saturate €24ralkyl in R, is su
jore substituents selected ffom }the group consisting
ybstiteted alkoxy, cyclo , stibstituted cycloalkyl,
substituted cycloalkenyl, acyln acylamino, acyloxy, amindacyl,

amindacylokyl, oxyacylamino, cyamearhioxyl, carboxylalkyl-ketm)ihioketo,

thiol, thioalkgxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl,
heteroarylt%ﬁﬁsterocyclic heterocyclooxy; hydrexyamino, alkoxyamino,

nitro, -SQ-ajkyl, - Osubstltuted alkyl, -S

itro, - , -aryl, - O heteroaryl,
-S0O2-alk ted alkyl, -SO2- J!/ Q2:heteroaryl;
whereln?R }IS equaltofl or 2, and if nis eql,;Q 0’2, thenR1 can pe the
same o Rgm Es
Eq
Es
/" CH,
(R,
Formula I'V Formula V

wherein:

the dashed lines represent a single or a double bond;

each R; is independently selected from the group consisting of a hydrogen, a
halogen, monc-substituied, poly-substituted or unsubstituted variants of the following
residues: saturated C;-Ca. alkyl, unsaturated C;-Cos alkenyl, unsaturated Co-Cas alkynvl,
acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl,
alkoxy, cycioalkoxy, aryl. heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl. aminocarboyloxy, nitro, azido, phenyl. hydroxy, alkylthio, arylthio,
oxysulfonyl, carboxy, cyano. and halogenated alky! inctuding polyhalogenated alkyl;

wherein n is equal to 1 or 2, and if n is equal to 2, then R, can be the same or
different, and at least one R; is not hydrogen:

Ry is selected from the group consisting of a hydrogen, a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated

C1-Co4 alkyl, unsaturated C;-Cy, alkenyl, unsaturated Co-Coy alkynyl, acyl, acyioxy,



different, and at least one R1 is not hydrogen; R2 is selected from the

group consisting of a hydrogen, a halogen. mono- substituted,

poly-substituted or unsubstituted variants of the following residues:

saturated CI-C24 alkyl, unsaturated C2-C24 alkenyl, unsaturated C2-C,4

alkynyl, aryl, acyloxy, alkyloxycarbomyloxy, aryloxycarbonyloxy,

cycloalkyl. cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy

ediiorytastaxioearbonylacylcamingloaminocarhanyt, ammﬁaanlaay;t@(y, alkoxy,

nltr zido, phe yI hydroxy, alky|thio arylthlo 0oXys Ifon l, . .
RIS oo A g1 LAY o PEagn e Bl A ey amino

ano, an ifclt mng pof;?ﬁa ogéna €
3eiemmtfmm tmmgrmqnb@(yhsastlngmf amwogmpMnbmmLtmé@lthjy aryithio,

Sibagusd erumsibstiyteduatanis aldhe Ilowing resiiues: st

uns turated enyl, tnsaturated ¢ allr ynyt,
acyl, aéyloxyse lafisdosypoariorgioxy, caryh@XygmﬁanmmgﬁmwMWbsﬂtuied poty-
cuslealkanyl alikexyqeelaalkexy. AyhNeigreand L4y aONa ¢ -Cos aliyl,

carbonyl, alkoxy carbonylacyl amino, aminocarbonyl, amlnocarboyloxy,
HItFBLUEBRID, pheeyl, hyRikoRy L alkyREABIEKAthi O okpsulf@hpNdarbdiy):  acyloxy,
@}4@%@%&@"@9@nat%@@@%ﬁ}%&{ymxoolm@kqggwed %‘KM'@@@&@R“ IJlkoxy,

mdependently selécted from the group consisting of a hydrogen, a
AT maRo-sUSEIRNRY, £ PONSSEbsRURANDr af KHSUbSHRRBY2cY!, amino,
valiast-9bdhRe!, fq}kwagrbeﬂgyﬁs 1mra|£f%ﬁbﬁ&4{1alwma§atyﬂ@tﬁﬁm arylthio,
C2 C24 alkenyl, unsaturated C2-C24 alkynyl, acyl, acylo

TR Ny CS ORGP il Ay T el
cycloalk@kymryi imel@m@i@dﬁ ﬁr%kwymﬂwlgmm)@)n@&fb%yl‘a@)éh,ydrogen a

mlno aminocarbo mlnocar oyl nitrp, azido, hen | rox
e S o B &7 i B M e of the
Mwmg rpotilzal cgenated alkyl; allhereimaniisted (latfo; labdrcBy Bnd satoenadb C--Cy
Ito 4 the ff nt each, R ependent|
?%%Zd fro theg§?§%g consi tlnd% aflgéhgj rogen § é%gré@ﬁ }}?GM %]Oalkv

m@m&g@:@htmé@h& polyckabstiutedrsh ahiasahstitutetaliaiantsaohenel. alkoxy
@JQM?&JQS'%% SM%@%@A& zgiﬂ%}’(!a i%g(atﬁi%'g %&03'5}?&]}% hydroxy,

unsaturatéd C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy
alsryRarboTiiexy CEyRIBaI, %a,ré@alkewwkés@ é%é%uméy Ayl including
heterardsandalkoxy carbonyl, alkoxy

wherein m is equal to 1 or 2, and when m is equal to 2, R4 can be the same or
different;

each Rs is independently selected from the group consisting of a hydrogen, a
halogen. a mono-substituted, a poly-substituted or an unsubstituted variants of the
following residues; saturated C;-Cay alkyl, unsaturated C,-Coy alkenyl, unsaturated C,-Coy
alkynyl, acyl, acvioxy, alkyloxyecarbonyioxy, arvioxycarbonyloxy, cycloalkyl,
cvcloalkenyl, alkoxy. cycioalkoxy, aryl, heteroarvl, arvialkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysuifonyl. carboxy, cyano, and halogenated alky! including

polvhalogenated alkyi;



carbonylacyl. amino, aminocarbonyl, aminocarboyloxy, nitro, azido,
phenyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, eyano, and
halogenated alkyl including polyhalogenated alkyl each of E;, E2, E3, E4
and ES is a substituted or unsubstituted heteroatom, in the manufacture
of a medicament for treating a neoplastic disease; and wherein the
neoplastic disease is cancer selected from the group consisting of breast

canceresa1Gama, leukemia.gyarian ganeainRiAcaen cancefsRIoONiRatom, in the
cancer, colon_ cancer, rect cagcﬁr@, stomach cancer, lung cancer,
\ 1

HPIETHLS S AEPRRE B REH AR kit e dhasrlh and

endocringegancetc melanema, anddbraifioseenital Mervots system (ENSling of

cancer. 103. Tkéglyssel ]of Clain%rlzélyyr%%(r)epa(t}gelcancer IS _drueca liesistarjt 0 i

éancer, 1A 16 use"of Ciain 1%, WHErEIN e r%ngc-ef'lésf""lfé ant Gancapeet oets et

displaysibt dedshoenefdtle following: elevated levels of the P-glycoprotein

fflux p, ipcreased expression ofthe 142 multidrug-resistance

it e T o MR T B M P oy e
pharmagpateiraldy saagpétioe irrdreasihgrrepaig ehidradghisrdotedDNR damages -V have the
structudlteration of the apoptotic pathway or the activation of cytochrome P450

enzymes. 15. The use of Claim I3, wherein the drug resistant cancer is a

sarcoma or a leukemia. 16. Use of a compound selected from Formula

(1), and pharmaceutically accezta le sga,ltg5 and pro-drug e FE rs thereof,

wherein a ggmpound of Formul hesthe structure: , /E B4 (R~)n

Ra Formulafl whergin: the dashe(%lélicrléés repr?,%ent a single or a ouble ,E:

R, isdfnhdependently
mopo-substitat

followirig residues: unsaturated C2-C24

1

| R . ] HaC
(R, i)y (Rely

Formula | Formula H Formula III

A

(Rs)

—

Il

Formula 1V Formula V

wherein:

the dashed lines represent a single or a double bond;

each R, is independently selected from the group consisting of a hvdrogen, a
halogen, mono-substituted, poly-substituted or unsubstituted variants of the following
residues: saturated C,-Cz. alkyl, unsaturated C,-C,, alkenyl. unsaturated C>-Cys alkynyl,
acyl, acyloxy, alkyloxvcarbonyloxy, arvioxycarbonyloxy, cycloalkyl, cvcloalkenyl,

atkoxy,



alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl.
cycloalkenyl, cycioalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl,
cycloalkylacyl, aryhhio, oxysulfonyl, carboxy, and cyano; wherein the
mono-substituted or poly-substituteghgaturated C1-C24 alkyl in R1is
substituted with one or more substituents selected from the group
coBRISHAdy Of AoXneRubSHIUtes Alkax Cysinaikyl. substiutedicysloalkyl amino,
cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, ' _
émm%%epﬂ%iﬁsaeg}m%@acm%iﬁaz%aﬂ EISarbBYO Baridy iy aryithi.
Ea@@utmﬂﬁfgrtlmrﬂmhoj@ t{ﬁ@ﬁikﬁi@hﬁ@%ﬁﬁl_ 'wafamioﬁék?mmgw%@w@smd alkyl;
eteroaryl, heteroaryloxy, heterqcyclic, . heterocyclooxy, roxyaming,
alkoxy AHTE Fitr, “8: )t S OBAHE et M, 2SBeHry, can De Ihe same or
BDheterodnyljesS02ralRylis- 5O Bydhstituted alkyl, -SO2-aryl and
-SO2-hgteroaryl; wherein n is equal to | or 2. and if,n is equal tp 2
then R G LB T e R TR SRy mone-
Rylist welabted fromstiistgdoupiconsisting okadnsrdgen {@halogensitwemnosaturated
%{%tht”&%’}pB%EEHE%%U@gqc'%(;é[rl‘@éﬁ%“%?&é’r%{éﬂn@-‘3 th?ﬂi 1'19 , Ireligyl, acyloxy,

residues: Saturated Cr-C24 a unsaturated C2-CZ4 alkenyl,

aHeAghaEaoC 24 alkyrgkaeyhoaclivxy, atkylosdiodrbonyldsgikenyl,  alkoxy.
apdgxicarbonylaxyhexelaalkyl.cycialkenyl - aloxy, A RYEI0alkoxyn @iyl amino,

heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino, _ '
AMIRTEEPBBYyt 2HHIAGERAYISXy I HRtr02 A oD ISy I BTl kgladrio. arylthio,

B)éslﬁﬁ?ﬁénﬁ'%MMEQ}@WH:%Qa&%ﬁlﬁ%ﬂé’ﬂe&é‘ﬁ%@%c%@p@i@%ﬁ@@%%ﬁ@yﬁ;
alkyl including polyhalogenated alkyl; R3 is selected from the group |
consistitig b8l FAFGgERT InBh GSUBStRUTEEB Il - s B G g O-substituted, poly-
yoisihsiddted vatianisuaidhedel ondnghe siduesingateraied: Gaardealkylc,, alkyl,
unsaturatgd C,-C24 alk rgll, unsaturated GC2-C14 Ikyr%ll%ac l, acyloxy, .
é‘fk%/%li%/tgarbo%@i Xy, a@f 4 earBieIBR Sy cloalkyt, cydfodikenyl®aikoxy ey ioxYs
ajictbalkaxparibxiaeteraariph anladkeiox carbanylpalkoxy carbonytasyl,  alkoxy,

S SR A i ORI . v
andrhadopenyatedratkyaricivding polyhalodenatedalkylydroxy, alkylthio, arylthio,
oxysulfonyl, carboxy, cyano, and haiogenated alkyl including poivhalogenated alkyl;

each Ry is independently selected from the group consisting of a hydrogen, a
halogen, a mono-substituted, a poiy-substituted or an unsubstituied variant of the
following residues: saturated C,-Csq allkyl, unsaturated C»-Cay alkenyl, unsaturated C1-Cay
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, arvioxycarbonvioxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arvialkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azide, phenyl, hydroxy,
alkylthio, aryithio. oxysulfonyl, carboxy, cvanc, and halogenated alkyl including
polyhalogenated alkyi;

wherein m is equal to | or 2, and when m is equal to 2, Ry can be the same or

different;



each of E, E2, E3, E4 and E5 is a substituted or unsubstituted
heteroatom, in the manufacture of a medicament for treating a neoplastic
disease in an animal; and wherein the neoplastic disease is cancer
selected from the group consisting of breast cancer, sarcoma, leukemia,
ovarian cancer, bladder cancer, prosigte cancer, colon cancer, rectal
cancer, stomach cancer, lung cancer, lymphoma, multiple myanoma,

RapcIeatiCifaNRAtKIINCY CARCHoBNHOCHNG CANGRKIIDQIARANE . g&d Brigibgen, a
or central nervous system (CNS) cancer. 17. Use of a compound of a

EIAOIS EHEURSY FoRf oA Chril pHaHIMEEGHcAR deeplatie following

saligandspra-deag estersithereatawhesgic Formatias 1 Vinavethed cﬂ-c,m alikcynyl,
structures: 144 R*ESR4ESRm E3 E3 E3 pE E, F4E

= @@%Mf@e‘f‘wﬁ%&%ﬂﬁmaﬁf R I e T (ﬂgwlkeﬂyl
Eﬂ{Eﬁf(R@]ﬁ&E&pﬁS aly) Bjdyrdadvl|R=~)al Rﬁ\(l%ibbb@ﬂ%ll%@xmubabbby acyi amino,

rmomaa,r}}{)lWheraEf\ll'zq the d%ﬁhed Ilrlmes reRIgen eah%lnqa 1rr adOlﬂ( ?tn(} ahf Ithio,
éach IEE IS Indepen ent y se eétec”om he grgup ¢onSIs Ing Yof & yil

hydsagfenylacmmm wbsntlﬂeﬂmkqg@mtsd laémmedi\sangatégih@og@md alkyvl;
ik, amaner sy oetutecs PN ISR IS B P SHBRUIMICA YT RIBALNS o e
following residuss: Unsaturated C alkynyl, acyt, acyloxy,
Wwwwmﬂmok%amyl@@}eyﬁGﬁtk&dﬁlmyciaatkénw,d
cycloalkgxy.grvi heteroaryly aEXl%I&O)%i?aEQ%@%ld alfl§8r)§y %rbgpéﬁlg CX!insistin.g of
angiosarcoma cell; sinus cancer cell; esophageal cancer cell; uretal cancer cell; liver
cancer cell; and angioma cell.

12. Use of a compound selected from Formulae I-V, and pharmaceutically acceptable

salts and pro-drug esters thereof, wherein Formulae I-V has the structures:

E+

(Ri)n SN

Formula IV Formula V



aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, arylthio,

oxysulfonyl, carboxy, and cyano; wherein the mono-substituted or
poly-substituted saturated C1-C24 alkyl in R, is substituted with one or

more substituents selected from the group consisting of alkoxy,

substituted alkoxy, cyeloalkyl, substjfjied cyeloalkyl, cycloalkenyl,

substituted cycloalkenyl, acyl, acylamino, acyloxy, aminoacyl,

aminoagyke¥yn,: oxyacylamino, cyano, carboxyl, carboxylalkyl, keto,

thioketo, thjol ér?ioallgox , _substituted thioalkoxy, aryl, aryloxy, heteroaryl,
neterod IR HULBro TR RS b3 RYdrERamino, 145

alkoxyamind nitr andSsnakyly- S€eaubstitutechalliybuSe@iyling of a hydrogen, a
-SO-heteroaryl, -SOz- alkyl, -SO2-substituted alkyl, -S02-aryland . . )
L RN T R O
cahsbeitte samesebsdifferentaamdsaleadst ofvd RvisenotdiyarogensaRRaed Co-Coy
sglegqted from the,group consisti g{)gq drogen, a halogen, mono-

subst tdtedé? Oly-%ub(s)tl uteg o?’ é}wgs/u rsﬁtffteg \/’arig%trs]o}é}/%@?gﬁ%ﬁ'ng cycloalkyl,
resibabenshigraied kos:CaalalkyicimasdiuratbdkeiGabatkénglkoxy carbonylacyl,
%ﬁﬁﬂ&%%g\@zi&%%@m%x? Wi REYIonY,, ?:lllfé’rggaﬁyg%ﬁtﬂ%@wwgulfonrl, carboxy,
aryloxycarbonyioxy, cycloalkyl, cycloalkenyl, alkoxy, Cycloalkoxy, aryl,
BEEFBIYN, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,

aminocarbonyliaminesarhayiaxibsnitiRdazideRheRvkbyaEey @IV, afiy! in
arylthio Qxysulfo§ [, carboxy, cyano, and halc%enated alkyl including
: i
@I

polyhalByé YRS WIS SRRIEE FETIHEE Shls et Epup consisting
halogens miapeysubBtiied, polyxsubstitued orunsubstituedowariants Obalkeny!,
the following residues: tur:ilted (ri-C24 alkyl, unsaturated C2-C24 Y
alkenyioUREH b CHCEH 2Ry g By 1AR) © Sy PR RATB TRy 2y 0%
aryloxycaybonytoxy, cyetoalleyheydloalkenylagikOxyetcytlivattoxyhiatykhioalkoxy,
heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino . i :

aminoca BT ARGy, T rid. BRER, RYAraSy, Bk s oeveic
arylthiohemxysulforsyt, tarvoxyaoyanosmd alogenated -akikikgludi®g-substituted

po'yha'éigﬁf,‘am@@-%}?}’,'L%%S%ﬁ%é}é%@lf’%%}%‘ﬁégy selecled oM N SIPUR 0, -ary
consisting of a hydrogen, a halogen, a mono-

Ubstituted. a
poly-subistitifed sianaarisubstituted variant of the following residues:

saturated &iGed alkd; wnsaturated Ge-CaAalkenyloupratwated 6224 me or
alkynyl, aryl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
different, and at least one R; is not hydrogen;

Ry is sclected from the group consisting of a hydrogen, a halogen., mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated
C1-Cyq alkyl, unsaturated C,-Cos alkenyl, unsaturated C,-Cps alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy.  aryloxycarbonyloxy,  cvcloalkyl, cycloalkenylﬁ. alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitre, azido, phenvl, hydroxy, alkylthic, arylthio,
oxysulfonyl, carboxy, cyano. and halogenated alkyl including polyhalogenated alkyt;

R; is selected from the group consisting of a halogen, mono-substituted, poly-
substituted or unsubstituted variants of the following residues: saturated C,-Cyy alkyl,
unsaturated  Cp~Coy  alkenyl,  unsaturated  Co-Cye  alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycioalkenyl,  alkoxy,

cycioalkoxy, aryl, hetervaryl,



cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl,

alkoxy carbonylaeyl, amino, aminocarbonyl, aminocarboyloxy, nitro,

azido, phenyl. hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano,

and halogenated alkyl including polyhalogenated alkyl; wherein m is

equal to | or 2, and when m is equal g 2, R4 can be the same or different;

each R5 is independently selected from the group consisting of a

Ryde0gen; aaf !;'@J@Q,erhil@oﬂ}oQ@r§@@§ﬂﬁjﬂ?darﬁi@@éya§ﬁ9§@ﬂwgﬂy@' cir @Rinocarboyloxy,

unsubstityted variants of the 146 following residues: saturated Ca-C24

AH: rne, wabé*.&*faxarké@t,{%wsa%@%gleéﬁ R iky FPLGY1, cvavo. and

aayboxysatkyloxyearhdnylpxiharylexyearannyloxy, cycloalkyl,

cycloalkenyl,, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbanyl,

alkoxy eéié]rfvb%ﬁﬁagz ',e rﬂf%é},ﬁ m;%r}l%%é[}b%ﬁy ,t§ﬁ1i%;&l,%rBg'ﬁbiwbnﬂ?o‘%%ydmwen’ 4

azidgephenyloiydnbxytu@ikylthipo @rylthioiuoxy sel fany hneatboxyedyanoant of the
o] : lb ing alogenated alkyl: each of E1, E2 O

e I s R A A e b Bfea o

risMfhctureybf aanddicamentiorirhibringake grewthotaiandexgellcycloalkyl,

%leﬂh%ﬁjﬂ thg sancercrlligsglected framdhe,or 9“&&9&%@9”Qagﬂg{;‘?l‘?‘sra}koxy

cancer sarcoma cell, leukemia cell, ovarian'cancer cell, bladder
CAFREY B8l prbtite BRMCEREOMY e SIBHNeaHEEY kall. raittel eaidcembeltyl. hyvdroxy,

siepnach, cane@r celb:-Hngrsancer£alxlymranmacall. nmutipiemyglomanciuding

cell, pancreatic cancer cell, kidney cancer cell, endocrine cancer cell,
Mibsenakt k¥ brain or central nervous system (CNS) cancer cell.

18. Usevatigampoeiehofa fenmulasselededimnadnormua - Vardbe the same or
Etl}?rmaceutically acceptable salts and pro-drug esters thereof, wherein

fth4e (1) to (V) has the structures: R4E~ (R4 E5 RZm\m ., Eg E3
E3 EZdazhBR; & mdepditedtly ) i8Ged from the group consisting of a hydrogen, a

halogen. a mono-substituted, a poly-substifuted or an unsubstituted variants of the
following residues: saturated C,-Coy alkyl, unsaturated C.-Cyy alkenyl, unsaturated Ca-Coy
alkynyl, acyl, acyloxy, alkyloxycarbonvloxy, aryloxyecarbonyloxy, cycloalkyl,

cycloaikenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, aryialkoxy carbonyl, alkoxy

carbonylacyl, amino, aminocarbonyl, aminocarbovioxy, nitro, azido. phenyl, hydroxy,
alkyithio, arylthio, oxysuifonyl, carboxy, cvano, and halogenated alkyl including
polyhaiogenated alky!

each of E;, ¥, Es, E4 and Es is a substituted or unsubstituted heteroatom, in the
manufacture of a medicament for treating a neoplastic disease; and

wherein the neoplastic disease is cancer selected from the group consisting of
breast cancer, sarcoma, jeukemia, ovarian cancer, bladder cancer. prostate cancer, colon
cancer, rectal cancer, stomach cancer. lung cancer, lvmphoma, multipie myeloma,
pancréatic cancer, kidney cancer, endocrine cancer, melanoma, and brain or central
nervous system (CNS) cancer.
3. The use of Claim 12, wherein the cancer is a drug resistant cancer.

14, The use of Claim 13, wherein the drug-resistant cancer displays at least one of the

following: elevated levels of the P-glycoprotein effiux pump, increased expression of the



R3Rg RnRnn Formulal Formula 11 Formula Ill 'I' E5 E, /E3 E2 E3
(Re)m Ez (RS)m E3 E4 E4 R Hs R'in (RI' Formula IV Formula V 147
wherein: the dashed lines represent a single or a double bond; each R, is
independently selected from the group consisting of a hydrogen, a
mono-substituted or poly-substitutegsaturated C1 - C24 alkyl, a
mono-substituted, poly- substituted or unsubstituted variants of the

multidiedlowingesiduesateasatueated GdaGltn alkynyt, @Qc‘flhc@@ﬂﬂfl%/ upta ce. alteration of
a

alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cyclo
the drugyIB5IRbRY, BT HRETTRY IO AATRARBR 96@&%&?@4 damessy eg?fﬁwiééﬁw apoptotic
pdtma@@ﬂﬂ@@&éb@ﬁﬁbn&fﬂﬁ"}@@@ﬁh@)@@%ﬂ%ﬂ@yﬁé@%o phenyl, agyltmod

sulfonyl, carb and ¢yano; whe elnt e mono-substituted or

p)(?lly su%gtﬁtggd 5 ?f}l%\?éd g\, ‘%JEEF DA IRE i SRS R it ghatroma or a
Jeukemiaore substituents selected from the group consisting of alkoxy,

3% bStItlfBed ailkox cfi lkeY fc' lﬁlib tltUt%d %quogll ngych(a)uailﬁkfaecre]%t:cally acceptable

substituted cycloa acy amino, acyloxy; ami
salts andrminohioglestyrs @wac&laﬁmmn @ymm@ard)oﬁﬁbmaﬂadiylawm ketagture:

thioketo, thiol, thioalkoxy, substitutedg#hioalkoxy, aryl, aryloxy, heteroaryl,

heteroaryloxy, heterocyclic, heter,ocydlooxy./l;ﬁzdroxyammo alkoxyamino,

nitro, -SO-alkyl. -SO-substituted afk?# aryl, -SO-heteroaryl,

-S02-alkyl, -SO2-substituté l, -SQ2-aryl and -SO2-heteroaryl,

wherein n is equal to | or 2, and ikp-isBquakto 2, then Ri can be the same

or different, and at least one Ri ig not hydrogen R2 is selected from the

group consisting of a hydrogen; )haloéen mono-

Formula |

wherein:

the dashed lines represent a single or a double bond;

each R; is independently selected from the group consisting of a hvdrogen. a
mono-substituted or poly-substituted saturated C; — Cys alkyl, a mone-substituted, poly-
substituted or unsubstituted variants of the following residues: unsaturated Co-Coy
alkynyl, acyl. acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cvcloalkyl,
cycloalkenyl, cycioalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl,
aminocarbonyl, aminocarboyloxy. nitro, azido, phenyl, cycloalkviacyl, arvithio,
oxysulfonyl, carboxy, and cyano;

whereimn the mono-substituted or poly-substituted saturated C-Cyy alkyl in

R; is substituted with one or more substituents selected from the group consisting

of alkoxy, substituted alkoxy, cycioalkyl, substituted cycloalkyl, cycioalkenyl,

substituted cycloalkenyl. acyl, acylamino, acyloxy, aminoacyl, aminoacyloxy,

oxyacylamino, cyano, carboxyl, carboxylalkyl, keto, thioketo, thiol, thioalkoxy,

substituted thioalkoxy, aryl, arvioxy, heteroaryl, heteroarvloxy, heterocvelic,

heterocyclooxy, hydroxyamine, alkoxyamino, nitro, —-SO-alkyl, —~SO-substituied

alkyl, —=SO-aryl, —SO-heteroaryl, -SO-alkyl, ~SO,-substituted alkyl, ~SOs-aryi

and ~SO;-heteroaryl;



substituted, poly-substituted or unsubstituted variants of the following
residues: saturated C1-C24 alkyl, unsaturated C2-C24 alkenyl,
unsaturated C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,
heteroaryl, arylalkoxy carbonyl, alkg¥y carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,

arylthlow&muhquhmr@omrcym and ibalggenatedRKYRINGMARGhe same or
H % halogenated alkyl; R3.is selected from the group consisting of a

et MOAb hShtuRads PO EifsEituted or unsubstituted variants of
the following repicluesirsatuated &upCahalikiyly Whsatdiatedde2L 841 006n mono-

unsa urat d.C2-C24 alk l, ac l, ac on al carbon oxy
e G e Aot RO e
Iﬁété]%@aa{yclvH%QMM)@v@ijnﬁﬂkmyamm&hﬂa@h atinoyl, acyL acyloxy,

inocarbonyl, aminocarboyloxy, nitro, azido, ph hydr \kylthio, .
aﬁ:' lr?x coag;ys 1l car Ea%cé%mcf ayr% halo éq@ﬂ?&? d alky‘lclﬁél%hﬁl %{lj alkoxy,

' meﬁdbgénaﬁeﬂlalkrytemcﬁ R4nﬁaﬁdewen@ebmlyv§eleb¢e:@fr@miibmmmp amino,
canslRiRgal2 hy ﬂﬁ?&c%%c@ &%Ogﬁnrd”‘ MO, SU}Q? H#)Iled ioalk iac hydroxy,

poly-substituted or an unsubstltuted variant of the f OWI reS| _
Séttifaied evitiy Orybulinssturetdb©2-Cc2analkenyl, hﬁiga@aaﬁ@da@qlcmc uding

alkynyloaGyiacylaxy. alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl,

alkoxy FeatbSRFRESI THines SFRIOEAPBISHYE Qi bBeiRgsyIBorstestituted. poly-

agidannbenyl uiyshauealirdihies aryihicoosusHifaayl cRrbQXYEHARY.C,, alkyl,
and halogenated alkyl including polyhalogenated alkyl; wherein m is

SRR br 2 afarwhali Vs eqiisPracRa Gt tha KaRME or Wiferedtyioxy,

e&s%&&mnde&pepdenﬂmsﬁlﬁﬁﬁ@:ﬁls@mﬁhe g&wpaqzqn_slstlagcﬁfa&enyl alkoxy,
en a hal?g% iamo o- suvj ituted, a[}p tituted o é’
unsu kt‘:fu}ted riants ot the f6lfof %"?’es‘fﬁ atﬁ 84 ROV iRyl amino.

ansawaah)ed\&DZ -DZ4@ikénylo unsatirate dGR:> C 2healy nyhdeyl - deytbxyhvdroxy,
{%Xcaarlp\%xlox%kagxl% rFﬁarbon ony, cloalk%k }%/Ecloal le Elioxxé ding
“carbonyfac ?// Haine

oalkoxy,” ary heteroar ary(fa’i oxy car onyI oXy ny
aﬂi}ﬁi@ ceiagdalbohyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,

aIkyIthIQaﬁr}glithio QXyES l@”&ﬂ{i@-@?éysu%ﬂﬂﬁc&@@g @@ﬂ%ﬁﬂﬁ&%@l@émm, in the

including
manufacture of a medicament for freating a neoplastic disease in an animal; and

wherein the neopiastic disease is cancer selected from the group consisting of

breast cancer, sarcoma, leukemia, ovarian cancer, bladder cancer. prostate cancer, colon

cancer, rectal cancer, stomach cancer, lung cancer, lymphoma, multiple myeloma,

pancreatic cancer, kidney cancer, endocrine cancer, melanoma, and brain or central
nervous system (CNS) cancer.

17. Use of a compound of a formula selected from Formulae 1-V, and

pharmaceutically acceptable salts and pro-drug esters thereof, wherein Formulae I-V have the

structiures:



E4

polyhalogenated alkyl; each of El, E2, E3, E4 and Es is a substituted or
unsubstituted heteroatom, in the manufacture of a medicament for
inhibiting proteasorne activity in a cancer cell; and wherein the cancer cell
is selected from the group consisting of breast cancer cell, sarcoma cell,
leukemia cell, ovarian cancer cell, blagder cancer cell, prostate cancer
cell, colon cancer cell, rectal cancer cell, stomach cancer cell, lung
cancer cell, lymphoma ceg witiple-myeloma cell, pancreatic gancer cell,
kidney,cancer cell, endocrin sayicer cell, melanoma cétf: brain or
cgntrd system (CNES) cancer ¢gih. 19. Use of a compoun fof a

AT

~

(¢

4 E4 R~)n R3R)n R3 (R ,‘)nHBC Formula | Formulg:ll Formula Ill E5
5 (RS)m E3 E3 EZ E, BZ/EI EE4 E4 (R-)n R3 (Rd) 1 CR3 Formula IV
Formula V wherein: the dashed lines represent a single or a double bond;
each Ryisuidependently selectédifroa the group consistingpohala 111

hydrogen, a_mono-substituted or poly-substituted saturated C1 - C24

foIIowing7idue : unsaturated C2-C24
~. 4,, g;_s
®om g | B
£,
Es
R ‘
R (=i,
Formula IV Formula V
wherein:

the dashed lines represent a singie or a double bond;

cach R; is independently selected from the group consisting of a hvdrogen, a
mono-substituted or poly-substituted saturated Cy — Cag alkyl, a mono-substituted, poly-
substituted or unsubstituted variants of the following residues: unsaturated Cr-Cas
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycioalkenyl, cycloalkoxy, aryl, heteroaryl. arylalkoxy carbonyl, alkoxy carbonylacyl,

aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, aryithio, oxysulfonyl, carboxy,

and cyano;

wherein the mono-substituted or poly-substituted saturated C;-Cay alkyl in
R, is substituted with one or more substituents selected from the group consistin
of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl,
substituted cycioalkenyl, acyl, acylamino, acyioxy, aminoacyl, aminoacvioxy,

oxyacylamino, cyano, carboxyl, carboxylalkyl, keto, thioketo, thiol, thioalkoxy,

substituted thioaikoxy, arvl, aryloxy, heteroaryl, heteroarvioxy, heterocyclic,

heterocyclooxy, hvdroxyamine,



alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl,
arylthio, oxysulfonyl, carboxy, and cyano; wherein the mono-substituted
or poly-substituted saturated C1-C34alkyl in R1 is substituted with one or
more substituents selected from the group consisting of alkoxy,

stbstittechabey -cyclaatyl,-substisiad:ey elpalkyk oyatgalkenyheteroaryl, —S0,-
sybstityted cycloalkenyl, acy|, acylamino, acyloxy, aminoacyl,
g&rir(ﬁ?fo#c qéggg’,s%%}aagc%&rfﬁiﬁ%, %?ﬁ ,nga”? %&’(SJ?? Egé?ﬁ ylalkyl, keto,

thiokete;Hthioh thiealkoadyio Subslituied thioadkapys] asyD, angloRy, hetéeodrylsame or
roarylo eterocyglic, _heterocyclooxy,hydroxyamino, 150

g%(?i?gh)%ﬁ%fyﬂnv ?3?9§%1§éli<§yrf? S[-eéE‘)é@‘soéﬁg’[ituted alkyl, -SO-aryl,

-SO-hdteraarytjeS@2iratkytheS@2ngubastitiised @lkyl - 3Q2ragghand halogen, mono-

E%E%%f%t'gr &(Mku%’&ﬁﬂ‘?éﬁ -Gn%&H&ftHPe& leén%pgldti{é I?oﬁ%ﬁlﬁ?e%?cme D saturated

R1 can be the same or different, and at least one R1 is not hydrogen; R;
is setectéd fromstiadirdup consialingybf ansydrotrsh Ca-halogénnrhonal. acyloxy,
sHRsbadh pRhssubstilwed orunsubsituted ariants of the follawing  aikoxy,

i

residugs: saturated C-C24 alkyl, unsaturated C2-C24 alkenyl, _
GraniFated EYE kiRl afyy dkgiexy carhgntky cakBsnyIarponylacyl,  amino,
aniexyEBrRONY A YeiRalkyl, cxglealkend, alkaxy, GyaleRlKOXM 3, arylthio,
heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,

SIS ERRToRID SRt SR bV SR rbrEchatti! BrReKimeRrivaRln sangfigy:
arylthiaz ; axysidtany|frearhaxysreyanansidfialsgenatedeal kiddnsludinguted. poly-
palyhalogenated alkyl; R; is selected from the group consisting of
R S R D S e dbLl ST S VAt sl
thadoltandng residues:satuyateduGseG24alkyl Cvasaturaliec @2-C241,  acyloxy,
alkenyl, unsaturated C2-C24 allcynyl, aryl, acyloxy,. alkyloxycarbonyloxy, -
BN oy Ao ey, SRSy ROy atkoss:
ptlrdangly.argtalkoRyteadphy laaikbsoxe arbohytatyl, amino, carbonylacyl, amino,

ANoSATBeNY! AMINASARAVIOXY, nitro, ;{g;%mﬁwy'hw{é

_ QXY AUEO 1
arylthio, oxysulfonyl, carboxy; cyano, an genated a 3% in(a:ﬁéLgllng - aryihie,

palpHEIBYerada alkyrapach Risie dauEpe atlehicbalsated oty gheagpdalry
consisting;ok 2 RyHregeRdaRaloarmk@ anersubsiEdsdting of a hydrogen, a
Egllg/égg,bsatltr%tgr?o%Elggti’lﬁjurtl:(ibgtlggieyqsxgg?tme%f t(t]re an unsubstituted variant of the
following residues: saturated C,-Caq alkyl, unsaturated C,-Cyy alkenyl, unsaturated C,-Coy
alkynyl, acyl, acvioxy, alkyloxycarbonyloxy, arvlioxyvcarbonytoxy, cvcloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arvlalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarbovioxy, nitro, azido, phenyl, hydroxy,
alkylthio, arvithio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated alikyl;

wherein m is equal to 1 or 2, and when m is equal to 2, R, can be the same or
different;

each R; is Independently selected from the group consisting of a hydrogen, a

halogen. a mono-substituted, a poly-substituted or an unsubstituted variants of the



following residues: saturated C-C24 alkyl, unsaturated C2-C24 alkeny!.
unsaturated C2-C24 alkynyl, aryl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyi, alkoxy, cycloalkoxy, aryl,
heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminoearbonyl, aminocarboyloxy, nilfe, azido, phenyl, hydroxy, alkylthio,
arylthio, oxysulfonyl, carboxy, cyano, and halogenated alky! including

pellyhatogenated: alitawheren, muisyeamahi-den Z,and whenmiseauad C,-C,,
%2. 4 cabﬂ:)e the ame or dx‘Iferent each R; is independently selected
TR 5

i St of BHYHEYERT Rk I0gBR R HBRS Bt loalky
aypalyHstiystitutedser aayunﬁubsi}tute@vannafﬂﬂ)@fyﬂhealﬁihiﬁ@ﬂpwmgmny alkoxy
Casbdue% f:\turalted Cl- C%élaabkxl u%?natur%t 2 C24talke é henyl, hvd
nsaturated ¢2-€24% H( F acf/ (5)>%y1 aﬁﬁog’(ygélrﬁoﬁ% yp enyl, hydroxy,
akmmhymam@hyloxyownﬂfaﬂ@yt cydloalkenyha@lkexy, byklgalkaxy, ikyl, including
g}%gl%r Igugg?(y carbonyl, alkoxy carbonylacyl, amino,
mlnocétr y aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,

arylthic:aekysufforiyl, Earlbexapdcharog antshalisgerratesiaiiphindludigatom, in the
Relyhalogenated.alttvdaeh ot Bl ERe @%@ﬂ%’%a'&ﬂc%ﬁ”&éﬁ“éﬁﬁg or

unsubstituted heteroatom, in the manufacture of a medicament for
inhibiting NEKBeEmgity sl bicapleeed APTRSERRRIBIFPINE GaR 06 Prattisancer cell,

saleated-MeN:theSroURICeDSIRHNG A LTeas ARNEE SR Ner SRICHMRER bancer cell

leukemia ceII ovarian cancer cell, bladder cancer cell, prostate cancer

EBlR" EM6H CEHCBT IFaSErCh P RAIC e Seh BAHCEIEEN Cling/mphoma cell,

ﬁanﬁgreqeweiymaoh@m@mﬂeamum&mmn@maecaign@@n@éﬂa&@d@@ﬂﬁgrcmer cell,
ceIL kldne%e anc ceII end ocrine cancer cell, melanoma cell, and brain

SICCERT é%ké’ﬁmcf PERRLE PO RS BIE &hpound of
Formulidst, arid pharmaocendically acceptalbie Sal&taad foen dﬁ@;ﬁ@lﬁ&rs; V, and

pharmatééée{légjkw?%g%%{%gges&?@ ;ﬁ%u&% ];‘ulzoog:gtleli”%atgel eo w esrter%c ormil aeE(ﬁ to (V) has

the structures:

")

Formula [V Formula V



Formula Il wherein: the dashed lines represent a single or a double bond;

each Rl is independently selected from the group consisting of a

hydrogen, a halogen, a mono-substituted, poly-substituted or

unsubstituted variants of the following residues: saturated C;-C24 alkyl,
unsaturated C2-C24 alkenyl, unsatyrgted C2-C24 alkynyl, acyl, acyloxy,
alkyloxycarhonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkaxysiaryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl,

amino, aminocatrbonyl, aminocarboyloxy, nitrq, azido, phenyl, hydroxy,
alkylthigiegﬁﬁ?f%?l%ﬁﬁgm?&ﬁ% AAPBET kyaHbiedd halogenated alkyl
includirgcholyhaldgeaatetalkykcl&Zeavhereiths igaauabifikoi oandifdrogen, a
is equal to.2, then Rr.can be.the same or  different, at least one Rr is

B A B R S RS e Gron s Gt ap Bt poly-
alogensdnonossutbstituted, vpohpsubstifutetbbpwingubstidited variantsof C.-C..

owipg fesi .satu C1-C24 alkyl, unsaturated C3-C24
Ry e e e A T A S By o
awl@&i}wodonyma}lk@wloaﬁdyﬂg@ytﬁealkemyﬁ,aﬁik@xyqaw@hlladjssqx,xap,alr,bonylacyl,
RBIRIRArYh ANy AKX LRHIANN, ﬂlilﬁ%).(yagi%@%ﬁ@ﬂamm i, oxys%(f}c/»ll%ﬁllb carboxy,

aminocarbonyl, aminocarboyloxy, nitro, azido, phienyl; hydroxy; a
aRfIHIdCoxysulfonyl, carboxy, cyano, and halogenated alkyl including

polyhalogenatgd alieylhwherein Ré: i 8aRapielysaslectad: from-the 818D, afkyi in

consisting of a hydrogen, a halogen, a mono-substituted or o
poly-substititea e s24 SatiFRE ARy B HHG: Silettlfatnothe eroup consisting
poly-sulrstitkied, cytaatikyd, alraenowsuhstityted aispalssubstittted Cobddienyl,
saturate%ar |, 8 mono-subs itute(i, poly-substituted or unsubstituted
variantd” ??g‘ge%oﬁﬁ RGPSt RS U ASARI AR Y E316Ya ARERPEY!, aminoacyloxy,
unsaturated Cin(i24 alkyoytbasykylacyloxyy plikyloXyearhbnytaxy thiol, thioalkoxy,
aryloxycarbonyl alkoxy, cyclpalkoxy, heteroaryl, arylalkoxy carbonyl, )
aIIi/oxyysc%rsggﬁéééyﬁi,ogm?%? arﬁfrﬁo%r r@éﬁyﬁj3?%1}?%35&5%6%7%8@0,ga%émcyd’C-‘
azido, hydroxyslatkylthiod anylthionoxybutiyaylincarioxy, -<@nth dnd SO-substituted
haloge d inclugy lyh ted alkyl,, wherein m is equal t )
or Z,Qaé? %?’m—igsﬁgéltﬂil Fogg%l#egﬁx&&l%%n &the fég‘r%agzé?u%Slﬂtéqr}eeﬁt;a%ﬁ?éré%nbrm vl
the montlsabstiateasy poly-substituted saturated Cr-C24 alkyl, the

wherein n is equal to 1 or 2, and if n is equal to 2, then R; can be the same or
different, and at least one Ry is not hydrogen;

Ry is selected from the group consisting of a hydrogen, a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated
Cy-Coq alkyl, unsaturated C;-Cay alkenyl, unsaturated C,-Cys alkynyl, acyl, acyloxy,

alkyloxycarbonyloxy,  aryloxycarbonvioxy,  cycloalkyl cycioaikenyl,  alkoxy,

cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbenylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenvl, hvdroxy, alkyithic, arylthio,
oxysulfonyl, carboxy, cvano, and halogenated alkyl inciuding polvhalogenated alkyl;

Rjs is selected from the group consisting of a halogen, mono-substituted, poly-
substituted or unsubstituted variants of the following residues: saturated C,-Cos alkyl,
unsaturated  Cy-Cpy  alkenyl, unsaturated C;-Coy  alkynyl,  acyl,  acvloxy,
alkyloxycarbonyloxy,  aryloxycarbonyioxy, cycloalkyl, cycloalkenyl,  alkoxy,

cycicalkoxy, aryl, heteroaryl,



mono-substituted or poly-substituted cycloallcyl, and the mono-substituted
or poly- substituted saturated aryl of R4 is substituted with one or more
substituents selected from the group consisting of alkoxy, substituted
alkoxy, cycloallcyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, acyl, acylamino, acyloxyg aminoacyloxy, oxyacylamino,
cyano, carboxyl, carboxylalkyl, keto, thioketo, thiol, thioalkoxy, substituted

tigalkexy, anearylaioheteraniylingierarmoxuNeERISYHIC, aminocarboyloxy,
heterocyclooxy, hydroxyamino, alkoxyarning, nitro, -SO-alkyl,

Bkt %eré«y#}zgé@yarw}@éfé%ew&am o85aligRyR, carboxy, cyano, and
1602 sutstitiied alkdinGe P i andied @k heteroaryl; wherein m is equal

to 1 or 2, and when m is equal to.2, R4 can be the same or,._different; 153

each of EC% 1SE§1<:{€ 5??63]@ L SR o SeftiiERe ©f a hydrogen, a
hietegomtom ninriheutmanutacturepohasmiadicanent far treatingimpeophasiic of the

' ina imal; a herein the neoplastic disease,is cancer

e KR o SRt e Wi oo
oliarah carodr, bladdsy canberioprostaterdaner, eolonycahosy vegtal cycloalkyl,
caraisigmaghaancel.lung sancer, ymphama, MULBIG MVCIOMBon 1. alkoxy
pancreatic cancer, kidney cancer, endocrine cancer, nie anor%a, and brain
SRR he AVS: SYSIEATIONT) camierc2 o venvofatisoripdantishal, hydroxy.

farpula.seleqiad f VQEEBJE{Q'fH?Hzll?ec%\!xﬂ”@yaﬂﬁfrﬁﬁ&e%l%%@}{a%&e&ﬁ%? & cludin g

salfs and pro-drug esters thereof, wherein Formulae 1V-V have the
srhdwirgsrey! EYiRS)m E3 E3 Ez (Rs)m EZ E, Ei EaEy (R,n R3 R5~n

CH3 Faymada: ¥ Fosmulasy iwhereipsthedashed ings tepraseptfisinglesame or
1ﬁdouble bond; each R, is independently selected from the group

or
SoHEiEhg of a hydrogen, a

each Rs is independently selected from the group consisting of a hydrogen, a
halogen, a mono-substituted, a poly-substituted or an unsubstituted variants of the
following residues: saturated C,-Coy alkyl, unsaturated C,-Cay alkenyl, unsaturated Co-Coy
atkynyl, acyl. acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino. aminocarbonyl, aminocarboyloxy, nitre, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy., cyano, and halogenated alkyl including
polyhalogenated alkyl;

each of £, Ey, Es, E4 and Es is a substituted or unsubstituted heteroatom, in the
manufacture of a medicament for inhibiting proteasome activity in a cancer cell; and

wherein the cancer cell is selected from the group consisting of breast cancer cell,
sarcoma cell, leukemia cell, ovarian cancer cell, bladder cancer cell, prostate cancer cell,
colon cancer celi, rectal cancer cell, stomach cancer cell, lung cancer cell, lvmphoma cell,
multiple myeloma cell, pancreatic cancer cell, kidney cancer cell, endocrine cancer cell,
melanoma cell, and brain or central nervous system (CNS) cancer cell.

19. Use of a compound of a formula selected from Formulac I-V, and
pharmaceutically acceptable salts and pro-drug esters thereof, wherein Formulae [-V have the

structures:



halogen, a mono-substituted or poly-substituted saturated C1 - C24 alkyl,
mono- substituted, poly-substituted or unsubstituted variants of the
following residues: unsaturated C2-C24 alkenyl, unsaturated C2-C,4
alkynyl, aryl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy,
cycloalkyl, cycloalkenyl, alkoxy, cyglgalkoxy, aryl, heteroaryl, arylalkoxy
carbonyl. alkoxy carbonylacyl. amino, aminocarbonyl aminocarboyloxy,
nitro, azido, phenyl, alkyltl‘giFQ arylthlg oxysulfonyl r oxy cyano, and
haloggnated alkyl includin ( -

mono o+substijtied or poly- substlt ted satbrated Cl C24 alkyl in Rlgs
ihsti ith one or more % stitughts selected fropithe;
consisting |of alkoxy 54 alkoxy, c¥ pstituted

tkyt, ®eycloalkenyl, suls ycloalkenyl, acy amiie,
on>4y, amino, substituted aml 0, aminoacyl, amino cylo Y,
aCF§?Iam|no cyano, carbgxyl, %ﬁrboxylalkyl keto, kEEB thiol,

thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroafyl, heteroaryloxy,
heterboywaiids lheterocyclooxy, hyeroxyiariino, alkoxyamino Foitirala 111
-SO-aIkymbstituted alkyl, - SO-aryl, -SQ-heteroaryl, -SO2-alkyl,
-S0O,-substitutedhalkyl, -SO2-aryl and -SO2< heterearvl; wherein n is equal

tolor2 if nis equal to 2, then R, can|be, the same or different, and
at least o '5Fogen R2 is sel f/‘édf the-gféup consisting
ofahydr e} gen, m@no- substitutgd, poly-substituted ar
unsubsﬂtﬁted vaFants of following reSiellies: saturated CC24 alkyl,
unsaturate alkenyl, unsaturated € /nyl, acyl, acyloxy,
alkyloxycarbonyjox zxycarbonyloxy, cycloaikyl, cy kenyl, alkoxy,

cycloalkoxy, aryl;"heteroarryl, arylalkoxy carbonyl,/atkoxy carbonylacyl,
amino, amino ﬁboriyl aminocarboyloxy, nitro, gZido,9Shenyl, hydroxy,
alkylthio, arylthio;” oxysul'fonyl, carboxy, cyano, ariel halogenated alkyl

including, pelyhalogenated alkyl; R3 is setggiad friem the group consisting
of a hanPen mono-substituted, poly- substituted or unsubstituted variants

of the T8Ity residues: saturated C1-C24 alkyl. unsaturated C2-C14

alke nyhﬂm&@ﬂ&tﬁlﬁ&@%@%@d'@(ﬂyﬂe aeYl daeyloxynalkyloxycarbonyloxy,
aryloxycarb lgalkyl, cycloalkenyl, atkoxy, cycloalkoxy, aryl,
heteroafyi® 1%%9 BASBHYI SEIRESS é%of?gﬂaéw%ﬁﬂﬂastm of & hydrogen. a

m0n0~subst1mted or poly-substituted saturated C; — Cys alkyl, a mono-substituted, poly-
substituted or unsubstituted variants of the following residues: unsaturated Ci-Cas
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, arvloxycarbonyloxy, ecycloalkyi,
cycioalkenyl, cycloalkoxy, aryl, heteroaryl, arvialkoxy carbonyl, alkoxy carbonviacyl,
aminocarbonyl, aminocarboyloxy. nitro, azido, phenyl, aryithio, oxysuifonyl, carboxy,
and cvano,
wherein the mono-substituted or poly-substituted saturated C,-Cyy alkyl in
Ry is substituted with one or more substituents selected from the group consisting
of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl,
substituted cycloalkenyl, acyi, acylamino, acyloxy. aminoacyl, aminoacyloxy.
oxyacylamino, cyano, carboxyl, carboxylalkyl, keto, thioketo, thiol, thioalkoxy,
substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroarvioxy, heterocyclic,

heterocyclooxy, hvdroxyamino,



aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,
arylthio, oxysulfonyl, carboxy, cyano, and halogenated alky! including
polyhalogenated alkyl; wherein m is equal to | or 2, and when to is equal
to 2, RR can be the same or different; each R; is independently selected
from the group consisting of a hydrgggn, a mono-substituted, a
poly-substituted or an unsubstituted variants of the following residues:

saturaten o] 1524, alk@Laum,alty@teaa&ﬁa@a%a&kgnﬂm%wwmﬁl Hefedofrdft SO,
allcynyl, acyl, acyloxy, alkylgxycarbonyloxy, aryloxycarbonyloxy,
M&é{ﬁﬁ?@éﬁé&%&%ﬁ@ IESQ;,“W ﬁ%l&ééﬁ%?ﬁf%%oaryl, arylalkoxy
carbonythel&iexy cachauiyladybr @minodéabanylubbte aminecarbay®de/the same or
itro, azido, phenyl, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and
ﬁé%é%ﬂéag %atl ef?%£n%q8£hbs ngy%é%}&g%ated alkyl; each of Er, E2,, E3, E4
and ESHs & ssibbstitulteldoor uhs@stmjte«z.hbﬁe.t'm@amﬁm, hydh@emaau]ﬁahigee, mono-
%&qﬂ&%'(ﬁagﬂ@%{@{tﬁﬁﬁéé'%g &5}%%8@%&% SRS AN MRSIEN ¥Qel%ues: saturated
neoplastic dis€ase Is cancer selected from the group consisting of breast

Sarfeer, dirbomaateaiksiria; Guarifancancesabiagdbcaioenliprostamsyl. acyloxy,
Wgﬁyg%lg&lﬁagﬁer’ '5‘?9@&&3@:1}188&3;%99?30%88&&&1!U”%9@%%%??{@11}&, alkoxy,

yrré%homa, multlfle myeloma, pancreatic cancer, kidney cancer,

|
ENEIGBHIE Carfeer, Melgnema, andabrany ocedemsl. ndkdus spenyleeNs)amino,

caNEBEakdnTNeHIRREGIRIM 2, Whereindbe sRAGAT iR MMIDIA vIthio, arylthio,
myeloma, a prostate carcinoma, a breast adenocarcinoma, a non-small

ST THHG T LraRRS, BERR Budhaloestinthiia! Dl pebbplessiatadzalicyl:
whereimkthie caiaged celiis @Mt tielonzas ADHARRLS CHIGIROMSsRuted, poly-

ysast adenocarcnome, p non-smallcell g carcinora, or an ovaran
unsaturated  Co-Cps  alkenyl,  unsaturated  Cp-Cps alkynyl, acyl.  acyloxy,
alkyloxycarbonyloxy,  aryloxycarbonvloxy, cveloalkyl,  cycloalkenyl,  alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonvl, alkexy carbonyiacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy. alkylthio, aryithio,
oxysulfonyl, carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl;

each Ru is independently selected from the group consisting of & hydrogen, a
halogen. a mono-substituted, a poly-substituted or an unsubstituted variant of the
following residues: saturated C;-Cay alkyl, unsaturated C--Cys alkenyl, unsaturated Cr-Coy
alkynyl, acyl, acyloxy, alkvloxycarbonyloxy, aryloxvcarbonvloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkexy carbonyl, alkoxv
carbonylacyl, amine. aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polvhalogenated alkyl;

wherein m is equal to | or 2, and when m is equal to 2, R4 can be the same or
different;
each Rs is independently selected from the group consisting of a hydrogen, a

halogen, a mono-substituted, a poly-substituted or an unsubstituted variants of the
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following residues: saturated C;-Cay alkyl, unsaturated C;-Cyy alkenyl, unsaturated Cs-Cay
alikynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cyeloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyvl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenvl, hydroxy.
alkylthio, arylthio, oxysuifonyi, carboxy, cyvanc, and halogenated alkyl inciuding
polyhalogenated alkyl;

each of £y, Eq, Es, Es and Es is a substituted or unsubstituted hetercatom, in the
manufacture of a medicament for inhibiting NF-xB activity in a cancer cell; and

wherein the cancer cell is selected from the group consisting of breast cancer cell,
sarcoma cell, leukemia cell, ovarian cancer cell, bladder cancer cell, prostate cancer cell,
colon cancer cell, rectal cancer cell, stomach cancer cell, lung cancer cell, lvmphoma cell,
multiple myeloma cell, pancreatic cancer cell, kidney cancer cell, endocrine cancer cell,
melanoma cell, and brain or central nervous system (CNS) cancer cell.
20. Use of'a compound of Formula I, and pharmaceutically acceptable saits and pro-

drug esters thereof, wherein the compound of Formula Il has the structure:

’

(R), ™

Formula 11

wherein:

the dashed lines represent a single or a double bond;

each R; is independently selected from the group consisting of a hvdrogen. a
halogen, a mono-substituted, poly-substituted or unsubstituted variants of the following
residues: saturated C,;-Cyy alkyl, unsaturated C,-Cy4 alkenyl, unsaturated C,-Cys alkynyl,
acyl, acyloxy. alkyloxycarbonyloxy, aryloxycarbonvioxy, cycloalkyl, cycloalkenyl,
alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino.
aminocarbonyl, aminocarboyioxy. nitro, azido, phenyl, hvdroxy, alkylthio, arvithio,

oxysulfonyl, carboxy, cyano, and halogenated alky! including polyhalogenated alkyl;
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wherein n is equal to 1 or 2, and if n is equal to 2, then R, can be the same or
different, and at least one R, is not hydrogen;

wherein R; is selected from the group consisting of 2 halogen, mono-substituted,
poly-substituted or unsubstituted variants of the following residues: saturated C;-Cyy
alkyl, unsaturated C,-C,s alkenyl, unsaturated C,-Cps alkynyl, acyl, acvlexy,
alkytoxycarbonyloxy,  aryloxycarbonvlioxy, cycloalkyl,  cvcloalkenyl,  alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyi, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio, arylthio,
oxysuifonyl, carboxy. cyano, and halogenated alkyl including polyhalogenated alkyl;

wherein Ry is separately selected from the group consisting of a hydrogen, a
halogen, a mono-substituted or poly-substituted C,-Cp, saturated alkyl, a mono-
substituted or poly-substituted cycloalkyl, a mono-substituted or poly-substituted C-Cas
saturated aryvl, a mono-substituted, poly-substituted or unsubstituted variants of the
foliowing residues: unsaturated C,-Cs4 alkenyl, unsaturated C.-C,s alkynyl, acyl,
- acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, alkoxy, cycloalkoxy, heteroaryl,
arvialkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy.
nitro, azido, hydroxy, alkylthio, aryithio, oxysulfonyl, carboxy, cyano, and halogenated
alkv] including polyhalogenated alkyl;

wheretn m s equal to 1 or 2, and if m is equal to 2, then R: can be the same or
different;

wherein the mono-substituted or poly-substituted saturated C;-Cay alkyl, the
mono-substituted or poly-substituted cycloalkyl, and the mono-substituted or poly-
substituted saturated arvl of Ry is substituted with one or more substituents selected from
the group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyvi,
cycloalkenyl, substituted cycloalkenyl, acyl, acvlamino. acyloxy, aminoacyloxy,
oxyacylamino, cyano, carboxyl, carboxylalkyl, keto, thioketo, thiol, thioalkoxy,
substituted  thioalkoxy, arvl, aryioxy, heteroarvl, heteroaryloxy, heterocyclic,
heterocyclooxy, hydroxyamino, alkoxyamino, nitro, —~SO-alkyl, —SO-substituted alkyl, —
SO-aryl, —SO-heteroaryl, —SO;-alkyl, ~SOj-substituted alkyl, -SOs-aryl and -SO,-
heteroaryl;

wherein m is equal to 1 or 2, and when m is equal to 2, R, can be the same or

different;
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each of F,, E,, Es, Es and E: is a substituted or unsubstituted heteroatom, in the
manufacture of a medicament for treating a neoplastic disease in an animal; and

wherein the neoplastic disease is cancer selected from the group consisting of
breast cancer, sarcoma, leukemia, ovarian cancer, bladder cancer, prostate cancer, colon
cancer, rectal cancer, stomach cancer, lung cancer, lymphoma, multiple myeloma,
pancreatic cancer, kidney cancer, endocrine cancer, melanoma, and brain or central
nervous system (CNS) cancer.
21, Use of a compound of a formula selected from Formulae TV-V, and

pharmaceutically acceptable salts and pro-drug esters thereof, wherein Formulae 1V-V have the

structures:
Ea =
=
Eq
; . CH
[ R3 A 3
R R
( 1)11 ( 1)11
Formula [V Formula V
wherein:
the dashed lines represent a single or a double bond:
each R, is independently selected from the group consisting of a hyvdrogen, a
halogen, a mono-substituted or poly-substituted saturated C; — Cas alkyl, mono-

substituted, poly-substituted or unsubstituted variants of the following residues:
unsaturated  C»-Coy  alkenyl,  unsaturated  C;-Cpy alkynyl,  acyl, acvloxy,
alkyloxycarbonyloxy.  aryloxycarbonyloxy, cycloalkyl,  cvcloalkenyl,  alkoxy,
cycloalkoxy, aryl. hetercaryl, arylalkoxy carbonyl. alkoxy carbonvlacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, alkvithio, arvithio, oxysulfonyl,
carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl;
wherein the mono-substituted or poly-substituted saturated C,-Cs, alky! in
R, is substituted with one or more substituents selected from the group consisting

of alkoxy,
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substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl,
aminoacyloxy, oxyacylamino, cyano, carboxyl, carboxylalkyl, keto, thioketo, thiol,
thioalkoxy, substituted thicalkoxy, aryl, aryloxy. heteroaryl, heteroaryloxy, heterocyclic,
heterocyclooxy, hydroxyamine, alkoxyamino, nitro, ~SO-alkyl, —~SO-substituted alkyl, -
SO-aryl, —S0-heteroaryi, —SO»-alkyl, —SOs-substituted alkyl, ~SO;-arvi and -SO;-
heteroaryi;

wherein n is equal to | or 2, and if n is equal to 2, then R, can be the same or
different, and at least one R, is not hydrogen,;

R, is selected from the group consisting of a hydrogen, a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated
- C1-Cys alkyl, unsaturated C»-Cis alkenyvl. unsaturated C,-C,4 alkynyl, acyl, acyioxy,
alkyloxycarbonyloxy,  aryloxycarbonyloxy, cycloalkyl, cycloalkenyl,  alkoxy,
cycloalkoxy, arvl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonyvlacyl, aminoc,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio, aryithio,
oxysulfonyl, carboxy, cyano, and halogenated alky! including polyhalogenated alkyl;

R; is selected from the group consisting of a halogen, mono-substituted, poly-
substituted or unsubstituted variants of the following residues: saturated C)-Cas alkyl,
unsaturated  C>-Cyy  alkenyl, unsaturated  C;-Coy alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy,  aryloxycarbonyloxy, cycioalkyl, cvcloalkenyl,  alkoxy,
cycloalkoxy, aryl, heteroaryl, arvlalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitre, azido, phenyl, hvdroxy, alkylthio, arylthio,
oxysulfonyl, carboxy, cvano, and halogenated alky! including polyhalogenated alkyl;

wherein m is equal to 1 or 2, and when m is equal 10 2, Rs can be the same or
different;

each Rs is independently selected from the group consisting of a hydrogen, a
mono-substituted, a poly-substituted or an unsubstituted variants of the following
residues: saturated C;-Cyy alkyl, unsaturated Co-Cys alkenyl, unsaturated C,-Coy alkynyl,
acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycioalkyl, cycioalkenyl,
alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyi, alkoxy carbonylacyl,

aminocarbonyl,
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aminocarboyloxy, nitro, azido, phenyl, alkyithio, arylthio, oxysulfonyl, carboxy, cvano,
and halogenated alkyl including polyhalogenated alkyi;

each of Ey, Ey, Es, E4 and Es is a substituted or unsubstituted heteroatom, in the
manufacture of a medicament for treating a neoplastic disease; and

wherein the neoplastic disease is cancer selected from the group consisting of
breast cancer, sarcoma, leukemia, ovarian cancer, bladder cancer, prostate cancer, colon
cancer, rectal cancer, stomach cancer, lung cancer, lymphoma, multiple myeloma,
pancreatic cancer, kidney cancer, endocrine cancer, melanoma, and brain or central
nervous system (CNS) cancer.
22, The wse of Claim 12, wherein the cancer is a multiple myeloma, a prostate

carcinoma, a breast adenocarcinoma, a non-small cell lung carcinoma, or an ovarian carcinoma.

25, The use of Claim 17, wherein the cancer cell is a multiple myeloma, a prostate

carcinoma, a breast adenocarcinoma, a non-small cell lung carcinoma, or an ovarian carcinoma.
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