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Chemotherapy is the method that is generally useful 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
cells becoming resistant to the chemotherapeutic agent. Due, in part, to the likelihood of
cancer cells becoming resistant to a chemotherapeutic agent, such agents are commonly
used in combination to treat patiénts.

[0003] Similarly, 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 current antibiotics and
chemotherapeutic agents. Examples of such microbes iﬁclude 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 to affect larger and larger numbers of

people worldwide despite new therapies and medical advances.
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Summary of the Invention

[0007] 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.

[0008] In other embodiments, the compounds are used to treat neoplastic
diseases, for example, to inhibit the growth of tumors, cancers and other neoplastic tissues.
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
2-
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(anthrax). In some embodiments the infectious agent is a parasite. For example, the
infectious agent can be Plasmodium, 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 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 infectious agents.

[0011] Some embodiments relate to uses of a compound having the structure of

Formula I, and pharmaceutically acceptable salts and pro-drug esters thereof:
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[0014] wherein Ry may be selected from the group consisting of a halogen,
mono-substituted, poly-substituted or unsubstituted variants of the following residues:
saturated C;-Cp4 alkyl, unsaturated C,-Cy, alkenyl or C,-Cy4 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 a]kyl; and
wherein each of E;, Ep, E; and E4 is a substituted or unsubstituted heteroatom; in the

treatment of cancer, inflammation, and infectious disease.
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Brief Description of the Drawings

[0022] 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 those of skilled in the art.
In the drawings:

[0023] FIG. 1 shows the chemical structure of Salinosporamide A.

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

[0025] FIG. 3 shows colonies of Salinospora.
-5.
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[0034) FIG. 12 depicts the 1H NMR spectrum of a compound having structure

Formula II-3.

[0035]  FIG. 13 depicts the mass spectrum of a compound having structure
Formula II-3. ’

[0036] FIG. 14 depicts the 1H NMR spectrum of a compound having structure
Formula II-4.

[0037]  FIG. 15 depicts the mass spectrum of a compoun& having structure
Formula [I-4.

[0038] FIG. 16 depicts the 1H NMR spectrum of a compound having structure
Formula II-5A.

[0039] FIG. 17 depicts the mass spectrum of a compound having structure
Formula II-5A.

[0040] FIG. 18 depicts the 1H NMR spectrum of a compound having structure

Formula II-5B.
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[0047] FIG. 25 depicts the 1H NMR spectrum of a compound having structure
Formula II-21. ’

[0048] FIG. 26 depicts the 1H NMR spectrum of a compound having structure
Formula 1I-22.

[0049] 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
proteasomes.

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

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

[0053]  FIG. 31 shows NF-kB/luciferase activity and cytotoxicity profiles of II-
16.

[0054]  FIG. 32 shows reduction of IxBo degradation and retention of
phosphorylated IxBa by II-16 in HEK293 cells (A) and the HEK293 NF-«xB/Luciferase
reporter clone (B).

[0055] FIG. 33 shows accumulation of cell cycle regulatory proteins, p21 and
p27, by II-16 treatment of HEK?293 cells (A) and the HEK293 NF-xB/Luciferase reporter

clone (B).
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epicts the I H NVR spectrumof”a conpoun avi ng
S0Pt ur EIGoBArushawisVinkbiiion DYERTGindhEI SYtofokity2by 11-16 in

i ct.s the IH NVR spectrum of a conpound havi ng
RAWED N L L T Vs 5e 0806, VRO, do. [0044] FIG

iC t CldTH h ne
T L S i B AT ARRGI 1B RruhoBESREARE, A Gagpase
cleavagd\R RRME8226mandfPGr3@elipound havi ng structure Fornul a
P- [019 1,FIG 24 depicts the | H NVR spectrumof a
dB‘ﬁ@&u nd ﬁgﬁgrﬁéogfﬁ Fotd Weatmpe hREMPS 2% reprdn o dob@defdent

SegripAiep b ectrum of a conpound havi ng
CIeaIVastructure ol:ronl_bu%-sgl. [0048] FIG 26 depicts the IH

00613 pe cFIGu30aho®s RONPO pistedsaiticnahibitod GyUl-86, AR M 11-18,
P-22. [0049] FIG 27 shows inhibition of the
987t r v nd0 i skewa qurpighsopmadf actialipi in( PWRB | mrepared from 1116
.0t easones. [0050] FIG 28 shows inhibition of the
1 activity of rabbit nuscle

[0063] FIG. 41 shows epoxomicin treatment in the PWBL assay.

treated

[0064] FIG. 42 shows intra-assay comparison.

[0065]  FIG. 43 shows decreased plasma TNF levels in mice treated with LPS.

[0066]  FIG. 44 depicts assay résults showing the effect of Formula II-2,
Formula II-3 and Formula -4 on NF-kB mediated luciferase activity in HEK293 NF-
kB/Luc Cells.

[0067]  FIG. 45 depicts assay results showing the effect of Foﬁnula II-5A and
Formula II-5B on NF-«kB mediated luciferase activity in HEK293 NF-xB/Luc Cells

[0068] FIG. 46 depicts assay results showing the effect of Formula 1I-2,
Formula II-3, and Formula II-4 on the chymotrypsin-like activity of rabbit 20S proteasome.

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

[0070] FIG. 48 depicts the effect of Formulae I1-2, II-3, and II-4 against LeTx-
mediated cytotoxicity.

[0071] FIG. 49 depicts the 1H NMR spectrum of a compound having structure
Formula II-17.

[0072] FIG. 50 depicts the 1H NMR spectrum of a compound having structure
Formula II-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-



prot easonmes. [0051] FIG 29 shows inhibition of the
chynotrypsin-like activity of human erythrocyte
w@e@tsesenes. [ 0052] FIG 30 shows the effect PET/BPSE64/019543

treatment on chynotrypsi n-nedi ated cl eavage of
hows

. - AMC substrate. .[ 0053 |G 31.s. )
descn%b— kﬂﬁé éIlrlljcS e?agéféggc K?ng]a%{dtocyf%‘f@%g c Pt §ehod ifpre Preducing
: 0 . re td of Ba,., :
Pl USIC, 5 A AR L
compopitipgs, far pEgs. ddiel methas candintlude IﬂE(é’(ﬁﬁpositioné Iil(li relgtévely high
. - [ . on, . [ 0055 G . .
st A AHSOHBTR R ST cBLPRRo! Db R G ins i

SorR27, R ; s
e s Nekry Troodhinfa Temle 30 PV S8V ohbalf not
obtaingbledy gurrestily\evaidahilé wetliods. BiCasmasse e&bb&inféngsﬁrelai%‘sb_liﬁ&ﬁbds of
venin S, R Eh ot e o U e s
T S RSO USAOTE) Y S TS g o
membePARR ctassioProv Ganpases 3PrdfessdagebddimBRMrel &2 26 thREnP6uRis and
elds. .£006 L.FIG 38 shows - 16 treatnent of RPM 8226
methodb Gt ilhg e vjgg Sufu ERRBHOS 61°Saveeberom, At aggessartly in al

. 39,. iLh vitro
e R N tEésngl%gtlé%%_yt\%m bnd P-18. [0062]
fF0Q34] 40 Edrothe cpmpowals alesdribag hieteid, atstENBLeE 8286 thay be of

f P-16 treated mce. [0063] FIG 41 shows o
Ror§ %‘%%%Fﬁﬁepn At@@ﬁ%%?tsl’?%ﬁﬁ[‘z prmppds gxeraplifiqdioehip applicatiaPmay

be dep?@t@él\’siﬂ nf g i isd 081%@95&0%9 n<:0mpounds having either the opposite
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

[0075] Some 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 I

Ra E
3
EZ\
E4
Eyq
’I
 Ra
R
(R),
Formula I

[0076] In certain embodiments the substituent(s) R;, Ry, and R; separately may
include a hydrogen, a halogen, a mono-substituted, a poly-substituted or an unsubstituted
variant of the following residues: saturated C;-Cpq4 alkyl, unsaturated C,-Cp4 alkenyl or C,-
Cas alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl (including
for example, cyclohexylcarbinol), cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl,

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



[0065] FIG 43 shows decreased plasma TNF |evels in
mce treated with LPS. [0066] FIG 44 depicts assay

wo e®ales7showi ng the effect of Fornula P-2, FoOPOMIUS20P4/®19543
and Formula P-4 on NF-kB nediated |luciferase activity

] Ce),ls.. [0067] FIG . 45 depi ct
L (N TR L
halogefrtedruikgl ErehRipdWhiEhanbdh alisdl Fﬁﬁhézlrgf@é&taﬁ’? Enbbdithehfd, each

HEK293 NF- kB/ Luc Cel I's [0068] FI G depi ct S assay
of Ei, fHas Bb tad hvommian pet heubstitused oofunmdrstitiital Ret2roafomn,nok @xample, a

O e e R
t B .
7L o IS MROB R MBI SO, 5,

equal (oo 7tby sEbtituess cpbetle sduee of tacbe différontulathdtmare, in some
ai nst LeTxnedi ated cytotoxicity. [0071]

embodizacits lgng ey a(g_
PErets BolS gohe BYOgHe | H NVR spectrum of a conpound
60819 ShleHELY,eR PRk [0 &l SQgdepigts
{l he I'H NI\/I-% spegt I‘Jljm g}ﬁlsga %éﬂrr%lbulﬁ%g g&giﬁgthset Croucl%oﬁ)]‘f“i may have
the follpwing dtmcturgl-1Det ai | ed Descri ption of the Preferred
Enbodi nent [ 0073] Enbodingﬂ%s of the invention
e

include, but are not l|inited to, gproviding a nethod
for the preparation of ounds?” i ncl udi ng conpounds,
for exanpl e, thoseg cyi bed|herfei n and anal ogs

t hereof, and to provi d\ng a ne%pod for producing
pharmaceutical ly accg el antl -m crobi al ,
anti-cancer, and anti-inflamatory conpositions, for
exanpl e. The methods caq include the conpositions in
rel atively high yield, erein the conmpounds and/ or

their derivatives are anpng the active ingredients in
t hese conpositions. Other enbodinents relate to
provi di ng novel conpounds not obtainable by currently
avai | abl e net hods.. Furthtrnore, enbodinments relate to
met hods of treating capweilaLnf! anmati on, and
I nfectiqus diseases, particularly those affecting

s. Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
[0080]  Preferably, the structure of Formula I-1 may have the following
stereochemistry:
OHC
H = 0
N3
o}
R
[0081] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.

-10-



The nethods may include, for exanple, the step of
adm ni stering an effective anount of a nenber of a

W@ @s®01572 new conppounds. Preferred enbodi ment SPCEUS10684/019543

to the conpounds and nethods of meking and using such

cIOTREN nerdeBBLe RE i e iV Ao KAt Robe compee e have

the fol®vein@Bhucti@@H4] For the conpounds described herein,

each stereogenic carbon may be of Ror S
configuration. Al though the%®pecific conpounds
exenplified in this applicati may be depicted in a
particul ar configurati ounds havi ng either the
opposi te stereochend t lany given chiral center or
m xtures thereof are a I si oned. \Wen chiral
centers are found in'the derivatives of this
invention, it is to be(understood that the conpounds
enconpasses all possible stereoi soners. Conpounds of
Formula | [0075] Sone efrbodi nents provide conpounds,
and net hods of producing a class of conpounds,

phar maceutical |y accept®bl e salts and pro-drug esters
t hereof, wherein the conpounds are represented by
Formula I: R2 .E b ~/ El1= - E4 Fornmula |I [0076] In
certain enbodi nents th% su sﬁituent(s) R , R, and R3
separately may incl ude"d®Y&régen, a hal ogen, a

gﬁ@&gs UbR} laytiftlud@ HOLMnRHY %{dﬁ%&dﬂﬁnn%pclgaré%e, bromine and

substituted variant of the [Ffowi ng resi

iodine.sat ur at ed Cl-C24 al kyl, unsaturated C2-C24 al kenyl or

0 024 al kynyl , | | kyl bonyl oxy,
Ty o STl b AT Fometa gy o ibabiowing

skm%mgaﬁkgyexylcarbinoI), cycl oal kenyl , al koxy,

iodine.

cycl oal koxy, aryl, heteroaryl,
//,OH

0

vesntihl)

H
N

Hwwy

[0085] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

-11-



aryl al koxy carbonyl, al koxy carbonyl acyl, am no,

am nocar bonyl, am nocar boyl oxy, nitro, azido, phenyl,
weywbsoadsky | acyl , hydroxy, al kylthio, arylthio, PCT/US2004/019543

oxysulfonyl car boxy, cyano, and hal ogenated al kyl

U8 8 BSGE BFAE  oBh S EHAA I e S0 i e

followifg bgidtirdtiesd or unsubstituted heteroatom for exanple,
a heteroatom separately selected fromthe group
consi sting of nitrogen, sulfur and oxygen. [0077] In
sone enbodi nents n may bedequal to 1 or equal to 2.
Wien n is equal to 2, the\éubstituents can be the sane
or can be different. Furthéynore, in sone enbodi nents
R3 is not a hydrogen. [QD78] Pr %rably, R2 may be a
fornyl. For exanple, t o d may have the
foll owi ng structur OHC R§ Fornmula 1-1 [0079]
Rgmay i ncl ude, for exa ,L r ogen, fluorine,

e

chlorine, brom ne and™Tg@di ne. [0080] Preferably, the
structure of Formula 1-/1 may have the foll ow ng
stereochem stry: OHG [0§81] R may include, for

exanpl e, hydrogen, fluorjne, chlorine, brom ne and

i odi ne. [0082] Preferably, R2 may be a carbinol. For
exanpl e, the conpound y have the follow ng structure
1-2: Formula 1-2 [0083]R&Rs may i nclude, for exanple,
hydr ogen, fluorine, chlorine, brom ne and iodine.
[0084] As an exanpl e, Ho@ullrlict ure of Formula 1-2 nay

ﬁl@ﬁﬂ t h?(gftﬁ}:t}!' MM, £ %&grﬁﬁfg,e E@rd%ééﬁ, fluorine, chlorine, bromine and
iodine.

[0088] The compound of Formula I-3 may have the following stereochemical
structure:

\

enijifl]
O

H
N

Huwe

HIHITT

Rs

[0089] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.

-12-



R8 [0085] R may include, for exanple, hydrogen,

fluorine, chlorine, brom ne and i odi ne.[0086] As
wez@spdary conpound of Formula | may be the copr@DUSIN04/019543

having the follow ng structure 1-3: R8 Formula 1-3

HUSBY | el PR tG PP R 4 AL ROBB5pmpRg having

th f”&‘%? ﬁmqgfl ormula 1-3 may have the f ol I oW ng
e eochem cal structure: [0089] R8 may include, for
exanpl e, hydrogen, fluoring, chlorine, brom ne and
i odi ne. [ 0090] Anot her exedpl ary conpound Formula | nay

be the conpound having the\foll ow ng structure 1-4:. R8
Forrmula 1-4 [0091] R may include, for exanpl e,

hydrogen, fluorine, chldfing, br Tine and i odi ne.
[0092] Preferably, the o?pgtmﬁf Formula 1-4 may
em dal

have the foll ow ngo eochg structure: , [0093]
Rs may include, for exa —hydr ogen, fluorine,
chlorlne brom ne antd—i@di ne.[0094] Still a further
exenplary conpound of Formula | is the conpound having
the followi ng structure\1-5: NH2 R8 Fornula 1-5

Re
Formula I-4
[0091] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine. _
[0092] Preferably, the compound of Formula I-4 may have the following

stereochemical structure: ,

-|Il|||l|
O

H
N

Hume

[IHInT

Re

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

iodine.

-13-



[0095] R may include, for exanple, hydrogen, fluorine,

chlorine, brom ne and iodine. [0096] For exanple, the
we@eogpowsd of Fornula 1-5 may have the fol | ow NBCT/US2004/019543

stereochenm stry: NH2 [0097] Rg may include, for

l e, dr n, fluorine, chlorine, brom ne and
TR e 516 o it omDlaib SAIRBHS of FBorBTAd b, Qompound
havingmyfopgwinfggﬁugmgze, a 3- nethyl enecycl ohexene. For
exanpl e, 'the conmpound may have the follow ng structure

of Fornmula 1-6:Fornula 1-6 | ] R may include, for
exanpl e, hydrogen, fluorjnef chlogine, bromne and

i odi ne. [0100] Preferabl he npound of Fornula 1-6
may have the follow ng/ter em stry: [0101] R may
i ncl ude, for exanpf pen,) fluorine, chlorine,
brom ne and i odi ne. F 6t her enbodi ments, R2
may be a cycl ohexyl al'kyl/am ne. [0103] Al so, in other
enbodi nents, R2 may be (@ C- Cycl ohexyl net hyl eneami ne.
hi others, R2 may be a &ycl ohexanecar bal dehyde
O-oxine. [0104] Furthernpre, in sone enbodi nents, R2
may be a cycl oal kyl acyl . Conpounds of Fornula [0105]
O her enbodi nents provi de conpounds, and net hods of
produci ng a cl ass of coﬁbounds, phar maceuti cal »
acceptabl e salts and pragiligds esters thereof, wherein
t he conpounds are represented by Formula H Formul a

[00986] Ry wey imlwlepfiedbmplel Bydrbgers Wstihé, WhHring) bidimine and
R3, and R4 separately nmay

iodine.
[0096] Fo; example, the compound of Formula I-5 may have the following

stereochemistry: '

NH»

O

-3/

Hie g

Hititss.)

Rs
[0097] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
[0098] In some embodiments, R, of Formula I may be, for example, a 3-

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

Formula I-6;

-14-



i nclude a hydrogen, a hal ogen, a nono-substituted, a
pol y-substituted or an unsubstituted variant of the
wo 2doboo0asmy resi dues: saturated Cl-C24 al kyl, PCT/US2004/019543
unsaturated C2-C24 al kenyl or C2- C24 al kynyl, acyl,
acyl oxy, al kyl oxycar bopyl oxy, aryl oxycarbonyl oxy,
cycl oal kyl, cycl oal al koxy, cycl oal koxy, aryl,
het eroaryl, aryl al kp bonyl, al koxy carbonyl acyl,
am no, an1nocarbony ocar boyl oxy, nitro, azido,
phenyl , cycloalkylacy ; droxy, al kylthio, arylthio,
oxysulfonyl carboxy, cyano} and hal ogenat ed al kyl
i ncl udi ng polyhalogenate@ allkyl . /Further, in certain
enbodi ments, each of Ei /, E3; and E4 may be a
substituted or uns@ | hef eroatom for exanple,
a heteroatom or substitiy iheﬂbroaton1selected from

the group consisting ogen, sul fur and oxygen.
[0107] In sonme enbodi nents may be equal to 1, while
in others it may be equal to 2. Wen n is equal to 2,
the substituents can be tjhe sane or can be different.
Furthernmore, in sonme enbgdi mrents R3 is not a hydrogen,
m can be equal to 1 or 2f and when mis equal to 2, R4
can be the sane or diff@&ent. [0108] E5 may be, for
exanple, OH O OR 0, S, SRn, SO2Rn, NH, NH2, NOCH, /
NHOH, NR12, and NHORlSmehﬁngn R10- 13nay separately
i ncl ude, for exa hydr ogen, a substituted or
[H99bst | Rarmes lml%ﬁoroefxamée fitiogem, ritporiak keHloriren bemmine and
a heteroaryl, and the like. Also, R may be CH CH X
wherein X may be, for exanmple, H F, d, Br, and I. R
obe NEefeydbly, Fiet BRAPRISR | el el
m ghexyl Al}éo eg(?{ﬁ of EIO Bfkog%ﬁgn 0 2aﬁavt?eﬂ]8 fo%?wmg
StﬂdeEmwﬁ}’Ybe NH. Preferably, R may be CH CHQX wherein X
is selected fromthe group consisting of H F, O Br,
and |; wherein R4 ng sl ude a cycl ohexyl; wherein R
may be nethyl; and each of Ei , E3 and E4
separately may be O may be NH.[0109] For
exanpl e, an exenpl ar yound of Formula has the
foll ow ng structure _l:rf K3 Fornula -

1odine.

D

HuwY

Hitticen

Rs

[0101] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.

[0102] In other embodiments, R, may be a cyclohexylalkylamine.

[0103] Also, in other embodiments, R, may be a C-Cyclohexyl-
methyleneamine. In others, R, may be a cyclohexanecarbaldehyde O-oxime.

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

-15-



[0110] R8 may include, for exanple, hydrogen,
fluorine, chlorine, bromne and iodine. [0111]
wE2@apdAry st ereochem stry may be as fol |l ows: PEDUSDP4/019543
In preferred enbodi nents, the conpound] otho][ mlJ: a has
of.-the following structures: [0113] The follow ng
Comp8iht L tereochem stry for conpounds having the
S ur ; : tiyel
O] 1 A naroihen aotiad coBERAR, T dhethody Pgrogucing «
class of cgmabumgscplm{m]mmtlﬁaﬂhemceﬁabﬁb baltsbﬂldqxemﬂh@éster@ @RI herein

i st ng structure P-5:0 R8

theco@%?‘fﬂ%rsﬁreﬁegrefﬁ‘i yé?rﬁﬁ@a\/\hhcl ude, for exanple,

hydr ogen, fluorine, chl g i ne From ne and i odi ne.

[0116] The foll ow ng ar( )Fn\‘ﬁ%'ﬁ es of conpounds havi ng

the structure of Formula H5%: o ggP-5A P-5B Formul ae

P-5A and P-5B[0117] In szi\I{ fugther enbodi nents, at

| east one R4 may in subsji tuted or an

unsubsti tuted branched I kyl . F 2or exanpl e, a conpound

of Fornmula may be the bwi n§ structure P-6: R8

Fornula P-6 [0118] R mmy. inglude, for exanple,
hydrogen, fluorine, chife)in€ bronine and

Formula I

[0106] In certain embodiments the substituent(s) R;, R3, and R4 separately may
include a hydrogen, a halogen, a mono-substituted, a poly-substituted or an unsubstituted
variant of the following residues: saturated C1-Cy4 alkyl, unsaturated C,-Cpy alkenyl or Cp-
Cos alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
éarbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, cycloalkylacyl,
hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated alkyl. Further, in certain embodiments, each of E;, E,, E; and B4 maybe a
substituted or unsubstitl\\lted heteroatom, for example, a heteroatom or substituted
heteroatom selected from the group consisting of nitrogen, sulfur and oxygen.

[0107] In 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]  Bsmay be, for example, OH, O, ORyq, S, SR1;, SO,R;;, NH, NH,, NOH,
NHOH, NR;, and NHOR 3, wherein Ryg.13 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, R4 may include a cyclohexyl. Also, each of E), E; and E,
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, F, C1 Br, and I; wherein R, may include a cyclohexyl; wherein Ry
may be methyl; and wherein each of E;, E; and E4 separately may be O and E; may be NH.
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i odine. [0119] The followng is exenplary
stereochem stry for a conpound having the structure of

wWOo-005002478- 6: [ 0120] As anot her exanpl e, the coP@DUSHOE19543

Formula may be the follow ng structure P-7: Fornula
i ncl ude, for exa

7. 1012 hyd
f[?lﬂ?ﬁ. neIl Arc‘?ﬁafﬂ ém BEBIaRS CSWBOWgﬁPﬁEOHT@%O H?QS'I"]% following

structufedi1oW ng i s exenpl ary stereochem stry for a conpound

iodine.

having the structure of Fornmula P-7: R8[0123] In other
enbodi nents, at |egst ene R4 may be a cycl oal kyl and
E5 may be an oxyge -xenplary conpound of Formul a
may be the foll ow cturegf-8: o R8 Fornula P-8
[0124] R may incl ude S nple, hydr ogen (P 8A),
fluorine (P-8B), chloring (
i odine (P-8E). [0125] Th¥
stereochem stry for, onpound
Forrmul a P-8: [0126] di ments E5 may be an
am ne oxide, giving ry4 an oxi ne. An exenplary
conpound of Formula has/thejfollow ng structure P-9:0
R8 Fornmula P-9 [0127] may i nclude, for exanple,
hydrogen, fluorine, chloxine, brom ne and iodine; R
may be hydrogen, and a sybstituted or unsubstituted

al kyl, aryl, or heteroaryl, and the I|ike.

Rs

ng IS exenplary
aving the structure of

Formula II-1

[0110] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

[0111] Exemplary stereochemistry may be as follows:

OH

niff
(e}

H
N

Hiwe

[{TiE

Rs
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[0128] The following is exenplary stereochem stry for
a conpound having the structure of Fornmula P-9: o0 o

wo308a@3y2 A further exenplary conpound of For nedHUSIva$019543
the follow ng structure P-10: R8 Formula -10 [0130] R

cl yde or,e , . hydrogen, fluorlne
R e 8 rosrtie SRSttt o p T Forlaolihag ams of the
;mnowgﬁgﬂnk@ﬁ%;stereochen1stry for a conpound having the
structure of Formula 11-10: R8[0132] In sone
E5 may be NH2. An exenplary.conpound of

,fhe follow ng structure NH2HR8
0d83] R may include, fo pl e
orine brom ns e '-dLﬁgH

' :xenplary st ereocpeni|stry foor
0 fthe structwe of Fornul B~<l|1 :
50 emiodi meat s H eaﬁti R4 |may

ycl gal kyl ~arfd E H2 exenplary

Formula has % hel f ol L& ng, ffur e’ P- 12:
-
© o i

Br

CHj
[0113] The following is exemplary stereochemistry for compounds having the
structures II-2, II-3, and II-4, respectively:

OH OH

prau ¢
i
O
T
ZT
I
O

I
S
O

Hi

s
INInm

Hey

[

Cl Br

CHa
[0114] In other embodiments wherein R, may include a 7-oxa-
bicyclo[4.1.0]Thept-2-yl). An exemplary compound of Formula I is the following structure
II-5:
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Formul a P-12 [0136] Rgmay include, for exanple,
hydr ogen, fluorine, chlorine, brom ne and i odine.
wQ 0w3/8925The fol l.owi ng is exenpl ary stereochen BCT/YSI004/019543
a conpound having the structure of Fornula P-12: o
Rs[ 0138] A further exepplary conpound of Fornula has
the foll ow ng struct P 13: R8 Fornula -13 [0139] R8
may i nclude, for exg hydr ogen (P-13A), fluorine
(H13B), chlorine (F brom ne (P-13D) and i odi ne
(P-13E). [0140] The fbd NNg Gkt exenpl ary
stereocheni stry fo a conpoihd having the structure of
Formula P-13: o[0141] A §til|l fu “her exenpl ary
conpound of Formula ha t hel owi ng structure -14:
o Fornmula P-14 [01 may Ji ncllude, for exanple,
hydr ogen, fluorine, chlogine—boom ne and i odi ne.
[0143] The foll owi ng s plary stereochem stry for
a conmpound havi ng the st/ruct'ure of Fornula P-14: o
o[ 0144] In some enbodi negts, the conpounds of Fornul a
, may include as R4 at | east one cycl oal kene, for
exanpl e. Furthernore, in/sone enbodi nents, the
compounds

Rs
Formula II-5
[0115] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.
[0116] The following are examples of compounds having the structure of
Formula II-5:

Hitney

I1-5B

II-5A
Cl Cl

Formulae II-SA and I1-5B
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may include a hydroxy at ES5,
exenpl ary conpound of Fornul a

for exanple. A further
has the foll ow ng

W@ 2008002572 P- 15: R8 Fornula -15 [0145] R8 nmay PCUSZNE4/019543

for exanple, hydrogen, fluorine, chlorine, brom ne and
iadine. [O1 e ary stereochem stry napy be as
. R TR RS TL B Ssoe o

an unsubgtiteRa e Ehdka alkar F&”B&H{H«? eel; S*éﬂg?%ﬂgl‘? Fg@@]& ‘ﬁrﬁzzay be the

P-16, P-17, P-18, and P-19,

followgsboeiesilét For mul ae ~16, P-17, P-18 and P-19 may be

obt ai ned by fernentation
and i sol at ed/ pyr4
t he conpounds of Fornul ae P-
may be used, and are ggferr

synthesis, or sem -synthesis
forth below Furthernore,
6, #-17, P-18 and P-19
tg, @s "starting

materi al s" to make ot her npouyds descri bed
herein.[0149] In some enbodiffrents, t compounds of
Formula , may include a net Heuf as Ri , for
exanple. A further exe ound, Fornula P-20,

st-er eochem stry:

P-20[ 0150] In sone enbodH t he conpounds of
Formula , may include hydrokyethyl as R], for exanple.
A further exenplary conmpouny, Fornula P-21, has the
follow ng structure and stergochem stry: 11-21 [0151]
In some enbodi nents, the hydfoxyl group of Fornula
P-21 may be esterified such jfthat R may include

et hyl propi onate, for exanpl 8 An exenplary conpound,
Formul a P-22, has the:goll w.ng structure and

st ereocheni stry: [ 0152]FFHY embodi ment's, the

ks . [ hyl
B o sy PRI for (Rl YRl B ey

as .
bromine and

iodine. For mul a H has the fol | owing structure P-23:

[0119]

structure of Formula I1-6:

HO

HO

Huue
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o0 [0153] R may include, for exanple, hydrogen,

fluorine, chlorine, brom ne and iodi ne. Exenplary
war@seashem stry may be as follows: [0154] ia BONES2004/019543

enbodi nents, the compounds of Formula P-23 may have

ol l owi ng structure and stereqchem stry, )
L‘ﬂgﬂiﬂ i PPN S ER eaaﬁ-@mou%é??éommﬁél %W&Fi%%owmg
structurk I-24C [ 0155] I n sone enbodi ments, the conpounds of
Formul a P-15 nay have the follow ng stereochem stry,
exenplified by the und of Formula P-25, where Rg
is chlorine: OH Of11-25 Cbnqgunds of Formula Pl [0156]
Q her enbodi nent s iprovi de cgnpgynds, and net hods of
produci ng a cl ass C 256, phar maceutical |y
acceptable salts anaH%rqqerg esters thereof, wherein
t he conpounds are representéd Formula 1:) H3C
Formula 1 H [0157] | rtai p enbodi nents, the
substituent (s) R sepanatel i ncl ude, for exanple,
a hydrogen, a hal ogep no- substituted, a
pol y-substituted or an ynsupstituted variant of the
foll owi ng residues: satyrated Cl-C24 al kyl,
unsaturated C2-C24 al kenyl or C2- C24 al kynyl, acyl,
acyl oxy, al kyl oxycar bonylfoxy, aryl oxycarbonyl oxy,
cycl oal kyl, cycl oal kenyl; al koxy, cycl oal koxy, aryl,
heteroaryl, arylal koxy arbonyl, al koxy carbonyl acyl,
am no, am nocarbonyl, ani nocarboyl oxy, nitro, azido,
phenyl, hydroxy, al kylFolhulaIB7ylthi o, oxysul fonyl

carboxy, cyano,_ and_hal ogenated al kyl including )
[0121] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

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

OH

CHO
OHC

it

I

Re

-21-



pol yhal ogenat ed al kyl. For exanple, n can be equal to

1 or 2. [0158] In certain enbodi nents, R4 nmay be, for
wex@spdxs72 a hydrogen, a hal ogen, a nono- subst i PCI/E82004019543

pol y-substituted or an unsubstituted variants of the

sid saturated Cl-C24 al ky

Jﬁ!% uragbﬁ% I%Q%mQP e%ﬁOWZR{%ﬂYB?RyﬂﬁPﬂkﬁéyﬂEsnwybe
an ox | X ¥xendblk

y%?%loalkﬁIL %@cloalkenyl&ﬂ%%%g2§¥h%§¥ oa ko%%a%§W§FFL'

heteroaryl, aryl al ko ar bonyl , al koxy carbonyl acyl ,

am no, aninocarbon\ nocarboyloxy, nitro, azido,

phenyl , hydroxy, a o, arylthio, oxysulfonyl,

car boxy, cyano, and ped al kyl i ncl udi ng

pol yhal ogenated al kyl. Ip s di mrents m can be

equal to 1 or 2, and wheWemis Zqual to 2, the

substituents can t he orl different. Al so, each of

Ei , E2, E3, E4 an or exanple, a

substituted or unsub $ het eroat om For exanpl e,

t he heteroatom may be ni/trogen, sulfur or oxygen.

Compounds of Fornula | V{[0159] O her enbodi nents

provi de conmpounds, and ngt hods of producing a class of

conmpounds, pharmaceutical/ly acceptable salts and

pro-drug esters thereof,/wherein the conpounds are

represented by Fornmul a h (R5)ITi ( i)n R3 Fornul a

IV [0160] In certain embodinents, the substituent(s)

and R5 may sep&hﬂﬁmhuﬂmnclude a hydrogen, a
ﬂﬁggg a nmpno-substituted, a poly-substituted or an
st i Raypaymehideafor §X%¥Pl@aﬂé’dﬂlﬂeﬂ&ﬂn&$@ flusriieu@s8B), chiorine

(H_gc)qﬁ&ﬂggigdﬁ[@]a F28a:ak unsatur ated C2-C24 al kenyl or

acyl cyloxy, al kyl oxycar bonyl oxy,

HIEpxy CEfebeyWﬁigﬁs eﬁb’lﬁbﬁ@} &Eﬂeoctfe)‘lﬁkt%af&ed“éfdm Rl %Vmg the

| oal kox aryl, heteroaryl, arylal’koxy carbony ,
ﬂnmﬂngpﬁg%@ug%py nylacyl am no, an1nocarbony|
am nocar boyl oxy, ni t azi do, phenyl, hydroxy,
al kylthio, arylthi wsul fonyl , carboxy, cyano, and
hal ogenat ed al kyl i ng

H““\Qn-

i)

Rs

[0126] In some embodiments E5 may be an amine oxide, giving rise to an

oxime. An exemplary compound of Formula II has the following structure II-9:
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pol yhal ogenated al kyl. Al so, each of E , E2, E3, E4
and E5 nay be a heteroatom or substituted heteroatom

w0 o00seanpl e, nitrogen, sulfur or oxygen. |n SPEEUS2004/019543
enbodi nents, R3 is not a hydrogen n is equal to 1 or
2. Wien n is equal t'he substituents can be the
same or can be diff y Als® mcan be 0, 1, 2, 3,
4, 5, 6, 7, 8, 9, 11. en mis greater than 1,
t he substituents cap be e or different.[0161]
In sonme enbodi nents RS“ay
di -substituted cycl ohexyH,
Formula 1V is the foll oy ng
wi t hout exenpl ary se®=F8poche
Rgmay i nclude, for exanpe
chl orine, brom ne andtiodi ng.
and R7 may separately irclude a hydrogen, a hal ogen, a
nono- substituted, a poly\substituted or an
unsubstituted variants ofythe foll ow ng residues:
saturated Cl-C24 al kyl, ynsaturated C2-C24 al kenyl or
C2- C24 al kynyl, acyl, acyl oxy, al kyl oxycarbonyl oxy,
aryl oxycar bonyl oxy, cycl®eal kyl, cycl oal kenyl , al koxy,
cycl oal koxy, aryl, heteroaryl, arylal koxy carbonyl,
al koxy car bonyl acyl , aﬁ?rﬁ&lggﬁ nocar bonyl ,

jypcar it [ Y, dr,gx .
R RPN, TR IR or e, brogge and
iodine; Ramey bn dyduga, laptl aisnbititatedgr pedupitithed afigl eglylabkidteroaryl, and

theﬁkgiwther, R6 and R7 both may be the sane or
di fferent.[0163] For exanple, an exenplary conpound of

SOy 2 3¢ 8y AR R EAES s B i

structurigyod Fogpawla IF-9:uor i ne, chl orine, brom ne and i odi ne.
[0165] Exenplary stereochem stry nay be as
foll ows: [ 0166] For exanp] e, arpoexenpl ary conpound of
Formula |V has the i ng s‘ructure rv-3:

apl ary conpound of
gcture V-1, with and
istiy: Formula IV-1 [0162J
Fydoogen, fluori ne,

The substituent(s) Re

ZI

Hes
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R8 Formula 1V-3 [0167] R may include, for exanple,

hydrogen (IV-3A), fluorine (I1V-3B), chlorine (IV-30),
whe@sioos7y | V-3D) and iodine QV -3E). [0168] Exeempisa0g4/019543

structure and stereochem stry may be as folloms:

SRR, cnent bR S R agbbu ehdron Ty Bauing folwies siructre

-10: [ 0170] For exanple, an exenpl ary compound of Formul a
IV has the followi ng structure IV-4: o R8 Fornula IV-4
[0171] Rs may i ncl ude, r exanpl e, hydrogen,
fluorine, chlorine, bro ne anEHiodine. [0172]

Exenpl ary stereochem s e as follows: O
Conmpounds of Fornula V [917 enbodi ments provide
conpounds, and met hods of~pr
conmpounds, pharmace
pro-drug esters thereo wher ei
represented by Fornul . Formula V [0174] In
certain enbodi nents, supstituent(s) R and R5 may
separately include a hyfrogen, a hal ogen, a

nono- substituted, a pol y\substituted or unsubstituted
variants of the follow ng residues: saturated Cl-C24
al kyl, unsaturated C2-C24 al kenyl or C2-

Ra

Formula IT-10

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

1 iodine.

[0131] The following is exemplary stercochemistry for a compound having the

structure of Formula II-10:
///L\\v//OH

Hiwe

I
ST
(@)

M.

Rs
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C24 al kynyl, acyl, acyl oxy, alkyl oxycarbonyl oxy,
aryl oxycar bonyl oxy, cycloal kyl, cycl oal kenyl, al koxy,

weywsoaskoxy, aryl, heteroaryl, aryl al koxy carponyk2004/019543

al koxy carbonyl acyl, am no, am nocarbonyl,

1. Aocar boyl oxy, nitro i do,  phenyl, hydroxy,
i% t hi g‘ § FRPGm t@y%wyp Nigzar Beu xengg)amiocompeynd of

annuﬁqiRgﬁﬂ@hﬁg“%%%%hmhﬂghyg%ng pol yhal ogenated al kyl. In

iodine.

certain enbodihents, eac
may be a heteroato

exanpl e, nitrogen,
1 or 2, and when n
be the sane or dif

exanple, 0, 1, 2, 3, 4, @
mis greater than 1, R5
[0175] Certain enbgdiaognts al sof provide

pharmaceutically accepthabl e|salts and pro-drug esters

of the conpound of Fg , and provi de net hods

of obtaining and purifyi/ng such conpounds by the

nmet hods di scl osed her ei [0176] The term "pro-drug

ester,” especially when Xeferring to a pro-drug ester

of the conmpound of Formulfa | synthesized by the

met hods di scl osed herein/ refers to a chem ca

derivative of the conpo nd that is rapidly transforned
in vivo to yield the conpound for exanple, by
hydronS|s in blood ok.iAS gp 1fissues. The term
"pro-drug ester” refers to derivatives of the

f3gbunde: nhay dloheded fdrexaemple hydmeder)Yhivhiae adtidride0 Brodine and

any of several ester-formng groups that are

hydr ol yzed under physiological condi ti ons. Exanpl es of

T T e LT

of Bi , E2, E3, E4 and E5
ubsti t ut ed heteroaton] for
or oxygen n can be equal to
tom%, t he substituents can
Rreferably, m maybe, for

6, 7, .8, 9, 10, or 11. When

structuraof Wednhula$- 0t her such groups known in the art,

including a (5-R2-0x0-1, 3- dioxol en-4-yl) net hyl
pro-drug ester groups can be
H guchi and V. Stella, in

N tens", Vol. 14, A C S
Synp03|un18er|es OX em cal Soci ety (1975)

and "Bi oreversible Carrners in Dx@g Design: Theory and
Application", edited by/E che, Perganon Press:
New York, 14-21 (18 i dilng exanpl es of esters
useful as prodrugs for cont ai ni ng car boxyl

gr oups) . H

it

Rg
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[0177] The term "pro-drug ester,"” as used herein, also
refers to a chem cal derivative of the conpound that

WO g005amsdt y transformed in vivo to yield the ceapUszud4/019543

for exanple, by hydrolysis in blood. [0178] The term
" tlcaII cce e salt," as.used her
PR R o ERT R e de it NG B D RATHA CoOEIl gnd E:

may be61<13H5e pAﬁQk&nﬁlﬁf}lcoﬁi 0@nd 8PQYMIHa TTHAS tHAGH DGR gd!:tﬁﬁe 11y

iodine.

and Formula I-V as produced and synthesi ze
met hods di scl osed
phar maceutical ly acceptaple salts of a conpound, and
preferably refers fo an pcid aggdition salt of a
conpound. Preferred of pharnaceutlcally
acceptable salt are the al kal i bal salts (sodium or
potassium), the al kaling eal tal salts (cal ciumor
magnesi um, or anmg salis derived fromamoni a or
from pharmaceutically | ablle organi c am nes, for
exanple G - C7 al kyl am cycl ohexyl am ne,
triethanol am ne, ethyle ed|an1ne or
tris-(hydroxynet hyl)-amnonet hane. Wth respect to
conmpounds synt hesi zed by\the nethod of this enbodi nent
that are basic am nes, e preferred exanpl es of
phar maceutically acceptable salts are acid addition
salts of pharnaceuti cal | ¥, accept abl e i norgani c or
organi c acids, for exanp?e, hydrohal i ¢, sul furic,
phosphori c acid or aIFaﬁaﬂbﬂ;ﬂW aromatic carboxylic or
ﬁﬁlfonl acid, for anpl e acetic, succinic, lactic,

PPk rpaY jnelude; qu iexamplec Bydspgen, fiueting, rehiprine, bromine and
met hanesul foni ¢, p-tol uensul fonic or
naphthalenesulfonlc acid. [0179] Preferred

[Pnar)rac qliei foRdbwgItp esé pl@fysstéﬂe&l‘leﬁﬁﬁgr 1R 8ol Weing the
pharmaceuti cally acceptable salts and pro-drug esters

“ﬂmuﬂ%PfF%@ﬂ%%Hﬂéund of Formul ae |-V obtained and purified

by the nethods discl osed herein. Accordingly, if the
manuf acture of pharmaceuti cal formul ati ons invol ves
intimate mxing off the pharmaceutical excipients and
the active ingredilgnt ot form then it is
preferred to use phars E: exci pients which are
non-basic, that is, eitl £~ or neutra

exci pients. [0180] It
the phrase "conpou® nd cpnpgsitions conprising the
compound, " or any like i
compounds in any Hu

Rg
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suitable formfor pharmaceutical delivery, as

di scussed in further detail herein. For exanple, in
w@egosadas7enbodi ments, the conpounds or conposiPEDNS2004/019543

conprising the same may i nclude a pharnaceutically

cFER8 morE ARt et s RY Par Tvgat e i llowing sructre

-13:m crobi al di seases, cancer, and inflammation. Disease
is meant to be construed broadly to cover infectious
di seases, and al so aut Of ne di seases, non-infectious
di seases and chronijc conditions. In a preferred
enbodi nent, the di gease ijs cauged by a m crobe, such
as a bacterium a foRgls d_pt ot ozoa, for exanple.
The net hods of use may algso jnclu the steps of
adm ni stering a conpound Sition conprising the
conpound to an i ndiy4 n infectious disease
or cancer. The conpound\or cohnpg@sition can be
adm nistered in an a effective to treat the
particul ar infectious disease, cancer or inflammtory
condition. [0182] The infectious disease may be, for
exanpl e, one caused by Bacillus, such as B. anthracis
and B. cereus. The infect]ous di sease nay be one
caused by a protozoa, for/ exanple, a Leishmania a
Pl asnodi um or a Trypanosgma. The conpound or
conposition may be adm nistered with a
pharmaceutical |l y accemoabh® wasrier, diluent,
jx [pient, and the |like. [0183] The cancer may be, for

Q§P§| e, Ra Wl tipgnde, nipe | examples hydrageactihl 34 pr Huororen (1-43B),

. t i br [ :
Chlormﬁ gﬁﬁgﬁéﬁr&?}g% (ﬁlolfjgﬁ)g? %&Hé‘ﬁﬁ%i&%ﬁﬂogs gtr:: gg mciar gi noma, a
fel40jomaThe@fslioigg bd d@nipfal$ l‘élerégaﬁerhﬁfr% FHR LG 01i11}c1I I%aving the

condition may be, for exanple, rheumatoid arthr
structugeqfibiopmulsli-{3;pl e sclerosis, psoriasis, stroke,
nyocardi al infarctio and the like. [0185] The term
"hal ogen atom" as erein, neans any one of the
radi ost abl e at ons mm 7 of the Periodic Table of
the Elements, i.e. § ehl ori ne, brom ne, or
i odi ne, with broni neXafid chigdri ne bei ng preferred.
[0186] The tern1"a|ky|,"nas§used erei n, neans any
unbranched or branched, ;
o}

Hue

-27-



substituted or unsubstituted, saturated hydrocarbon,
with C -C unbranched, saturated, unsubstituted

whyasoearbons being preferred, with nmethyl, etbyl/pS2004/019543

i sobutyl, and tertbutyl propyl, and pentyl being nost
P rre t he su stltuted saturated
h@ggglc ar g})ﬁﬁﬁn herce ary Gogneund of Fosarla B basethe following

struchgelIsi4: t ut ed saturated hydrocarbons and

1odine.

am no-substituted hydrocarbons are preferred, wth
perfluromethyl, pergitokonethyl, perfluoro-tert-butyl,
and perchloro-tert bei ng the nost preferred.
[0187] The term"s ted" bgs its ordinary

nmeani ng, as found i pPeys cont emrpor ary pat ent s

fromthe related art. Seg, flor e le, U S. Patent
Nos. 6,509, 331; 6,506, 78%~4.500/825; 5,922, 683;
5,886, 210; 5, 874, 443; d 6,/350| 759. Specifically, the

definition of substituted ig as!broad as that provided
in US Patent No. 6, 1, mglch defines the term
"substituted al kyl" suc that it refers to an al kyl
group, preferably of frqm1l to 10 carbon atons, having
from1l to 5 substituents)\ and preferably 1 to 3
substituents, selected frjomthe group consisting of
al koxy, substituted al koxy, cycloal kyl, substituted
cycl oal kyl, cycl oal kenylg, substituted cycloalkenyl
acyl , acylanlno acyloxy, am no, substituted am no,
am noacyl, am noacyl oxy, oxyacylam no, cyano, hal ogen,
hydroxyl, carboxyl, carboxyl al kyl, keto, thioketo,
thiol, thioal koxy, sub §FPF%ﬂkb4th|oalkoxy, aryI

XY, byl OX etero
ag%g?ocy%$ﬁﬁ§§@§ﬁ%%?%xya %9 mPﬁ%% 1wpﬁg,qﬁ9qqe1nonnneand
-- SO al kyl , --SOsubstltuted al kyl, -SO aryl,

- et eroa --S2- al kyl, _-SCVsubsti t ut ed al kyl ,
1@2\7& yI T féfné’)ﬁDWStg\Aﬁ SKETBHEY Blerepplesnajstine forabwapdlmdtlmdmg the

structulB ¥ GBifyid /ey Provi de standard definitions for the term

substituted” that are well-understood by those of
skill in the art. Y The term "cycl oal kyl" refers
to any non-aronmati ocarbon ring, preferably
having five tot ons cqﬂpr|3|ng the ring. The
term"acyl" refers W__ef "aryl groups derived
froman oxoacid, with aqiacetyl goup being preferred.
[0189] The tern1"a|kenyh{ d herein, neans any
unbranched or branghed

Hie

it

Rs
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substituted or unsubstituted, unsaturated hydrocarbon

i ncl udi ng pol yunsat urated hydrocarbons, with G -C
waamsasmshed, nono-unsarurated and di - unsat ur at BC/US2004/019543

unsubsti t ut edhydrocar bons bei ng preferred, and

ngﬁ%- nsat ur at ed, 8i-halggen subst it ut ed hydrocarbons
bel atjrm SPECatordanenih i eampouads pbEeway Ik mayfierlade as Ry
at least Bn@BycldHIR! Rk rfi{)llla.y ELAGALRD ih 0%, ge&'bﬁéf?xﬁe%?%&e compounds

_having five to twelve atoms corprisin
may ifcdudg0d hifdrexy er By Baexdmple.” sufisthet etedtblaw Wompound of Formula IT

"heteroaryl,"” and "substituted heteroaryl,"” as used
has th%@ﬁ@?”ﬁr}g ?%\"EFG ﬁblSér onmati ¢ hydrocarbon rings,

preferably having fiye,_six, or seven atons, and nost

preferably having s s conprising the ring.

"Heteroaryl" and "3 uted heteroaryl," refer to
[ ich at | east one
stl fur, or nitrogen atom is

aromati ¢ hydrocar bos 0
heteroatom e.g., oxygén

inthe ring along with aﬁ\LSast e carbon atom The
term "heterocycle" or "Heter ic" refer to any
cyclic conpound corf {ng dne ¢r nore heteroatons.
The substituted aryls, ocyel es and heteroaryls
can be substituted wif ny (substituent, including

t hose descri bed above agd those known in the art.
[0191] The term "al koxy"\refers to any unbranched, or
branched, substituted or junsubstituted, saturated or
unsaturated ether, with @ -Ce unbranched, saturated,
unsubstituted ethers being preferred, wth nethoxy
being preferred, and al S8 with dinethyl, diethyl,

met hyl -i sobutyl, and hy]. - t-butyl ethers also
being preferred. The F@%ﬁ¥bé%§$oalkoxy" refers to any

ONS3r ONRY ity hiNElnes; 6 DORNTIE By dRyelh SMaRing, BRI b&éﬂﬁ%e and
. .. to twelve atons conprising thé ring. The term "al koxy
IOdm‘?-carbonyl" refers to any linear, branched, cyclic

ate turated, .aliphatic aromati c al koxy
Z‘tﬁt@i hedg{{%nlflgalg%zfr%%%@lam&%é’ a}yabﬂ?e“‘ fgﬁ%‘i‘iﬁl es incl ude
met hoxycar bonyl gr oupg~get hoxycar bonyl group,
propyl oxycar bonyl i sopropyl oxycar bonyl group
but oxycar bonyl group," ﬁx¥carbonyl group,
tert - but oxycar bonylxg %pentyloxycarbonyl
group, cycl ohexyl oxyc
group, allyloxycarbonyl
group, pyridyloxyc%rbo

rQQny_ groupg, benzyl oxycar bonyl

enyl oxycar bonyl
7 and the |iKke.

I

Rg

[0147] The following is exemplary stereochemistry for compounds having the
structures II-16, I1-17, 1I-18, and I1-19, respectively:
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[0192] The terns "pure,” "purified,"” "substantially

purified,"” and "isol ated" as used herein refer to the
w@orsposd2 of t he enbodi nent being free of ot hePCT/US2004/019543

di ssim | ar conpounds with which the compound, if found

inits naturgl state, would be associated in its

natural sta n certain enbodi nents described as

“pure," " " fsubstantially purified," or

"i sol at ed” corconpound may conprise at | east
0.5% 1% 20% and nost preferably at

| east 50% or 759 : by weight, of a given
sanple. [0193] - Gdkalf e i " "variant," or
ot her sim bat={erm | npound that is an
anal og of the ot her'eat . ain of the
conpounds of HROTFUl & | -V may~Be” obtsned and purified
or may be obtaified ¥ia semi - syntﬁksi% fr purified
conmpounds as set forth herein. n 7 W t hout
being limted thereto, the ounds} of [Formul a H 15,

preferably, Formil ae P-16, P- 17 P-18-and P-19, may be
[ frentéat i on. Exenpl ary
ded& bel ow. Fut her,

t he compounds of Formula P-15, p eferabl¥ For mul ae
P-16, P-17, P-1§.gnd P-19 may be @%ed startlng

conmpounds in order to obtain/synthesize various of the

ot her conpounds descri bed h Exenpl ary
non-limting syntheses are proyided herein. C

Formul a- 1 | aP-16 O Br al,-18 Formula 11-
19 [0195] , QOH S CURK( reguced through a

hi gh-yi'el d Su fernentation ( 2 ng/ L) and

nodi fications othhé congPti ons hasE ylel d new

anal ogs inthe f 1 shows the
chem cal sp anal ogs can be
generated thro . Di rect ed

bi osynt hesi s HivsY of :a natural product
i anal ogs to the

1I-19

. Br !
[0148) The compounds of Formulae II-16, II-17, 1I-18 and II-19 may be
obtained by fermentation, synthesis, or semi-synthesis and isolated/purified as set forth
below. Furthermore, the compounds of Formulae 1I-16, I1-17, [I-18 and T-19 may be used,

and are referred to, as “starting materials™ to make other compounds described herein,
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produci ng m croorgani snms (Lam et al, J Antibiot
(Tokyo) 44:934 (1991), Lam et al., J Antibiot (Tokyo)

WG 2003/002001) ). [ 0196] Exposing the produci ng cCRCT/USE0L/@19543
anal ogs of acetic acid, phenylal anine, valine, butyric
?ﬁgﬁ shjkimc a d and hal ogens, preferably, other

Tchi Br soree cmbqdingeais. tthe wREPPBRdFReS Sarmeladbymay include a

methy PHPISR , FFAEIBIENA %epég&@%gL&ﬂ@gﬁﬁﬁ Rlniufa 11.20, has the

followieg atmpdtere aaﬂls'ereonhﬁnﬁtryatl ng the medi um wi th different
concentrations of sodium brom de, a brono-anal og,
Forrmul a P-18, was successfully produced in shake-fl ask
culture at a titer of 14 qu/L. [0197] A second
approach to generate | ogs is through
bi ot ransf ormati on. Bi [ [
chem cal reactions ca “
contai ni ng these enzyme™WZakg AH, Curr Opin Chem
Bi ol 5:130 (2001). Nlcrobiﬂl aturalj products are
i deal substrates for biotrgnpsfor on reactions as

enzymes or whole cells

reactions inside mc
Chem Bi ol 5:106 (2001). [ —~®Yen the structure of
t he descri bed conpound§” [ cludlng those of Formul a
P-15, for exanple, the podsi bFe biosynthetic origins
are acetyl -CoA, ethyl mal onyl- CoA, phenyl al ani ne and
chlorine. Ethyl mal onyl-CoA i &2erived from

but yryl - CoA, which can be derived either fromvaline
or crotonyl-CoA. Liu, et al., Metab Eng 3:40 (2001).
Phenyl al anine is derived fromshikimc acid.
Production of Conpounds of Fornulae P-16, P-17, and
P-18 [0199] The production of conpounds of Fornmnul ae
-16, -i7, and -18 nay be carried out by cultivating
strain CNB476 in a suitable nutrient medium under
condi ti ons described herein, preferably under

subrer ged aerobic condltlons until a substantia
amount of conpounds are, detected in the fermentation;
harvesti ng by extractlng the active conponents from
the fernmentation broth wwth a suitable solvent
concentrating the sol vent
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contai ning the desired conponents; then subjecting the
concentrated material to chromatographic separation to
W0 swba02871 he conpounds from ot her netabol ites BEBHUS2004/019543
present in the cultivation medium [0200] FIG 2 shows
S@ﬁgxcol%§ctlon Si t s worl dwi de for the culture
76) L WFEh SHoGmegtsy dhe cempesndss oS diormgla s anay include
hydroxyefhyl 8s RNOMWS & J ﬁlﬁﬁp
g %pycal 268 rDﬁN}AﬂEegﬁgﬁﬁheé %%(élﬁ Sgﬁn%%@gor g’%‘%\@sﬁ has the
followirgsiesiwre anshrieraethemiigtyi ¢ si gnat ure nucl eoti des of the
Sal i nospora that separate themfromtheir nearest
relatives. [0201] The culture (CNB476) was deposited
on June 20, 2003 with the Anerican Type Cul ture

Col l ection (ATCC) in Rockville, MD and assigned the
ATCC patent depositi nber PTA-5275. The ATCC
tpe

deposit neets all o equi rements of the Budapest
treaty. The culturelJs o puintained at and
avai l able from Nereu egiical Culture

Col Il ection at 10480 Crcle, San Diego, CA
92121. In addition to the s@e0|fro m cr oor gani sm
descri bed herein, it sh : der st ood t hat

mut ants, such as tlh prodyced by the use of chem cal
or physical mut agens | i Cf](rays, etc. and

or gani sms whose genetyiue gup has been nodified by
nol ecul ar bi ol ogy technfques, may al so be cultivated
to produce the starting\conpounds of Fornul ae P-16, -
17, and -18. FernentatioQ of strain CNB476 [0202]
Production of conpounds £an Belachi eved at tenperature
conduci ve to satisfactgyy grom h of the producing
organism e.g. from 16 degree C to 40 degree C, but it
is preferable to conduct the fernmentation at 22 degree

32 de ree C gueous . nedi um can, be i ncubat ed
oltrsqg pe]gi o4 @P%@eﬁg 3&%5@0& S9RP| &t Boropda 1121 may be
estenﬁemlr Q¢ tthan RO nfaQ MRRUAIES RSP lRL € PrgssyL
qui d chronatography ﬁPﬁg prgée?gb¥ aG&ltlo? aﬁgér%oﬂmkwy
Compouélfi E@‘amla B-X29haghe éqll;)wm@stmqtm’e any stehw@klesmioper at i ng at
about 50 rpmto 400 rpm_Jpreferably at 150 rpmto 250

rpm for exanple. [02 owh of the m croorgani sns
may be achi eved by on

Hilne

(LTI

1122
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of the art by the use of appropriate nmedium Broadly,
the sources of carbon include glucose, fructose,
woraiwsoexs72 mal t ose, gal act ose, mannitol and gl yPer/vk2004/019543
ot her sugars and sugar al cohols, starches and ot her
car bohydrates, or carbohydrate derivatives such as
dextran, cerelose, as well as conplex nutrients such
ap182t f 118 WomeC I | ke,
The eIxact quglnt i&fl?/bdc??@{]tﬁ’emg aérogIIl nougl g% r%(’ge?% 3{3h|ﬁs$éy ficlude an
ethyl group iag b, ifor exenpledi Aifusthdrl exdepeag comppatid of WREAULNE has the
other jn ients in the nmedium but an anount of
ﬁﬂb“%%ﬁ%%ﬁbﬁggf ‘between 0.5 to 25 percent by wei ght of
t he medi um can be sati
These carbon source
several such carbo
sane nedium for exaap
preferred as hereina forth, [0204] The sources
of nitrogen include am ng_acj ds ch as gl ycine,
argi nine, threonine, neyhio and the |ike, amoni um
salt, as well as c sour ceg such asyeast
extracts, corn steep |i ;dPstiller sol ubles,
soybean neal, cotttond¢e ngal, fish neal, peptone,
and the like. The varioys s U(§GS of nitrogen can be
used al one or in conbinakion inN anobunts rangi ng from
0.5 to 25 percent by weight of the medium for
exanpl e. [0205] Anong the nutrient inorganic salts,
whi ch can be incorporated in the culture nedia, are
the customary salts capa® e of vyielding sodium
pot assi um nagnesi um cal cium phosphate, sulfate,
chl oride, carbonate, and like ions. A'so included are
fOESe neRahmysncbdeg Socahalpls, HyargeneHdrink! élerine, bromine and
%gg%gfenunl zinc, cadm um and the |iKke. BIO|OgIC£f
ary stgreqchgsstromarbapsipliews] 0206] Sone embodi nent s
relate to nmet hods of
and i nfectious disg
humans. The net hodg
of admi ni stering ak €
cl ass of new conpounts” ThOg
herein may be used to trﬁat:
i nfectious di sease. ’

factorily used, for exanple.

be used individually or

y be conbined in the
M carbon sources are

iodine.
reati ng cancer, inflammation,
particularly those affecting

ncl ude, for exanple, the step
i ye_8hount of a nenber of a

, inflammati on, and

Htie)

Rs

[0154] In some embodiments, the compounds of Formula I1-23 may have the

following structure and stereochemistry, exemplified by Formula II-24C, where R; is

chlorine;
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[0207] The conpounds have vari ous bi ol ogi ca
activities. For exanple, the conpounds have
Web@soexsnsiti zing activity, anti-mcrobial, PCT/US2004/019543
anti-inflammation, and anti cancer activity. [0208]
The conpounds have prqteasone inhibitory activity. The
pr ot easone i nhi bitq ivity may, in whole or in
part, contribute tg abi |l iy of the conpounds to
act as anti-cancer, inf Jajorat ory, and
anti-m crobial agentsx-A The proteasone is a
mul ti subunit protease th*ﬁ degra i ntracel | ul ar
proteins through its chy, \pafi- | i ke, trypsin-like
and peptidyl gl ut anyd= tide] hydrol yzing (PGPH, and
al so know as the caspasex!| ik tivity) activities.
The 26S proteasonme cont'dfns : proteolytic core called
the 20S proteasone and S regul atory subunits.
The 20S proteasone is responsiBle for the proteolytic
activity agai nst many substrates includi ng danaged
proteins, the transcriptipon factor NF-kB and its
i nhibitor IKB, signaling/nmolecules, tunor suppressors
and cell cycle regulatorg. Thepe are three distinct
protease activities wthin the proteasone: 1)
chynotrypsin-like; 2) trypsin-like; and the 3)
pdyl - gluta epti de hydrol yzing (PGPH) activity.
1G5 e R @ERniss Risotrouns PEFRTIBIAHL 18 mes bive the
followifBsGer Ecedn NI d e :
_ (E:[gy m%glg?sﬁ&i i ke égﬁdvﬁ §H62$HI$%@5’??0 ftnﬁ%rg}uéa II-25, where Ry is
chloringr ot easones than Onuralide (EC50 52 M and al so
i nhi bited the chynmotrypsin-like activity of human
erythrocyte derived easonmes (EC50 ~250pM. FIG 5
shows onural i de, 5 adggradation product of
Lactacystin, and i gapound of Fornul a P-16.
Conpounds of Formul 3 I bit a significant
preference for inhibitin ynot p#psi nl i ke activity of
t he proteasone over inhj e catalytic activity
of chynotrypsin. Co rmula P-16 al so
exhibit | ow nMtrypsin- Ly bitory activity (- 10
M, but are |l ess potent/at Enhibiting the PGPH
activity of the proteaspme £EC50 350 nM. [0211]
Addi ti onal studies have\characterized the effects of
conpounds descri bed herekn, , including studies of
Formul a P-16 on the NF-kPB/ |1KB signaling

C q0s

Compounds of Formula IIT

[0156] 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 III: '
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pat hway. Treatnent of HEK293 cells (human enbryonic
ki dney) with Tunor Necrosis Factor-al pha (TNF-a)
w0 pabaoes7phosphoryl ati on and prot easome- nedi at BCI/US2004/019543
degradation of I kBa followed by NF-kB activation. To
confirm proteasone inhipition, HEK293 cells were
pre-treated for 1 hour (W ~hv?:fﬁf)ounds of Fornmula P-16
fol l owed by TNF-a stinul afigh. Treatnent with
6, prjonot *the accunul ation of
esti hat the

conmpounds of Fornula P-1
phosphoryl ated | kBa su
pr ot easone- medi at ed a degradpti on was i nhibited.
[0212] Furthernore, a st —HER293 cl one (NF-kB/ Luc
293) was generated carryfng/a |uciferase reporter gene
under the regul ation o(R; XHsNF- kB bi ndi ng sites.
Stinmulation of NF-KB/L

uc’®93 cells with TNF-a
i ncreases | uciferase acf;Oi Vi s a result of NF-kB
activation while pretrea i th compounds of

AOLSYl a B d&taleemBadiBen@Cthi \éhﬁ@ﬁtue\%(%{ Rl &pg%a‘?épl?r %%2{%%5& for

empnstrated that conpounds of Fornula P-1
exampiey @ bydogem slhalegenot nmeswheitytedt polisBastiuitd de an aasdetituted

. i f total in'the NF-KB/Luc 293
varian d1ipg ?&&%n%% s ot %5 4ol ety Crbawlieny! or Co
Cy alltynyeaseylt hacyieme! %lzlgﬁo;?’taﬁb&%h&xyey%&ﬁo{ﬁgfﬂﬁggﬁgg cycloalkyl,

@rotei ns, p21 and p 0213]" Tunor ce
cycloalkgnyd; t ahkexy, o oyrloakaxpmeryinhibietcard, t ighillaogymedarieelyl, s alkoxy

over.. proteasone .inhi.bition increases the
carbon{BEAP ¥ling.DAGIERREER. BRI D] clbborddgeRbanL Thdoxy,
lthivyt efy@tkics 8%JduMbhp, O c u ' ei:Netud;

ey i %clgltggi n ]g(j Fo§rz mul aMP- (?Lag%&ﬁlér %g’a%eg’%fo ge}l%% o@gili cIHCIudlng
polyhalpgenajed 3likdg Fonstample,imuss beaguarto dekrl. | i nes.  Formul a

Fﬁ%@ was ex%?' ned, for exanple, in the National Cancer

I8 ¢ ot B Srpmnbdingent, 2y herdPt example, hlsgirogesy abhlagen,

BsdBstxBil Pht @litby ©rC e | kbYW 4 B @ :
: r_nonrrgan G 50 3a ug%?%sﬁlg&tgdéﬁjg e%ljti Sg@%ﬁnﬁgé a‘%:’ar'ﬁ‘f‘“ét\? eoég% following
residuegr satpratadn ki izt | dkyl, ofisdtemtedt Bad;d QilledMy] BreCgleatbBshyl, acyl,

oten observed. agai hst _SK- MEL-28 nel anonma and

acyloof LRy B pBIRS: Baadrabanian; veonn wobelientie alkosy,
Y _ éﬂhgang%}r of celolmqu’i n;ggfé?l{‘rﬂ?g ud %‘ﬁ’tﬁﬂ Urr:aa}hk)of%l é:lagb%g%cﬁ, ]ammo,
aminocHon@9 amidotabayloxypr osioat idd?Cahenyhr e§&iox{ MMy MBi? 3dylthio
g ung EH;ICI-H292 , _qvarian (QVCAR3), acute ‘<F-cel I ylihio,
oxysulfonyl,” carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl. In
some embodiments m can be equal to 1 or 2, and where m is equal to 2, the substituents can
the same or different. Also, each of By, E,, Es, B4 and Es may be, for example, a substituted
or unsubstituted heteroatom. For example, the heteroatom may be nitrogen, sulfur or

oxygen.

Compounds of Formula IV

[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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| eukem a (Jurkat), murine nelanoma (B16-F10) and

normal human fi broblasts (CCD 27sk) was treated with
W@20050635027 ani de A for 48h to assess cytot oxi c BCL/US1004019543

HT- 29, LoVo, PC3, MDA- MB-231, NCI-H292, OVCAR3,

Jurkat, and B16-F10 cells were sensitive with EC50

val ues of 47, 69, 3 97, 69, 10, and 33 nM

respectively. In contras{, the EC50 val ues for

CCD- 27sk cells were ‘”M\ Treatment of Jurkat cells

wi th Sal i nosporam A
resulted in Caspagg§m3 acE| vati omd cl eavage of PARP
sis. [0215] The

confirmng the |nduct|o of-3pop:

assay. As one exanple, the rlesults indicate that
Formula JJ-16 is a pot? i Rhi bi tor of LeTx-induced
cytotoxicity of nurine rophage-1i ke RAW264.7 cells.
Treatment of RAW264.7 cells with Formula P-16 resulted

in a 10-fol d i ncrease FormwaIVi ablllty of

TG &b Pl BRI E el R TRE LB, AP Afarately

includet hpibgen0f Haldgdl] & mbholbbitdit8] a E’Lstubﬁtﬁaiedsdrlﬂl @substituted
have characterized the effects of the conpounds

variantgiefstbe folbvihg residues rsatunated\e: 43/ alk}dBuma@n"aﬂeerg Graglkgayl or Co-

see the,Exa es i, unstinulated ¢
o kGRS o) di IRy SR Raro il  gyeloation
cycloalk&ﬁll degkdsy, t BRc163kSB), 2Rl MhalérohfyBC tryIRIkeRyP |c@1)boﬂylt halkoxy
hé ‘i nhi bi tory protein I'KB (inhibitor of NF-k
carbonmnyﬂ O BRI, | mmpcacrbnnyéaa@momboy)lnwp nisroy | aEidm nph?}ﬁﬂ Kiydroxy,

eyt B il SRS SRR AR LR R icin
polyha1b§eﬂ§%dt SIRPS| @g% e&lch ®the UH.e w3 ﬁ{ddEg o6yl B @Sh&ledstom or

expression, affecting many cellular processes
substltutﬂbhalcma@m, fitwi dxiatripbm ngfogap,opidfos bs oxy@sambn beme pybedjgents, Rs

such as CPT- 11(Ir|noe can actjv NE- Kk
is not aﬁ@ﬁjg‘?fée&lolrbﬁ aypkler! 8%{2 %?e%lsi TR ﬁ‘?fgtﬁféwtlgbefl{éscan be the
same of @a%yﬂ)et it@rdn?. AILCH 8aS6d020I7, B ¥, 9f6, t8Se MLl $1! Ghen m is
undergo apopt osi . Painter,’ R B.” Cancer Res 38: 4445
greater (@718 Jhe svbstdneds ca:n)besthasajn@etpdlffdlgeht boronic acid that
inhibits the chynotrypsin-like activity of the
pr ot easonme (Lightcap, et ah,
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Ain Chem 46: 613 (2000), Adans, et al, Cancer Res

59: 2615 (1999), Adans, Curr Opin Oncol 14:628 (2002))
waokioseosmhanci ng the trypsin and PGPH acti vit i BGT/US2004/019543

Recently approved as a proteasone inhibitor,

V e(tm PS-341; M| enni um Phar maceuti cal s,
| ﬁ"&.gf]dhagn GB‘@’% PSR THEY 8tve|nsetteyd éi-fubsidtatedesyclohexyl.

An ex6@bl ' tiwity of :
g AL TATEEN: LIS, SIS s o
exempheyy elerdoghémisirpi t i ng | KB degr adati on by the proteasomne.

Blum et al, Intern Med 80:249 (1974). In
addi tion, Ve 2(t m wasf ound t nhNbit the

Gowt h atned Oqcogene- al pha ( ang Vascul ar

pat hway. Dicl, ef_all, J Brol Cher
These data sugggst ™ pr ot easone
only decre unor |[cel | surviw
angi ogenesi s. ' 1
potential appMi‘¢ati pn for proteasowey i nhi bitors cones
fromrecent studies'on the biodefenge Gategory A agent
B. anthracis (anthrax). Anthrax spokes are inhal ed and
| odge in the lungs where they are ingested by

macr ophages. Wthin the nmacrophage, gpores gerni nate,
the organismreplicates, resulting ultimately in
killing of the &l|. Before killingrgccurs, however,

i nfected nacrophages mgrate to the | ynph nodes where,
upon death, they rel e¥semtiladVrl contents all owi ng the

g@g@gl smto ent(ﬁr t?e bl oodstream further replicate,
ecret B2Y dihue. {9axaaple-wpdregens ilugrine Fehderindabtomine and

iodine. ATRE s96&tit ' 9 (”}339 X, toxins are
O s ponsi bl e 82?{63%%1 g np o%%’a%a@gégécg?%eda%ypwggﬂi filglogen, a
mono-sybwtityedt epaoly-stubsiitutpd ayardukRBstiatcd vafahth of BRL AASRILSES dues:
aturategf Fﬂg hrajfé 1ar e {r otective antigen (PA 83 kDa) an
§ ethiat? fattorngdtpatedoCray alkangh car 62-€od labiomiyly edoyl, acyloxy,
kvl I ] e ~iF has an enzymati c
: lyo’j unc!thiyg%(,y ’ bgll?tléﬂryé’%’ﬁ?f%@%%ﬁ%%a%‘éfﬁ AoRafkeaiy O%Y%i gygfoalkoxy,
aryl, hefefacyl, aglalltoay Ra&bofiyllFalk € Undigvifiuabl e

, .when conbi ne)(/JI the%giause eac%,ﬁ V\,helﬂ)l’Ji h}}rﬁglgtcaérgonyl,

. h ver i
mmoc?fﬁ&ﬁ%ﬁé Q1 37140 Phpmahgdroxalalieylthé, aaylthi®i ogkefonyl, carboxy,

v, OBl SR A Sk, B v oy

be the same or different.

96) .
may not
but al so

279, 7273 (
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[0218] Protective antigen, the receptor-binding
conponent of anthrax toxin, is responsible for

wo e@ssmsri i ng | ethal factor into the host cel | PCPBS2004/019543

ol igomerizes into a ringshaped heptaner (see FIG 6).

d h f f
T8 P RACE kG et soRiroli o6 Pempils ke et Bdowing

structueé T\LB; The conpl ex fornmed between the PA heptaner and

iodine.

LF is taken into the cell by receptor-nediated
endocytosis. Foll owi ngZ“éndocytosis, LF is rel eased
into the cytosol whej at t acks various cel |l ul ar
targets. Mbgridge, -|oc egystry 41:1079 (2002),
Lacy, et al, J Biol 3006 (2002), Bradley, et
al, Nature 414:22% (2001). 219] ethal factor is a

' ‘ ch in the cytosol
can cl eave and inacti; signaliing proteins of the
m t ogen-acti vated protei m\ ki nase ki nase famly
( MAPKK) . Duesbery, et g gnce 280: 734 (1998),
Bodart, et al, Cell Cycle/1:10 (2002), Vitale, et al,
J Appl Mcrobiol 87:288 (1999), Vitale, et al, Biochem
J 352 Pt 3:739 (2000). O Xhe seven different known
MAPK ki nases, six have beenm shown to becl eaved by LF.
Wthin the cell, MAPK ki nagse pat hways transduce
various signals invol ved hn cell death, proliferation,
and differentiation naklng t hese proteins highly
significant targets. Howeukdy-Zertain inhibitors that
@ﬁgyintékeTx I, g g cell death, do not prevent NAPKK

N agelpjiay g B‘%‘g Qi $%3Ple Ay diogens fHorine) ehjoting, potmine and

sufficient for induction of cell death. Kim et al, J
Bi ol Chem 278: 7413 (2003), Lin, et al, Curr M crobi o
pBL63P4 (Bedflary[s2@Bhebistigines Hrardogsagest ed t hat

i nhibition of the proteasone can prevent LeTx-induced
cell death. Tang, et nfect I nmun 67: 3055 (1999).
Dat a have shown tha pnpt asone activity is required
for LeTx-medi ated Kill | i mMyof \WR64. 7 macr ophage-| i ke
cells and that pggt'e o
cells fromLeTx. Protea&sone thlbl(Jon did not block
MEKI cl eavage, suggest ion pat hway i s not
bl ocked upstream of in these studies.
Additionally, there is n e i n proteasone
activity in cells treaed; th LeTx. These data
suggested that a novel, t edit
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proteasonme inhibitor |ike the conpounds descri bed
herein, may al so prevent LeTx-induced cell death as

WO kdoasesat ed in FIG 6. [0221] The receptor foPCPBS1Iva$019543
been identified and is expressed by many cel | types

, et _al. . lInfect 59: 199
R e e SE M T

structurgSr-®phages causing cell death within a few hours.
Hanna, et al, Proc Natl Acad Sd U S A 90: 10198 (1993),
Kim et al, J Biol emMmrR78: 7413 (2003), Lin, et a
Curr M crobiol 33:2% '6). eTx can |nduce bot h
necrosi s and apopt o9 dipcrophage- i ke
RAWG64. 7 and J774A A% Zﬂ/ln vitro treatnent.
[0222] The resul t% indijcate that t conpounds
descri bed herein act ag ent _#nhi bitor of
LeTx-i nduced cyt ot oxj of purijne macrophage-|i ke
RAV264. 7 cells. Treatnen RAVR64.7 cells with, for
exanpl e, conpounds of f 6, resulted in a
10-fold increase in the viabiflity of LeTx-treated
cells conpared to LeTx trieat ment al one (average EC50
of <4 nM and therefore pnovide a val uable therapy for
anthrax infections. Formula P-16, for exanple,
pronot ed survival of RAW64. 7 macrophage-like cells in
the presence of LeTx indigating that this conpound and
its derivatives provide a val uable clinica
t her apeutic for ant hr &rmulh &¢t3 on. Phar maceuti cal

ﬁﬂ si tjons % In one enbodi nment, the conpounds

g@f H@e?rﬁ e fofs €¥amplep fhafreger Y 3A), fluorine (IV-3B),

chlormé3(qvp§l§)' Bfo‘ﬁﬂﬁe ?}Hﬂggfﬁﬁg EE; erably can be produced
ose re

t he nethod di s¢ in. The conpounds can be
[ﬂié&] f dixempdarp bigycture apb atercRehisG G HRAS IS lIEWS
conprising a pharmaceutically acceptable carrier
prepared for storag ubsequent admi ni stration.

Al so, enbodi nents r 0 aypharmaceutically

di scl osed above
carrier or diluent. Ac epHabFe carfiers or diluents
for therapeutic use areHwetds in the

phar maceutical art, escfibed, for exanple, in
Rem ngton's Phar maceut i oyl Sgi es, Mack Publ i shi ng
Co. (AR Gennaro edityw1@85%. Preservatives,
stabilizers, dyes £

Rg

[0169] Additional exemplary structure and stereochemistry may be as follows:
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and even flavoring agents may be provided in the
phar maceuti cal conposition. For exanple, sodium
whezoense2 ascorbic acid and esters of p-hydr ORGDES04/¢19543
acid may be added as preservatives hi addition,
anti oxi dants and suspendi ng agents may be used. [0224]
iti ' arly those of Fornulae |-V,
may be formulated apd uged asHtablets, capsules, or
elixirs for oral admni OHsupposi tories for
rectal adm nistrai on,*$ﬁer| sol utions, suspensions
for injectable adn1n|sEraﬂ|oﬁ pa es for transder ma
admi ni stration, and suBHdger osits and the I|ike.
I nj ectabl es can be pr red ijn conventional forns,
either as liquid solutio —swuspensions, solid forns
suitabl e for solution W gusgension in liquid prior to
injection, or as enul siogs. Suitable excipients are,
for exanple, water, sali dextrose, mannitol,
| act ose, |ecithin, album sodi um gl ut amat e, cysteine
hydrochl oride, and the like hi addition, if desired,
t he injectabl e pharnmaceutifcal conpositions may:contain
m nor anounts of nontoxicmauxiliary subst ances, such
as wetting agents, buf ?ﬁ agents, and the I|ike.
I f desired, absorpt|o cfng preparations (for
g)ﬁm)' e Fdr'e&@ﬁ@[éeﬁﬂ exéfﬁﬁlaﬁﬁcdﬂﬁpduhd%‘ﬂ Fol8RIWV has the following
har maceutical formul ations for parenteral
structuradWi4i st rati on i ncl ude aqueous sol utions of the active
conpounds in water-sol uble form Additionally,
suspensi ons of the aetiveyconpounds nay be prepared as
appropriate oily injection suspensions. Suitable
I'i pophilic solventsjor vepicl gsdinclude fatty oils

such as sesane oil or~ether organlc oils such as
soybean, grapefrUPt or alﬁpnd oi ls/°ot synthetic fatty
acid esters, such as eth or triglycerides, or

|i posonmes. Aqueous i
subst ances that increase vsoosity of the
suspensi on, such as sodi r boxynet hyl cel | ul ose,
sorbitol, or dextran. Optiondlly, the suspension may
al so contain suitable stakilizers or agents that

i ncrease the solubility of\the conpounds to allow for
the preparation of highly toncentrated sol utions.

[ 0226] Pharmaceutical prepgarations for oral use can be
obt ai ned by conbi ni ng R

Formula IV-4

|on suspgensi ons may contain

[0171] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.

[0172] Exemplary stereochemistry may be as follows:
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the active conmpounds with solid excipient, optionally
grinding a resulting mxture, and processing the
woreoos027Df granul es, after adding suitable  PCT/US2004/019543
auxiliaries, if desired, to obtaintablets or dragee
cores. Suitable excipients are, in particular, fillers
such as sugars, inclyuydi ngN actose, sucrose, nmannitol,
or sorbitol; cellul ose pgeparawni ons such as, for
exanpl e, mai ze starc peh, rice starch,
potato starch, gehafli gacanth, met hyl
cel | ul ose, hydroxypropylne hyk ceb/ ose, sodium
car boxynet hyl cel | ul ose, s /vi nyl pyrrolidone
(PVP). If desired, dicsnt agents may be added,
such as the cross-Ilinked sy® pyrrolidone, agar,
or alginic acid or a salt"y heEeof such as sodi um
al ginate. Dragee cores argf prévided with suitable
coatings. For this purpose, concentrated sugar

gum arabic, talc, polyvinyl/ pyrrolidone, carbopol gel,
pol yet hyl ene glycol, and/of titanium di oxide, |acquer
sol utions, and suitable omrgani c solvents or sol vent
Com &E%%gtﬁg. E%ﬁstuffs or pignments nay be added to the
agee coatings for identification or to
1) ct egbiae Rl 0 ve C ound
goggg For tﬁ%gﬁgﬁﬁﬁgi cong@%?aﬂﬁ%ﬁggﬁggﬁng%Vh lgﬂﬁunga
class oﬁgymuemds,qﬂlamﬁneuhcaﬂmacmﬁabmm@dlﬂsmd PRS-diup Gt erddE Gvherein
thecOta C géﬁgollgpne car bopol ge
nﬂ%W?@? %@39 I or tltanlun1d|OX|de | acquer
qutlons and suita organi ¢ solvents or sol vent
m xtures. Dyestuff hgments may be added to the
tabl ets or dragee c¢oatings for identification or to
characterize diffe €5 ons of active conpound
doses. Such formul be made usi ng net hods
known in the art (&pe, fer axanppe’ U.S. Patent Nos.
5,733,888 (injectable c nﬁbs ns) 5,726,181 (poorly
7071 641 (therapeutically
active proteins or pept Ndes)—554667, 809 (lipophilic
agents); 5,576,012 (sol ubililzing polyneric agents);
5,707,615 (anti-viral fotnuf8tions); 5,683,676
(particul ate nedicanent1;§ 5,654, 286 (topica
formul ations); 5, 688, ﬁﬁ %éq ﬁ) suspensi ons); b5, 445, 829
(ext ended rel ease formiP&tds); 5,653,987 (1iquid
0474l atth afesthin SmBddined
gorgﬂlatlons) and 5, 601é8g§p§§%8g%§gg go%ﬁgqﬁ on ﬁxmnndy
1nclude[aoigz¢})ngu ra& halogel, st trmsledsutxmteﬂed armly-anbstitised or unsubstituted

VanantspJ}qﬁgﬁﬁl%%ﬁgc 96'31duesn.%gt§1{attedo 8SC24 alf<y1 unsaturated C,-Cy4 alkenyl or C,-

-’

A

Cas 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. In certain embodiments, each of E1, Es, Es, E4 and Es may be a
heteroatom or substituted heteroatom, for example, nitrogen, sulfur or oxygen. n can be

equal to 1 or 2, and when n is equal to 2, the substituents can be the same or different,
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known in the pharmaceutical art for uses that include

intraocul ar, intranasal, and intraauricul ar delivery.
web@soeaseut i cal fornul ati ons include aqueous optit/stond/e19543

solutions of the active conpounds in mater soluble

h 2
profere§y B iy S 97 ety (o) G- R2b01) K i an bhal b sreater
than 1, RW&%/"bthe §mo o@fféﬁéﬁﬂ nol ogi ca, 210(2): 101 3 (1996));

hal m ¢ oi ntments; ophthal m c suspensions, such as
nﬁOHerpar@ertamh ambedmwntasgalmopmmdn mhglft@i:autllcaﬂmaymtab&ﬁ salts and

o DT oSSR, B kbl e i

punfylﬁBg Rictl cé&?b’ﬁkﬁ bg%m%ﬁba@@ﬁclsﬁdme%m al., Prog. din.
447-58 ("1989)), and mcrospheres

(I(lﬂiﬁ@lentThe tBoi “‘pod-drugadster, Sk(slbe)olam'lwlﬁen(m%ﬁl)g o aprb-drug ester

|
of the {gPReHng: Popeiie DRSS DisHeasiIoped i Aelets t© @
chemlcﬁlo n?‘?\;a%fvgr Ifl e éoﬁﬁ%o%ﬂﬂ Cth&NEL Pal;!) élf rt?a{iilsfo%e§tzﬁbvz% tté( ﬁél@ the

arnac i'cal conpo ons may al so i ncl ude
compoﬁ’fcb s exasippbaligdrofyssrin broe;ja)lr abidectissuasu| T derim’ pmniyug ester”
pects nasal secretions

to,ensur miI nt enan
refers g &eﬁaﬁtﬂ&smfa{h@/ campeus dislased Bt primsd Rering ﬁ%ﬂog of any of

v B3R S, B 036 DRE Ry Ao, pramoles

of pro-8tiigtéattl @réupsindladd piveylaxgmethgl, acdideymeilyl, phthﬁleactya,blhl;ianyl and
isotonic, slightly buffered to maintain
methoxgmisthyhig Wekkas QSherawciaaRpUpE KRR} t}leuaﬁemg@mg 2 (5B Zoxe1,3-

dioxoledl- gI)ﬁeﬁl&P gIlOﬁb’h RIS St Al %ﬁ’ -gruﬁ%%g{ei’ %Mu@g Ca b %und i in, for

Sta arnmaceutr cal at1 o

exampleNTT #Hgiiche Uh@rv.detkily, ahY'Plrmmgdasst\@rBelﬂre@ sysﬂems" Vol 14,
ol ntnments for topi cal application in th

A.C.S. Sympesits $esies.sivairiean GhemigplRaciety oh945); @@11 E@r@f%@rﬂiqﬂmm
in Dru%?tjesgn n .{1{43%“8 81;[ p\(wg’u usg(ﬂte% o‘g %mﬁocﬁca géan%\on Press: New

-mcr

York, @mmpélesnt@eomn@%ml@mf ofFestersl agfll- zvé ProdzOE G tdrapsunds
i ncl udin ormul ae |1-V can be adm ni stered by either

Contalnm%ﬂafmxy gieupfal pat hways. V\hen admi n| st er ed oral ly,

(" PhE S ShehEd hBen Bkt kR o BBl §yphomica

derivatReIbTARA bdporird thaNisk 1@@%&5&)‘1‘1@1@@% #5038 yaid géompound, for
suspension, an oily preparatlon or the Iike or as a

exammdrb)phycmipp@mbloﬁ@/ sal ve, oi ntnent or the like, when
subcut

0 por Feriedt o P LBReE Yas used herein, and

particularly when referring to a pharmaceutically acceptable salt of a compound, including
Formulae I-V, and Formila I-V as produced and synthesized by the methods disclosed
herein, refers to any pharmaceutically acceptable salts of a compound, and preferably refers
to an acid 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 ammonium salts derived from ammonia or from pharmaceutically
acceptable organic amines, for example Ci- C; alkylamine, cyclohexylamine,
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 salts of
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intramuscul arly, or the Iike. [0229] hi one

enbodi nent, the anti-cancer, anti-inflamatory or
W@nios/005¢2 obi al can be m xed with additional SPORUSVW0E619543

to enhance their effectiveness. In one enbodi nent, the

L N R O L R M —

antl

phospl@dgid adill %F]Ca:ﬁbfﬁét}c‘ ct§r %Hﬁgt@ %gllr}])}%% Br Igllglﬁgui Ecﬂe‘fldrcégc'%ﬁe acetic,

that is he u o a pati

succinggy {actipg malish g@‘taslc NEid) esterint, rﬁch‘hrlm sme‘tMHeaﬂfc[rﬁXZ@Otbldeﬁsulfomc
AR ati ve enbodi ment, the disclosed cheni cal

or napa aegﬁsﬁi}gmﬁﬁa%t he discl osed pharmaceuti cal

CIPEsi t PaYera! egﬁ‘ﬂfﬂa@élftltcglr egoxﬁ%o BidAa" tcilé: As%& ngﬁltéetl]n od include

as an anti mcro Such I'nclu
pharmenehiéeally 4cayptalelerisalts andipi@drizhategd o6 Ith?d ompdmmy@f Fovaiugde 1-v
mnistration in capsul e,

obtam?dd%}d”'usfﬁf e n%@:égfﬁ?scgy%bere@f Aeeedinglyckl thomagyfacture of
phannzﬁc*éilué’!ﬂi RHu3dtioat III%H;GQ GAHERe RRRHE R hd tagnaé’elliltlga\cln}églagents and

adm ni stration 1 ncludes admnistrati

the actmpgwdmh in #ssai formp tepait ad prafereyd tbhﬁebhkﬁné&éuﬁ’@al @xcipients
sitor salve, ointnment or the |ike

which ?f& M%.@{%Q@%lﬁ citngr acigie of pepral §>€Pé1@19¥t§neousl y,
: [2%9;(28:: it vﬁp%l Al ﬂg?&cﬁa@{fﬁﬂg &gﬁlsg t‘éoanrl?)'losuc 4L and gomposmons
compnemgaummnpmumlﬂ mnaﬂw]@kdcp}hrhsﬁ 15( ﬂ])ealﬂCWeﬁb&hﬁa%*s'cgﬂ) oundc? in any

ct al (e) .admi ni stration vaginally, as
S““abl%g thP%/ a{%léﬂwewf@é glelyeryk jap | disomsser eina furitfen rdetm]l hgieing  For

exampl&\jhtﬁvheﬁfgvﬁ? %Hfi)to?f;r’%%gse e 38%E§u % ,ﬁrnqogqqog{tiogtﬁ %\qﬁlglqtsm(g:tthe same

may inclodsd 1 plhdmﬂcmlcemsmeﬁt@mwmbme%om s@pL fornulations,
and infusion punp delivery. As further exanples of -
40 modesows cabpiliment rthe |C@mpamldsama[yubd leed do Srlabsnic@bial

| d h
N TN T R T TR
infectionb elideasds, apdmednggoditui)aEREE Lﬁdngﬂk‘ecﬁgﬂg)ﬁﬁkﬁéeg r&ﬁfi chromc

i ncl udi ng nodes of adm nistration throu I ntraocu
conditiqns;  hadueferrgh gnhedinagntr theudisgaspag havaps by @&ﬁih]obé'hﬁuch as a

st ] IRSE A e TRl o SRS TS,
steps offadn@nidieriag 4 c\efmp'bﬁﬁﬂ"Jre&xﬁ%sﬁloﬂoé&?ﬁhélh%gﬁg e&%a%ﬂg& & an

route of adm nistration, the
individyg) yeith apdnfegtiousediserds oarcdndshe The compound or composition can be

administered in an amount effective to treat the particular infectious disease, cancer or
inflammatory 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 protozoa, for
example, a Leishmania, a Plasmodium or a Trypanosoma. The compound or composition
may be administered with a pharmaceutically acceptable carrier, diluent, excipient, and the
like.

[0183] The cancer may be, for example, a multiple myeloma, a colorectal
carcinoma, a prostate carcinoma, a breast adenocarcinoma, a non-small cell lung

carcinoma, an ovarian carcinoma, a melanoma, and the like.
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physi cal characteristics of the specific animal under
consi deration. The dose can be tailored to achieve a

waele®snexs7ef f ect, but will depend on such fact oPGI/ES2004/019543
wei ght, diet, concurrent mnedication and other factors

' se. skilled _ di cal ts
A 2B oot Bkl b ol Ftnt bobgpmpigist arthits,
asthma,grffgn lé@ﬂs‘rosﬁ % Sou n%dH?Jk% AL CRMRCR RIS aftdthelkeUsed

in @ ation Wth one another, or in
e85 natTl&ntevmt thalibe atonhye napetd heremy nmaagamsbn@ of the radio-

agents. These products . c til | IV, . .
stable iy PArceluT & ‘glﬁrﬁ?ﬁPdlcaF@E%Pg tfeﬁleéltshuﬁa luorigg, ghjorine,
brom1n¥ 'otr (‘Pdm% %ﬁ{‘ﬂ%i}x\(ﬁ c@fdﬁrﬂe%e efefr@@ products or

i ons can m ni ste tothe manmal in a

Y(llr86]3t y Tie WS“all{yh,Clalsdlsl@ hpseirg nhedna| dny, unbranched or branched,

i ntravenous|y, subcutaneously, intranuscularly

substituges @ﬁ,lg}é}ﬂpsg[,lmtfxgcqagppg@d RylgrcaEony ’Wlﬂhg»r@gy uglpranched saturated,
unsubstitliciRGELEABERY bing® TR Infin' HeuBhy Ay I28BARL and tert-
butylpréfigmgdl pastlyl Widing iosti pfbferfdﬂZSS]Arﬂ%ﬁlg\Mthé dmbsﬂlt&&d; | saturated

rent to one skilled in the art, the useful in vivo
hydrocaxg@mg 611G R0 and fi- 9né peighalpgenswbstiaied isaturaded islacagions and

ammo-%,\g)r@n'ﬁlke%lt 381108!&19%4 laré’ %rgfeg%ﬁe%ﬁ{] %egﬁlgl%ﬁle thg%f %grch oromethyl

e€ci es’ treat
perﬂuodefEﬂC’MfdﬁS arﬁi@r@ﬂ@x@rteﬂfbﬂt)ﬂ Being piecmbéigprefsaed.or whi ch
these conpounds are enployed. The determ natjon of
§9¥83Lt | vEhedtssmgsubsifepd’ hashig ordsnam @egmgs,g@s foune [ig; numerous

conem G835t B RARSLIF S5 I U S o

6,506, 7elza6 386,809.05,020 6@?t519$1§210Tmma443y and @YesD, oL N§seifically, the
p Tcations of oducts are comrenced at | ower dosage

definitipre pé B@astlwt«tmlsmSlag@ pethal phawided lhrIéJSeQQ@ﬂt Dt p4509.821, which

s 5 PG B S S A LA S, 395

to 10 c@f%nrﬁ&h§sha‘%ﬁngtaﬁﬂ?nnl %4 sadubSitudiits,t 411 ﬁt@fﬁ?ﬂﬁ 11l @S substituents,
i dentified he present nethods usi ng abl i shed

selected Himnméeo gogp azwlnsmtmgq ofi g&p@g&;})smmtqdoalkwmmc]amlkm [substituted
t.udi e licatio product.s are
cycloatEyffBalChE. T GHEPFGo B ETLI oV KRR g gamine,
’ d t SyhSAAmind , b 1,
iSRS iy R, b Bikpoe, Myuk e, o
carboxytaycalrbanglalklyt oktb,y thiclespe nthielg thup@lﬂtoxhesdmmult@ij ttabdleetys aryl,

the thera eutl i ndi cati o T |caII dos
aryloxy, eteroary. her%eroa ryloxy, — heterocyclic, yg terocy 00Xy, q%/%roxy ino

alkoxyamino, nitro, --SO-alkyl, --SO-substituted alkyl, --SO-aryl, --SO-heteroaryl, --SO,-
alkyl, --SO,-substituted alkyl, --SO;-aryl and —SO,-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.

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

[0189] The term “alkenyl,” as used herein, means any unbranched or branched,
substituted or unsubstituted, unsaturated hydrocarbon including polyunsaturated

hydrocarbons, with C;-Cg unbranched, mono-unsaturated and di-unsaturated, unsubstituted
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be between about 10 m crogram kg and 100 ng/ kg body
wei ght, preferably between about 100 m crogram kg and

waosnhIsee body wei ght. Alternatively dosages negI/b82004/019543
based and cal cul ated upon the surface area of the

BB R Py 5 o

being ﬁ@ét'ﬁ&ef%ﬁ%ﬂs THO®% ]“ H8alk f@fs 19 -axro %19 h?/ﬁrocarbon
o He

admi‘ni stration an sage
ring, pricfeddbly biardhg fiy & twiche atmycc&nprmﬁng ﬂne rmgt i ent s

Pk ol Guals " GRbHiweaptuh | chctams,” F |at1dsf$@h$tﬂuted
heteroapﬁ ”%tﬁg%ﬁél@& td& t@ta}oqﬂﬂicr}g/d%}iﬁa'oﬁ'rﬁ% Q%Qabg]g Phbe, six,

t'o and otermnate I"nt errupt,

or seveadwoms,stndahog rprefhmbt}ohdvmg siiktafome E:oﬂhpnﬁﬁgallib ring. “Heteroaryl”
.. dysfunctions. nyersely, the attending physician
and S‘%H?Uéeda %f%ﬁéw EET 48) Wematie hydneerrbor ¢ingp gh eWhlplewellsast one
t e not. at
ntealdy 0, e Sk 9P AR HE T B8 A o

carbon tatmn ey esran thaérotyude dbs Sheledoc@dlich ek 66t ané é}}clﬂfl Eﬁ'o)hpound
with the severity of the condition to be tréated and
Contam’c“@ M0t BEehGrroagmsni Tha subisBitedraelss deteracyglen and heteroaryls

can be %@ﬂg{s\é&é@lt l?éﬁtt?e)ﬁ? J:lu 1ng%h L g gg{g‘beg rgBPYehgl}d: &pﬁeel\clnown

stan I'c ev

in the aiose and perhaps dose frequency, WI Il also vary
accordl to the age, body weight, and response of the
[HALLi d Uﬁ1 © t5ER |“e1ht>x}”’ﬁte£ﬂf$)§9r 20 \mbmmhecbloe branchérhtsubstituted or

s S SEHARONE TRttt " 8 2! R

unsubstttme&te&@rs wﬁ@pﬁwswﬁﬁméﬂ%ﬁ‘ em% PeRfcANa also Wlﬂ% dimethyl,
adm ni stered system cal | | oca A vari et

diethyl, ; methyl-ipabatyk candf orethyl-sari- mtyhndleasd mSnI. Isdmgtprdiarrmhy Blee term
o099 U o E TSGR SO TR,

twelve afbsicompAsin® the Qe STHERYeri gﬁlkgﬁ)f ‘&EﬁJon Iﬁ’efé'iCé}lz 'to | &Y linear,
transdermal , vagi nal, transnucosd {ntest| nal

branchegdqﬁchp,sqaﬂmtp@runsyaraeﬁﬁt eliphiatid eir mtmnqn,c alkmdyLmiuaclgad to a carbonyl

gou. | AETSEHLRL: AR SRR AL TG Bt caonst groun,
pronse AR ) b NCPSORKD, gl BRELLGHGRL g, e
butoxycaxbpey)]t | gmpup; h@:ra‘g}anx)saﬂfony]h e genp o dicyaopentglyxyerbonyl  group,
cyclohexﬁoxycar% ngl 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,” “substantially
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

compound that is an analog of the other compound.
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aqueous sol utions, preferably in physiologically

conpati bl e buffers such as Hanks' solution, Ringer's
w@oioandsm, or physi ol ogi cal saline buffer. ForPEIUk2004/019543

transnmucosal adm ni stration, penetrants appropriate to

' d d i h
¢ B aef ot <G eincatcfie BSmBp e HoreN i rans b Kotoined nd purifcd
or malyhee %bfa-ine@sﬁiagienﬂt@ﬁméﬁg Lﬁchﬁ af)dr}ﬁegcg qﬁ%@@'& fagfsre{t 'hfghﬁ herein.

tof ormul ate the conpounds herein i SC
Generglhya ovithoat dieinghBmétetd abiéren tthé RbMPORSRIES Fotilalles I Bfeferably,

' ynistration is within the scope of the
F mui%ﬁ%ﬁ.@n@ﬁ Thi's ﬁ%?‘fsb%rmaﬁ bF obtagnedcamilietiealner by iferatsntation.
E Ufea@bmbdi lce, ..t [ tions. .disgl osed
L0 PROREct o BRI, SR SBielEpunds of
Formuteall-I5e peefereblys Femedap @l ) tIe1 3l 11318 &dCI-19SmBY be used as stgning
e

i ntravenous | njection, The conpounds can be fornul a
°°mP°P’é§d‘Fl| ‘Vd‘ﬁgﬁf’ r?ét%@frﬁléeéé?@wa@am SP the ©thst sbimpowmdsrdeseribed herein.
Exemphy hoklioWhnd &k Walc ages suitable for oral

adniﬁistra?%gg{mgﬁcIg@%?&%@ﬁgigﬁable t he conpounds of

the embodinment to be fornulate tablets, pills,

capsules, liq gels, syrups, rries, suspensions

and the |ike, ral ingestlon atient to be
treated. [02 ntp 1 ntend « 1 ni stered

i ntracel | ul arl e cadmi ni st ere ¥Ng t echni ques
wel I known to those of ordinary skjllZin the art. For
exanpl e, such agent sz may Be encapgilad ed #/nto

|'i posones, 'then adhi-pladred as d | beg above. Al
nol ecul es presegt i m aqueous i onlat the tine
of |iposone forngti oheafe i Ncoppeiated IAto the

The |iposonal cpnténts are both
protected fromtje external m crdenvironnent and,
because |i posone§ fuse with cell nenbranes, are
efficiently delivered into the cel ffcyt opl asm
Additionally, duefto their hydrophobicity, smal
organi ¢ nol ecul esf may be directly adm ni stered
intracel lularly. c[ 0239] Detergnatigp of the effective
amounts i s welFdmMI-15i N t he capability of those skilled
in the art, especially in light of the detail ed

di scl osure ided herein. In addition to the active
i ngredients,
contain sui
conprising e
processing of the ag
whi ch can be used pBar

aqueous i nteri@ry

hagmaceuti cal | y acceptable carriers
' iéﬁ( s mhich facilitate
ive conpolRwes” o @t epar ati ons
@utical y,_.l

N

Hiy

o

Hiwe

Br ‘
Formula I1-18 ]
Formula II-19

[0195] Formula I-16 is currently produced through a high-yield saline

fermentation (~200 mg/L) and modifications of the conditions has yielded new analogs in

46-



The preparations fornulated for oral adm nistration

may be in the formof tablets, dragees, capsules, or
wa@eeandsns. The pharnmaceuti cal conpositions nmeERCDES2004/019543

manufactured in a nanner that is itself known, for

e R s RS o 0 a1 6 AR s
can be ?Qﬁé@zﬁéd’ hiabh 0 dir&Md &B@Iﬂ%smorDiré’&éd biok{hdis RBE BRYEFoation
Compounds di scl'osed herein can be eval uated for

of a natfifal cplcejru@art[y B«bdqngmlqsyumehg preconsor natalogdsto  ther fermentation of

pocucg P b (o LB D AT Pl .

Antib 18581: 1 e established by determning in vitro
nllo?@%?%ﬁty tgagr s a cell line, such as a manmal i an, and

0196 r abExposimgethe podhting icnkure Th eanalegsubf aceti€ asidcphenylalanine
valine, gﬁtg%:: géld?éﬁlﬁ-g{lé gcggfarnﬁg\a tglgl\é?:ggq:ff?r%o v} 9,’( t]fvm ﬁ@ghgg can lead to
the forradidi Mﬁvy Qﬁ% $st hend Q6 ﬁh’cﬁéf% roB@ded &Hlﬁr&ﬁwe&ggéd {d'crude

an ani ma e such as mtTe, rats, rabbits, dogs or
extractdMNKEYE, anddyC-MES. dBbdresxamipdy] after mgmbmkaMng thetthedism vﬂiﬂedlfferent

ef ficacy of a partijcul ar conpo nd may be est abli shed
concenigafiong Qfegedinm Bramidgc 6g‘?\‘"°§1=9 "qu&af%swa% sypeesfully

producégﬁyéﬁﬁiéeuﬂésﬁl'cﬂg{ue'ﬁ?g%& of U4 an .C' inical trials.

rt-recognized invitro s exist for nearly every
(01993 of Acosudbhd omppioach UCtbnggéZd&Eat@Oﬁféth i anslogdatied thypugh
t he compounds di scl osed herein, including cancer

biotrangfarpRtioNa s cCRICHENHPERHIOE, TeRREOTPa AT FEeIfRl Heactions catalyzed by

Y, 1 [

enzymegco% e‘)%[&ébf:@ﬁacﬁ)luw nnlq@fﬂ%%%: egérﬁaneq Zﬁa%g e% tc?iglsd P wlﬁ Biol 5:130

(2001). eMlbﬁ)@feﬂ mfurfINR ot Sretidedl fsﬁléﬁtrafdscfﬁr bivadhifbongion\Msotions as
sel ecting a nodel to determ ne efficacy, the skilled

they arg synthesizedaby becres eleenzyjnatip gcastigne inside; mécrehipl ¢cils. Riva, S,

Curr 0}212%?&5."13?1%5?3@%%(51 te nodel, dose, and route of

regime. O course, human clinica

{am] S C@iveR! 18O hRctELdS tthe WRsRIbEH NRnigvaned, finclagingothose of
ound i n humans. 530241 When used as an
1

Formulaﬂilt 5, fpicexapipdd, thepassiblsshiesinthegie ozigins armidetihnde reﬂlyhnalonyl-

con, 5L ot COBOHR R SPARAS LS STk B, v

_can be Weﬁve@ellméﬂlﬁdn@ KaEnDbRLIoYonyl-CoAANLRE AN MietireERs 3140 %001)
capsule, tablet, granule, spray, syrup, or other suc
Phenyl4laxine is\eeimed Bninrshiimiceatidon- or al | y, it can be
Product?(()jnr%tn bglgn%uen%s o% Formu %uﬁﬂ%fﬂ-lﬂand II-18

[0199] The production of compounds of Formulae II-16, II-17, and II-18 may be

carried out 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
chromatographic separation to isolate the compounds from other metabolites also present in
the cultivation medium.

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

which is also refered to as Salinospora. FIG. 3 shows colonies of Salinospora. FIG. 4
-47-



suspension, an oily preparation or the like or as a

drip, suppository, salve, ointnent or the |like, when
wa@ewsni2srered via i njection, subcutaneously, PCT/US2004/019543

intraperitoneally, i ntravenously, intranuscularly,

Tt N = T —
mgnatu@'@hﬁdléﬁtﬁde@éﬁth@ lS'Hlulzo'%be tﬁﬁ%ﬁﬁ@ﬂe%@iﬂ froﬂrpﬁég']neﬂ%ﬁ relatives.

conpositions disclosed hereln i n pharmaceutica
d0dsi t Tonsuitane CNB4EONPES séepaspaomade 20412093 w1th the

e T R T
patent &éiﬁ@ﬁbﬁ BughbeRPTAeS S SOrTHé" Avent & Bﬂf rrfe@ﬁ ra@lp&%gé Y‘ecéf'r@ments of

are wel known in the arnaceu I ca
the Budegsast |ttﬁatj/ fBire exbunpl i, allscm Reiniangidont snPharaitalsie ufrbmaNereus

Pharmapgyiehl CRI QL aisTien ot M SiRisee (e g [ieeo. CA 92121, Tn
addItIOIfl % L asﬁa@ﬁﬁ@'}ﬁlcm LRl nGBRS W QP? oudd b%o{lﬁ{feksqgod that

oral adm nistration; suppositories rec
mutants; agclnaﬂ thasiproilsteadatyi the ;usest)EdShehﬁcai @k hiers n@itagens including X-
nsions faor injectable adm nistration., Injectables
rays, et&aﬁpdg

SreARisTHa vehpse rge%%%?v@ﬁlf%rhﬂs tregn waodified R rmcd@cular biology
technlq]f,lésq a9 250! Bl St to zy&f&%g ﬁleoﬁzfi'tm% % goin%r %? E SHLLRPHS 6 ,1I-

of solution or suspension
17, andilhjl&ct i on, or as enul sions. SU|tabIe exci pients

include, but are not limted to, saline, dextrose,
E@—nﬂ@ﬁ&m&e, | eci thin, al bumin, sodium
mat e a he 1i
B g RSh S BARAC O B 200k LR edfuive
satisfactooyngasithiof fise proghoie b s Bgfﬂ&mlﬁrﬂe@r&fC ROBO Q¥drée C, but it
auxi | iary substances, such as wetting ents, pH

is prefemifle & icppdugh &y genngmgtl(@rh at 2 |d@grepr de 53 r@greeaﬁs oFlpt hgreous

meciunf EE AGLALSERE 3408 e SURUELS o BSTATTR) pyfion o
compouid® dg hloﬁftoﬁeﬁébymgfpp&wu!r@ﬁqm& %Hfdn@ﬁoé&plﬁl (ﬁﬂ&@)%ﬂelferably for a
depend on the route of adm nistration,

period %ﬁw%‘??élit s Hbdws;aan dgrotaay ghalies ophspting al abfmiriibtpm its #0Q spm,

nj. der consi deration. The dose

preferab‘?%attit;%rt% g&plgo oggﬁ?rg{);l a desired effect, but wll
psnd cmambf 8 GhieFopr @i e Al be déiBlv d%fkﬁ#_ [dr&@Rdinary skill

ﬁzdlgatlon and ot her fg%?Ors mﬁ?ch thoé% skille |Hmy

of the arhdynibaiwsal ofasppsomidté meddogni Beadly) 24 foukhes pf oatbon Snclude
odi ment,. as. descri bed above,

suose Oy SQRR S0 BB R 55 RS S B e
sugar aRohbdl8, GRKNeAMIOMKY ERLOERREtes, or carbohydrate derivatives such as
dextran, cerelose, 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 medium 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. Certain carbon sources are preferred as
hereinafter set 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
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therapeutic or diagnostic agents. These products can

be utilized in vivo or in vitro. The useful dosages
wapaspies7rost useful nodes of adm ni strati on wWedT/USZ204/019543

dependi ng upon the age, weight and aninal treated, the

yeast e? arcttﬁlﬂfﬁ%!élﬁ gtle%g S%gn%sgﬁ%)rl Oﬁﬁ)gc%s Egﬁ:ﬁt hlnﬁ ecg)lttgc}ngee%sr%eal fish

meal, Y 8fl tHd Gk IHet WER U soRrcdOE nht%éeﬁecaﬁa’&ag%aeﬁ‘lbn@ lor in
tfeatment for a particular disorder wll vary with the

combimturerin taynonhtst egiognidirhi ®H to @Sbpercent dtyewerght! of dhe eedium, for
route of adm nistration, and dependi ng on the di sease
examplegndi tions and their severity, the conpositions may be
f | at K,
(B0 5. AR e e Wl SIS e LR St ipiteg in the
culture antdia)iasd thetdustontany sdis dapalriel of pieldimg sigtivm, gotassium, magnesium,
Phar mgceuti cal Sciences, 18th e Mack Publ i, shi

calc1unwhos@g§q oqqlfa’quc]e PYGE) C car q;@%]angélkpolp%| a%uléo tupféu({]e% are trace
metals QLR: QuBEkt ﬁ{angﬁl{ ALLAR Lio¥b ??ﬂa fHl Zit, AR badth@hP th he 1803

cancér an anti-in y agent nown

Blologﬁalrfﬁcaﬁetyamﬂmes afEnhpourglkci pi ent s, srmot hi ng agents,
suspensi on agents and pharnaceutlcally accept abl e

19208] f or e crbpdimenteslabhtp BsHngT Hsating eaicer, pfipmation,
and 1nf£<R%]uafﬂ<sg s%? aﬁgctu.lﬁz a %%hagfeg{lﬁghﬁc(}n%k Gllkl‘f%krgethgést 1@5? 1nclu e, for

example$ tHRUdtéR6E adiniveriag entesiectpuc isent ¢ am@:ﬂ)er |oﬁ@t dﬁfs of new
starch, crystallized cellul ose, mannitol, ht
compowydrng, 3he iconpelndsa girelosern herdini Way ebe naé d9ij fpat cancer,

as m pnate, synthetic alumnumsilicate,
1nﬂmnr ﬁW#@%?%8H% 1easgodlumamd carbonate, cal cium

fpoxbwgenrm 0SMPRiRls Kb GlaHous BINISyATRiiyltice el FoHl @&nple, the
and the |ike nmay be used as exciplents; magnesi um
compowtds altave echetrmisensitivang) esfédtyoiantiapigrabied, pitkén #ion, gag anti-
snDothlng agents; coconut oil, olive oil, sesane
ypeanut oil, soya may be used as suspension agents
36208 pbr i ’Pl?e’“s&np&ﬁidls l«ﬂa@@ Pré6RbAkEnRBIEA) AltRiFS Bhe proteasome
rivative of a carbohydrate such as cellul ose or
in.hibltca'y] getivityonayygn Wbbwnmp%mon‘mhuyd tatthe ahiptyl ofithe cergpeunds to act

deri vatj.ve, of used as suspensi on
as anti-gancet, §nt1'él?1%anbtpg @é?té ng%gﬁxagggeg er pht ﬁal ates and
t[émp kerﬁ@ﬂgro@@asyﬁeqsaasnfumsﬁﬁt %Poté&@ et diraedi fir@dilular

to the foregoing preferred ingredients, sweeteners,

protein$ r algroaglc ests mhymoamsm-hbc estarpemﬂnkﬁesarah dp¢111IE1y1g'lll¢anmapept1de

be a adm ni st df | at
hydrolygg}gp ; nctl a?so know as treecaspgsreqﬂqeaaclztgfrl]ty? act1v1%es The 26S

proteasome contains a proteolytic core called the 20S proteasome and two 19S regulatory

cancer 6(%}

subunits. The 20S proteasome is responsible for the proteolytic activity against many
substrates including damaged proteins, the transcription factor NF-xB and its inhibitor IxB,
signaling molecules, tumor suppressors and cell cycle regulators. There are three distinct
protease activities within the proteasome: 1) chymotrypsin-like; 2) trypsin-like; and the 3)
peptidyl glutamyl peptide hydrolyzing (PGPH) activity.

[0210] As an example, compounds of Formula II-16 were more potent (ECsp
2nM) at inhibiting the chymotrypsin-like activity of rabbit muscle proteasomes than
Omuralide (ECsp 52 nM) and also inhibited the chymotrypsin-like activity of human

erythrocyte derived proteasomes (ECso ~250pM). FIG. 5 shows omuralide, which is a
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produced by the nethod of the enbodinent, particularly
when the conpound is to be adm nistered orally. [0246]

wab@so@spounds and conpositions may be oral |y PET/US2004/019543
non-oral |y adm ni stered to a human patient in the

s b BP0 LT BT B30 0 1
Compog#u?s{ ﬁife Aoy Iléaﬁol%t e)gn%t gg{glfiﬁfcgﬁy réﬁ?:%%r 10%inRe Klgﬁg@c}’ypsm-

ve I ngredi ent” at, eferably, one tine per
like acdmyy @f, the estepsafiec oabl ynhﬂomag thmatad)ytmbwtvmyemf thyrestrypsin.

Coml g s Re33or sl s g
but are s P%ﬁ?&dﬁlﬁﬁ%ﬁg @é’kb@pﬁ gﬁiY gnofttﬁg HhéHs&tle 5%'1I3§O nM).
con s drip.

nuous Y, exa PhtTavenou
Tonig] fOAddthna&X anidies hﬁve& ¢atdicemzedeighiafi@cidO of compounds
Ki |l ograms, the preferred daily dose of the active or

describegh thiergimf ecmlv@ng rigediey ehtFonulad Iotd Mwothe HFgB w@ﬂ&iasygnahng

pathway ieSbopf SRER e sl dniIRh Sufb Ll ARy, Ky HaLht fforosis

Factor-maha '%*PN? @f ilgkds ltoﬁﬁpﬁd}ﬁaﬁbﬁ anl] %r@t%ﬁéo%l@m%&fh‘céﬁt ARARalidn of
be necessar Yy 0 adninister the anti - cancer,

IxkBa fatthWed by INirBt autiyation. t e miﬁmnpueodasome c:dn’;mﬂun,dHiEKZDB ecells
enbodi nent i n anpbunts that excess, even

were p[r%geza:%vf@r sk doBH, Wigy epeppufsy ggg@émp el cfollowed by TNF -Q
st1mu1ag ecltrea eXt %F}H c% oﬁﬁc%s (ym{lflae ﬁ{ ]ﬁﬁ@}ﬂoﬁéﬁ ?’Ll z%cumulatl?n of

dvance cancerss |nfec I ons. e cas
phosphy@m&i RBoafidgedting' ﬂﬁt ahe Pr&WaeaR-RYdiARE Ry @bglhifion was

nbodi nent as a biochem cal test reagent, the conpound
1nh1b1tqdroduced by met hods of the enbodinment inhibits the

R
i 5SB! MBSl i, i

Stimuldih AN -« Braicd3sdel s axihdENF anshctdases| lidiforasEhetivity as a result of
formul ati on can, for exanple, be a powder, granular or

NF-«B attieationovhite pmmécbmmtrwﬂh) pompbmrqiamd Forhiilsi H-06 doerepses edtivity.

WesterP B 080 sl B P Poley S TaRbAAnCiS Bl
accumd?ﬁt%u&eﬁ’hog gPﬁteHBﬁcﬁ&daIf&f déc%smg%@%u&%f 34 @B the

anti-m Cro anticancer or anti-t Corrpoun
NF-«BAf0eo3lckNs. i @orhb@lrfd&@@ Eofhula I1-16 were also shown to increase the levels

of the cell cycle regulatory proteins, p21 and p27.

[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 II-16, were examined for cytotoxic activity against various cancer cell lines.
Formula II-16 was examined, for example, in the National Cancer Institute screen of 60
human tumor cell lines. Formula II-16 exhibited selective cytotoxic activity with a mean
GlIsp 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 LCs (the concentration with 50% cell lethality) <10 nM].
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about 1 to about 100 ng/m, the nobst appropriate use
anount varies depending on the type of cultured cell

waywsemsand t he purpose of use, as wi |l be apppPeriUsioed019543
by persons of ordinary skill in the art. Also, in

certain applications. it may _be necessary o ferre
1823481 softsPape] 6t gelhdings aRlNding e colareqtel (RE2gnand fove),
t ' e F ' [ . i e .
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adm nj stering an effective anount of any
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PC3, M9 E%' Nt @c\ﬁ(ﬁz&ﬁﬁ, ﬁgpﬁdéﬂaeﬁfé-ﬂ@@elmgﬁ%ensitive with
I'nvol'ves adm ni'stéring the conpound represented by
ECs5, viuesrof 47,, 6% d8a6hadi, eaf 10,nnde33dnMf respeaively- nincoonhhst] the ECs
until the need is effectively reduced or_nor

€ . .
values e @Pabisl celinyersdl 90 Bl 4 direat@ens of Juskat sglie Mathoxsdinggporamide
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A o QRSB oD KA be, CABHES SlRlont EAOMLL o pare
confirnhih@ Mel ifgudiio af BRdptod. the anti mcrobial, the

anti-cancer, or anti-inflammatory in use. By "patient”

WS s - Heuantijasthagx eeliaf ghnthendesceibed semppinedshyvag iryaluated
uing 37 P SRR 30 ACRRE Gl o g dpions
FormuMiIi-6 B a gotbhifiaGbioer & I@IRudiutd cletsdé®ndfanurine macrophage-like

Trypanosoma, and the |like, may benefit fromthe
RAW26h7d| deliat iTorrtrogntznf Ry Wi26di7ceedipiveth Forarularilyl 6 reseliadnin a 10-fold

AT T N R A

ECs oB<#8hQr ectal carcinoma, a prostate carcinoma, a breast
adenocarcinoma, a non-small cell lung carcinom, an
PotentialGhdnaosensitizing fffgcts efiFoimmile Indfe| onas, a nel anoma, and

1) c anpetRbnd Rt o e B8 e net o grppounds
describ®i hERRIC&T the tﬁﬁﬁﬁﬂﬁ mﬂﬂTigﬁrﬁgg g%fath% (sde4hd Eﬁ&ﬁﬂ%@h Igg,}istimulated

organi smw an 1 nf ry conditions, suc
cells, thidweansedigtioth factohnudléas fachettuppa BniNR-kB) esiled ar thsicgtoplasm in an
psori asis, stroke, mnyocardial infarction,

inactiv preplen g ihoBn anibiiory grateRdK B SR PENFGFBh N artons stimuli can
coe 35 L2 5 A5 B v

the profa&B&t Following thatiégidatiohbfaaB, NFH@iramidcates 1€ the nucleus and
patient's health may not require that an

regulatemteleneyi axpesissian, afpetingc awaur cellylar aprocessas |laghdingr iphihdtion of

apoptosis. Chemotherapy agents such as CPT-11 (Irinotecan) can activate NF-«B in human

colon 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, et al.,
Clin Chem 46:673 (2000), Adams, ef 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
in LoVo cells in vitro and in a LoVo xenograft model by inhibiting IkB degradation by the

proteasome. Blum, et al., Ann Intern Med 80:249 (1974). In addition, Velcade™ was
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adm ni stered, however, the patient may still obtain
sone benefit by the reduction of the I evel of
won@somss, cancer cells, or inflanmatory cel | SPEI/ESHN1/019543
in the patient, and thus be in need. In one _
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bloods@eﬁnmfar;thgr replicaterndd weqretk déthfintexing, HEE]M@%% OPBoc ¥l Acad Sci
further enbodi nents, the

Us4 5@?0 T aﬁg 8#31 %E{]Ffa’ﬁ oxpp g respensiaforshe symploats associated with

 anthraxs PEG! pHates ﬁ@@?ﬁ&% l%rﬁ/ Le con‘%’oun Rgefesf ngéo%xﬁlér'a?& SE§ Pingective

cancers, agal ns
antlgem B, 8a&Dm) ool tutie tfadtoro@FC DO1RIva) walciara@@ bfﬂe@tl%}& “h&PHBs lethal

mal | ce ng
N T T N T N
a infla
. OLOREI, o508 416 ik ARG LT SRS,
death whag Ilngd@ed henameriooisly iaBhintald. i Kaln@%& BITeRi 0Bk} BRIBys Res Commun

trok ar di al |nfarct|
297:505 3080 Kabioe Bl Heapsdlien oa ey %%?wzmmm
fecti " or siml.ar
(28] "R ek it B8 koI TR calibp Rl of Jamea foin, i
responswilé Iforr k%ambbrtllng lethbii ﬂbt@g |11§3t@|th@ hodte@capA cﬁ%@ﬁ’i@ﬁ&bcﬁlto a ring-
ssue, system aninmal, or human th

shaped ﬁ%@ﬂ?r dﬁ‘?e ElGs 08t Bachdiepiamsodiownd t its teeeprorlor tile suﬁme;ell
has the aﬁlh%pﬁ) ity %Btto %eg nolecutes ol}eiF. 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 al., Biochemistry 41:1079 (2002), Lacy, et al., J Biol Chem 277:3006 (2002),
Bradley, et al., Nature 414:225 (2001).

[0219] Lethal factor is a zinc dependent metalloprotease, which in the cytosol
can cleave and inactivate signaling proteins of the mitogen-activated protein kinase kinase
family (MAPKK). Duesbery, et 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 Pt

3:739 (2000). Of the seven different known MAPK kinases, six have been shown to be
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long as it reduces the likelihood of survival of
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or i t he conp und that edu es .t h
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as a function of an individual cancer cell; thus, the

@ﬁm cantles reaglenindigatel thitrtbe easpourtile desraibeéd heteist aciras a potent
1nh1b1tor o% LeTx- mdt(l:cae Cg}Etot%»e(}cllty 0% lml(ljrlmee nllaréro% age-m)e WM 7 cells.
Treatment of RAW?264.7 cells with, for example, compounds of Formula II-16, resulted in
a 10-fold increase in the viability of LeTx-treated cells compared to LeTx treatment alone
(average ECsp of <4 nM) and therefore provide a valuable therapy for anthrax infections.
Formula II-16, for example, promoted survival of RAW264.7 macrophage-like cells in the
presence of LeTx indicating that this compound and its derivatives provide a valuable
clinical therapeutic for anthrax infection.

Pharmaceutical 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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\ Taxol , Toxotere, thotrexate, G splatin,

excipig f%ﬁg?ogrﬁxamp}ﬁm%m selinepdexirmsei man@talp beiae, lecithin, albumin,

i), (A 8 U M O AL s,
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aqueouy| eilifioss phethe eddtivet compaindst ind iwdtet-soiubdé fohe. cehliditionally,
suspensm bf ?he! ialél%/'e Aclo}n%[ﬁrl]na si }/nealyylie tprr]eepa?erglt Ias 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.

[0226] 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 auxiliaries, if desired, to obtain
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[0227] Further disclosed herein are various pharmaceutical compositions well

»-1(

known in the pharmaceutical art for uses that include intraocular, intranasal, and
intraauricular delivery. Pharmaceutical formulations include aqueous ophthalmic solutions
of the active compounds in water-soluble form, such as eyedrops, or in gellan gum
(Shedden et al., Clin. 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 small polymeric particles that are suspended in a
liquid carrier medium (Joshi, A. 1994 J Ocul Pharmacol 10:29-45), lipid-soluble
formulations (Alm et al., Prog. Clin. Biol. Res., 312:447-58 (1989)), and microspheres

(Mordenti, Toxicol. Sci., 52(1):101-6 (1999)); and ocular inserts. Such suitable
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Methods of Administration

[0230] In an alternative embodiment, the disclosed chemical compounds and the
disclosed pharmaceutical compositions are administered by a particular method as an anti-
microbial. 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
includes 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,

intraperitoneally, intravenously, intramuscularly, intradermally, or the like; as well as ()
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may also be applied to testing chemical activity in vivo.

[0233] As will be readily apparent to one skilled in the art, the useful in vivo
dosage to be administered and the particular mode of administration will vary depending
upon the age, weight and mammalian species treated, the particular compounds employed,
and the specific use for which these compounds are employed. The determination of
effective dosage levels, that is the dosage levels necessary to achieve the desired result, can
be accomplished by one skilled in the art using routine pharmacological methods.
Typically, human clinical applications of products are commenced 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.
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of administration. The severity of the condition may, for example, be evaluated, in part, by

standard prognostic evaluation methods. Further, the dose and perhaps dose frequency, will |
also vary according to the age, body weight, and response of the individual patient. A

program comparable to that discussed above may be used in veterinary medicine.

[0236] Depending on the specific conditions being treated, such agents may be
formulated and administered systemically or locally. A variety of techniques for
formulation and administration may be found in Remington's Pharmaceutical Sciences,
18th Ed., Mack Publishing Co., Easton, PA(i990). 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.

[0237] 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 barrier 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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to 70% WV purity by HPLC were pool ed and subject to
HPLC purification, as described below, to obtain P-16,

- W@bk@ngo2s7t h P- 20 and P-24C, each as pure conpoRCES2004/019543
Col utm Phenonenex Luna 1QuSilica D nmensions 25 cm X

formul@zgé é]éq g{n{ql)q?]pglz &e%ta 5 %q%é?g%@e%a%i&%%ﬁ@?e %gi?mgr%l iXt%nc{osages

0, o i 0, 2
i t Dt GRth
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choice bbcanrienaddlsulBbledramifadnethgairastee, the Z0fippsitiensMlisdlosed herein, in

. respect to P-16) was di ssolved in acetope (60 m).
particuler; thaeg dormged|jap sgiutions,smav oGt 3 nw&r%{] Pﬁljee@fn%(ya shthpas by

. O/ .-poh i 1t icall

L

acceptable alpders whill kilonutia she @nihtovi ssagescsnitplals ficksortt sbGn@tration. Such
P-20 eluted at 11 and 23 mnutes, respectively.

carriers-eB@hle dhe COBWOENHH A the FEIboMBUE, togby fornpdatgdias f3blsfsedpills,
capsulégaﬁgﬁiidg ”%%8{%34 LB ,f %%ﬁ%ﬂégdr‘#lgdmartﬁ% ;. £ f;}rafa %n%gsstion by a

contal ni esire S Were cohcen

patientyhBefredtedluced pressure to yield pure conpound of
Formula U- 16, as well as separate fractions containin

ROZBBE andeents intengderddn breadminigieradeintipeptivfarkigmay be administered
using t%:g%jsifq‘r}\l}zeag 3/%11 t1’(%'0 Wi [[190%9 %} ox[%%%%( rgllclﬁgﬂ t,tcl | . nlgor%x%.fﬁ aﬁ(’ IZ‘gcrlll agents

I'ssol'ved ITn ace a concen

may bePdncagsuld@édrinto HPSkoRRS, thibn WasiniNadeds descaiBedlbbdvec AAlUMdlecules
of dinmensions 21 mmi.d. by 15 cmlength containin

presentHa| anpspeBBobe. & dppame of Tipesanes {asmation axei mperporated into the

i ncreased.linpearly,from.J15% acet onitr,i [85% wat er . to
aqueont 6 E38 o1 i FRowab R RES AL SRk s, TS, R o
environkfder® aitl/ Bedausel fosdRlcY Gde WRANCHI héRPranes aie effioddnt I QR¥vered

acetonitrile for 3 mnutes before returning to the

into thesealt esitorjasn| ddditionhiky, dne fo behpuydrphpbigitys selalk esgamie mpdecules
oy oL R R BRI T LR ihe

§0239¢ he dpsRARINGE0D 81 BleAd R tilE @Molift8 is well within the capability of
those skilled in the art, especially in light of the detailed disclosure provided herein. In
addition to the active ingredients, these pharmaceutical compositions may contain suitable
pharmaceutically acceptable carriers comprising excipients and auxiliaries which facilitate
processing of the active compounds into preparations which can be used pharmaceutically.
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 is itself known, for example, by means of conventional mixing, dissolving, granulating,
dragee-making, levitating, emulsifying, encapsulating, entrapping, or lyophilizing
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
subset of the compounds, sharing certain chemical moieties, may be established by
determining in vitro toxicity towards a cell line, such as a mammalian, and preferably
human, 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
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preparative HPLC nethod described above were
triturated with EtOAc to remove minor |ipophilic

WO pandasres. The resulting sanpl e contai ned cor@DUSIN04/019543
P-20 in >95%purity. [0263] Conpound of Fornula P-16:

tr | e/ | max, 225 sh) nm Low Res. Mass:
COmP‘%dg n Om FZ Srr}%‘JNélf miceors, resodags eF nEukavs, anay be
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N W G a—
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dei oni zed wat er: ucos

guidedBhy t the cstatict ofehe Artgto @h@bﬁyﬁﬁ rﬁ@pfoﬁle'l@]@??lg)tﬁblg e({edgé‘igﬂ? &?léte of

adminigE R, ap A onpT oo g ise] Biadngan s be neotiipylstmine

Q@k@fr 50 rom Five m of the first seed
the efffe ["ture S |nocul?rgt ed into a 500-nm flask contai ning

1[02)4111 ofWheneiss@ aontante gfdrabiall GnfiRGHA GORAL lﬁﬂélﬂ&ﬁ&&y agent,
t he fol| ow per liter of deionized water: starc

the COI’ilaﬁljmd? é&glosgghfrr@@tmaY4begadrrpwtem¢bby @ﬂ@r ofador b os-okdl pathways.

Wh é’cﬂnmt PPLARS ;MDY de. %0 %‘i ﬁum carlbonate 1
T landersodﬁ ?ﬁ Er 51meaé{gm o5tege Hl*ngp dets@aplePrays egup, or
other sweli doinnc Waére ddainiA&RE ﬁo@[oerbd ay %aﬁ’ e dnhRleYed Q@%ﬁ aqueous

erati ng at 250 rpm Approximately 2 to 3 gramo

su8pen§5 rarq %1 ng&mﬁlqreomlﬂterows 13 dukpy, eujzebdEoryt saltrd) @IHRRANG: the

like, whef at nis H:Fr?d é(éag%pg&ﬁ)%n gg qu %ﬁglg‘sll}tz g{ngrtanglitﬁg%il&h ?Irltravenously,

I NCu

intramspeleay, ngraler 8, ramindine, m c&{mﬂﬁa RAeR Edfo%ﬁ&tlons depot

culture was i nocul ated into a 500-n onta
formulagigps,And dpfusive pyBwolelvery get similady nedebmplatsihe ¢ hi r d seed

fﬁé&]” © The compositions disclosed herein in pharmaceutical compositions may
also comprise a pharmaceutically acceptable carrier. Such compositions may be prepared
for storage and for subsequent administration. Acceptable carriers or diluents for
therapeutic use 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 aélministration; sterile
solutions or suspensions for injectable administration. Injectables can be prepared in
conventional forms, either as liquid solutions or suspensions, solid forms suitable for
solution or suspension in liquid prior to injection, or as emulsions. Suitable excipients
include, but are not limited to, saline, dextrose, mannitol, lactose, lecithin, albumin, sodium
glutamate, cysteine hydrochloride, and the like. In addition, if desired, the injectable

pharmaceutical compositions may contain minor amounts of nontoxic auxiliary substances,
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was i ncubated at 280C for 1 day oln a2rot ar3y shake;
operating at 250 rpm Approxi mately to gram of
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to achigyer adesigpdatife2fCout paill Epéad n BRE Fa@brst %Lfgtg,%l{{,t(ne@ 86 urrent
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medic%g‘{ﬁ’:agﬁﬁfﬂtﬁr‘gsfﬁgfg%i% thpsreskiliadn dhamgditaltarts avitteetiognize The
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R, B R R, MRt IR shibod b denyeasmbore

may bt ousdd gil@res ooin sb@bidatoNWIE! bhé andEr Torf §SE 5P A8 Yother
/ to. thgd,fifth seed cultures. The fifth seedd}g%yﬁtures
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useful 30FLEL afPEeIhbR %31 Eier BEPdmbbtiafien B JPerleRmrrling fpgn the
age, waight-and ahirasikeearanthaphitddlal 80npdyak eﬁa?ﬁ)tyﬁ&,oﬁﬂ%é sgf}ciﬁc use for
_ di um havi ng the sane conposition a € secon .
which g CANPOBIRET compogppms areramploye® The Inapniti@e 6f a dose in the

' Arher! | XAD-7 .resin were al so added to the
manag%?%{é L{):rf e %&* Itf%rsg.paﬁﬁ%ﬂifr \SORIET SHllcYATY Uil theseverity of the

conditibm ¢albatiedtedt andiBfo the rofte FFYadBin@trkt ara}{% %\%g&%;n% on, the disease

operating at 250 rpm The culture brot S Tl

conditipny andgiheic evesisy, dho tompasitiesausy be femAtiet hid &iniBicfed sither
racted with 2 tines 3 liters

systemiré:?]fl%/{)]r lggggﬁa{ gsviagﬁ\g\%aé%ﬁgwuis qr l,fgnrlulptiiqrb:pnde%(mypistration may be
found i higton’§ & d SEXhdAC 1 e, YAcUQ.
o l'arﬁghgr?g% g?? ?lg{:%i,lﬁl%o ﬁt&)gi ne?’nggq%.@gZ%agféfpﬁgH ehl%ﬁ‘ﬁ(?%ﬁﬁon’ PA
(1990).For nul a P-17 and 0. 16 gram t he conpound of Fornmnul a

essed faor the recovery of the

[8humate kil d5sS Binun af Fomnaine ESfpbandDiaticrobial, an
cuh 10 n ko nd L0BE7Iole Bl SONOUNS: O s
smoothigp| @gents,despendied dgehewand pharmaceutically acceptable film-forming
substances and coating assistants, and the like may be used. Preferably alcohols, esters,
sulfated aliphatic alcohols, and the like may be used as surface active agents; sucrose,
glucose, lactose, starch, crystallized cellulose, mannitol, light anhydrous silicate,
magnesium aluminate, magnesium methasilicate aluminate, synthetic aluminum silicate,
calcium carbonate, sodium acid carbonate, calcium hydrogen phosphate, calcium
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 oil, olive oil, seséme
oil, peanut oil, soya 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
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Columm ACE 5 C18-HL Dinensions 15 cm X 21mm | D Fl ow
rate 14.5 m/mn Detection 214 nm Sol vent G adi ent of
wWRMEAeErDNi tril e/ 65% H2O to 90% Acet oni tri | e/ ROPWSEDON019543
over 15 mn [0268] Crude extract (100 ng) was
of acetonitri
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Compounds of Fornulae P-17 and P-18 eluted at 7.5 an

produced riyntie emgthpé feibe iendlogimdat apartiowlsrly oviteai the rrg)mriwnqb us éo be

._.conpounds were first concentrated using nitrogen to
admlmlstg{%\f’éqgfgani c solvent. The renaining solution was

t fro h Z n 2 )
R et X
admmmﬂ&redHnghhﬂi?em pavksas in( theGn)ountrbf alzin 0B rflgllkg})d,ay to about 10,000

me/ke/GRD FGHACLYS MeEGHSIB A Tk WEICTabDy b rtug KGRSEGP AR 100
mg/k i%é{ %}Jﬁ?at%ﬁ?e% 1n%9€%@%t‘ @P #géfeggw#f‘tlﬁ%%eh%o less pvaferably, over

two to (al%iﬁlt&:n timeg paiday0 6ltdrivitively ddaladlso prefe@atyipnthe a)mpound produced
||\IO48r FIG .50 depicts the 1H NVR spectruym of a
by the é%%%ﬁ heatmbRslimpet @ﬁy peaferalydre wbpigisteaedin Hhe staigdgmeounts

f r .
conin RS0 0GP TR LI, Braf SOE 9 pain
weighin@ g0 adlﬂ@ihrﬂisp tienpCeatedndnils alodt ioftheofctiBedirmti-iatctee (idgrédwnt

in 10 m) and the resulting m xture stirred for

would gayéoutﬂ@ Bg[day ito ALY 0P gEHdFY, prémete PreiselR %Hxx/clas to about
7 granmd%&,anNg%etﬁJ]&E %é thll? hsa%(&lls oﬁcl;}/e%ﬁ Of %ﬁllllyl oﬁeaar& & certain

ase Si ghonsnex
situatioBislit £y b3 Tebd¥bary 24 a&m[ﬂ'ﬁteﬂ the Qtnﬁiaﬂder Sdnitici@bmmaldte orifthd anti-

1nfect1\(f:eocr:]c(ojri11txl)u?1rc]lsoff t(})lta etn?beodfnelgnatrlgta{rr?orhn?sf th%‘? rg)rgé)elgg dor even far exceed, the
above-stated, preferred dosage range to effectively and aggresswel;y treat particularly
advanced éancerss or infections.

[0247] In the case of using the anti-microbial produced by methods of the
embodiment as a biochemical test reagent, the compound produced by methods of the
embodiment inhibits the progression of the disease when it is dissolved in an organic
solvent or hydrous organic solvent and it is directly applied to any of various cultured cell
systems. Usable organic solvents include, for example, methanol, methylsulfoxide, and the
like. The formulation can, for example, be a powder, granular or other solid inhibitor, or a
liquid 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-microbial, anticancer or anti-tumor compound is generally in the range of
about 1 to about 100 pg/ml, the most appropriate use amount varies depending on the type
of cultured 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 an anti-

microbial, anti-cancer or anti-inflammatory involves administering an effective amount of
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formula P-19 fromunreacted P-16 enpl oyed an isocratic
HPLC net hod consisting of 24% ethyl acetate and 76%

..... wheooana2s7i n which the majority of conpound P-1BCEUS1004019543
2.5 mnutes before conpound P-16. Equivalent fractions

from each, of i ons were led to yield
any of thefogpoyngs of Or@a%ﬁ B SRPSIIGYS ¢ g@@%ﬁ‘?ffl oynd Hﬁmni%feﬂed
embodZehel AmotEStbint Bleo Al %go*?e%%%%d it by Wt I
to a pdtleni Sn @eed oEaanmitEmﬁ:rﬁymlt hetl theofieetlhis fferpoelndsdwwed or more

Fornmul ae P-2, P-3, and P-4 [0272] Conpounds of
preferaplytemoxed-p- 2 P-3 and P-4 can be synt hesi zed from

und r o) »
SRR T BB o B BRSPSt ot n s

term aBépmeﬁel}OﬁmpﬁesSﬁrat hes Ipatlérﬂ%alﬁdb@xeﬁ%o@n ethmt&aﬁ%néhtl& the anti-
R=Cl PP--1178:: RR==HBr PPP---423;:: RRR==
microbgal g ths| aBtieranceta P - nilapiyRAtery R atSP orByOfpa@stdw??a ipfneant is an

orgamg\;rg iﬁ% :02% Ef:lg/egé [b9%¥€31186 O#lglqnnﬁ%od:ﬂr LT @alﬁell ?}l‘ &Ii]tp 1 atory

acet on I ntl

agent. Vi Bbr (eX@mple) &IQ/ \mgzﬁ‘ﬁbn\i\/aﬁzltﬁd@edaﬁtMCkQ%’kzwwzuﬂd/ Eezskmania,
(1-2mg) and magnetic stirrer bar. The reaction
Trypawwmraéldvtb@ hk@,. mpasebereAt Fomyiae gpplicaionsE phen-mierobisb fhat may

in turn <f§ ﬁ‘{ UJIS%LI of %tf%ﬁotbesl gréggﬂ{rlﬁ thd ;ﬂ?mélﬁaclsé %Hotmﬂxéﬁ!’rrﬁ)le any

ere
organism w1th cancer, such as, a colorectal carcinoma, a prostate carcinoma, a breast

adenocarcinoma, a non-small cell lung carcinoma, an ovarian carcinoma, multiple
myelomas, a melanoma, and the like, may benefit from the application of an anti-cancer
agent that may in turmn reduce the amounf of cancer present in the pétient. Furthermore, any
organism with an inflammatory conditions, such as, rheumatoid arthritis, asthma, multiple
sclerosis, 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 patient’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
level 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, allowing 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
embodiment, 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
organism. In embodiments, the anti-cancer and/or anti-inflammatory agent may be
effective against a broad spectrum of cancers and inflammatory conditions/cells/substances.

In yet another embodiment, the anti-microbial is effective against all microbes, even those
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colum and washed with acetone. The filtrate was
filtered again through 0.2 mm Gel man Acrodisc to
- WO eopomesany traces of catal yst. The sol vent waBCT/US2004/019543
evaporated off fromfiltrate under reduced pressure to
. ield the compound of Forpula P-2 as a pure white. .
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but SRleals, Bh S PRSI Ll Qb hAike.
ut are Oy SARIER IS PRSI LRl ond 3T ke
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thelikdromfiltrate to yield the conpound of Fornmula P-3 as
a white powder which was purified by nornmal phase HPLC
ushheeprewiecaily| pBodtyg ewaEnt’| onbammceHirallpheliestivp esmpiia or
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smilar g ey BERRLEY B, o SErlambist ™ o G bR Tomute in o
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4 mn at 100% Et CAc [0275] Conpound of Fornula P-3
sought.e|lntagereferred Zn®odimerdsthg pedieal gospopsmis: ong\sought by a researcher,

. (acetonitrile/H 2Q : |.max225 (sh) nm FIG 12 depicts
veteringi kel o i ober iR pound of For mul a 143 I n
DY Bforobib@ refeds @8R hHolii® thad \ediRed ki IHIRHhBBE f survival of
spectrum of the conpound of Formula P-3: mlz 282

microb¢syvierplocBOar gligviags. thexiglefsrious effectapfih yicrobely dr ogeeabdiment,
e oS TR b SRR B A ARAUe 2 B BB, e
anti-microbial will increase the chance that an individual microbe will die. In one
embodiment, the likelihood of survival is determined as a function of a population of
microbes; thus, the anti-microbial will increase the chances that there will be a decrease in
the population of microbes. In one embodiment, anti-microbial means antibiotic or other
similar 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 antibac'terials 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 will
" change the chances that the microbes will be harmful to the host in some way. For
instance, if the microbe secretes a substance that 1s harmful to the host, thg anti-microbial
may act upon the microbe to stop the secretion or may counteract or block the harmful
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-



in a scintillation vial (20 nL) to which was added the
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and eluted with 120m of CH2Cl 2 '}Jg} %éﬁgsgh
msplatlgcgltl%qeepmiocfﬁtgs,aﬁ@ms nehing agidsh tmazOhhudéosldHQP/m@tlb&dtermds a

natural %?&fu@f ﬁmh@% V]mc]a a%&alé/ld, an epipodophyllotoxin, an antibiotic, an enzyme, a
taxane, and a biological response modifier; miscellancous agents such as a platinum
coordination complex, an anthracenedione, an anthracycline, a substituted urea, a methyl
hydrazine derivative, or an adrenocortical suppressant; or a hormone or an antagonist such
as an adrenocorticosteroid, a progestin, an estrogen, an antiestrogen, an androgen, an
antiandrogen, or a gouadotropin-releasing hormone analog. Specific examples include
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, Daunomyecin, Carminomycin,
Aminopterin, Dactinomycin, "Mitomycins, Esperamicins, Melphalan, and other related
nitrogen mustards. Also included in this definition are hormonal agents that act to regulate
or inhibit hormone action on tumors, such as tamoxifen and onapristone.

[0251] The anti-cancer agent may act directly upon a cancer cell to kill the cell,
induce death of the cell, 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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acat et e/ hexane fractions yield a mxture of

di ast ereoners of epoxyderivatives, Fornula H 5A and
WO28B/0028M ch were separated by normal phase HPRQI/USI004019543

the followi ng conditions: Columm Phenonenex Luna

ili ' 25 21.2 mmID Flow rate 14.5
gro“’tﬁoﬁls!rl‘?ﬁr%@‘t‘c @{f{f gﬁ ‘%%b @&%«%H%h 7508 t@l@evglEcantlorsy a prostate
carcin@uel al Sbrodsh, ad®RodateidF0 Bt Es mQJ]Il 3;1] gli{lgt( Eéfcgfon% N ovarian

100% Et OAc [ 0279] Conpdund
Carcmﬁf%dm@lt)plemdelpnﬁs a(mlamrnmramdlﬂ@d likeel uted at 21.5 and

nds. Conpound H 5B
W% ¢ TRt R nEa  BrrEsBE g ogmoel arstpopulation of
cells, GRILHIR taotuﬁl%%\f ehsgﬁeaﬁﬁcc‘lu&’ﬁlé cat ék‘gﬁ%%éih Céﬂégaﬁ bppe garggw and

reagen Chem cal Structure
fluids puelf a5 bleol pOGeA)) HEB kBB aBhbrae] ?&@Mh by cellular proliferation

[ 0280] Formula P-5
o FRAEE0 S D e e
ective
YSSE, 0 BB Bk e SR o o
ischenxia,s sepsip eshibely mM1nEMﬂWﬂ1@ed§e§Aheﬁrﬁ%8£H] ar’flﬁ*ﬁtﬁlJ |1§ﬂ£m%§ror%owel
Acet oni.tr | max 225

(ltggf nm Low Res.
diseasq, _sysie Bq ,\/qu); G@Mpp@s) lsglet@is, relstﬁmmt | mabtyarthntls

osteopRRIsC Lfitrb& IcEL 5%:{ Sd%ﬁﬁétoﬁm c1Jric1uFZhr§gB p%ggastlsh eatggic dermatitis and
spectrumo

ultrav1olet radiation (UV)-induced skin damage, psoriatic arthritis, alkylosing spondylitis,
tissue and organ rejection, Alzheimer's disease, stroke, atherosclerosis, restenosis, diabetes,
glomerulonephritis, cancer, Hodgkins disease, cachexia, inflammation associated with
infection and certain viral infections, including acquired immune deficiency syndrome
(AIDS), adult respiratory distress syndrome and Ataxia Telangiestasia.

[0254] In one embodiment, a described compound, preferably a compound
having the Formulae I-V, including those as described herein, is considered an effective
anti-microbial, anti-cancer, 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 inflammatory cells.
In an even more preferred embodirhent, 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 act1on for each
compound. Thus, for example, if a compound prevents the reproduction of m1crobes then
influence is a measure of prevention of reproduction. L;lcew1se, 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 a 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 inflammatory cell
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Exanpl e 8 Synthesis of the Conpounds of Formulae IV-1,
V-2, I'V-3 and | V-4 Synthesis of diol derivatives

W@ Fospudsa | V-2) [0282] Diols nmay be synthesi zeRCHYS2004/019543
Shar pl ess di hydroxyl ati on using AD m x-a and b: AD

i X-a i ' four reagents, K2Gs@2(OH) ;
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mlcrolgnazrpbléssamjstnyw eonigldetedafifebtived hei r st ereocheni stry at

ng hydroxyl groupsSharpl ess
Dﬁr%ggf eg{n:eoq%n i I@ﬁﬁ% ?mnpﬂaum@s desctiBedhdreR?: 48 administered

SImpl}[ Qg Sx?elnd%@y nﬂérof)% n%o lé@.? le? T ng%%%&n gel s|,6 nmquhéZedaqa%t be

be use

admlnfsteai It(e ab bidatit. CBB@@X‘:ﬁﬂpl@f i@t As Rillbe | HicVSRY - cahNSresent 2
afqtol ng. ?o ound i s dissolved in t-butanol }]vvate ﬁ

PTObICTrHO SHel Boitt &ﬁdf prggkct@,dhmpmpomsis atbdeibeAhandix -can G d@hfﬁﬁﬁtered

d
d1rectl9.tWﬁ%1E%ctgt§$ vveqf&Fe gga ag:té{}l?qg dinrz}tlggrr]c;d%t%réepﬂte@natlvely, the

compotindd sadrie ofdatdesiuly tHe Uahel VO kiifoBRd HRNLL I ‘?He il obt%dlng
flash chromat ography or HPLC. The struCtures are

enviropment; sHelky WorkigR setsaoss.r oé\@oplyotherd exassle s e tcofpBlifids. can be

oups are on same _side
adminiyfr etdhé"sdﬁgggFar% kﬁg “t&?%p%‘ﬁﬁ 45 EoDaHS| R T FGarsEl tranaolant to
ensure IN&BI oglyptvnt da@cdrbitdeel 8R iRGoRiced gﬁé ¥heﬁ%@i§?elﬂ? d% abFma) tompounds
[0284] The epoxy ring is opene
are admipisterss hgyemay |op@or|m1&|\lne tdaldSed. NABRC malibe, pdr@ularﬁ} 8esithBle in
vari,ous.substituents on the cycl ohexane ring,
31tuat10915 %\ﬁler (¥

ngrk suﬁﬁgaesog{ pod prodpsts AVt ConpSantppsaatact with other surfaces

or orgamsms that could risk being harmed by the compounds. In an alternative
embodlment the compounds may be left 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 following non-limiting examples are meant to describe the preferred
embodiments of the methods. yVariations in the details of the particular methods employed
~ and in the precise chemical compositions obtained will undoubtedly be appreciated by those
of skill in the art.

EXAMPLES
Example 1
Fermentation of Compound of Formulae II-16, I-20, and [I-24C
[0257) Strain CNB476 was grown in a 500-ml flagk containing 100 ml of

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, Aquarium
Systems), 30 g. The first seed culture was incubated at 28 degree C for 3 days on a rotary
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Nucl eophi li cring opening NaCN or NaN R7: CNor N3 i f R6
iIsOH O R6:CNorN3 ifR7 1sOH Fornmula P-5 Formul al V-1,

WO 085925The epoxy is opened with HO to nake FRCTHUEZ04/019543
V-3 : HA o Formula P-5 Formula 1V-3 [0286] Conpound

|
B0 T B0 b A9 Mo eh ST LS,
three (590QnUNAsk8 Nbn@idTRYBELI0D B oF ¢ @'?/?%e-{znﬁferﬁ?& %W Xt ur seed
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culturpg ¥erd igpubates arBBidegree € dnd IMSprsQes totaryahhNer f&hz days Four ml
ected on normal phase

cach ARSI Brl] ST an e tietcrninhior e 890 dapks @nlaining of
P con

100 B A BB LT AT 1R

250 rpmmyorsial Totaay cbhkermfof 25dm X Bour AneadhDdf Wit thid %(SHVC%'MJ.re was

/ He 19 n, 8
e e T
cons:sﬁhQWf Eh;éltif%}lg&a/%n%g)e? h?@gcg]ggmn%d @g%r? dst%r]ph, wegst e@trgcé 4 g; Hy-
Soy, Aegufeemlc sulfaddy ol mgspmmssu(rﬂ bzornm)a 1@3510%0 léﬁll@uﬁfﬁ cEI%HaH!e al g; and

Ace(Sonltrl le/H 20 | max
synthem: 4 e% %aét o588 W}n SI[ MR 8. DBbE@rddl(cﬁchuBﬁhks were

1ncubaTé@at3289&%9&:h@ &fhthSM 5J]1%a9r§nﬁ§<undﬁ)§{ a(if rm ag}!ﬂgg&eﬁzy@ to 3

was determ ne ased on cou

gramstdfestclylcl Ahbedite XADY irdbirl whr& BRGNS ﬁxﬁﬁl&( é;%% The
287] Reductive ring opening of epoxid

PrOdUGﬁQQ %lg]-}l&g Yede durthes ingubated ot 28 dlggred Grand 2 6@ trjah Fopdiotede Shakers
for 5 da'yge TRER Ukl ‘t?r8ffpé)v§§(ﬁ tgreg%ﬁr%ugﬁ) TR&esd Cc':lo?h toF%cronélerath!e \xmberhte

XAD-7 resin. The resin was extracted with 2 times 6 liters ethyl acetate followed by 1 time
1.5 liters ethyl acetate. The combined extracts were dried in vacuo. The dried extract,
containing 3.8 grams the compound of Formula II-16 and lesser quantities of compounds of
formulae II-20 and II-24C, was then processed for the recovery of the compounds of
Formula II-16, 1120 and II-24C.
Example 2
Purification of Compound of Formulae II-16, II-20 and [1-24C
[0258] The pure compounds of Formulae II-16, II-20 and II-24C were obtained

by flash chromatography followed by HPLC. Eight grams crude exiract containing 3.8
grams of the compound of Formula II-16 and lesser quantities of II-20 and II-24C was
processed by flash chromatography using Biotage Flash40i system and Flash 40M cartridge
(KP-Sil Silica, 32-63 pum, 90 grams). The flash chromatography was developed by the
following step gradient:

1. Hexane (1L)

2. 10% Ethyl acetate in hexane (1L)

3. 20% Ethyl acetate in hexane, first elution (1L)

4. 20% Ethyl acetate in hexane, second elution (1L)

5. 20% Ethyl acetate in hexane, third elution (1L)

6

. 25% Ethyl acetate in hexane (1L)
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BH3-THF O O Formula P-5 Fornula |V-4 Exanple 9
Synt hesi s of the Conpounds of Fornulae P-13C and P-8C

- WO Q88925 nmpound of Forrmula P-16 (30 ng) was dPGEUS064019543
in CH2A2 (6 mM) in a scintillation vial (20 mM) to

[ -Marti.n Periodinane (122 ng) and a magnetic
y:i g&‘éﬁﬁ%@a@dﬂgﬁanﬁ’ggﬁ} eaction mxture was stirred
# g tenpenature for about 2 hours. The progress of
the reéacti on?lwas nonitored by TLC (Hex: Et OAc, 6:4) and
d0289)t i cBtactibhsConkaimnyg tiiveconegomid arf Hormtilar &1 6tihereater or equal
sol vent vol unme was reduced to, one third, absorbed o )
to 70%s 4V purtiyety, HEbrgere gio eépﬁnéfsualegbtoc@l’gﬁ pHiRfigi s described

below, §@bbialh 1 ffin i@ ohd T 2hEagich | Qrfbudg@di ent
eow’o? E@(hane?E?% ?(r om 1%“to 1gO§/o %ﬁi’uﬁ act@on el ut ed
wth 30% Et OAc i n Hexane contai ned a m xture of
rotamers of Formia P-13C ina ratioof1-5-8-5—TFhe
mi|¥talv@ovwas furt her |[ptienemedxhingoOnalilighase HPLC
ugt e —Phenomenex 3una oot ] cotumm (25 Ttm X
2] .[gg}n%lf”ff) Wth a so v%rﬁg%fr{gg%n of 25%to 80%
Et Qhek ey over 19 m|ms 80ndi® 100% Et OAc over 1 mi n,
halding at 100% FEt QAc for 5 min, at a flowrate of
14.]2_5'3t¢dti/0m n. An ELSD BeSDused to nonitor the

pur-tH-ecatt+on—pr oct"so.G""r‘.’“o'u'“ﬁI 0?‘ %"r)""u! a—+P-—13Cc—eldt ed
at ‘_.’e@t and 13. 2 m n<CRdient of 24% FLOAe/hexane ol Oy i n
alratio of 1.5:8.5 ([m)Ei0RUKBEhAe B 1d6vEMAC in 1
(Acetonitrile/H 20 |l max 226 (sh) & 300 (sh) nm ESMS,
miz 312 (MH) +, 334 |(rivinNtlen;100%4 BiKRAG foD¥BGNnd6 (see

FIlG—22)— 08289} The rotarer—mxture—of—tFormHa—P13C
(4 ng) was dissolved in acetone (1 mM) in a

o ] et . . . ‘
00y Tt el A A b E Lo ALY SRR B -
70% purRreitladgdpest td Mel6)enst dissolvadxh woetonasssiig/mle dlignos (950 ul) of

. hydrogen at_m)sghere at roomten?ﬁ)rature for about 15 .
this sohgifns Werh dnjeefsé tquéh aripeppebages HELG coliant misiggheacgditions

descﬁb@@a@gbgafheﬁfoégp%iuﬁ&‘ otf%‘oﬁﬁgﬁ\if-lgr%ﬁltg&naﬁhyﬁﬁ '14T1Hﬁ1u‘?‘e(§,| Y Finor

was evapora
compounds II-24C and II-20 eluted at 11 and 23 minutes, respectively. Fractions

Q

containing II-16, II-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 TI-16, as well as separate fractions containing II-24C and
II-20, which were further purified as described below.

[0261] Sample containing [I-24C (70 mg) was dissolved in acetonifrile at a
concentration of 10 mg/ml, and 500 pl was loaded on an HPLC column of dimensions 21
mm i.d. by 15 cm length containing Eclipse XDB-C18 support. The solvent gradient
increased linearly from 15% acetonitrile /85% water to 100% acetonitrile over 23 minutes
at a flow rate of 14.5 ml/min. The solvent composition was held at 100% acetonitrile for 3
minutes before returning to the starting solvent mixture. Compound [I-24C eluted at 19

minutes as a pure compound under these conditions.
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fromthe filtrate to yield conmpound of Forrmula H 8C as
a colorless gumwhich was further purified by nornal
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Low ReshiM#sswai'z 266 1M+ilﬂ) (Blgh Gfdepives thienldl NMRuapieefrum of a compound

entrat magnetic stir bar were added.
havmg%ﬁ;es flslpqrzi%’}ag]ﬁg\%s cooled to -780C on a dry
([GZ%‘STC et %@lﬁmf Rk B Q@'CU W@A@mfm@ﬂ{m ML m<sh) nm.

H4in 0.5 of nonoglyne (create

Low Red. Muss:frafz AW -y i360 Q]vﬂ)ﬁ\la&)vaﬁl@.o&léeplds the- I/HWRpoectrum ofa

reaction. m xt ure S st i{%ff -780C for about 14
COlnPO‘Fﬁdrﬂﬁvé%g.therﬁtéu‘%t‘érﬁ FerHA e #e was acidified using 2

of 4% HC solution in d extracted with CH2Cl 2.

The organic | ayer was \e@'ﬁaég‘{glfcg[ﬁed to yield m xture of:

c onpounBemdenfationmol GenipoRbdsaofdoRnie (Rl Aarfl B:18. 5 rati o

as a white solid, which was, further. purified .by _normnal

B0R06t HRYtein SN % BhRE SETEh X2 S0kl e qomiasiag 1 of the
first vel Ay gitny coneRThg B che T0Ro TR ooF 10 B Qeltited Wiy glucose, 4
g; Bactb alybmed3 ByBactd castidhe,of gdindrynibétidpsaly (AU BtEMC Aquarium

over 1 mn, and held at 100% Et OAc for 3 m.n; the flow
Systempl B8 snaEhebirstiged suifureaasingmbajasat Salestes (it 3 GaysioRer rotary

shaker ﬁﬁ%rﬁf ' C%tiger}{n %ﬁ‘zés Sl omme@ Eulﬁ% %Is ‘?n cu%ged( 1?1t0 a 500-ml

mn as a pure conp

flask c@ﬁtalﬁ gn‘l—d()am["’o?- Hie ééVoﬁcN?@gétmivb frhéc&(lﬂ'ﬂ CZ)@lsﬂlﬂi@Kf ﬂl%&‘o(l&hi)ng per
M5, mlz 314 (MtH) +, 336 (MNa) +; 1H NWVR |
liter of delomzed water: starch, 10 g; yeast extract, 4 g; peptone, 2 g; ferric sulfate 40 mg;

potassium bromide, 100 mg; calcium carbonate, 1 g; and sodium bromide, 30 g. The
second seed cultures 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 resin were added to the )
second seed culture. The second seed culture was further incubated 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-ml flask containing 100 ml of the second vegetative medium. The third 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 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

XAD-7 resin were added to the fourth seed culture. The fourth seed culture was further
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acetonitrile/ 10% water over 17 m nutes using an A
for 3 dags@n 8 rdtRtyGhelodr oparatihg di A&hginonFod2mineadhdofthe THih serd culture

. length.. Conpound of Fo a Pp-2 luted at. 9.1 ni
was inggeliled { s @7 oo AR tr%‘gtsyﬁgpan]b%@ ks 6o RERisu AL i 5 the
- 0 % 240 iHoAC | toeddn/ - i
procuc TR 2ha R L S fplloos o SR 497 2B
Approxfith@iely?3)to 3 gpams Bf bferifex dnyibeelittZX AT hhesin svayt dldoeadded to the

Compound of Fornul.ae P-22 from P-19.10292] A sanpl e of
produciagn gyt dilimPEREIStom S8R Y cedaedat 2 %&Jm Briagpon a rotary

I Ay - . '
shaker GRATRANPH 230 bt Thetulfurk el hsTilerdd Bk chéesblorf fiftecover
the Anfbeflfte GADET ehisth. NThe eeviip ek elxjracted sathv tinfdst 2 litetS ethyl acetate

m nutes, the . Lo
followed by 1 time 1 liter ethyl acetate. The combined extracts were dried in vacuo. The

dried extract, containing 0.42 g of the compound Formula TI-17 and 0.16 gram the
compound of Formula II-18, was then processed for the recovery of the compounds.

Example 4
Purification of Compounds of Formula II-17 and II-18

[0267] The pure compounds of Formula II-17 and II-18 were obtained by
reversed-phase HPLC as described below:

Column ACE 5 C18-HL

Dimensions 15cm X 21 mm ID

Flow rate 14.5 ml/min

Detection 214 nm

Solvent Gradient of 35% Acetonitrile/65%
H,0 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
conditions described above. Compounds of Formulae II-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.
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solution was filtered through a 0.45 msyringe filter

and purified directly using HPLC. Conditions for the
~W@S002522 i on i nvolwved a |inear gradient if 10P6T/US2004/019543

acetonitrile/90% water to 90% acetonitril e/ 10@6mater

over 17 m nutes _using an Ace 5 mC 8 HPLC colum
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21.2 nExpploss:. @I'Eﬁi@hbt@n m%ondmons for the separation of compound
formula II-19 from unreacted II-16 employed an isocratic HPLC method consisting of 24%

ethyl acetate and 76% hexane, in which the majority of compound II-19 eluted 2.5 minutes
before compound II-16. Equivalent fractions from each of 10 injections were pooled to
yield 35 mg compound [I-19. Compound II-19: UV (Acetonitrile/H,O) 225 (sh), 255 (sh)
nm; BSMS, m/z 406.0 (M+H); "H NMR ir; DMSO-dg (see FIG. 9).

=LY

11-19

Example 6
Synthesis of the Compounds of Formulae II-2. II-3, and I1-4

[0272] Compounds of Formulae II-2, II-3 and II-4 can be synthesized from
compounds of Formulae II-16, II-17 and II-18, respectively, by catalytic hydrogenation.
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.Cc or PDC or Dess-Martin Periodinane R=H, Me or Swern
Oxi dation Starting Conpound Exanple 14 Reductive

o e WQARIOTR0250N Of ket-0-deri vative [0294] The ket o PCT/US2004/019543
derivatives, for exanple Formula P-8 and P-13, are

reat ed ,vvit? sodi um cyanobor ohydri de (NaBHsCN) in the
Exem 0 bases to yield am ne derivatives

of the ti ng conmpounds whi ch are-subsequently

bond in t cyclohexene ring. Exanple: [NaBH CN NH3 R8

H 1 , Cycl ohexene ri H 10295] Any
conpoun mfthe P-16, H 17 and SNIeyOlbe used
as a startHng g‘(:onpo#nd. The starting gongdund iS
treated wi¥ d_Nal M i n THF- H Bo-salug#8n to
yi el d der|i va} i ved"WHidh Har e | cohol
with NaBEY inl sang pot. EXanpl e: |
w E Acetone B :
H \\\\\ := H \\“\\ ==
R R
II-16: R=CI . R=
11-17: R=H T
11-18: R=Br II_4; R=Bl'

Example 6A: Catalytic Hydrogenation of Compound of Formula IT-16

[0273] Compound of Formufa II-16 (10 mg) was dissolved in acetone (5 mL) in
a scintillation vial (20 mL) to which was added the 10% (w/w) Pd/C (1-2mg) and a
magnetic stirrer bar. The reaction mixture was stirred in a hydrogen atmosphere at room
temperature for about 15 hours. The reaction mixture was filtered through a 3 cc silica
column and washed with acetone. The filtrate was filtered again through 0.2 um Gelman
Acrodisc to remove any traces o.f catalyst. The solvent was evaf)orated off from filtrate
under reduced pressure to yield the compound of Formula II-2 as a pure white powde;: uv
(acetonitrile/H,0): Amax 225 (sh) nm. FIG. 16 depicts the NMR spectrum of the compound
of Formula II-2 in DMSO-d6. FIG. 11 depicts the low resolution mass spectrum of the
compound of Formula II-2: m/z 316 (M+H), 338 (M+Na).

Example 6B: Catalytic Hydrogenation of Compound of Formula II-17

[0274] Compound of Formula II-17 (5 mg) was dissolved in acetone (3 mL) in a
scintillation vial (20 mL) to which was added the 10% (w/w) Pd/C (about 1mg) and a
magnetic stirrer bar. The reaction mixture was stirred 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:

-73-



R8 Starting Conpound P-7 P-6 Exanple 16 Dehydration of
al cohol followed by al dehyde formation at

WO a@t00m572 act am ri ng.- junction [0296] A starti nBCT/US2004/019543
conmpound of any of Formulae P-16, P-17 or P-18 is
treated with mesylchloride in the presence of base to
yield a dehydrated derivative. The resulting .
debydiat ed conpoudnbsieddkaahgd oWistit,05CU and Nal U4 in
THE-H 20 to yield an al dehyde group at the
| Bingeseonsact am r i2dgnj wAtRimm.IDRs St arting Cormpound 1-1

17 Vario eactions on al dehyde derivatives
?%KKF%I%‘Q?] Wtti éir{e%}@‘tnﬂlbns are performed on the
abdeblysie group ugifrg) various phosphorus ylides [e.g.,
(triphenyl phosphoranylidene)ethane] to yield an
oPelVER; The doublSés Bo6@YHIBIOWEH S fte 16hEi) 600 NOJUCE®D Ac in 1

by catal ytic hydrogepation. Exanple:Wttig Reaction
CIXBCHPPhyB R 1-3‘?%58@}4%%%%9 veEfdmation is

Hikat ion is
(o o) e I L SRy M52 R e Biingmna: O

and sodi um cyano

(acetou'@g]eﬂéi())v B5ax 225 (&) mat. | M. 112 depRisithd M%ﬁkardn'? BPREompound
wi th NaBHUt o form al cohols in the side chain. Exanple:
of Forgigla [I-§ ip Lﬁ%\flSO-dd FIG. 13 depicts the low resolution mass spectrum of the

compound of Formula II-3: m/z 282 (M+H), 304 (M-+Na).

Example 6C: Catalytic Hydrogenation of Compound of Formula JI-18

[0276] 3.2 mg of compound of Formula II-18 was dissolved in acetone (B mL)
in a scintillation vial (20 mL) to which was added the 10% (w/w) Pd/C (about 1 mg) and a
magnetic stirrer 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 filtrate to
yield the compound of Formula II-4 as a white powder which was further purified by

normal phase HPLC using the following conditions:

Column: Phenomenex Luna 10u Silica

Dimensions: 25cmx21.2 mm ID

Flow rate: 14.5 ml/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
[0277] Compound of Formula I1-4 eluted at 16.5 min as a pure compound: UV
(acetonitrile/Hy0): Amax 225 (sh) nm. FIG. 14 depicts the NMR spectrum of the compound

of Formula II-4 in DMSO-d6. FIG. 15 depicts the low resolution mass of the compound of
Formula I-4: m/z 360 (M+H), 382 (M+Na).

Example 7
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N _/y Reductive Ami nation O O NaBH3CN NH3 in 1-5
[0299] Organonetal lic addition reactions to the
-Wab@shgxie2 car-bonyl ,..such as Gignard reacti onsPCTH§200€019543

performed using various alkyl magnesium bromni de or
chl ori de rqﬁ\ ) opr qp Irralgnesn um brom de,

phenyl i H ‘

eC abﬂ%%ﬁ} ﬁxsad&fp ﬂ% F% d ard, o

SRea???g'f?dls?eactl on I%hl\/gBr % ?&%%“fﬁ b %’E&‘f pg from
compg@q of Rﬂrmﬂlﬁgiﬂﬁcbgyp{)ﬁaﬁﬁjn With tnca?stt udi es of a

which is also referred to as _
S mgs po é%ﬁ%l’:‘glr&l AOiaE ‘39% 1%&130%!&%8:&%4 ngaelekvas dissolved in
methyﬂéiﬁ:bhlbﬁﬁ@( 11§9r1@@ NG BARE b aslfg Z)llﬁ%tv%/asogddgg 79 mg

human tunmor cel | Tines that represen
(0.46 pemealedred mete- cchlmqwlsemblct hed |(HTPBAPEAD 2 Bhaghdlic Q436N The

d A detail ed description of
reactu?rL S[Hee\gr |o t %Br%&%gg%ﬁénﬁggﬁu@éo\‘ #had 18 thotwsp dilieeraction mixture

|
was pbred 58l & 960) 4 dsHbRindr] dnd eluted ) Pith 190 L of GESde 75w of 1:1

nci
ethyl @pq:tgtﬁ/hemh and fisdly 6@ ithuadnmt wWrono®g! bthli AESatee r”[?le 1:1 ethyl

.1640 di u suppl enented  with 5%
acatet%%%aﬁg f@g&% /1 g azm%rg n}q;,:;sgq%qmers Ot lepexyderivatives, F ormula -
5A and II-5B, which were separated by normal phase HPLC using the following conditions:

Column Phenomenex Luna 10u Silica
Dimensions 25cmx21.2 mm ID
) .
Flow rate 14.5 ml/min
Detection ELSD
Solvent 25% to 80% EtOAc/Hex over 19
min, 80 to 100% FEtOAc in 1 min,
then 5 min at 100% EtOAc
|

[0279] Compound Formula H-5A (major product) and II-5B (minor product)
eluted at 21.5 and 19 min, respectively, as pure compounds. Compound II-5B was further
chromatographed on a 3cc silica flash column to remove traces of chlorobenzoic acid

reagent.
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were plated at their appropriate density in 96-well
mcrotiter plates and incubated at 370C, 5% CO2, 95%
. W@RIVSAMI7100%.r el atj.ve hum dity. After 24 hourBCT/USDO4019543
of various 10-fold serial dilutions of Salinosporam de
A were added to the appropriate wells containing 100
Chemigal SYRICRESS: s resulting in a final Salinosporam de A
co ntration ranging from nMto 100 mM Cel |l s_were

ce v My or growh: ree dose r

par angt ees were cal cul at 6@“’\61 fofTows: G50 i cate
the ceacéntra®ion that inhibin E%»ld‘\ by 50% TGy

t he coacmtratign hat| cgnpl etely i nhi
h. | i ndicates the ooncentgeati o' t hat 95
t@ 50% of Fe: cel | §,w[0308] An exanpl e Qfyw
evd uating Sal i nosporafi deZA in the NCI scrgen
is sheawn in Table 1 below. [0304] Data indicate t
the mean G 50 val ue of Salinosporam de A was | ess than
- 10 nM,/ The wi de range (>1000-f/ol d difference) obs% ved
in both the nean TG and msarh_btqéq/ val ues for the nost
sefi¥ tive and the nost resistant’tdnor cell |ineds8a0%
illustrates that Salinosporam de A displays good
selectivity and does not appear to be a general toxin.
Furthernore, the nmean TA data suggest that

Structupd CHesRaiAtbeEe A shows preferred specificity towards
nmel anonma and breast cancer cell lines. The assay was

r[6pRUt ed Farvauls HbRAd L&Y ridlcgioniteledil1(¥). ApQ3W5] (skhem. Low Res.

s 75 AT RS SR PO e 1
spectrui® 8FFSARAa M8 AlenPhe Thab® spMrudnd FodhuRitEBhays good

tunorselectivity of nmore than 1000-fold difference in
both the nean TA and nean LC50 val ues between the
ant tu cell lin Tabl e

ST RS 2 T O S e
Mass: &/\gg%g:)%%tﬁg’: 9%%@ t ?%Ig“’ r ogégﬂe@ﬁ{;%&%%l‘}wtl? NMR
spectrudnbf H:5B\Mildathe S84 $peOifint oEXpSB.I D: 0108RS09- |

Example 8
Synthesis of the Compounds of Formulae IV-1, IV-2, IV-3 and IV-4

e

Synthesis of diol derivatives (Formula IV-2)

[0282] Diols may be synthesized by Sharpless dihydroxylation using AD mix-o
and B: AD mjx-a is a premix of four reagents, K,OsO(OH)s; K,CO;; KsFe(CN)g;
(DHQ),-PHAL [1,4-bis(9-O-dihydroquinine)phthalazine] and AD mix-f} is a premix of
K7050,(0H)s; K>COs3; 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 II-5A and II-
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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Mean G aphs Report Date: Septenber 17,2001 Test Date:
August 6, 2001 /CUUt Jfhii 1 i. Lntf il CCRE"CEM 00

WO 2@@8/062562 - 400 MDI.T=* RPM 8226 SR EKVX HOP62 HEPFUSNGI/019543
H226 KCI H23 7 NC1H322M U i NCl HAW -6. 97 Ud - HSI |
1CoInC| ncci . COLQR03 I—|CC2991 HCT | 4 9918HCTI S -MO 125

[0283] Any of the compounds of Formulae II-16, II-17 and II-18 may be used as
the starting compound. In the example below, compound of Formula II-16 is used. The
starting compound is dissolved in t-butanol/water in a round bottom flask to which is added
AD mix-a or § and a magnetic stir bar. The reaction is monitored by silica TLC as well as
mass spectrometer. The pure diols are obtained by usual workup and purification by flash
chromatography or HPLC. The structures are confirmed by NMR spectroscopy and mass
spectrometry. In this method both hydroxyl groups are on same side.

H H
@\_’/OH "
H E

O lo) O
Sharpless H' or OH
-———
O Dihydroxylation
Cl cl Cl
Starting Compound Formula IV-2 Formula II-5

Nucleophilic ring opening of epoxyv compounds (II-5):

[0284] The epoxy ring is opened with various nucleophiles like NaCN, NaNj,
NaOAc, HBr, HC], etc. to creat various substituents on the cyclohexane ring, including a
hydroxyl substituent.

Examples:

Nucleophilic ring opening

>
NaCN or NaN3 S
Cl
& R7:CNor N3 if R6 is OH
R6: CNor N3 if R7 is OH
Formula II-5 Formula IV-1
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CNSCwecr SFI SS SF-MJ SF-5J9 SNS 19 SNB7 U 51 Mii m

MH SK MEL-2 | MCC-2J7 UACC62 Onrii pC etr | CROVI OVCAR3
i WORMGAR2A7IVMCARI. .-.400 OVCAA 4SJ SK OV J  -400 PCT/US2004/019543

Raul G ncer 7E6-0 L b ACHN CAKI | RXP393

[0285] The epoxy is opened with HCI to make Formula IV-3:

HCI

Hie

Cl
Cl

Formula II-5 Formula IV-3
[0286] Compound of Formula II-5A (3.3 mg) was dissolved in acetonitrile (0.5
’ml) in a 1 dram 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 IV-3C as a pure compound without any work
up. The HPLC conditions used for the purification were as follows: Phenomenex Luna 10u
Silica column (25 cm x 21.2 mm ID) with a solvent gradient of 25% to 80% EtOAc/Hex
over 19 min, 80 to 100% EtOAc in 1 min, then 5 min at 100% EtOAc at a flow rate of 14.5
ml/min. An ELSD was used to monitor the purification process. Compound of Formula
IV-3C eluted at about 18 min (2.2 mg). Compound of Formula IV-3C: UV
(Acetonitrile/H,0) Amax 225 (sh) nm; ESMS, m/z 366 (M+H), 388 (M+Na); '"H NMR in
DMSO-ds (FIG. 20) The stereochemistry of the compound of Formula IV-3C was
determined based on coupling constants observed in the cyclohexane ring in 1:1

CsDs/DMSO-dg (FIG. 21)
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PCl DU

SNI 2C 620 TK 1 Q 00 UD- 31 -4J9 ProstucCancer
145 Bicui Cuc r MCF7 NCl / ADRRS MDAMB 131/ LTCC NMDAMD- 435
4D:: M _MZD Ri | Exanple 19 G owt h i Pti/DB1000619543
lines [0306] B16-F10 (ATCC, CRL-6475),
HEK293 ( ATCC, CRL- 1573), HT-29
- 231
NClI - H292

i s WORASBIST2,T -
of tunor cell
DU 145 (ATCC, HTB-81),
(ATCC, HTB-38), LoVo (ATCC, CCL-229),
M A PaCa-2 (ATCC CRL- |1420)
OVCAR- 3 ( ATCC, N
7435) \RP
196} o

TCC, HIB-26),
LA CC, CRL- 1848),
CGy CRL-1469), PC-3 (ATCC, CRL
@CL- 155) and U266 (ATCC, TB-
mai ngai ned_in appropriate culture nedi aHO The cel | s
( nhi bi tilon

e

\Aﬁre cul t
BlG F10, DU 145, HEK293, HT-29, e

Cl

IvV-3C

Reductive ring opening of epoxides (II-5): The compound of Formula is

[0287] i
treated with metalhydrides like BH;-THF complex to make compound of Formula IV-4

[t

o)
BH,-THF
-

My

i

Hite

Cl

Formula IV-4

Ci

Fc;rmula II-5
Example 9

Svnthesis of the Compounds of Formulae [I-13C and II-8C

Compound of Formula II-16 (30 mg) was dissolved in CH,Cl, (6 ml) in

[0288]
bar were 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

a scintillation vial (20 ml) to which Dess-Martin Periodinane (122 mg) and a magnetic stir
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LoVo, NDA- MB-231, M A PaCa-2, NCl-H292, OVCAR- 3,

PANC-1, PC-3, RPM 8226 and U266 cells were seeded at
wa225%00378, 5x1 O3, 1.5x|I &4, 5xI A8, 5xl A3, | x| CPAT/US2004/019543
2x1 G3, 4xl1 O 3, |xl| M4, 7.5xI03 Ex1 O3, 2xI ™4, 2.5x10 4

90m conplete nedia into

using %loérﬁlﬁéfe%‘lg%r es?@%‘é °|Hé i@j& i F - Blag fragtion; dduteé wathl 30% EtOAC
in Hebhitd e6ataBQTMFKAEK o3 QbtthbQNS: il Ul B A0 M8LE) <85 T

prepared in 100% DVS quot e

letuFQJWm‘Jﬁ’éthPF H@Wysrmrma] }bhascdHlPﬂUaiilrfgrtﬂe 2eeefndnex Luna 10u Silica
Ilca t est vveIIs resultin

Column gﬁtotﬁ)ﬁ glnflna
(3R SH F A0 2oRD AGithg selveth stdien ofVotons 0 MO ALETex over 19
min, Slj & W‘W@AEQ}VH D&fint Holﬁ@%&ggﬂgaéﬁgﬁng& %4%112&}% aflow rate of

The final concentration o
14.5 wHmin.esAn [ BIZRIB] wiso hsedwiongroABoh By Su@ficabiod @mgs%ﬁl {%nd of
C

esazurl n (obtai ned from
F"rm%ﬁ%@h@??m%{) 9.413.2cams 4y e aiphios pﬁmtemmsfwm ada ratio of

385 T R Rt IR A Y OBl 5 245 Tl % Bop g o,

ESMS; ei/t 31 n@Maky] b2e(VReNay Ul NMRW@MS@H?@E@P}? § the
L@%gctl on_product of Resazurin was neasure ng a
h nilhespiages nﬂxtum @frfenmmla(lmaak:a(ndn@ WOSCAisOdRY in acetone

(1 ml)\gﬂnti‘sélﬁ%llaglogﬁ%m d-{r{}l? t 1@1 gggta n(ftfnlic{sltng réQS é,ml?g?)féfzfqr%/le rEw/w)
Pd/C dmﬂ@d(gfagnmii stitbia€ b\fei’@&idél‘i [ofy Tl CTe ﬁf?ﬁuﬁ{j\?f%sg %ﬁr?edz e ﬁychogen

experinmental wells. The data were nornma
atmos;g\;éer algEoom WI@@@@T@C@I abovthS heluss The adaetlomvintiktup® dad fittered

0% C h)_and EC50 val t
through). 50 45 B RS Ak 1 RmRarC S Hlyshe Tha It wab evaporated
£ d

om tlﬁ&ﬁﬁfa‘t’@t@ JEEI8WbIhp bﬁHH bi égfrﬁ dd f.&s48P! c+18 ggsg)egu]tmrﬁéfgghsv%as further

det er m ned usi ng a stan ghoi d

punﬁe@ dyvigorfriat phfn?g BRIy rusinlgna Pbﬁm{ehéﬁiuhﬁ hfditic3eQumh25 cm x
utjon 0, GraphPad Software

lem Si% é’ﬁ or Prism 3.
At @'4)) §(§§ Vehgra PTaOf%? /ﬁ'écb%/ﬂ’ﬁt%ﬁﬁﬂ geert 9emipy 6(Mtdn 100%
EtOA Id’i;@f bidh@r t f | nst 1 i_ve

¢ human Ig%dﬂﬁaég:ﬁtlﬁ)%r Eggﬁ{mrasng%& é’v *Z‘“mgﬁ‘% m/min. An
ELSD E’@E Osed wemoniforfhe gutificafoh Greg@as. ns;bm\p@ﬁmpgﬁpgmg et 1 me)

eluted at 1n3r § min as a pure compound. Formula I-8C: UV (Acetonitrile/H;0) Apax 225
(sh) nm; ESMS, m/z 314 (M+H)*, 336 (M+Nay)*; '"H NMR inDMSO- ds (See FIG. 23).

\\‘

ull

.-—O Dess-Martin
Periodinane

e

1I-16 .
-
1-13C 1L8C
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Cell line Source EC50 (nM, nean + SD * n B16-F10

Mouse, nelanoma 47 20 12 DU 145 Human, prostate
weansiosna 37 + 10 3 HEK293 Human, enbryoni c kpaneg2044019543

2 HT-29 Human, col orectal adenoc_arm noma 408+326 5

LoVo Human, col orectal adenocarci noma 70 +

MDA- MB- 231 Human, breasEXamrled@ar ci noma 87 + 40 12 M A

PaCa- 2 Gl | $ klopry
HSman ol Sﬁg@?ﬁﬁ: dunfi BF ELOAANRe OVCAR- 3

HI0R90] oVERs actardenniarei GOFordGa 8136 EﬁNﬁgj WhMBRsolved in
atic carcinoma 60 2 PC-3 Human, prostate

dimet 0 R SRS 126n00 Rew S vidan mirts bizhvatc (15 4

(1% dﬂ‘tﬁé ?ﬁ? %{gﬁmn} C%ét?téét%ng %ﬁbn%?ﬂagpnyt%ctnlgg 3% He added The above

solutnm(wm coded &)-78°Q ontahiy fRaddeloak BSthi §ncP5 géﬁﬂﬁ%réﬂ%ﬁag solution
The. EC50 val ues indicate that Formula P-

(3.7 mg At NeRHLcindya nH ngzp@glyma@cremdldﬁlloME&QQBW aldﬂ[rtibﬁ)) was added

drop- V{B%%%T }}é\@o%%g %ﬁéﬁewg%gl Cﬁoa% uigg @é@ggut %(Wt@ss 2Bhg geaction

mlxtunel Wa{soadldlﬁb@ ukihgn af oPA%tI@@ISQT@u(ﬁPH\V atbva k CH,Cl1
U3, g-4, gg-5A g-SB, 11-8C. % &g@%gﬁ@ 2
The 01‘@8.11[8 layer wos eyapppatediioicld mmre ﬁ@m@ouﬁd 26 fanthldMI-3€ and II-16

r ep; as 20 nMstock
in a9 G b e AT Sy e e d v e Lpgge HPLC using
a Pheno8(e0€x Lithe 10u Sitics 8bBinh (0¥8&l-€2 12%5% fa‘fﬂyﬁoﬁﬁé phase was 24%

obt ai ned from Cal Bi ochem To enhanc
EtOAyidlexgpe ivhith ks Aeldiisactaticdbr 1 9 eniny DIlewsO®®.a lideer gradient of
24% tdaf&fby EtOAc over 1 min, and held at 100% EtOAc for 3 min; the flow rate was 25
ml/min. An ELSD was used to monitor the purification process. Compound of formula II-
25 (1.5 mg) eluted at 11.64 min as a pure compound. Compound of Formula 1I-25: UV
(Acetonitrile/H,0) Amax 225 (sh) nm; ESMS, m/z 314 (M+H)*, 336 (M+Na)"; '"H NMR in
DMSO-d¢ (see FIG. 24).

NaBH,, -78°C

Monoglyme/1% water 2 (L

LY

cl Cl
1I-13C I1-25 (95%)
Example 11
~ Synthesis of the Compound of Formulae [I-21 from II-19
[0291] Acetone (7.5 ml) was vigorously mixed with 5 N NaOH (3 ml) and the

resulting mixture evaporated to a minimum volume in vacuo., A sample of 100 pl of this
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buffer (20 mM HEPES, pH7.3, 0.5 mM EDTA, and 0. 05%
Triton Xl OOy was supplenented with SDS resulting in a

v e 1« WO RWEM0SBDS. concentrati on of 0.035% The substretBEUSREH019543
was suc- LLVY-AMC, a fluorogenic peptide substrate

specifically cleaved by the chynotrypsin-like activity
solutw@fwaq@vﬁﬂdow%gemoumégéﬁ%ﬂ%@ %mﬁ)dna?@etane (1 ml) and the

resultugé Bl%ggsﬁﬁ? gﬁ}ﬁtﬁg 6?(%5&1& ﬁ‘&%m%utés %ﬂea&ﬁb asg){h%tgb%l \EXSOJ Hgdlately

subjecRd2o freparufive P18, HFOC muCanditidis, fdfOﬂhHl{hmlﬂBatlJn irvolvadl & linear
P-18, Fornmula P-19, Formula P-21 and Formula P-22 were
gradienteid 1990 aecteniHe/OB%i Weter se 80V e agstamiEile/utQVe svatpn pver | lfaminutes

using B9 50RO RNl SR MRS 0 250y [, it engen

Comp&ﬁﬂccﬁmdiﬁhlaml reited oo i meidhtbs TidrAhébe 2AMioRPIIHMER 0.55 mg
P-3 was tested as an ei ghtdose response curve with

compofihthal Caopmmdtafafdromda Hedlgi by (Acstortioiledid.0p 225 AsWESMS, m/z

296.1 &Hﬁl Mm&o%@?% 2&:13/; éF?(regyleg \ITVI tzﬁcf i nal

concentrations ranging from20 mMto 6.3nM The
sanpl es were incubated at 370C for five mnutes in a

prein ubﬂti n step, t he substrat®e vvés dlluted 25-fold
[ di ni pg pssay buffer.

t he additiom off 10
pl at es wer eMNret:

conceng on of sulbpstr
Al'l data
than 1. 5,het
data poi nt
at which.5
is inhibite

and plotted as the ne

THe EC50 val ues (the ‘?‘ .

cahcentration
% of the maximal relative §luorescence unit
were cal cul ated by PrisN (G aphPad

Sof tware) usjng a signoidal dose-respopse, variable

sl ope nodel ./ To evaluate the activity bf the conpounds
agai nst thefcaspase-like activity of t/he 205
proteasones reacti ons were perfornedoﬁs descri bed
above excepi-1¢ hat Z-LLE- AMC was used gg,it he pepti de
substrate. Fornmulae P-3, P-4, P-5A, P-5B, P-8C, P-13C
P-17, H 18, 11-20, P.-21. H 22, P-24C, P-25 and
Formula 1 V-3C were tested a ncentrations ranging
from20mMMto 6.3M For =Z was tested at

concent I5ghih@@s of MB LoRehouh@ B FE&MMMIAOT-I23rM Y | e

Formul a P-16 and Formula P-19 were tested at

d6222nt r &t isangle of 60 mg sodium propionate was added to a solution of

compound of Formula [I-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
solution was filtered through a 0.45 p syringe filter and purified directly using HPLC.
Conditions for the purification involved a linear gradient if 10% acetonitrile/90% water to
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 at 12.3 minutes to yield 0.7 mg compound (15% isolated yield). UV
(Acetonitrile/H,0) 225 (sh), ESMS, m/z 352.2 (M+H); '"H NMR in DMSO-dg (see FIG.
26).
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ranging from5nMto 1.58nM For the evaluation of the
conpounds against the trypsin-like activity of the

r e WQOROSOESONE, .the.SDS was omtted fromthe assapCihu$ioes/019543
and Boc-LRR- AMC was used as the peptide substrate.
Formul a P-20 was tested at concentrati ons ranging from

0 Sted ranged
from | Orthltlb $2nM Qhi | e For nul ae H-#4, ? 5A, &- 16, -

18 and P-1 ted at concentrat j"onsi ragogfng from
I mMt 2nM | [ 0313]—Resulss ( ues) are
shown in T d i bkddsi r at e e tested
conpounds\"*jfor r‘ﬁ,ll ae P- plpiofatel6, P- 1@y )F 20, P-21
and P-22 arfe tl¥*e nost potent |nh|b|toso§ t he
chynotrypsiy-1like activity of the 203 proteasone wth

EC50 val ues anﬁl ng from2.2 Mto 7 nM Fornul ae P-2,
P-4, P-5B an 2% nhibit the proteasofml 122
chynmotrypsig-like activity with EC50 val ues rangi ng
from14.2nMto 87M while the EC50 valjue of Formula P
3 is 927 nM Fornmula P-24C, P-13C and \V-3C i nhi bited
the chynotrypsin-like activity with E ues of 2.2
mv 8.2 mMand 7.8 mMrespectively. ECB0 val ues for
Formul ae H 8C and H 25 were greater tKhan 20 nmM Under
the conditions tested, Fornulae P-2, PA3, P-4, P-5A
P-5B, P-13C, P-16, 11-17,P-18, P-19, P-20, P-21, P-22
and P-24C were able toE&Bmtg_lt_the trypsin-like

Oxid 3L ,g;Y ‘ or ! ae].gg.‘[ﬁmﬁ P2 nd 118

activity wi e{rﬂ r%gn\é@hﬁ%r&@nﬁ'n%héf%ﬁéglw to 744nM
whi |l e Formiulae P-2Z, P-5B, P-17, P-20, P-21, and P-22
HAZOFC50 Angloti s qoanpgpunds cﬁﬁlhlmmmzrﬁ\/ﬂﬁ dI-3 7 and/lIT Ebineay Be used as
Ef f.F | P- P- P- 5A,. P-5BJI
oSl T S bl ol Ed oo
RiR4C o P25 _ u t
wing SHRACor PO (Y, 00 DRSSPI, i
chlorodb@fateqPGES, E)}‘sy-ﬂm&rtm [psnmdlhaﬂeeor'ﬁmym; chietid&k Swern ox1dat10n) (Ref:

C% yg% e-li
Organic Syntheses, co lectlve volumes I-VIII). Preferably, Dess-Martin periodinane may be

used as a reagent for this reaction. (Ref: Fenteany G. et al. Science, 1995, 268, 726-73).
The resulting keto compound is treated with hydroxylamine or methoxy amine to generate
oximes.

Examples:
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Formula P-2 18 nM 230 nM 1.5 nM Fornula P-3 927 nM 6.6
mM > 20 nM Fornula P-4 14.2 nM 109 nM 744 nM For nmul a
wWE2BA0®532 nM 89 nM 487 nM Formul a |1 -5B 87 nM FGRUSNN4/019543
3.3 MM Formula 11-8C* > 20 mMM> 20 nM > 20 mM For nul a
I1- 13C 82 mMM10.7 MM > 20 nM Fornula I1- 16 2.5 nM 2

401 nM Fornul a | % 29.5 nM 588 nM g RO
I1- 18 2.2 n 250 nM For mul a 9*3\
9873 nM For nuka. P-20_*~8 nM 318 nM A N

&
*

* 7 nM720nM 2. roula P-227* 5 BM o

g, 2 MV >
20— M-Ber
20 podva20 MM * |

y H Y : l € (LY
Salf nosporarrde A (P-16) Ifnhidbits Cﬁ‘y%%%rypsi”ﬁ‘- i
Actlivity of z?%bbit Muscl e\20S Prot easones [ 031
ef fact of Sali-nesperami.de
I ned useng a commercially available kit fro

Cal bi ochem (¥&t&r9g no. 539158), which uses a
Start.flé)dro enic peptide substrate to neasure the activity

ety muscl e 20S prot eHsires ( Cal bi ochem 20
Proteasome KUt). This tide substrate is specific
for the chynotrypsinli E—%&@S—eﬁ

Reductive amination of keto-derivative

[0294] The keto derivatives, for example Formula II-8 and II-13, are treated
with sodium cyanoborohydride (NaBH;CN) in the presence of various bases to yield amine
derivatives of the starting compounds which are subsequently hydrogenated with 10%Pd/C,
H, to reduce the double bond in the cyclohexene ring.

Example:

M Hiw

Htnanes.

Rs
m-13 I-11 I-12
Example 15 |
Cyclohexene ring opening; |
[0295] Any compound of Formulae II-16, II-17 and II-18 may be used as a
starting compound. The starting compound is treated with OsO, and NalO4 in THF-H,0

solution to yield dial derivatives which are reduced to alcohol with NaBHj, in the same pot.
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enzynme activity of the proteasone.[0315] Oruralide was
prepared as a 10 mM stock in DMSO and stored in 5 ni
W@Pbdogas32 at - 8C0C. Sal i nosporan de A was prepBCEUSHS4/619543
25.5 nmM solution in DVBO and stored in aliquots at
- 8C0C. The assay measures the hydrolysis of
Exampigic_ | LVY- AMC i nto Suc-LLVY and AMC. The rel eased

ourrarin (AMC) was ne red fluorometrically
The as

The i nstrunent u}g‘sed was/a Therno Lab S}/}st errs
,odd th the incubaty champer set to

nuf acl ur eNal®, pr ot 0COol T %e fol | ow ng cha“
pro?easorre was activ ted as descri bed wi tH _

ers

and 190 nL of the Fact i vat ed pr ot easone w&s
added and m xed. The sanp wer e pre-incubat n the

Stamn&l(%lj?g?p&élﬂgn for 5 mnutes a@%?OC Substrate wa 6Iadded

and the kinetics of AMExwepe feol | oned for one hour. AU

data mere coIIected an p otted as the nean of
] 2o i (Oamnatioues DIG sianmmﬂnmmuOn

ion erfor ned e ab nce of po
Aﬁgﬁ@ Mtalamsr?ompogm 4E 6 Eﬂ%a s S ELBOREES 5 Sreated
with Ir}ég}ﬂblﬂgh@e #il 2RGredeH3L6H bazkTh Iy?e‘id taQieBﬁﬁatreﬁ %h(f&l\%btl"ﬁé ?&qmng
4 for the in vitro cytotoxicity (Tabl , Feling, et al
dehydratedrgepothe ms tIBEttecEWﬂﬁh@iBOA&thEIEIQQﬁOBI)IF HitetdEgsll an aldehyde
v in the 205 prat easone assay showed that
group agd, ‘?ﬁS@BS#%’Hé‘n&J Qo%tppr oxi mately 40-fold nore
potent than Oruralide, wth an average value of 1.3 nM
versus 49 M respectively G 27). This experinent
repeated and the average EC50 in the two assays
[mned to be \~ A+Qr Salinosporam de A L&he 52
ralide. [0317] Sal
f the chynot ryp§| n-I i kePactivit

. TReCcHRO vaI ugs to(gscBu city |
-200 nM rangg Hi E
NalO, =

I

U

, Rg
Rg
Starting Compound I-6 I-1
Example 17

Various reactions on aldehvde derivatives I-1

[0297] Wittig reactions are performed on the aldehyde group using various
phosphorus ylides [e.g., (friphenylphosphoranylidene)ethane] to yield an olefin. The double
bond in the side chain is reduced by catalytic hydrogenation.

Example:
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suggesting that the ability of Salinosporamde Ato

i nduce cell death was due, at least in large part, to
w@e@smeeesee i nhi bition. The data suggest that PCT/US2004/019543

Sal i nosporam de Ais a potent small nol ecul e inhibitor

of the proteasone. Exanple 22 Salinosporam de A

(I'L-16) I nhibition of PGPH Activity of Rabbit Misc)e

20SPr gi;easones [ 0318] Onural i de\can inhibit the RGPH

acti ¥i €y E;ﬁ so known as the ca§p selike) of the, o
t heite Réaetjont he abi Mt I ospo 3
of p Hiﬂé—e}y '

Lh-i. it ot ti
gl e:20sSpr ot E;ms ass "> A commer C'Jm@

avafll abl eW f | uor ogeni ¢ substrgteispecific for
Iwity was used instead of t\he chynotrypsin
subsgrate supplied in the protgasome assay kit
descri bed above. [0319] Salingsporamide A (P-1 was
prepdred as a 20 nmM sol ution i nIBVBO and stor ed.4 n

smal | aliquots at -800C. The substrate Z-LLE-AMC was
prepared as a 20 mM stock solution in DVMSO, stored at

m@] Tr@ : S97E t he

cormer ci al ?@eg{\;/ilgﬁn% giibh (?S ? &? (;rrgl% @‘CV\@%@W? EEup uging various
bases %9&153) andbsadwm hyaﬂmbomhydimdd R8I0 amiRSddrRhBvest thematlvely, the
aldeh rote a&?g eave Z-LLE-AMC into Z-LLE and

Yla irfprmrdophpls i dheesidd eteth.by neasuri ng
Exambige f| uorescence of the released AMC (lex = 390 nm and
em 460 nm). The proteasones were activated with SDS
and helgison ice as per manufacturer's recomendati on,n,
Sal i m{poram de A was di Id,%ed in DMSO to generate a/
40Q- ffol d oncent rat ed 8-Hpot do | uti on series. ei

fl\uorineter. Al data were coIIected and plotte
the mean of triplicate points. In these experi
t He EC50 was nodeled in Prismas normalized actR;vity,

e[re the anount of AMCR el eased in the absence® of
Sallifiosporani de A repredénts 100% activity. Ad-dbefore,
t he nodel chosen was a signoi dal dose-response,

[0299] Organometallic addition reactions to the aldehyde carbonyl, such as
Grignard reactions, may be performed using various alkyl magnesium bromide or chloride

reagents (eg. isopropylmagnesium bromide, phenylmagnesium bromide) to yield various
substituted secondary alcohols.

Example:

o

Grignard Grign?lrd W% o
Reaction Reaction N}
——— e o
PhMgBr (CH;),CHMgBr
Rg
L1 1-10



with a variable slope. [0320] Data reveal ed that
Sal i nosporam de A inhibited the PGPH activity in

w0 abioo2smuscl e 20Spr ot easonmes with an EC50 of BSOUS004/019543
(FIG 28). Areplicate experinment was perforned, which
gave a predicted EC50 of 610 M These results indicate
"that Salinosporam de AEgERERIedBock the in vitro PGPH

activity of purified rabhit Eg{ﬂg@i e 20S prot easones,

al beit wth | ower potency en towards the

c hﬁ%Qgiq ry pitial Isﬁuklels at® icampyur_lcEa(ﬁFrfﬁhﬁla'Zﬁ- 1|6E th&# iis isoQbferred to

.he trypsin-like Activity of Human Erythrocyte
as Saﬁl&gﬁp{%{;ﬁg d%e@n@@é@éﬁfheﬁﬁ@tl%ll Fanpen insghyte Dbiseiseniag Aanel,
which(dBndiéts of 80 hiRbR} s Dhehddi@nacti vl ty Of .

“human er yt hr_ocyt@%@%?@gﬁ%ﬁi&%gggg&gé%aq a and cancers

of the\ling, @olohh braim| avatya bedstEGRdtava b Bidhey) ggdde‘t&ifﬁa@ d&3crijftion of the

247 nd seenmed to depend upon the lot o
STt BHEEHEE © 8 eg? ( Ef_PWgL 2t cdppergst 2 2AnsfeTheotagat a (http://)
"dtp.nbi&ﬁh.%@&/@r&@ﬁés/ﬁt%ﬁcﬂ%%%%.t’ory ef fect of Salinosporan de
Ais not imted to rabbit skeletal nuscle :

pl030%hs orie drief, 022R Jof $ad 60 ABPRMARMIR ol VIBRs RGO G 35 RPMI
lution in DVMSO and stored in small ali quots

0

1640 Bedmerervieentad ity Hoefetab bevine weuanmd JasMpE eganmiheasCells
on. | d_st t.-200G.. H .

were bR DpbisEas BB ER AO0 T WS s Pebinpii et 37°C,

5% CQLA5% #ir Simt 280%. relii9e BRAIESS MBeCRIMGHE - ]
C LLVY- AN i nio suc  LEVY and Trac AT andl plvarious 10-fold

serial difitiops 0f Sghpospprsmide Adetisradided t e appaspriatengelldontaining 100
orescence of. t rel easey MC (lex = 390 nmand | em
L of blS ARl %P%@&B?P@ga e Sereptivian mpgBestemd 0 nM to
100 uNit 8l A i : [ tS  USi rabbi t :
H rruscelqe vgér'}g?lgcg[g%ﬁ%z@ %aﬁag%o?éggga?ﬁ 8 a%\d\ﬁiasélﬂgmoa@&lq B protein

assay vpivBEed v gametcatel vaady-of gtviaoncent r at ed 8- poi nt

ib%‘#tll on_series. The series was then’diluted 20-fold
ass 5"35 dpseiesnange prrampiseswere ealowiated asifollwes ones

o 5700 | ROl R MRS B

Bl ot ted ag the mEan of LriblT oo SoaAGEE AR grog

captured kilitee indiafey thesgongeritation tha irdleihatiiocHe df theatlls.

ﬁ@g}?ﬁer e%ﬁtgkgrﬂﬁleso%\’\s‘%gﬂ ei:v% u%%ing ng 1rtlgsggrai111rgd€t: RI i?‘l tflé IrIIeCI screen
is shown in Table 1 below.

[0304] Data indicate that the mean Gls, value of Salinosporamide A was less
than 10 nM. The wide range (>1000-fold difference) observed in both the mean TGI and
mean LCsq values for the most sensitive and the most resistant tumor cell lines illustrates
that Salinosporamide A displays good selectivity and does not appear to be a general toxin.
Furthermore, the mean TGI data suggest that Salinosporamide A shows preferred
specificity towards melanoma and breast cancer cell lines. The assay was repeated and
showed similar results.

[0305] The results of the NCI tumor screen show that Salinosporamide A: (1) is
a potent compound with a mean Gls, value of < 10 nM, and (2) displays good tumor
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data were normalized to reactions perfornmed in the

absence of Salinosporam de A and nodeled in Prismas a
wGee@soixsat dose-response,

vari abl e sl ope.

Replicate experinments perfornmed using human
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[0306]

(ATCC; HTB-26), MIA PaCa-2 (ATCC; CRL-1420), NCI-H292 (ATCC; CRL-1843)

IT1 |v| U

Lt
ore T

Example 19
G;owth inhibition of tumor cell lines

B16-F10 (ATCC; CRL-6475), DU 145 (ATCC; HTB-81), HEK293
(ATCC; CRL-1573), HT-29 (ATCC; HTB-38), LoVo (ATCC; CCL-229), MDA-MB-231

3

OVCAR-3 (ATCC, HTB-161), PANC-1 (ATCC; CRL-1469), PC-3 (ATCC; CRL-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 °Cin 5% CO2 and
95% humidified air.
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stored in small aliquots at -800C. The substrate,

suc-LL VY-AMC, was prepared as a 20 mM solution in
woOrBSes® st ored at -200C. Proteol yti c cl eavageCDiiS1004/619543

substrate by either proteasonmes or chynotrypsin

| i'berates the fluorescent product AMC  which can be

n930tor edfoy ﬁelbgfq%rlmwétt@p % B1EGE0nRIaHP, FERK 2934 §8T-29,
LoVo gﬁb&ﬁ{ﬁé{g?? @igfﬁf@% NER E@ir g%gréég{ @’aﬁ %1?‘%% RPAR 8226

and USGdS WEiloWverd sesivayat b1u25>ar03 (mom BERES, 5x®o3§ JRWEDRALY, 2x10°,
,0.05% Tritaon X-100 i}%dall | medi ately prior
4x10°t bxkOhe 7é§é%y Sxlfe bﬂ@m@ By i Wﬂﬁ%@e”d rgspediyetyoint Sfg) aemplete

0, L we ass buf f € & and..hel [
media &l CORAE 2o b N Y B P e, s, o stock
solutios B Fﬂhnﬂﬁflﬁié QRAOPRB eIl qoo%hslvm@,m é{hﬁl@ﬂ and stored at -80°C.
Sa||nosp0ran]de A ctoncentrations needed to obtain

Formutoliyloevas serihilpitlited and addednottnylpsiatortbe tast wells imtlltnngen final

di [.uted enzyne b direct|ly added to the conpound
concendiafigps @Hg@érﬁf%o HeM Fﬂzpég %Sfplai% BRISGEILEHE tpfpgynoubator

e nto, ,t he
for 48 HGREE The Bhainindfon BROMAD bAS 08% i afibicslL 01
qoB08)i t y Fonuwings 48 Mdrs Wisdragt @poaihe 10@L bf ANSmpfle resazurin
pre-incubated for 5 mnutes at §7OC and the reactions

(obtanwé rfeom RigrnaatiédrichyChemeical den -} moMg Calibseq phasphate buffeed galine

ol | ect cal,l.y for o at_ 3 ]
was adiBi o SRR AR pedinee e AL S fnclprGy 16 Bqu, Sinee
living R&lIshStabdiiR RadaduriietBe MA6FBEdNESAf HR Fe@BIdNORSduct of Resazurin
performed in the absence of Sal i nospor anm de A, and

was mm};dgldeldsmgqa angmrasroalam funarouhater db@kande'lslpscnsme) with Kex 535
, riable rma) i zed data from Sal i nosporan d

nm anﬁ}( 2@1 bﬁ?ﬁ) BW ff %SWMYP% ghediym path aettqe'vﬁ Wg 8Fedrt8t518F°meme

the baﬁ@ﬁl@]ﬂa %&%’Wés Hﬁ%a@t%ﬁrfrbh{‘ﬁle%? £t %&eﬁﬁféﬁta@ GRRE: The data

e average In ition observe
were r&»rmah::emtem sheusvengpeSAhoreaeper aftitlike clitredted atite pdedaf + 0.25%
yrmtry{)sm was 17.5 mM (FI.G 30 shows

DMSCF b Il stomdhy exbirrntaless. (e g apacmﬁau?@aatewmatw% of the
maxinHErl & BB RLBARS, 0L 59l ARSROKAR 05 AT £ andard

nvitro ¢ Sin

s1gm01aﬁ1 pogt RBFAITE ScudMe (fittiph algbhtmn (%énefd‘ﬂ@i bat "Lt 30, ID Busmess
activity of chynotrypsin. [0327] Thus, Sali nosporam de
SolutignsiLiighpbirisn f e Ceanpied S9fepreIntke and PGPH

[0309] The data in Table 2 summarize the growth inhibitory effects of Formula
II-16 against 13 diverse human and mouse tumor cell lines.
Table 2

Mean ECsq values of Formula II-16 against various tumor cell lines

Cell line Source ‘ ECso @M), mean+SD* | n
B16-F10 Mouse, melanoma 47 =20 12
DU 145 Human, prostate carcinoma 37+10 3
HEK293 Human, embryonic kidney 47 2
HT-29 Human, colorectal adenocarcinoma 40 £ 26

LoVo Human, colorectal adenocarcinoma 70 £ 8
MDA-MB-231 Human, breast adenocarcinoma 87+40 12
MIA PaCa-2 Human, pancreatic carcinoma 46 2
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activity of the proteasonme. Prelimnary studies
i ndi cate that Salinosporamde A also inhibits the
W eopp®02373 | ke activity of the proteasone wth BCI/EESH04/019543

val ue of 10 nM (data not shown).W Exanpl e 25
o NF—kB—ediated luciferase activity by

NCE-Hg0 | e ppman. non spalf cefpl@ careiBBpa P- 8C. P- 1365 P246. 12
OVCRRLY, P- 18Huitad Svalar’lienBedinoa22. P ‘4§QL}J K ngg? p
H NF-= I I o I efrase—+ Cpurl €1 ]
PAN(I[:XQg;’L T > i AHOFGRIGIRYTRRr ase reporter cel 1601 i ne 2'ﬂ
PC3is a deri Vidtinwe podstdth eddhuo@BineHar yoni c | ki gﬂfyndﬁel be 19
carries a tutiferase

RPMi @?.%T gene enw?lﬁ%r%ye Bl ation of 5X NF- kBOk hdi ng 26
U266 res T W@@Dﬂméhplcehyeldnnme was rout neIAy MRk @hned 6 |

| f0310fp! et aviAMEN( Hﬁﬁb%ﬁl%@?&@é 3x )= 'Z_,Etlh‘é”mean value is

bovi ne serum 2nmM L-gl uta flg

rese cin at 100 PJ/m and IOOrg/m
p MICIHIH/Stl‘eptOW nd tomim .

ted WI h 250 . _
oBERTF A Bier SRt gt hgrnelndl s osioisxioragiinstB16-
e I s - . -
0, s e, Do ERLY RIS Rk
3, PANG-§, REuBRIIVI 822BIdIC266ncebign CO2 andf 95% huni di fi ed
ir. [0329] For NF-kB-Edi ated luciferase assays,
ﬁ||[5[<29g NF- LB/I uci f eras le2Qer e seeded at 1.5x104
In vige Iishivish bf PRtSR8he R F

diuminto Corning 39 WhTt € opaguespo
gﬁ]—mﬁdlﬂﬁaﬂelg IIHG THOr MAGRITR2 12 1- IR M@, IF2§an&: W'f%‘ a
or 16adForrruIaP18 a 400nM starting
dﬁ"?ﬁ?h on %@en%?@épquﬁ 3 6% PIVB@Cdnd 20hnd1 diockitsblutionds DMSO
and st&é@ﬂx 5R19SRAIA & B0 @ﬁedt}?#bﬁ ?ﬁlﬁ?é@ some €S obtained

his dilution series

from qui@loob@m af e echintelthe dgoiotpandike @btivity & the l3!)‘13(5téasYM-anreethe assay
e test wells intriplicaté resulting In

vutter PR35 HEEES ol Eane. ?é@MoEETAamyf G Tofor, XIOD) waifpebntcd

with Sﬁgrreflﬁﬁ hfa B @“n%]i_ﬁllisr &e%tlp 1an Bf 58&%8‘;}% _rgtg ,rursnej(ll \?vas suc-

13C, ormul a oriu

LLVY-E“dYIﬁiu bdluBrdaienichpeptitd eubbtr2é GpedtREdy! dedved By ?%dchymotrypsin-like

activity of the proteasome. Assays were performed at a proteasome concentration of 1

pg/ml in a final volume of 200p1 in 96-well Costar microtiter plates. Formula II-2, Formula
Il-4, Formula II-16, Formula II-17, Formula II-18, Formula II-19, Formula -21 and
Formula II-22 were tested as eight-point dose response curves with final concentrations
ranging from 500 nM to 158 pM. Formula [I-5A, Formula [I-5B and Formula II-20 were
tested at concentrations ranging from 1 MM to 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 II-8C, Formula 1I-13C, Formula [I-24C, Formula I-25 and Formula IV-3C were
tested with final concentrations ranging from 20 UM to 6.3nM. The samples were incubated
at 37°C for five minutes in a temperature controlled 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 ul of the diluted

substrate and the plates were returned to the plate reader. The final concentration of
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Formula 1V-3C, a 8mM starting diluti ofn ;Nlas rrgde in
100% DMSO and the sane procedure was followed as
waele®snidserl above resulting in final test concePCT/H$1004619543
rangi ng from20mMto 6.3nM For Formula P-19, a 127 nM
uti on_was made in 100% DMSO and the fi nal

subst{aé ! tbg ﬂe@gh? S AoHS MVa nd L igter wernmcallgeted swery fige mmMes for more
1 cubat o 0 ur

bin 130604 85PN S8 HEIFS: 8 ISHEG Bt e i

concenrhiian enywhjzhefis ed the ntdrenghenahe TRErdsESR e IMEM qﬁl‘ﬁbﬂgﬁ) were

ed, nd the plates were i ncubated for an
0310”1\3%3 By (é %RPPadrﬁgﬁwaWémsmg AcBgnpidn] dnseﬂ‘&smhﬁg)vmasble slope

modeP- lgﬁe@aﬂﬁét@ e &ggﬁ%%? tliyi g??%géc}g} ﬁla%%grelﬁ-let dp%{ﬂafsegf ke éCthlty of the

stinul ation, )
208 pwa@emes (fRatioas GvdBb QSEHERGE)S &@%nﬁaﬁ%v%oex%amh%ﬂg L1E-AMC

e plates were | eft undisturbed for
was “F%’o%ﬁ %@Rﬁ@%d&%}’@f%@f@r@uméb&rﬂﬁgﬂtm -68 Te8@S8-13C, 1I-17, 1I-

18, T3R% kbl Y bhef.shat iy | g}llci rfromqg e]a?l gb;%p§%gﬁs WE%recl;(:)oncentratlons

measured by’ using a

r Paaka2@.NBi 056 BENIC HormiRET2CRAs Yahddes: EdRenliidds anl fro
e nt(?latl on_at whi gtrwl 50% of %he maxi mﬂa @%H)g janeing trom

10pM, %21% EéMaé’éhll?nF ermHhilbil ¢ jaod Fosmekt Hol9 sikesd)esivdr & concentrations

ranging, idsty Egﬂ/fﬁj) dlogslgerﬁ)\fl eli c;[h% & 15}951?)?1 |tlféet éq\@ngjfp)émﬁg Iggqmst the trypsin-like

i
act1V1ty nﬁ tHei ﬁrgﬁiﬂso&{ds\lgte %q;Fs g%% BM?%%@H?EWhg Q%Qg !}aﬁgp afé Bdg- li'%R AMC
was uspd 28 theppeplide putppratep Faaaylafi-26 was dested- @ Cohdtdfafiod¥rakdng from

f I nb f genes
5 1 [0 Y oo ﬁﬁ%@oﬁAgcaﬁoﬁaéﬁfb”ﬁ%aﬁﬁﬁgeﬂea e 1V-1C
were té’dﬁéﬂ M&béﬁ&bﬁ%mﬁkah%ﬁ%eﬁ%e 2 M‘T’o ISRk '%orgoé] nlaelﬁf 2 and I-5B

onpl exes with | KB Jt0sol And
the cor@pmmnoas itested rhlh@dl feorp hOslho rsyzram edhildbbeiiidd mat g% anfie, 1.

by th t one. The
18 and P8 SRR ot q%&%%fa%aa%m%@%g Reom LG 906! NE- kB
A 5 RE%' ofcah 0" GIAGRE A EOSHT n "aB g i Tggirate that

ormul a P-2,
amongthy tested cPupBundso ForthwlaPHEQ, [F96mU18, f: 1193@2&(11 LA 11-22 are
la P-17, Formul a 11- 18, For mul

the moﬁpa@nt,;@&x%ﬁogs pf §gz cp@gqﬁypanfiﬂ@p(:tlﬁﬁy i} Ithe EOSZproteasome with

ECs Vﬁ@é-‘mﬁh?ll g %41?2'\2[': Wlem\z}g F’dg J.P g;ﬂ gljeé% %?Wemhlbn the

activa
proteaspRak aaymnir}@smdhltw@dtﬂ‘vﬁy%@ BCL| Vilhs +achEXROR 1'>!';an to 87nM,
%B/ IIsuon TNE-a stinul ation
while t 50 v ue of Formula II-3 is 927 nM. Formula [-24C, O-13C and IV- 3C

inhibited the chymotrypsin-like activity with ECsp values of 2.2 uM, 8.2 uM and 7.8 pM

respectively. ECsq values for Formulae II-8C and II-25 were greater than 20 uM. Under
the conditions tested, Formulae 1I-2, -3, -4, II-5A, II-5B, 1I-13C, II-16, 0-17, I-18, 11-19,
[1-20, 1I-21, M-22 and II-24C were able to inhibit the trypsin-like activity of the 20S
proteasome. Formulae II-4, II-5A, II-16, II-18 and I-19 inhibited the caspase-like activity
with ECso values ranging from 250nM to 744nM, while Formulae I1-2, H-SB, II-17, 1I-20,
[I-21, and I-22 had ECs values ranging from 1.2uM to 3.3uM.
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[0332] Pretreatnment of NF-kB/Luc 293 cells with

Formula P-2, Formula P-4, Formula P-5A, Fornmula P-5B,
wo-or0sdA7H 16, Fornmula P-17, Fornmula P-18, ForPpai/aS2004/019543

P-19, Formula P-20, Formula P-21, Formula P-22 and

Formul a H 24C resul ted i Egosedependent decrease of

luci ferase activity upo a stinulation. The nean

Effecﬁ%oiﬁﬁh}ésﬁ é,g; B nfigb HtsA\', - 5@;1@@; Rhee. iug freraser 18, 1119, TI-
re snowm 1 n enonstrat e

20, ﬁd@ﬂ@ﬁ-zﬁc HeiimﬂdaIVI-B(Z.onEh)ar varicms lé‘nz:k/mamrmuvmepesﬂnﬁed

Fornmula H 5B, Fornula.ll- 16, Forrmula P-17, Formul a
P-18, Formula P- 19?&&3%-@49-@@1—3 SSFornul a P- 21,
For i 22 ang Fornmul a I-’-A4L,Inﬁ |tﬁ‘g F-KB
actiwtyinthli__cel-l_“based_as& n—ECj
val ues of For mJI aéjhﬁmatry}&ﬁhkél A, Pf}kiném ]E-deB P (Sa@pase -like
r'- J.Jb, I‘I' J.O ﬁ l'" J.O l'" J.tﬂ = LU l'" LJ. |l
H- Bopmnulplls’ and | V- 3CL18 2 NF- kB- me 38084 | uc ferés%HM
re ne agsay nd ECH0 ( prmulia P-2
Folrg)%}]u%ggg)?n 000 Edr'mila P-4| 77 —N?nn allls RAZé%M
31p&mis M4 a P- 3B 27014Epamul a | | - 8C'1092B4£000 For mykanM
:IL%C qn nnO ko UTIIUI (e} I I = J.Gﬁl.% O FUI IIUI o} i1li J.7 870
Foomula T-5A18 9|5 For MIIMM| |- 10| 8.5 $DRMul a R- 20+ 4854M
PR s 3172 g7am 739 oM 3.3 uM
Formula II-8C” > 20 uM >20 uM >20 uM
Formula II-13C 8.2 uM 10.7 pM >20 uM
Formula II-16 2.5 M 21 nM 401 nM
Formula II-17 29.5 oM 588 nM 1.2 pM
Formula I1-18 2.2nM 14 nM 250 nM
Formula II-19" 3 nM 13 nM 573 nM
Formula II-20" 5nM 318 oM 1.4 uM
Formula 121" 7 nM 720 nM 2.6 UM
Formula 11-22° 5nM 308 nM 1.3 uM
Formula I1-24C” 2.2 uM 3.2 uM > 20 uM
Formula II-25" >20 uM >20 uM >20 pM
Formula IV-3C 7.8 uM >20 uM >20 uM
* n=1
Example 21

Salinosporamide A (II-16) Inhibits Chymotrypsin-like Activity of Rabbit Muscle 20S

Proteasomes

[0314]

using a commercially available kit from Calbiochem (catalog no. 539158), which uses a

The effect of Salinosporamide A (II-16) on proteasomes was examined

fluorogenic peptide substrate to measure the activity of rabbit muscle 20S proteasomes
(Calbiochem 20S Proteasome Kit). This peptide substrate is specific for the chymotrypsin-

like enzyme activity of the proteasome.
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P- 25*
Formul a P-22* 1,046 Formula P-24C* 5,298 Fornmul a
>20, 000 Formula |V-3C >20,000 * n=I Exanple 26 Effect
wo@RooSabismospor am de A on the NF-kB Signal i ng Pe€Tivisz004/019543
[0333] Experinments were carried out to study the role

[ 1de Ain the NF-icB signaling pathvvay..
A OFE o PBRS SR strepaed e £ ergachin DS Oomatsatd n § L.
i ' UCi r rter gene er L
g T e SREE o RO i Rlre8 i a2 Siiivhap ion in B1MSO and
stored i gliquettd atl i808CWiITHe aENy- RehRpdStht ?yﬂl% s‘f‘sa§pguc-LLVY-AMC into

llyei.ferase activity as a result of "NF-kB activati on.-
S“C“L[lb@é AP N/ The redeased epumsaie (AMSHewas massdbdnlhdrometrically by

. 8- pai | f-1.09 _serial dilutions of Salinosporamde A
using reg ng%yr(l)g ra](;)lfin w m&édon@lghbewssgﬁrwgremfonpgql prb\zg@cmyltq plate
(CornfitpoB904} aridilfallovodtl WrtehcalNFwith hdRuhFidity ov Ve painntes.  The
i nduci bl e luciferase activity was nmeasure t :
instrugenpsed t%As @f Thgano kep Syse® Bluveddkany, weitl e iﬁé@@%@fgéﬁz}nhbgr set to
o Wi I N oram de A for 24 hr, was assesse y )
37°C. \é‘ﬂd’g{%t iﬁ%}d sogéﬁegg%eﬂ W%r’dl% tcb ;@Vegggfagk]u?@@pioﬁml, with the
v r - C .
" Sal Piotooram A A 7asut e | K duaa U N, dd hld n

prior tgdbe agak SplinasporemidsA amdiOmitajide pare Jeally@iluted in assay buffer
51 L FIG 31, right yaxis). The calcul ated _
fo mai&tﬁﬁ%'@ rm? :ﬂljﬂigeﬁ]fetsi’?}ﬁe GHOYeE- TrB/miseqliters afecaghtdos weremdded in
e i O ' | .
triplicaté tdhefhset Ib@XAdd 190 dfi‘jt? ?g%ﬁ%’%?@%é@ﬁ%&%&?&g? added and mixed.

erforned,” 'and showe ! "0l
The se%mlewgmpmfmmmddhdhmmuomsn«;@mmcﬁ hlinﬂﬂg@gt B9y &idstate was

ft y-axis). These representative data suggeste
added t%ﬁ%{ﬂefﬁge%%s%lrm werer ioHewed for ensi licer asdll dathiwere yoldeted and
[ i A LT primarily due to an .
plotied gt W TRAN % SRVEnE B BB ool Qo SFere AAmgUsad {0 reactions
perforidedirhthe Blgempt of Ralinosporamide A and modeled in Prism as a sigmoidal dose-

response, variable slope.

[0316] Similar to the results obtained for the in vigro cytotoxicity (Table 2),
Feling, et al., Angew Chem Int Ed Engl 42:355 (2003), the ECsy values in the 20S
proteasome assay showed that Salinosporamide A was approximately 40-fold more potent
than Omuralide, with an average value of 1.3 nM versus 49 nM, respectively (FIG. 27).
This experiment was repeated and the average ECs in the two assays was determined to be
2 nM for Salinosporamide A and 52 nM for Omuralide,

[0317] Salinosporamide A is a potent inhibitor of the chymotrypsin-like activity
of the proteasome. The ECs, 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
Salinosporamide A (II-16) Inhibition of PGPH Activity of Rabbit Muscle 20S Proteasomes

[0318] 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 208 proteasomes was assessed. A commercially available
-93.



[0336] In addition to the NF- kB luciferase reporter
gene assay, the effect of Salinosporam de A on the
wo ewslos2s0f phosphoryl ated-1 kBa and total | kBaP@EES2004/019543

al uated by western bl ot. Endogenous protein |evels
e A HEK293 cells and the NF- kB/ Luc

fruord)Bh8 SRIFIE SPectbr thoBGTH teavits wisnbecp usicad sdtck atouspsn
;WM j ' i ndi cat e
T By 0RO A% 88 oA Rhed e 1 0 ng/ it

ofl O319F-  aSsloros@ramideus ¢H-1 MMk PeshaRY APV Ss8kAbn APBMSO

f IkBa were used to determ ne
md PR ol elotids PEwOIC of heauRrpi 6t bLR A o 20
[ oRfdé 4+ m.egual | oadi 0 rot ein.
o B O O et 2. ™ PR Bt 0t Pl Bepmes was the
commicrqiglly awailablSalii frompOslBIvcEEm ACal #55394%%).)55&9 v{m{‘ﬂfe BYbtrypsin
redyced the degradation of total |KBOCbut also o
substrpig, ﬂﬁe PEYCINBICTRB SIAYE KildE-ANMG\into Zvhbh mtlifrel ANEd Thd dotivity
support the nechani sm

can thgfg\"ﬁ'e d@tenﬂﬁ%? %égﬁfaﬁ%@r?%@gﬁugggsﬁmgg of, ths; 15leagrdotMC (Aex = 390 nm

action o (
w470 6y S SRR B e
manufggu@’fsefé@or@melghlﬁibn.o Satinesporienide dnwae dllutel Gh HMSO to generate a

Rroteins [0339] The ubi quitin-proteasome
400{0&???%%%}‘%%“ ek Buton sesiept daeyeeries wis diliicdrisfold avithnassay

/ I i nogide, dear adation of . .
bufferggiéﬂl Fﬁeéﬁdgﬁgt@%’%{ﬂ? r;sh%’égétﬁ%ékﬁf& k%lngés%rlt)%g %)r ?Qﬁp&t{ngﬁt}g)sm like
activity diitensdditian ehshbpi2ate, tRagangles treahcubatidanee° @69y ®8€ase of the

' Bi ol 8:739 (2001), King,
ﬂuOmS(e?%l%gngCSQagﬁfiolé&\éi?efiti}eﬂg ﬁ%fi?]ygtgnl)-. Al ddie ooy eqllqm)ﬂ aam]gplotted as
I i i.n e presence.o .
the mdd LMAPLELS, pEHE. TnthEse APLARRER, 2 OS PECROR S Ryiam as

normal clidisy, viR6e hteunt TAKRIC Rileased irtfie adRRcd o@éﬁlﬁﬁéporamide
Res,  93: (74 (2002). Therefore, western blot analysi

A 1ep r‘eﬁgtsp@rof/b?ﬁ&&yt dgsel?/e&cP]ii’aﬂ@ mpeel shpsont wasf a SlngIdall dosef—response,
i 4 anmi de A treatnent on endogenous | evels o
Wlthaﬁ%?%?%%? usi ng the HEK293 cells and t he HEK293

NB3208/ L uDhfaercacaied dporSatifospoitside [O3A0biidd e BEDE Ltivity in
.. bl otls esented in FIG_ 33 were reprobed using _

rabbit HSG ‘b%@ poteasomes with an ECsg of 350 nM (FIG. 28). A replicate experiment
was performed, which gave a predicted ECsy of 610 oM. These results indicate ‘that
Salinosporamide A does block the in vitro PGPH activity of purified rabbit muscle 208

proteasomes, albeit with lower potency than seen towards the chymotrypsin-like activity.

Example 23
Inhibition of the Chymotrypsin-like Activity of ﬁuman Erythrocyte 208 Proteasomes

[0321] The ability of Salinosporamide A (I-16) to inhibit the chymotrypsin-like

activity of human erythrocyte 208 proteasomes was assessed in vifro. 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 inhibitory effect of Salinosporamide
A is not limited to rabbit skeletal muscle proteasomes. |

[0322] Salinosporamide A was prepared as a 20 mM solution in DMSO and
stored in small 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 20S proteasomes were
-94-



agai nst p21 and p27 to determ ne the endogenous | evel

of each protein and anti-Tubulin anti body was used to
waeonsioeasrequal | oadi ng of protein. [0341] As sPOIMIS1004/019543

FIG 33A and 33B, prelimnary results indicated that

. p21 and _p27 protein | evels were el evated when both
obtaingd firm PHEMQle(ealt Fedli-édlni The SEIPatEmSdTaRms By e gugtLVY-AMC
into s PY nEPRECAMQ BRI M A RTNEE S B8kmined by measuring the
fluoreséiideVd ft tie kréledsed YWNICEWgNE 1399 rinfand NE; et460ngi OedThe proteasomes
activation of NF-kB. hi addition, this proteasomal_ .
were dctited tyoRDS exnd| sterei oy e ascwifnihaerperiments Heingglebbit muscle
i nhi bitgrs 21 d p27 j has epor t.o
Proteasolissy ¢ i g%hﬂé) 3 cfr%m?d;e é’go% Sogﬂsl,l. éapélgaggf?ﬁt [Oat%enérgiger y 400-fold
concerftrhBB-poiltt BOutidt sedibs. FTHPEFick WRGhen ExabPDe-f81A with assay buffer
Activation of Caspase-3 by Sal i nosporam de A (P-16)
and pr¢-ggabitedyithquetessonel et Bek. SHic msadivoreasi inbiakd widusibstrate, and
apopt osi its fect. onthe induction of. Caspase-
the relfRRPE ANGAAS ol 3 °f ELREoAR dliereblpep ORRRRRC e were
llectdd BEd Bl a8 tHeohbACH ©iplitAd Hohts! | Bath Ivere bapTERA XedstiGallly for 3
o cceI I %kem a). [0343] E}Jurkgt@ncel s were pl ated at 2-5,
hours, Xhdinditdted thag these peactiowd $hoiwed dingarsinkties| izt thisatige regime. The

cata g Puse i dEHo R Rt oSt ges lap BT A and
modeldd3n Feitin # MigAhoidal JRESPOERALAGHLISIEPESO at st ock
concentrations of 20 mMand 40 mM respectively.

N0823ant Repkcats expecinesmtst perfoamed tusing druppnt drgthracytbupretsasomes
apoptosi s i ividing a on-dividing cells, yj
from sBRIRG: ol CiBISOERYE EPE i JAey GG ZRyirgl, 556 M. (FIG. 29

IN PENY I :
hovs A5, P {000 B oy 25 Bl

from hooan entthatytenare gy betSjogamdus ncanbahie dothPodiowr. sClavérot, et al.,
t 0 assessi f pase-3 activity. Cells treated with

Mol C@’? % Seﬁméqg%q%vgggés aﬁl&"ﬁ’i’é‘g’gﬂ e ‘%?’fpﬁp.me’i*ﬁem%megefom be

due to\r’ﬁéﬁ@reﬁeésl %e%ﬁ%gﬁ?f)oﬁﬁgﬁ ahfi LﬁQﬁ@i‘(t))g Bf ?ﬁkdh?:g?nt Mhifloyte protegsome

noved. el'l'ets were processed Caspase- 3
preparaiiting v iRegamidsaythese rdedisrindieste ithat tieeimdnufchgmutrepsis like activity
protocol (EnzChek Caspase-3 Assay Kit from Mol ecul ar
of humap splirop e 28% proteasamensentiive @ Salipeeramide A.

Example 24
Salinosporamide A (II-16) Specificity

[0324] A possible mechanism by which Salinosporamide A inhibits the
proteasome is by the reaction of the 3-lactone functionality of Salinosporamide A with the
active site threonine 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
proteasome. Fenteany, et al., J Biol Chem 273:8545 (1998). A structurally related
compound, Lactacystin, has been shown to also inhibit cathepsin A (Ostrowska, et al., Int J
Biochem Cell Biol 32:747 (2000), Kozlowski, et al, Tumour Biol 22:211 (2001),
Ostrowska, et al., Biochem Biophys Res Commun 234:729 (1997)) and TPPII (Geier, et al.,
Science 283:978 (1999)) but not trypsin, chymotrypsin, papain, calpain (Fenteany, et al.,
Science 268:726 (1995)), thrombin, or plasminogen activator (Omura, et al., J Antibiot

(Tokyo) 44:113 (1991)). Similar studies were initiated to explore the specificity of
-95.



forma part of this application and is also avail able

at hypertext transfer protocol on theW2 worl dw de web
W@eoospexshbes. coml nedi a/ pi s/ npl 3183. pdf . ". I n brpef/psSmwed 19543

pellets were Iysed on ice, mxed with the EnzChek

Salinogl?é ase'eg fo(ﬁ r@% Ev?grtaasaeirr%oﬁy %galmﬁﬁtﬁlt& 5'@ %}1}% rto ? ‘Bﬁgéta@ie rgtalytic

- ﬁgﬁﬁycar bonyl - DEVD- AMC
acuw%?%ﬁ%&@g&@ %n&ts?éégéjv?nﬁﬁﬂg X = 485 iimand |l em =
S@028Im f iSatinssporaitiide i was heparddr 2 h@@anl\/brsolluﬁsmﬁES)MSO and
were determ ned_ysin e BCA Protein Assay

stored (ipjsgiall Aliqypig a@h%%g vih% gwbstigliee sifsklY ?foé\M%rw Prfa%rp% @s a 20

o s A, BP0 SRR R PRI IE D B B i

proteas@sesl b6 dhpmoytypdioXiteirdtys aind fAotdsvaiti prodadt GASCASch can be
(Table 5, FIG 34). Table 5: EC50 Val ues of
monitasgd iAok ;fb\oalme@@ @l 3P tToR 220r dre =OPHIBR)- ci Byvine pancreatic

kat | Lseurkat. Cal d E

chymof 3Rl S’ B o oadlih kit c? 1 3SR B B i/t

so1ut10919mEas§amobﬁfé’z 1PARR GFPE%20S R BDTA0S DY AHiEA A 100, ;f)H 7.5)
Jurkat Cells [0345] In order to assess the abi lity

daily. Smnnd@]mr @niod ¢o Ah¢ @siapd thee clapoptypsins wiasn dilutddato demg/ml (0.2

| eava of DP-ri bose) pol ynerase (PARP) w
ng/welibi 8% sé@uffPrAmaA ?ﬁg 20T 1 | RPHIOPRRIPE érweriﬂuf@ﬁaw Hyso to

genera %Qﬁ)oﬁgtﬁo%?fegbdjlggngﬁg léuﬁn ﬂ%g’?@gg%ﬁzogé%xg‘??&’@ﬁ%oﬁcemraﬁons

needed\ltoCdsi:olhmommﬂ]bthlﬁhlhoBIo@tch}&hmjlpsilrﬂreaﬁﬁec( ﬂlﬁﬁﬁie dﬂlihﬁl enzyme be
eavage of PARP generates a stable kDa pro odu

dlrecﬂméd%dng %&%mgada Iugen ssHies: ol Bg lwuwétzc,toé rlrye @MSQ (e final
ot Sk BNt
chymoki®psih Nicsivity a6®s®ls this substrate. The reactions were pre-incubated for 5
minutes at 37°C and the reactions were initiated by the addition of substrate. Data were
collected kinetically for one hour at 37°C in the Fluoroskan and plotted as the mean of
triplicate data points. The data were normalized to reactions performed in the absence of
Salinosporamide A, and modeled in Prism as a sigmoidal dose-response, variable slope.
Normalized data from Salinosporamide A inhibition of the chymotrypsin-like activity of
rabbit 20S proteasomes has been included on the same graph.

[0326] The average inhibition observed in two experiments using
Salinosporamide A pretreatment of chymotrypsin 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 vitro chymotrypsin-like activity of proteasomes over
inhibition of the catalytic activity of chymotrypsin. |

[0327] Thus, Salinosporamide A inhibits the chymotrypsin-like and PGPH
activity of the proteasome. Preliminary studies indicate that Salinosporamide A also

inhibits the trypsin-like activity of the proteasome with an ECsy value of ~10 nM (data not

shown).
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346] Jurkat cells were maintained in RPM
[sgppl ]emsnt ed with 10% Fetal Bovine Serum (FBS) at |ow
waelensioo2s7 2x1 O 5 cells per nL) prior to the exPEr/USmn/019543
Cells were harvested by centrifugation, and
resuspended in nmedia to 1 X 106 cells per 3 nL. Twenty
nL of the cell suspensi &xamplecSt reated with 100 nM

cd ﬁAee

LT MBe7.1L 1 Imqgom—%ot[ ﬂlhﬁ-&eh'z
pl us Sal i nosporam de A were placed in
and returned H@M&Iﬂmw&sommﬁmhhbve control

identical cell suspension was
080 b RO B meorer salolne spoeosative of the
' 7 k stored a
humai-1200(: .m“s?rﬁ‘éﬁzséﬁ??% efrrg(\j/egﬂ E@%gl @i 4 2‘%10&{6%6 reporter
gene wrdsr ihe tepelatasef 5X NiakBrigsding siesderip feP@ﬁ&ec@llq}ﬂe' was routinely
rs for_ the Staurosporine con For ea

mamt%lf‘?ﬂemp?ﬂr?ﬁqetethE%megluWa('w thérlé)%(b&/) lﬁeiaébovme serum 2mM
d wiith 400

L-ehue 0 9o JBa SRR sbriol dhesphian ooyl

respedtlhelyPﬁﬁ)plérﬂ@lt&?Mtﬁt2$OVMIEI 8498 edy i, dpe% r%)gxo rhimgelrase assay,

Each cell pellet was resuspen

the DNESR a was feptacéivith ne@ﬁeéwmmaﬂiﬁedﬁnn%d the
WM@ lsmcr@num i mgﬁ@iO% NuPAGE BI S— Tris gels

t
G418 38 BT dfheNBUD 2T Siferd ) B PBbtensr B gn 5% CO; and 95%
humld[ﬁddrggﬁcel | ul ose, the nenbrane was probed with a rabbit
pol ycl onal antibody to PARP (Cell Signaling 9542),

f [9B2¥wed Fo el-nasfidted abbfetasebisald, TEERPSS RFPABAR forase cells
y;gﬁondary anti body (Jackson 11- 055- 0455

were s%{}hoaqzln?dgo eldswolb i OQek Iéfmlebredoﬁr@r DivEE V] mﬁﬂé?’tg?ﬁém@n into
Cornmg(Qﬁb NG it dp( %ﬁﬁ?&%@gﬁ% %Ml&%%g%r &é’é Sotgﬁ{qgw Fpupily -4,

resente
] i i 1.0

Fomlis shkatuioks 4 S ETASE MRl LBkl e
100% PYESQ aad thig didetidnswiretsed éo gneaatd a8 -poist BAIE fﬁfgtcﬁm@ﬁ YESes. This

h ty o e
d11ut19111 gmgasl I ”Oﬁ%ﬁggpﬁfﬁ@%@ﬂééﬁ@p&t@fﬁtﬁ%@dmmm@m abeuots

| e of PARP w
were adrgoeg?é gﬁa t@ﬁlvlée‘ilrs) gllgkﬁeplﬁzgt%\g?éggtﬂ{édl ?{pgﬁte@ﬁpﬁﬁpt@uﬂgﬁ%gng from 1
MM to TREpM. dat Bostula g}, FtgBES 5B, Patmaa T 8OSRAEAM A8 36, $80hula
O-17, Formula II-20, Formula I-21, Formula 1I-22, Formula -24C, Formula ﬂ—25 and

Formula IV-3C, a 8mM starting dilution was made in 100% DMSO and the same procedure

was followed as described above resulting in final test concentrations ranging from 20pM
to 6.3nM. For Formula II-19, a 127 pM starting dilution 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 1 hour. After 1 hr pretreatment, 10 ul 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 DMSO was 0.25% in all samples.

[0330] At the end of the TNF-o stimulation, 100 pl of Steady Lite HTS
luciferase reagent (Packard Bioscience) was added to each well and the plates were left

undisturbed for 10 min at room temperature before measuring the luciferase activity. The
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i nduce apoptosis in Jurkat cells. Exanple 31
Anti-Anthrax activity [0348] In order to assay for the
wa@piosio2s7nf Sal i nosporam de A or ot her conmpounB&T/US2004/019543

prevent cell death resulting from LeTx exposure,

.RAWG4. 7 li Kk [ d nb t LF and
relat 18t "ok (L D0 arsund b s dssian ot ducroncer
. t it b
(Paclﬁﬁﬂ@loéi:%/ec?)%?q BROBYL) bl (Y @,kg&%;&e 54 GeSEL OB of the

bel ow.
maxigdhpeletive duciftasenimit ainAdétidnn 1&%&613@1%%&@ C@aﬁaﬁated in Prism

d Eagl.e Medium (I nvitrogen,
(Grap} B%EB’%%’ AL IS B R eRiq R dage ISERATAG vgeablprs{(op@h&i\ﬂel

f o
Inhib ¥Rl A'NRE XBLRARR by Y W e T25e I

16, I\ TpPH Sfnioe @ 30, 1h) % FBS). MCai’QS?ah&]r@- @m dified 5%
CO2 i ncubator at a concentration o 00 cel |l s/ wel |

i H0331h6- Mt%re&l@wszﬁh@ exmessionsdfya larmd hsnislor e iiRortant in
: nent ed th.10% fetal calf serumwere al so
mﬂan%gq ggl?tgﬂﬁdtwn\ggneéﬁe ﬁ’é% PR O{IgIuRE @1%%@2y Inpss ingctivess form,
NF-xB ced

D ekl A s ANy BRNC R AP SR E RO i hosplprylated
ublqumaﬁedland sulatequasigsiepaded By tHd Botedsdid. t?h@d%r%afn% 8?T|<B leads

tg oi nt dose response. The conpounds were prepare
to thefaF fign pf AGF-B 2D tenslotativn|tatlicomicins. Thd effeds 6RFdrala I1.2,

15 te
Y i i
Formumﬂemmoﬁﬁmqmﬂ Lk, reldag, b 10, 6 ohﬁula'??%@ AN 1 0.

IT and PA were obtai ned from LI st
Formula, B 2s Fermea IaC.daometh Bes Jand@bnhulatmcjc sg |th€ AdREtiddlof NF-
-80 0OC as

¥ t my/ i BSA at
B Wl E e B e R Pt Ak rarote bk s acliniGuaHEK293 NF-

KB/LufgeénsaJﬂa)gum@F Blst m&% ol | oned by addition of Resazurin
as previously described. Plates were incubated an

A0832]i onketfeatiosit Hf NF-QB/ILR ZBSEIRI WEh $8khuMi 2B irbﬁg{ula 1I-4,
The data are a sunmat

F uf%qggasur [ ng fl uorescence.
orm EQpRYIR HeB sF %rtu&a Hﬁﬁeﬁomlsnxm Ephiglallss, fFokmula II-19,
t t
FormufX P, g %fn u{i/a;?ls gﬂ dma erﬂggéﬂig rréélgte& ina dose-

usi ng t e
depencl(enmecteaw@bfmlfeﬁwaéﬂﬁ dpldf 1o hepf ol Lo

equation: %viability tif v @ Mtﬁ%mtn “The’mea W}EE‘SO values
to inhibit NF-kB-mediated luciferase activity are shown in Table 4 and demonstrate that

compounds of Formula [I-2, Formula [I-4, Formula II-5A, Formula I-5B, Formula II-16
Formula II-17, Formula I-18, Formula II-i9, Formula II-20, Formula II-21, Formula II-22
and Formula I1-24C inhibited NF-kB activity in this cell-based assay.
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100* (observed OD - positive control)/ (negative

control -positive control). [0350] The data represented
W0 p00F@5786 i ndicate that treatment with PCT/US2004/019543

Sal i nosporam de A can prevent LeTx-induced cell death

of macrophage-Ii ke RAWG64,7 cells in vitro. Treatnent

of RAWcells wth either :@ﬂ%ﬂ PA al one or

MearBRCEN@sRelof Fhigulde lomes MesUkad niés i &H £ !

SR RN i mes TRaUSAd i 8 ik B B 5RANCHS 97, g,

119 8s20.1L21.iTH2AJH2 4R Tt ehy 10327 fomeN-«BLabiihici Yud@frase reporter
conpared to controls. Salinosporamde A nay enhance

macr ophage survival by i§8EBS®Yng t he degradati on of
specific proteins and decreasing the—syrthests—of

cyt oki nesy"BRPEH wi I | ultinmgtely | ead tBCsh@M)

i nhi bi ti egRfatthe | ethal efflects of anthr ToXi S TN
vi-veo—0351—A-though Sal i nasporam de A tr®at nent

al one pr &duoed [Ik@ry nmodest gytotoxicity =g oo
concentr arions_of 100nMang—above—treatnent—wi th

| ower , rgP‘g’F‘FI?/&‘@ non toxic |l evel s reveal €gd7a marked
i ncreaseas N.264. 7 celT VrabiTity i nm Lgrxtreated
cekks (E@U%}/\é&m exanpl e, the SalinospbPam de A +
LeTx tr daimdladl-6Bp showed 82% cel | vi abi | i §¥,when
pretreated—wth—12nmM-Sal+-hesporam-de A which was a
concent FamEallk$at showed 96% vi abi | ity gotdoo

Sal 1 nospor a alone. Tng average EC50—for

Sal | nnqg%}lllallg]? [213@ in these studi esgvvas 326,09 | n

cont r astRorfiaahsde showed el atively litile effect on

cett—viabi-H-+y—until—concentrations of 1 wer e

- reached FoBwel [B17t hi s hi gh ¢concentration gfg Owral i de,
only 37% Vi abi 1 Was observed—ihdtiecat+rg—that
Sal i)/nosr%%ﬁfi&%l%yi s a nore|potent inhibi 961 of
LeTx- i naidaRe, RAYE64. 7 cel | death. Consi STemnt Wt
these—data—tang-et. al _ Infect |nmmun 6798055 (1999),
found tRetmulhH-2C50 concentrations for M3s32 and
Lactacystim_(the, precursor—fo—Ovwralide)+n-the [eTx
assay g Hndl Taken toget her, these datidfurther
illustr ty,5al 1 nosporajm de A TS a mnpre-potent
Lnhibi fﬁ‘;ﬁﬁ}‘ﬁmﬁ?x-i nducgd citotoxi city thafo Zny ot her
conpouldrmags cr-poed to date.[ 0352] Sali no%E% am de A
pronoted——sturvi-val—eF—RAVRE64. 7 cells in tHe presence of
LeTx i ridArewda @St hat this clonpound or i#®ogteri vatives
may be.,a va crini cal therapeutic—for—anthrax—n
ad%i tigﬁomuita%i%g rth noting thatp Sal i roXpai de A is

* n=1
Example 26
Effect of Salinosporamide A on the NF-xB Signaling Pathway

[0333] Experiments were carried out to study the role of Salinosporamide A in
the NF-«B 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.
Stimulation of this cell line with TNF-a. 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 UM to 317 pM) for 1 hour followed byaé
-99.



much [ ess cytotoxic on RAW 264.7 cells than for many
tunor cells. Exanple 32 Activity of Salinosporam de A
wagasnexs7Mil ti pl e Myel oma and Prostate Cancer Eel/US2004/019543
i nes [0353] NF-zcBappears to be critical to the
rowt h and resistance to_apoptosis in Miltiple Melom
hour sg

Flais sitho THEen (18peg/mda. t SheB cigdyeibleutucyterage petivipe was

measugll 46 by b g o e 5B e, P4 o B TRty wit
Salinosh3hhide MEfdeB ARt ik la¥sebed HgaHb @H(ﬁ@io%)bf tR8zRIPARAEO PRV iously

egradation of its inhibitdor IkBa. Since
describ@d! i nospor ani de A has been shown to inhibit the

e L ST S
a dose PIRUIBH FeaBbE LB11E YRR uB6, INF- DR FE g 2710 1 right -
axis). €M@Y vAb@ated [S34br BEGGIt¥Al IFOSFUWSRcHGLES BHRSE Whs ~7 nM. A

standard growth inhibition assays using Resazurin dye
cytotoxieity 4@&apnoas mutianeguey pmgfgrreed,l:agél,ﬁhpweg rthah thissconcentration of

Salino RS B R S OB g L 3 58
data sﬁté%?st&!l QRitaie SRkivelli BRasA RO e kRtidi My JaRbSRamide A

oval ues of Salinosporam de A (P-16) agai nst
treatmdvtil intais ptienahyedwnta aa™NF-19B osddadted-Fignalingosieht datheethan cell death.

Compound RPM 8226 (n= DU 475 (n=3) / PG 3 (n=2)

EC50 % EC50 %'EC 0 %(M—o, eytotoxicity, (nM,

s S R S
Salinosé;o?qlmid@@x 88 theB8véls bPBRSEbhdiyRitclidBof dhdofotal IkBa was evaluated by
western %{olt.n %iggée?lglug Sro'to\eirtl ?evlelnsdvlS/Jgrg a?s%gs%tdoig Ib‘:’)thI Ir-}EIF\{)glgg cgl%sza?ndat?lg NEF-
«B/Luc 293 reporter clone.

[0337] Cells were pre-treated for 1 hour with Salinosporamide A at the
indicated concentrations followed by stimulation with 10 ng/mL of TNF-q for 30 minutes.
Antibodies against total and phosphorylated forms of IxBa were used to determine the
endogenous level of each protein and anti-Tubulin antibody was used to confirm equal
loading of protein.

[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-a. These results strongly support the
mechanism of action of Salinosporamide A as a proteasome inhibitor, which prevents the
degradation of phosphorylated IxBo upon TNF-a stimulation.

Example 28
Effect of Salinosporamide A on Cell Cycle Regulatory Proteins

[0339] The ubiquitin-proteasome pathway is an essential prqteolytic system
involved in cell cycle control by regulating the degradation of cyclins and dyclin-dependent
kinase (Cdk) inhibitors such as p21 and p27. Paga\no, et al., Science 269:682 (1995),
Kisselev, et al., Chem Biol 8:739 (2001), King, et al., Science 274:1652 (1996).
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PC-3 cells was evaluated by nonitoring the cl eavage of
PARP and Pro-Caspase 3 using western bl ot anal ysis.
w®@eioshHb2p72 PC-3 and RPM 8226 cells were treat eBCTMUIS1004/019543

100nM Sal i nospor am de A (2345R01) for 0, 8 or 24

hours. _Tot al otei.n | ysates were de. and 20ng of the
Furtheyyarg; g3l e T h BT BB edta FRFEFASPL dB PR I ERERGH g ippoasome
inhibitGRN %kh&lﬁ?a@ﬂ? Bk GI9DL0 Ak 1564l 968, TIAGICH, ©f 81, Jpn J

were then probed wth anti-PARP or anti-caspase 3
CancemRts 8 d74£6000). | Bhwefolyy vesteirpplongnadysts wepparfirmgd w evalaate the

antji-actin antibody. [0356] Results of these )
effect g salinemenegds y Septmeat OR afind%anH%i?YSIsaﬂi'h Bol And p27 using the

y ; I he cl eavage of
HEKZ%}A%& gﬁ g Efﬁ?fgﬁgggép g?ég@Lﬁﬁllféar%ei rﬁ@%@%gﬁl ent manner
([6349] 37The RiPbdterS 226s pRIsbiited GERIG. B30WerglEprobed 8iihg Utibodies
to Salinosporam de A than PC-3 cells since the

againsi piuend pA7 &F detarming |tbe vagnpseneusaleyd afyeapls Prefeiaping ai-Bubulin

. ours a ompl et e 4 heurs.. In contrast, in PC 3
amlbocgyeﬁlssusteﬁgo g?ng})vaeélgag%a‘%ﬁ\%zﬁp rso,?erﬁr(ljt i ceabl e at 24 hours,
WoB4H t hascheavageiof 3§’A%@aﬂm§§>]eelﬁmh§rym@§uleéem&b@d that p21

this experinment (FIG 37). [0357] RPM 8226 cells were
and pdgegrateineveyicisatvecre helegdtbécwhet betbarckthglingfe wee| droted with

.8 hours w.th _.various concentrations,qof l. i nospor.am, de
SalinooRids A o ViEb CSSRERRT o Dafh b P ot SR RO G N gts b
inhibitf@r6RbioAd LB9it9 therdly LR ThIENA-& FithefDddtivh@bn 8f NF-«B.
' “%%qur}s and prot 1elg’n Iys?Jat es vverge made. 25ng of ]tﬁe .

In additipaathes pwesasomhleimhibéisal wedltuindie aceducliangd d€ tiet Gdk mhibitors,
conditjions and blotted ontqg .nitrocellul ose. The bl ots
p21 an&fpﬁga Wh@h%ﬁﬁ as%remtwd torensiBaEEElIS o ARPRIOUS s PagaRoget al., supra
apt i |7e I d by stripping and reprobing with an
(1995)%1%%41%?%%11’?1"%@5?%3/. FIG 38 denobnstrates that
Sal i nospor am de A i ndu@asmaledl¥sedependent cl eavage of
bot h PARP and. Pro- Caspase 3. EXAMPLE 33 h
i nhi bi t i &¢U¥Q 3105 Bl ae P-2,

P- 4. P- ) - P P-17 D
21 5To aibtss sl Sfigeniiatinte A oiies pdpst feet on
the indiveiohwfaQaspakd-B pdcavity ebasnevatedidd hukingSiurkiPMell8 226nerican Type
(ATCC; . CCL- 155) and U266 (ATCC. TIB-196) were
CulturgizpHectiondA TCE) dpBriogr human aaufe Tieel! lawkemaia) The cel | s

were cultured in an incubator at 37 0C.in 5%CO2 and

dB34uni frkpteegllgmere plated at 2 X10~ 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 is a chemotherapeutic
drug that induces apoptosis in dividing and non-dividing cells via inhibition of DNA
synthesis and repair and was included as a positive control. Bhalla, et al., Blood 82:3133
(1993). Cells were treated with ECsp concentrations (Table 5) and incubated 19 hours prior
to assessing of Caspase-3 activity. Cells treated with 0.25% DMSO served as the negative
control. The cells were collected by centrifugation 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 available at hypertext transfer protocol on the
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0359] For cell growth inhibition assays, RPM 8226
E:el I s] and U266 vvgre seeded at 2x104 and 2. 5x104
weelossfasel | respectively in 90m conpl ete nedi BCT/H82904/019543
Corni ng 3904 bl ack-wal | ed, clear-bottomtissue culture
stock saol uytions of the conpounds were

W"ﬂ‘gif@% g"%&d“% Pﬁ}\ﬂ%ﬁ%fﬁﬁ@éag}aﬁ/m& i&sﬁp@%{a Blg@ﬁee”dcg%& peﬁ&@o@ere lysed
i i ' and a
o cEnRaTRaunas YREChaCCadld's allRled R £5RELH Phomnd then
lncuba@dg@l Otﬂ:le Fdankulfar %,miﬁﬂ%, pHOIS aO ?ealiﬁ% ) O}JSCGAC\{' %@ cleaved
e from?20nMto 6.32nM The Ti nal

benZY?%%egfhggﬁé}{Doém PHE & Racligd Fpsiog vdtiohp=148riangad e = 530

' t n range o _
S R T AT S N X
Assayf Kit gPienepamhthesd vabies oferOMR@ fesorthalo%onn al |

S | es.[0360] Fol |l ow ng 48 hours of drag exposure,
| Eﬁ%‘@f oDolagIom reRreseniativa eporimemte dndicatenthat Salinosporamide A

' ' ] L) in 2+,. Ca2+ free
treate Ol e BT e Bto Bicly e HiGion b eampiner) (Takls 5, FIG,
34). the plates were returned to the i_ncubator fo_r 3-6
Since living cells nmetabolize Resazurin, the
20 aliessofgYalinpeworasaide ¥ and Mitoxhuntione CyResdity hrind® Surkat
nmeasured using a Fusion njcroplate fluoroneter
(Packard Bi osgi ence) wit M = 535 nm gnd. | em = 590
nmfiltegrs. Resazurin cuyel N RN out—— [ls was

] ' ted
paed Lo chmbohie e PRKTRIC] i pegEhly acte
f

C

1
Tl LA\~

fromth %fhn%pip‘f' @. }& p

were nor uares®@nce of the

cell's t rleat™MHOMNINNeedi 2 + 50, 25% DVEO $900% cel |
growm h) and EC50 val ues (the drag concentration at

whi ch 50% of the naxi observed growth inhibition is
est abl i sh(:ed) wer e det gﬁ%ﬁ@ﬁl@zﬁ—i& ng a standard
si gnoi dalpAduseldhaRY SRR kit W AduALIRLHL NM
(generated by XLiit 370, 1 u s Ltd). ‘
Tfﬁé‘*i’dat ahhe@)élstsvrmmss Mbﬁlnymsmmsﬁ&amtmb At% i@&ggﬁi@ms in
' ' {P-16) retains activity ag _
Turkat feis ek PR BT RO, CRFiine) Blmeronn ARS8 TGO RAGPARP is &
kKDl 1y i i I_.no ram de
A net tha o i or TRl G RRMPR s

et al., J Biol et WERP4B 2060) ANtchdis o, AW VR NFISteSAM IPN 3:2081(8996). The
cleavage of PARP generates a stable 89 kDa product, 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.

[0346] 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 1 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 mlL aliquot removed and placed on ice for the Ty
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 S5921, 700 uM DMSO stock stored at -20°C). Samples were removed at 2,
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determ ned to eval uate whether Salinosporande A
retains activity against a cell |ine overexpressing
w0 b@sPexsrycoprotein ef fl ux punp. Paclitaxel, aP&US2004/019543

substrate for the Pglycoprotein punp was included as a
Sal i nosporam de A

: | f
4 6’?82“}“&0%4' Wé%-gléﬁe ?&ﬁ%FEEC’:% ggﬁ?ogggf@g%desﬁamat ¢¢lisata;r)>@ @t 4 hrs for the
. ! : EC50 o .
e T e —
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induce FROPLOSES i Kt ceHs v
Example 31
Anti-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 cytotoxicity, as described below.

[0349] RAW264.7 cells (ATCC # TIB-71) were adapted to and maintained in
Advanced Dulbecco’s Modified Eagle Medium (Invitrogen, Carlsbad, CA) supplemented
with 5% fetal bovine serum (ADMEM, Mediatech, Herndon, VA) at 37°C in a humidified
5% CO; incubator. Cells were plated overnight in ADMEM supplemented with 5% FBS at
37°C in a humidified 5% CO; incubator at a concentration of 50,000 cells/well in a 96-well
plate. Alternatively, cells cultured in DMEM supplemented with 10% fetal calf serum were
also used {and found to be amenable to this assay. Media was removed the following
morning and replaced with serum-free ADMEM with or without Salinosporamide A or
Omuralide at doses ranging from 1 uM to 0.5 nM for an 8-point dose-response. The

compounds were prepared from a 1 mg/mL DMSO stock solution and diluted to the final
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HL- 60 HL- 60/ MX2 Fol d EC50 (nM % cytotoxicity EC50
(nM %cytotoxicity change Salinospora 27, 30 88, 91
wQ@3058%R58%, 89 1.0, 0.8 mde A Mtoxantrone 59PCPRBESHB84/019543

100 1410, 827 98, 99 24, 33 [2?64] TEFed?garg?arﬁb:SSS
conceh A W%Iﬁal L 81(;' %‘Eeﬁ@]eﬂgcaq%@ﬁ%,wg nebnHLEG® 400 ng/mL
PA afo@t lo$ in icBfhbfiRtibM 9L _Fdﬁé)ds ROEAE g4 Ib{i’rja & ﬁﬁl’: anA were

cel|s expressing re uce opol sonerase
obtainedfrqua st BWIDQNaIr{tabormonm&ndbtwéd 291 bl lsesek s@ﬁﬂ’tlgﬂ@m sterile

water ac%a{agli%}% rlg}g(? Igﬁ] ﬁéég at - 5t e g:‘)ﬁ( alﬁengrl%@g IShVSgllyl T?Rglislgg({fgtgls hi |e(hlls were
incubdt8B 65 6 hOwS Bk 3Pl Stﬂl#d?Wed @{ Eﬁcﬁ o bf %%%aé{lﬁ\n %g&)lge\éfll(?l.égf dgscribed.

rel ationship (SAR I nospora

Plates ¢fﬁnn@mtedmndaaidﬁt1mah5 a@sr @ B\Rbdddth @el@%dbﬂ%& easurm
> ma cel | IlneSV\%E’M 8226. %CBO val ués "were &

ﬂ“"re%“ee?‘é? nir ﬁ%@xff‘ ﬁ“—‘sﬁt SRR fribike §xperineits with th@s&y&xusplngtes per
experitRBAZLd b Q{?}?es%ﬂdas“’tﬁe in:%n@{/lagﬁlg? %ﬁéﬂﬁﬂg@{s&g 336gg hve a%d the

results of this initi Series
LeTx pordicdn(positiva) tot ivenailed tHeatutohisig I RUSRiH QBti&D % RRability =

Nxﬁ«§%9¥@¢?§> %ggggnhgbfégggéipgg;ﬂ;gggggg;;mﬁ¢sporan1de

Q)Q/t ot oxi ci ty (né%g?n%%;j lNog'lgpl ?&U %aas“ gtt?%qe?trg%l vith
SalinogpbramBleChilcah ptdveh? LRATS-indicqd 41 d@h 1dr th8orOpiibLa1in 2% 264.7
cells ing 6itr094Treatment of RAW cells with either LF or PA alone or Salinosporamide A
alone resulted in little reduction in cell viability, whereas treatment with LeTx resulted in
approximately 0.27% cell viability as compared to controls. Salinosporamide A may
enhance macrophage survival by inhibiting the degradation of specific proteins and
decreasing the synthesis of cytokines, which will ultimately lead to the 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 ECsy for
Salinosporamide A in these studies was 3.6 nM. In contrast, Omuralide showed relatively
little effect on cell viability until concentrations of 1 uM were reached. Even at this high
concentration of Omuralide, only 37% viability was observed indicating that
Salinosporamide A is a more potent inhibitor of LeTx-induced RAW264.7 cell death.
Consistent with these data, Tang et. al., Infect Immun 67:3055 (1999), found that the ECs,
concentrations for MG132 and Lactacystin (the precursor to Omuralide) in the LeTx assay
were 3 pM. 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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Br Where n>2, nmean standard devi ati on was determ ned
Exanpl e 36 In vivo biol ogy Maxi mum Tol erated Dose

W@ dMDBpodez er mi nation [0367] I n vivo studies WePET/US2004/019543
desi gned to determ ne the MID of Salinosporam de A

| e BALB/
[ OB MRSt e s iBRGRE s&%affaf i %teswzm? f:nelfse in the
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e oL

ng/ kg to 0.5 wer e mnls
Chnlc%lstbel@pﬂgicefod @s’élra(m did addﬂIOIﬂaﬂ isywéxﬁf nd‘)thﬁgeth‘ép Bﬂ%&f}ér\éﬁlde A s

x5 were observed daily for clinical
m“‘;hq i ﬁ%tg’glﬁ‘ %@B@%ﬁ@ﬁg&llt than otgueny tymevedls. weekl y unti |
the end of the experinmegt mum of 14 days after
the | ast day of dosing)- s are shown in Table 11

Actizitylof Salinvapparamiviet A agsing) QUeltib RN 168 USd %stdwé&%?@bﬂ%nes
p_to 0.25 ng/kg was tolerate

Agﬂigafs? g}]}gé Bapppars ftq)]ae Flilwl @Dﬁ@@@l\ﬁh\/@ddaystance to apoptos1s in
Multi51@ M}%‘iﬂrﬁ ragét‘o %@h k@ao%%ﬁ P% ?‘%}Sﬁ@ﬁg’ﬁg’&“m ;%vwg grostate

wer € vvel
cancermjeqlli hgsst(Hedesbmgs’@ @l 11002 eSHaTaHARN br o/T2BHE aﬂle%yg&))r ST et al.

tion of Salinosporamde Ain fenale
1999). ?@é'r{g%gﬁlltbéfs@g(ﬂﬁ@dk@ thlgquo@a&mé disredDiat S&#Tpihiitor TiBo,

Since %}tﬁ) @r@xggc%og PJ&S Qeen slhamglto g‘ﬂéblhﬁ@ ;@gtegs%meélznéépgq) 51@5;1 l‘(§>v1gterfere

with tlﬁb NE-4B Vighal athJ @h@adtlv of 8 hosBbhnlia APa dainkt the multiple
qdx5 3/3%1r Q%XIL %, Yty @g }% g?%rﬂ é gé‘ P
myeloma cell line RPMI 8226 and the prostate cancer cell lines PC-3 and DU 145 was

evaluated.

[0354) ECso 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 10-37nM.

Table 6: ECsq values of Salinosporamide A (II-16) against Multiple Myeloma and Prostate

Tumor cell lines

Compound RPMI 8226 (n=5) DU 145 (n=3) ] PC-3(m=2) |
ECs % ECs % iECSO %
(nM), | cytotoxicity, | (nM), cytotoxicity, | (nM) | cytotoxicity
mean* | mean+SD | mean+ | mean + SD
SD SD
Salinosporamide | 10 + 3 94+1 37110 75+ 4 31,25 88, 89

A

[0355] The ability of Salinosporamide A to induce apoptosis in RPMI 8226 and
PC-3 cells was evaluated by monitoring the cleavage of PARP and Pro-Caspase 3 using
western blot analysis. Briefly, PC-3 and RPMI 8226 cells were treated with 100nM
Salinosporamide A (2345R01) for 0, 8 or 24 hours. Total protein lysates were made and
20pg of the lysates were then resolved under reducing/denaturing conditions and blotted
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9 0.1i.v.; gdx5 0/3 10 O 05 i.v.; qdx5 0/3 11 0.01
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wee@siomsmary Assessnent of Sali nospor am de A PCT/US2004/019543
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PC-3 wllsrmﬁd'euﬂledlﬁ&@dtfbﬁn@mPAﬂPO&@Zvaée - a@)&a@qﬂo@déggl@%t% ®bdds and
avai lability. Results fromthe prelimnary P450

compléta by Pdthowrs. sbr@@haghm\m&d@bls tl&anlcarvcag@ of awels Aotiogable at 24

hours, 335 Bk Gy Rt p Sbut e LB Bl L. 37,
| j0Bsi t eqplyt $% Bk azefé @se’a hS SRR t»h%' erecW.i‘ﬂ trétify BeRR11s for

and CYP2C19 were inhibited by 19% and
8 hours esthecioue toncExtzatpne 08 8alBaisporamypder AmBl‘B?ﬂy RBMIi 8286 cells were

T e S e
vl 48858 §8EThq 1SRG L ATLBIE" s, L, gy,

reducno:gﬁ&emtwmg&bndxhbksaarak:lﬂbmd yntohitpueelldlossd PhaDlots were then probed
prot easones, To nonitor the activity

with aRG AR Porhreseas 4 ﬁHW?WS fallowed By éﬁ'&ﬂ%ﬁ*@d%lf@ll% with an
antl-acgﬁ 1b%ggapi:f(§i gé O&@%@Hﬁt@?ﬁhﬁt S%nosé?ﬁggﬁ?é’\% 1n%cef, a dose-

t o0 assess roteosone a y In

dependehoadavagé)aﬂﬂdth PART arﬁifl?rof-@aspm 3whol e bl ood sanpl es
were thawed on ice for_one hour, and resuspended in
700 nL of ice cold 5 ERAAEAPAEISH 8.0 in order to |yse

Grov&tﬂ?nkﬁ&ltiloﬁ o?){uman multiple myeloma by Formulae H-2, II-3, 1I-4. II-5A, II-5B,
II-8C, I-13C, 1I-16, II-17, 11-18, I1-19, 11-20, and IV-3C ; RPMI 8226 and U266 cells
[0358] The human multiple myeloma cell lines, 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 90ul complete media into Corning
3904 black-walled, clear-bottom tissue culture plates. 20mM 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 II-3, II-8C, II-5B, 1I-13C, II-17, IV-3C and II-20 were from 20pM to 6.32nM.
The final concentration of F'onnula I-16, I-18 and II-19 ranged from 632nM to 200pM.
The final concentration range of Formula II-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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leCOPUC&?lpW@PC‘ﬁ%ﬁcléﬁlPd%d 3SrePu8PL-Sal i nospor ani de A
Sal i nosporam de A was adm ni stered intravenously and
given its
Table 7: ECsq values of Salinosporamide A against MES-SA and the drug-resistant

derivative MES-SA/DxS5

MES-SA MES-SA/Dx5 Fold
ECso (nM), | % cytotoxicity, | ECso (nM), | % cytotoxicity, | change
mean mean + SD mean + SD | mean + SD
Salinospo 20£5 94+1 23+ 1 922 1.2
ramide A
Paclitaxel 5+2 6317 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/Dx5 cells as reflected by the
408 fold increase in the ECsg values. ECsy values for Salinosporamide A against MES-SA
and MES-SA/Dx5 were similar. This illustrates that Salinosporamide A is able to inhibit
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(&

was aberiZe0lhlepy tiyangeinE dtle QUMK celiot easomal activity in
PWBL, and that this i nlﬁ g: EI Of i s dose dependent. In

addi tion, these data i hat Sal i nosporam de A
I S Salinosporamide A and several analogs: Structure Activity Relationship

[0365] To establish an initial structure activity relationship (SAR) for
Salinosporamide A, a series of Salinosporamide A analogs were evaluated against the
multiple myeloma cell line RPMI 8226. ECs values were determined in standard growth
inhibition assays using Resazurin dye and 48 hour of drug exposure.

[0366] 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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Where n>2, mean + standard deviation was determined

[0367]

Example 36

In vivo biology

Maximum Tolerated Dose (MTD) Determination

A when administered intravenously to female BALB/c mice.

[0368]

BALB/c mice were weighed and various

/ l%gCytotoxicity (mean + SD)

In vivo studies were designed to determine the MTD of Salinosporamide

Salinosporamide A

concentrations (ranging from 0.01 mg/kg to 0.5 mg/kg) were administered intravenously as
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Inhibition of in vivo LPS-induced TNF by
Sal i nosporam de A [0378] Studi es suggest that the
w@e@teesee plays a role in the activati on of PENYS2004/019543
signaling nol ecul es, including the transcription
oteal ytic degradati on of the

a smgllf1 hqtog% t(%(g‘ ISTONIﬁiaﬁV pm( ﬁp@)conquxgug dayal (aéhed)t hAoimgs tiees observed
th
o e e BB BB SR ey et st he

expergfiery (Mesimwh ofif idayd atereiicolayt GREIotinke RiNGIts hieBowRR Table
The continued expression of proinflanmtory

1 an@;}’ﬁ%&*ﬁﬁ that g sale wiayenows Selieesparentden] dise foétup 00 0i25 mg/kg was
toleraf@NY a bi f TNF and have shown
Y s aEmini B IR P Vs BReulive | iRengons@ighs of
Salinaspotandderided to GEmpRElweas walliteilardiD A Betfyidr NEHIRER Whre noted
g {hﬁh” tis %d i nfl ammat ory bowel di sease. Recent
uring the ¢owse Rhthe sXngyasited that i nhibition of the
pr ot easonme can prevent LPS-induced TNF secretion
(Qureshi et al, 2003). These data suggest that

anbis dierrinaflo OV linp Rt e 0L BERAIR BAEBH Ll
ma prvent TNF secretl on In vivo I'n Ign- S

Sal [ no@éor am de A 1txo quhl bit in v3go LPSinduged pl asma

TNF | e0@bs in m cev.jquxi vo studl@g were initiated at

Bol der @i10PATH, | ng.y i Xlﬁoul der, G The follow ng

met hodgopgutline th e;,} yocol desi for these studies.
déxﬁ

[ 0380] g il e Swi ss m ce (127 group wei ghi ng

20- 25¢ vverelnjecte’ th LPS ( /kg) by the i.p.
route. ‘Thirty mndte ter i ce/ re injected i.v.
(tail ¢ in) with S&Isﬂﬁ’é%poram de ¥3at 2.5 dgbky after
approx‘?%tely 5 mi-hugde under a Héat | anp. dNs et y

m nut e&lafter LPSLvnjéction, the odce were

,anest He03 zed wi t hiv.sgdtsurane and ggg ed by cardi ac
punct w.el to obtaifivphasma. Renai njfg bl ood pellet was
then rgsuspended j¥. . of PBy40 wash away

resi dual serum proteins and centrituged again.
Supernatant was renoved and bl ood pellet frozen for
anal ysi s of proteasoneExahpki3zsi on i n packed whole

bl ood, | ysate, Table 12 Ti nme
Prelimmnary Assessment of Salinosporamide A Absorption, Distribution, Metabolism and

P>V 000N A W —

Elimination (ADME) characteristics

[0369] Studies to initiate the evaluation of the ADME properties' of
Sahnosporamlde 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 (3pg/ml) and a LogD™* value of 2.4. This LogD"* value is
within the accepted limits compatible with drug development (LogD"* <5.0) and suggests
oral availability. Results from the preliminary P450 inhibition screen showed that
Salinosporamide A, when tested at 10uM, 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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Goup ID Goup n= Qrin +30 min No injections /

baseline 1 5 Saline + solutol vehicle 2 5 saline
w®@220050@2572 sol utol vehicles 3 5 saline Sol ut ol / BM3Us10P8019543

i.p./ Vehicle (-30rnin) 4 12 LPS LPS i.p./ Vehicle

(+30m 5 12 LPS Sol utol/DVSO sal i ne/ Salinosporam de A

(-30mn) 6 12 saline 0.E280pgLY saline/

%%4?’8’9@ Anigl 2 dAits(é'f?egpzn

3RO LF’Salm@btalﬁﬁ&@Qﬂ( amsdpreﬁloﬁmﬁo(ﬁém&ls&ﬁtea thbé- BSpotent and
Dosi ng sol uti ons were prepared

0.25 /'kg [0381]
spemﬁ@sil%bn%ﬂ Qi%gﬁwrgﬁﬁﬁoﬁ@s%ﬂéffpdéwﬂl Fodksosof & indh fowards the

SR A S ES PSS 5 AR, i o
Sahnoﬁi;bdrakhidénAVbﬁSmFmdefaﬂﬁ énﬁereﬂﬂﬂﬁélﬂk @@JL}} (h@ﬁgl@ﬂ Frongl @Lléhtcap et al.

stock. Animals were dosed i.V. A vehicl e
2000) Wﬁﬂfz‘&loxdlt@wsgw thagroaem@rnpla@tp\a?yed vmolerrlalrap@g t he sane

di | h 10%
P2k on T RRR g e HONE SmuPlst G Bt iy for one hous
and re%bé’ﬁd&i ih WOWE}ILer 6 Q:OQI 520 ENYBR. gﬁbgi@% SRR LS 1)%@ the cells by

plasma TNF were perfornmed using the Biosource miN
hypoto@yt :Eh;)ek R"hts reBiesmtuappeoximately, A8 Camesr thé volunAyf thapaadke@; whole
# acc rd| to manuf act ur.er o
blood 5lFpi S ReHE GIPUEGA PReGef Pt OHE s agnd RssEslBrdepris was
t
removbd 9?‘051’%&@3@1919 9??4?660 SXP RS 1R Rited ?%th 131?%% é%lﬁﬁd Whole

replicate ani nmals per . group I ndicate
Blood liysite OPWHT JowaDtr2sfergydkiy Sdilesin adeo nadrilbepdlet discarded. Protein

concentration of the PWBL was determined by BCA assay (Pierce) using BSA as a

standard. Approximately 80% of the samples had a total protein concentration between 800
and 1200 pg/mlL..

| [0372] Proteasome activity was determined by measuring the hydrolysis of a
fluorogenic substrate specific for the chymotrypsin-like activity of proteasomes (suc-
LLVY-AMC, Bachem Cat. 1-1395). Control experiments indicated that >98% of the
hydrolysis of this peptide in these extracts is mediated by the proteasome. Assays were set
up by mixing 5 uL of a 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 protein concentration in the assay is between 200 and 1000 pg.
The reactions were initiated by the addition of 10 puL of 0.4 ‘mM suc-LLVY-AMC (prepared
by diluting a 10 mM solution 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 Aex = 390
nm and Aey, =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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decreased LPS-induced TNF secretion in vivo. A
representative experiment is shown in FIG 43. These

wa@2a108002sveal that treatnent of aninmals w th O.2SI/me2okeg019543
Sal i nosporamide Athirty mnutes after 2 ng/ kg LPS

Y ion_resulted in significant reduction in serum .
lI'{Hﬁ‘?‘?'falvel Lo eplore dheisl wio astivity oifpSadimosporanilesa, male Swiss-

i i.nhi bi t.ion revealing .
R TS 45, RO LA s o
Salineapdragud8oA.i rSatimonmlanideeat wek WildthiRerRd iﬁ&é&f&o@ and given its

pgni fi ' n in proteaso
LogD? Falje, P SHBORAIS air ok E@Ziiﬁmmmsﬁ’mwmﬁ% was. also
: j i es. LPS-i nduced plasna T . i
B R O A o S S R et pmestiaoly prior
to adromiQra@ibn roy/ ditption\of JalihEspotHEd8 moﬁl\e'/tst§§1289§frd05}§DMSO) using

40 Potenti | i
10% seﬁﬂzt W@H@i& 4%358'0%@@@&@1 SP 2‘%3DM$&:] pf,ﬁ@{“*mdef"ﬁff&ahmd of
CPT- | ecan Cg .
2% DRERTSA 19 RO BCR, GUF oF Sptials i e anec ke o bscapspicl or

activate _ : _
SalinoBpgriidéB) Ai ninhwradt ael @RtaBRACSE b8ddlinki 165 bARGLMILDY octivity,
e éel?s, ?esulting inaa decreasednabﬁﬁfté 6%‘ghesgcnwy

Salinog]gq\égguqeoAu% selyeleapep adiministered s clo, mdtk@land %myi‘_frréiﬁﬁt%s after
NF- resi des

. B i unstinulated cells, B .
admmiﬁn%m?ﬁg %%:%/ %%g?aass%g{enargﬁﬁ?ﬁ%e& ?%blggﬂﬁylg;glrm PRyt q@@mc puncture.
Packed ntiidié hivod psIRt @k ddBcich Y E’énttﬁfutg%oﬂylzvhﬁﬁ% vﬁ{ﬁ{ PBYS and re-

timuli can cause | KB phosphoryl ation by I'nas
centriﬁsxgq: - ofvlasamplesovais stonedtel o30°Enatiateigrthel avalamiaf of 8 f¥teasome
vitthe proteasone. Fol |l owing the degradation of |KB,
activit F- KB transl ocates to the nucleus and regul ates gene

i ftg Qe rACHSS i
AOBT ) a0 5 SR S4B R e i

these pyperigients gvas pdyst celely. t¢ GBS 4ictiTite dfeﬂﬁnbfqtea@ﬁﬂﬁlé,lo\d%k response
enni um

expert By BRI Bt Rettyriodk R e sl speetiomotsaserss inhibitor

oo o S, ORRSE PRSURN L el
Co g Fiiy Cobli Ty 03036 985 5. o
to gen?@%@gx) e12hthPeigH Hseoisspopss Qgﬁz@( Fiﬂytﬂésl:503hndssap buuffbt, intl 10 pL
added fotfie QURLASSVRY, iﬁftﬁgﬁc%?engjfﬁg Samples were preincubated for 5 minutes at
37°C, and the reactions initiated with substrate as above. The dose response curves were
analyzed in Prism, 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 derived from the individual mice (5 mice per group). In each group, the
horiz\ontal bar re?presents 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. In 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 highly specific for the proteasome,

with no inhibitory activity towards any other known protease (Meng et al.,1999). Lysates
-112-



chenoki nes/ cyt oki nes GRO-a and VEGF i n squanous cell

carci noma, presunmably through inhibition of the NF-kB
wQaiokmeas72 Sunwoo, et al, CHn Cancer Res 7: 1419p¢R082)P4/019543
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Example 39
Inhibition of in vivo LPS-induced TNF by Salinosporamide A

[0378] Studies suggest that the proteasome plays a role in the activation of many
signaling rilolecules, including the transcription factor NF-xB via protealytic degradation of
the inhibitor of NF-xB (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-1f. The continued expression of proinflammatory cytokines
has been identified as a major factor in many diseases. Inhibitors of TNF and IL-1B have
shown efficacy in many inflammation models 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 et al., 2003). These data suggest that Salinosporamide A, a novel potent
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632pM and 20nmM to 6.32nM respectively. The plates were
returned to the incubator for 48 hours. The fi nal
w@ovsemsrat i on of DVSO was 0.25% i n all sanpl eBCT/PSB8¥919543

Fol | owi ng 48 hours of drug exposure, | OnM of 0.2ng/m
resazurjin (obtained from Sigma-Al drich Chen cal Co.%l .

proteagqmaygphibitarg mays prevenh NS iegretiosu i apvadinsthemgh-dase hByapurine

modelt © each wel |l and the plates were returned to the _
incubator for 3-6 hours. Since living cells netabolize
Resagur i mo td¥essf theosiahgent Salihospbentige U ttb OiRhiditoguelvo LPS-
of Resazurin was neasured using a Fusion mcroplate

inducedl| plaspeaENE rleysaiicaics, Bidutitadier Ve mﬁiqt@a@@éeg%ﬂﬁam, Inc.
in Boutl:cge{rr,]I CEO.S%%e l%mc%&ll{l%%%ﬁ}odggﬁﬁé kel rgéc/oéof (?681:%’ ome\%l:m gtl\?\cggg

was use eter m net he grou
swbsagact it reikd Wechak anice r(l@/‘gko@ﬁ@fghﬁ%nk@-%gﬁ%fe injected
~ The data were nornalized to the average fluorescence =
with 186 (2me/kep by shetimeseusel Whirty miadica laterp Mm@y eRBO¢Ed 0vs (tail vein)

... Lell growth), a EC50 val ues (the drug concentration

with SGfncamBEian B 2o rEe e Ask A B YEY DPOTR CHAEH g fom.

Ninetyl BirR&sailel 5PS MjeVRine tHhRE W dR€ thddfeNedwith dddRfHhe and bled by
si gnoi dal dose response curve fitting algorithm (XLflt

cardia@p@cturDtBolsthingd ssnBo | Remamiag biabyd. pellebhas then tesuspenrdetiim500 pL
,nhi bition of cel rowm h was | ess than. 50% ap EC50

of PBYJp u%a%%wwofes@@@fef RekfoteEa CShilgad asmh. T was

removed FHR 1 ddd é)én%t Gk Bl &{le}mst of iéro@éagﬁﬁt‘: In@bitlof! AU RBed whole
P-2, P-3, P-4, P-5A, P-5B, P-17, 11-18 and P-19

blood Bs@&enst the human col orectal carcinoma, HT-29, human
prostate carci noma, PC 3, human.breast adenocarci nons,

MDAMB- 231, ‘human non-small cell |ung carcinong,

NCl - H292, human ovari an Ljnoma, OVCAR-3, human

mul tiple nyel omas, RPM and U266 and nuri ne

mel anoma B16- FI O cell |ines.Table 13 EC nvaimes of
FOTTTUT A€ o dr- 35 P-4 | [Grodp |7~ 2B T~ 6 fuin FT L0 +30 Whin
P19 st—vartous—tuporcett—tines—E € 5p—(M—=
g e b 4 A bheg 17 plig pab
Saline + solutol vehicle 2 saline

Saline + solutol vehicles 3 5 saline Solutol/DMSO
LPS i.p./ Vehicle (-30min) 4 12 LPS

LPS i.p./ Vehicle (+30m) 5 12 LPS Soluto/DMSO
saline/ Salinosporamide A (-30min) 6 12 saline

0.25 mg/kg

saline/ Salinosporamide A (+30m) 0.25 7 12 saline 0.25 mg/kg
mg/kg :

LPS / Salinosporamide A (-30min) 8 12 LPS

0.25 mg/kg

LPS / Salinosporamide A (+30m) 0.25 9 12 LPS 0.25 mg/kg
mg/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 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 TNF were performed using the Biosource mTNF Cytoset kit (Biosource Intl.,
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-29 129+21 >20000 13236 85 1070 >20000 18+7.8 13
Eg-s 284110 >20000 204+49 97 1330 >20000 35+5.6 27
WODASNRS281 121+23 >20000 114+4 66 1040 590060RCT/6R2084/019543
17 322 >20000 192 >20000 29 NCI-H292 90 >20000 3 1 395
213 >200 1 188 >6320 >20000 >2000 OVCAR- 3
Calna!ég%gg’* ,\pafalﬂg% &M{C?%i) SERXHNS 20 0GOUER00E U MsRAAMS. Famples
W@fagugaqtﬁgggﬂ@ 9 RPM 8226 45 >20000 51 29 328 3500
7.1 39 >00600 39 10 118 1620 4.2 3.2 U266 32

>2[O@m] 34 Datal Tibni 740 #hdepehdéntl OxberidRBR0 w3 a’ELQ%p td? replicate
10 NT. NT NT 180 >20000 75 10300 36
anlm%ﬁs_ger REo4R indicated hat tﬁ@@@ﬁlvﬁﬁl P4 2proadeift Hrg/kg\Salmorspctramde A

decreE%rat]n%ﬁﬁagﬁﬁ_%d %@?’ E@egoln_, 4 g(?v\?eEngdré&ae%eferg%Fvgt egté)ggmgpt stRkown in

FIG. #8.- T8escRG1BrevbDARMEraEhentNlanti292 wilBAM s 326 s%%ép&“&de A

B16- F10 tunor cell lines. P-2 was al so cytot
thirty AGHPIS piten & negk\RPS injgaiion tashltesl inFognifibant I?edlu%tMﬂ:in serum TNF
Vib Rk R9aLnp VOA- VB- 2 g26 U266 and
Ievelsc &F%W?la HDQ? % [los were aﬁ_%) zmjagggd I5gX Vipp prpteasempinigbition
revealivey &0 %Qﬁlﬁlhitmn&gadnﬁlﬁhls hitaied W1ﬁp031'25 VD, d 3‘% Ayl ammals
hﬁiz jz?rfd U266 tunor cells. Fornula P- Sékg@g @%
treate&ip&gg

Q ? BIeOsE ¢ g@m&ctant\ld]ffemas warsseen e b&teasome 1nh1b1t10n in
animals treated with or without LPS. Salinosporamide A reduces LPS-induced plasma
TNF 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 In Vitro Chemosensitizing Effects of Salinosporamide A

[0383] Chemotherapy agents such as CPT-11 (Irinotecan) can activate the
transcription factor nuclear factor-kappa B (NF-xB) in human colon cancer cell lines
including LoVo cells, resulting in 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 inhibitory protein IxB (inhibitor of NF-«B).
Various stimuli can cause IxB phosphorylation by IxB kinase, followed by ubiquitination
and degradation of IxB by the proteasome. Following the degradation of IxB, NF-xB
ﬁanslocates to the nucleus and regulates gene expression, affecting many cellular processes,
including upregulation of survival genes thereby inhibiting apoptosis.

[0384] The recently approved proteasome inhibitor, Velcade™ (PS-341;
Millennium Pharmaceuticals, Inc.), is direciély toxic to cancer cells and can also enhance the
cytotoxic activity of CPT-11 against LoVo cells iz vifro and in aLoVo xenograft model by
inhibiting proteasome 1nduced degradation of IxB. Adams J., Eur J Haematol 70:265
(2003). In addition, VelcadeTM was found to inhibit the expression of proangiogenic
chemokines/cytokines GRO-o and VEGF in squamous cell carcinoma, presumably through
inhibition of the NF-kB pathway. Sunwoo, e al., Clin Cancer Res 7:1419 (2001). The
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0390] The data in Table 15 summari ze the growth
i[nhi b?tory effects of Fornulae P-2, P-3, P-4, P-5A
wWE2B00B78C, P-13C, P-16, P-17, P-18, P-19, |WGLUSI004/019543
Formul a P-20 agai nst the human nultiple nyel oma cell
.| e RPM 8226 and.U266. Table 15 Mean ECsnval ues of
data l'fgfrg"r?ﬁ? Hist profeassme msibjlopingx ngb_asgyy dpereaeFABC, celt-subvival and

;o d2r | V-3C and Fornul a P-20 aeai nst RPM
rowith bl alst dbiogend L romt 6226 U6 Conpound EC50 (nM)

EC50 (nM Fornula -17 48empei For mél E - 16I 7. g :A; 1
: : 4.%Forrm|a P-2 47 36 Formul a P-
(ﬁj@x&%‘igﬁ‘@i@%&? C%é. s Eostate. Breast. dame 0Oparian, MBpI8 Myidoma and

VAVAWA A VAVAVAS
Fornmul a P-5B 327 115 Foryyu 58C >20000 >20000
Fornul a P-13C >20000 >2 mula -19 6.5 3.3

FdP#8flla | Hugen>20000 8QaénhdcarcMent P-@Pr-20500438HY) prostate
C50 _val ues indicate that Fornul ae”P- 2,

adengaipinoB o fo B G Ad Y, "R Aol QVARAES 25 1 8152,
o R R RGeS R B3 Rl acocartitoma (OveAR-
3; HTB-161), multiple myeloma (RPMI 8226; CCL-155), multiple myeloma (U266; TIB-
196) and mouse melanoma (B16-F10; CRL-6475) cells were all purchased from ATCC and
maintained in appropriate culture media. The cells were cultured in an incubator at 37 °C in
5% CO, and 95% humidified air.

[0386] For cell growth inhibition assays, HT-29, PC-3, MDA-MB-231, NCI-
H292, OVCAR-3 and B16-F10 cells were seeded at 5x10°, 5x10°, 1x10%, 4x10°, 1x10* and
1.25x10° cells/ well respectively in 90ul complete media into 96 well (Corning; 3904)
black-walled, clear-bottom tissue culture plates and the plates were incubated overnight to -
allow cells to establish and enter log phase growth. RPMI 8226 and U266 cells were
seeded at 2x10* and 2.5x10* cells/well respectively in 90ul complete media into 96 well
plates on the day of the assay. 20mM stock solutions of the compounds were prepared in
100% DMSO and stored at -80°C. The compounds were serially diluted and added in
triplicate to the test wells. Concentrations ranging from 6.32puM to 632pM were tested for
II-2 and II-4. -3 and 1I-17 were tested at concentrations ranging from 20uM to 6.32nM.
Formula II-18 and 1I-19 were tested at concentrations ranging from 2uM to 200pM. -
Formula II-5A and Formula II-5B were tested at final concentrations ranging from 2uM to
632pM and 20uM to 6.32nM respectively. The plates were returned to the incubator for 48
hours. The final concentration of DMSO was 0.25% in all samples.

[0387] Following 48 hours of drug exposure, 10pl of 0.2mg/ml resazurin
(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 Ae = 535

nm and Aem = 590 nm filters. Resazurin dye in medium without cells was used to determine
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Exanple 42 Gowth inhibition of MES-SA, MES-SA/ Dx5,

HL- 60 and HL- 60/ MX2 tunor cell lines [0392] Human
war@siooms7sar coma (MES- SA; CRL-1976), its mul tiPRETyS2004/019543

resi stant deri vat i ve (MES-SA/ Dx5; CRL-1977), human

l o [ HL- 60; CCL- 240
the bkl RNE R yFracPL £2 Dckin B nicorpriisomhellt. The data
were Cn‘Bhn@lZ&?i) toV\ﬁfeeaMg%hﬂﬁ‘&@sc@ﬁc%%fa‘ﬁ%cf;éh’mdtr%e& lYfI{}ﬂ }%%8' nﬁ 0.25%

{3 Prlate cul ture nedi a WEere ¢

DMSgn(108 éuQﬁi]t giowdh) B BCsoi valumd6(Beirag doeUruuiordai +Eidh %'o% of the

maxub% r celti1 %@M h jnhibition assays, MES-SA and
SOOIt ¢ a&?@é@@a ‘a@res @ines usihgwelstandard

,Slma?h;%%@gg*@m%@ EBbRE CHEL P Bind Sdipns o)

Where fthe plsinosn wehibition of ball gﬁbvﬁhaml m thhe 5@*’/4 %W dJO & WSk Qyas not
dete est@bl i sh and enter |og phase growth. HL-6
H®S0/ Mx2 cell's were both seeded at 5x1 O ceI I s/ well

P)coﬂpound dE{ i %{glﬁMe égdt\ﬂgun?]% (ﬁ“ﬁl at‘ﬁ@‘ 6‘?11]%’1%33’ SHects of

Formuimrﬁebriﬂé \He4 dl—}SAe Bas®,dliln, HOYeddVEQ 9351%1311%? %eeﬁiuxg%n colorectal

carc ﬁ npounds were serially diluted and
mPWat Fpﬁ %énPB’SfaI‘FeCEEY@Wm%eR ¢-38, hl@ombwastaﬁemarcmoma MDA-

3 P-2 and P-4,
MR 2SS, DS TEND AMURLE KERIEy! Bl 20 B,
OVCARénhmﬁammmqﬁe ABRMmASORPVITED26Hh8 158 aﬁﬁ%‘ﬁ%a}fzela%%ma BI6-

F10 i&j\@?centratl ons ranging from2nMto 632pM
Sreturned to the incubator for 48 hours. The final

concentration O DVMBO was 0.25% in all sanples. [0394]
Fol | owi ng 48 hours of drug exposure, | On of 0.2ng/m
resazurin (obtained from Sigma-Aldrich Chem cal Co.)
in M2+, Ca2+ free phosphate buffered saline was added
to each well and the plates were returned to the

i ncubator for 3-6 hours. Since living cells netabolize
Resazurin, the fluorescence of the reduction product
of Resazurin was neasured using a Fusion mcroplate

fl uoronmeter (Packard Bioscience) with lex = 535 run
and lem- 590 nmfilters. Resazurin dye in nmedium

wi thout cells was used to determ ne the background,

whi ch was subtracted fromthe data for al

experinmental wells. The data
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Table 13

were normalized to the average fluorescence of the

cells treated with media + 0.25% DVSO (100% cel |
w@e@dpbis7and EC50 val ues (the drug concentr at i BCT/ES2004/019543

whi ch 50% of the nmaxi mal observed growth inhibition is

est abl i shed) were determ ned using a standard

si gnoi dal dose response curve fitting algorithm (XLfit

3.0, ID Business Solutions Ltd).Were the nmaxi num

inhibition of cell gromh was | ess than 50% an EC50

val ue was not determ ned. [0395] The nultidrug

resi stant MES- SA/Dx5 tunor cell line was derived from

t e hgman Jut erfi ne [sar goma NVES- SATtumnor [cel I [Fine and
expregsss jel evated P-d ycop'ogi No( P-9p),, an ATP
ependent |effI|ux guap.| The (aka i|m Table 6 S?Errra'ize
he gnowt h inhibitlory |effects of jFornulae P-{2, P-3,
14, P-T771and [P-18 agai nst [VES-SA and (TS i drug
2Si St %t derijvat ijve NES- SAIDx% |Paclitaxel,| a knpwn
ubst nate |df tthg B-Yp |gung V@s 3 ngl ugeiasy gecogt fol .
abl e |78 EC2valfes Bf |For mulde R+ 7, P-3| ¥ H 4,717 and
118 agai nst NES- SA and MES; SA/ D45 tunpr cel|l 1ines
€50 (nM [Fol'd Corpourid MES; SA MES- SAV Dx5 cHange 3
20 P12.1./0215531383>2@008 p=20@D0 _P-3 NA >200005>2&000
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140 93 9230 9450 P-17 0.8 12900 7530 22 32 P-18 1.2 17
14 5.6 2930 Paclitaxel 798 4.6 5210 * Fold change the

WO 20050037 EC50 val ues (MES- SA/ Dx5 : MES- SA) [ 03B6GT/UT10e4/019543
EC50 val ues indicate that P-2, P-4, P-17 and P-18 have

t t gai nst S- SA and NES- SA/ Dx5
Cfﬂégélo H«?&V ‘T‘F?enﬁlﬁﬂa{q a\ahglerwge%@%%l -Shlito g dl- T8 were
Chyi
cytotofff e %ﬂ%“t' f"éﬁfﬁ%c???eqﬁgﬁ{%@ 29, NeRHIBa0 RPVEK @20 a6 and
B16- Fd@l ﬂumo@ Oiéﬂ?]_lmdle-IBE/vMéZalscs cytotapit Iﬁamgt ﬂ&s CB}t(’aA&lR 3 Eﬁmr cells.
I d d from.the human te | eukem a
Formi {17 yicey g Geaitl 1Ay SEk Sa Ly M e, L6 ok B &0 fumor
t
cell ! Fofhilag 38, SR318apd RSO AP s Buirbf LPMIPHC AMDR M-
231, ]E?MY S&2ad dlg2egaumst ctlls: Fdranth [TE5A nultil-dougere also cytotoxic

resjstant derivative HL-60/ MX2. M toxantrone, the
agamsf@é&%?‘%éce{sargetl ng agent was included as a

¢ b a 2, P-

SN 1R, TS o T g s o
FormulaenHS2, HI-€50-4, V-5 Ko lIcs Bomsoy md1 3xhamg e, 11-17, 1I-18, 0-19, IV-3C and
Formula II-20 against the human multiple myeloma cell lines, RPMI 8226 and U266.

Table 15
Mean ECs values of Formulae II-2, I-3, TI-4, II-5A, 1I-5B, II-8C, I1-13C, I-16, I1-17, 1118,
-19, IV-3C and Formula I1-20 against RPMI 8226 and U266 cells

Compound RPMI 8226 U266

ECso (M) " ECso (M)
Formula II-17 4800 1670
Formula II-16 7.0 4.1
Formula II-18 6.3 4.2
Formula II-2 47 36
Formula I1-3 >20000 >20000
Formula II-4 54 36
Formula II-5A 33 10
Formula II-5B 327 ’ 115
Formula II-8C >20000 >20000
Formula II-13C >20000 >20000
Formula II-19 6.5 3.3
Formula IV-3C >20000 8020
Formula II-20 * 10500 3810
*n=1

-119-



0
HL- 60 HL- 60/ MX2 237 142 P-2 0.7 176 133 >20000 >2000
P-3 NA >20000 >20000 143 103 P-4 0.8 111 97 P-17
WOo-2080@s320000 NA 27 19 P-18 0.7 23 18 42 1340PCT/US2004/019543
Mtoxantrone 30.6 40 1170 * Fold change = the ratio

HL- 60) [0398] The EC50
ﬁﬁéﬁ H%’H]ggé F%afeﬁhaﬂﬁﬁ%l e1l@-2; Ht4ilhé4, II-5B, 1I-16, II-

7, Eyg @glaﬁd ’c}PIE?] Wekd oROBKIeaRt e $3530d el lg/ggormula Iv-

t unor
3CWmsytewwfqagmdtb%ﬁd:t&lsobservat| on that M toxantrone was

~30 tines |l ess active agai nst the resistant HL-60/ MX2
celI's. Exanple 43 Inhi b%(’_‘ﬁﬂﬁl_ecﬁ NF- kB- medi at ed e
) C1O .

Grdwvlth' Ginor.csll lines
I ne ' NZI

cd0392]| neHjumaa utama/ sdréotea HShSAh @E@ﬁl rifé) %Lﬁtldrug resistant
l'ine ATCC CRL- 1573) and carfies

denv:,ﬁ%”(mégé/p%oq 9¢ 8 bumAr epute peomysderytic larkenfia s (HL-60;
CCL-QEO)@d%MhR% %gxgtang H(%I‘b ﬁge rpgfﬂm &%!lﬁfr?%fd&/m% pukshased

routi nel ynai

| .
from AOGQ /aud nghiained qmdﬁ?&‘?g&%{“&%%&% ;I‘ggf@e{if ;\ﬁ/e}é) Wred in an

Penicillin
mcubﬂ@tﬁgﬁﬂm mr52/2| b&Ltand 9549 huidpfiadraint ed with 250 ng/ nd
G‘i‘tﬂ?‘%] W‘%r%@flfg%\gt]h 1gﬂ%nlal§|sf:efy£ %\/Iﬁg eSA? Esu?da K/IES SA/DxS cells were

both seeded at 3x10° cells/ well in 90ul complete media into 96 well (Corning; 3904)

black-walled, clear-bottom tissue culture plates and the plates were incubated overnight to
allow cells to establish and enter log phase growth. HL-60 and HIL-60/MX2 cells were both
seeded at 5x10* cells/ well in 90ul complete media into 96 well plates on the day of
compound addition. 20mM stock solutions of the compounds were prepared in 100%
DMSO and stored at -80°C. The compounds were serially diluted and added in triplicate to
the test wells. Concentrations ranging from 6.32uM to 2nM were tested for II-2 and II-4. II-
3 and II-17 were tested at concentrations ranging from 20uM to 6.320M. Compound II-18
was tested at concentrations ranging from 2uM to 632pM. Thé plates were returned to the
incubator for 48 hours. The final concentration of DMSO was 0.25% in all samples.

[0394] Following 48 hours of drug exposure, 10pl of 0.2mg/ml resazurin
(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 Ae, = 535
nm and Aey = 590 nm filters. 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 treated with media + 0.25%
DMSO (100% cell growth) and ECsq values (the drug concentration at which 50% of the
maximal observed growth inhibition is established) were determined using a standard

sigmoidal dose response curve fitting algorithm (XLfit 3.0, ID Business Solutions Ltd).
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t he DMEM basal nedi um was replaced with phenol -red
free DVEM basal nedi um and the 418 was omtted. The
w@eilos®0282r e cultured in an incubator at 37 0C PeI/BS%000R19543
and 95% hum dified air. [0400] For NF-kB-nedi ated
erase as 93 NF-kB/luciferase cells were

%e%e:@ a &SP ’éﬁ%&’%‘gﬁE ) grevih was depithasnlied an BEsd yabee was not
deterllMiM. conpl et e nedium into Corning 3917 white

opaque-bottomtissue culture plates. For Formula P-2,

Fdﬁ&%la PThe amdtlﬁtug medigtar?-MBS-SA ARG Vst a8l iiAg
100% DVBO and this dilutions weaved fom

the hﬁ%‘%’&l egna éﬂ&ﬁ’rﬁ? g/?%éﬁApW cplhline perhextiressed clavaet P-&iycoprotein
h e ther dil d
(:mgi&?egéﬁ g%"é&‘gﬁ t(lgﬁlg)% rtﬁé\%ﬁ)um andfatt%ﬁn |:|[Iu {’%I é&%%? dhe growth
i aols ofEotmsihe UBD) §-3, MUY iTpL 7 J]
final .test concen(t3 rati ons rangi ng%gggnlgwﬂsp%% SAMand its

multige Tegsian) derpradva MERSAHINE. FPsbiaxal, snkaetmstbsigte of the P-gp
pumqugsqhélg@ed/\%sa Jmge;in 100% DVSO and the sane procedure
| owed as escrl bed above resulting in final
test concent rations rangiraglefigom 20mMito 6. 3nM The

BC | at es fj\ere returned_to the 1 ncubator for 1 hour.

£50 &@M@@&@w LI hand I1dB agaifie MESHSA INFMEES-SA/Dx5
sol ution, prepared in d.he 1 ol -red free DVEM nedi um
was added, and the pl Shcubat ed for an
addi tyonal 6 hr. The finag 0 ntrati on of DVBOjwas
0. 25036{;& lllln anpl es. [04 ﬁ he end |of Rdié TINF-a
stimul ati 00 ri—of—Steady—ti-te—+HFS-Hucj fer gsé

I ’
reagent (Packard Bi o%seﬁfée) WES-8ddRxS 1| 0 “RHEER "wel |
and thke p! ates—wetre |left und St ur bed fol 10 mn at

room tlf?"per ature bef orl®3neasiri n@20he | yci f er ase

acti v The rel g 1t|ve15I uci feras 3gnlts (RLUP were
nmeasured by using|a Fu5| on m cro§1 te fiuoromnetel
(Packard Biosci ence) >2d0 EDBO0 VahRs he drug

concgrf-Bati on at whi ch 50% of the naxi mal rnghative

| uci flerase unit iphi B2 is esLedNO sh=d) wer e
cal cutated—TnmPrism{ gp...a%ée#t—w using a
si gmyirdal dose respon;r var|i abl 781 ope| nodel . [ p402]

NF-kB regul ates the ejppessijon ofgpa larpe flfber | of

genes—inportant ip inflanmatlion, apopt osi s,
tum)riﬂg?nesi s, angd auf2ii0mmune dissases. Thus compounds
-1 0.8
12900 7530
22
I-18 52 1o
17 14 |
5.6
Paclitaxel 2930 798
4.6 5210

* Fold change = the ratio of ECsq values (MES-SA/Dx5 : MES-SA)

[0396] The ECsg values indicate that II-2, [-4, [I-17 and 1I-18 have cytotoxic
activity against both MES-SA and MES-SA/Dx5 tumor cell lines. The multidrug resistant
phenotype was confirmed by the observation that Paclitaxel was ~800 times less active

against the resistant MES-SA/Dx5 cells.
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capabl e of nodul ating or affecting NF-kB activity are

usef ul

W@ 2006/00257and aut oi nmune di seases,

in treating diseases related to inflammti on,
for exanpl e. PATIUS1084/019543

inactive form NF-kB conplexes with KB in the cytosol
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40

1340
1170

30.6

[0398]

against the resistant HL-60/MX2 cells.

activity against both HL-60 and HL-60/MX2 tumor cell lines.

Example 43

* Fold change = the ratio of ECsj values (HL-60/MX2 : HL-60)

\ and

3, Formul a

8 prepared as 20

1 aliquots

r ot easone was

t he

DTA, and
DS resul ting

The ECsy values indicate that II-2, II-4 and II-18 retained cytotoxic
The multidrug resistant

phenotype was confirmed by the observation that Mitoxantrone was ~30 times less active

Inhibition of NF-kB-mediated luciferase activity; HEK293 NF-kB/luciferase reporter cell line

[0399]

-122-

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-kB binding sites. The reporter cell line was routinely
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concentration of 0.035% The substrate used was
sucLLVY- AMC, a fluorogenic peptide substrate

w@p®sioiscal | y cl eaved by the chynotrypsin-| i keP@UB2004/§19543
of the proteasone. Assays were perfornmed at a

maint b SR TOEM e ues GNP V) Bral prine serum, 2m
L-glut %51{93'1@ B Pﬁh%ﬂf%hﬁ‘ﬂ&pﬁﬂ@é@%ﬁa%éﬁoﬁgle gf' rlggiﬂ/&htahaom /ml,

se‘'response curves w ons rangin

respedhively) o@plethdrited Fith @50 g/mhiG4es Favra gerformi ﬁletlﬁcgifegﬁjse assay,

with final concentrations ranging from10 to 3.
the DMIBM bagahmiedium was repthcrd with| pherel3Bd fiee ®MENE basalanedium and the

15 B0 T RS B el s a3 W o o

humidi®smpegrature controll ed plate reader. During the
prei ncubation step, the substrate was diluted 25-fold
i 0488k ay HonfNExBsughhteddudi fechseiasdays). IBRWO BDF-kBflt@ferase cells

th ' ti riod, the reactions wereinitiated
were 50edis L aEA Y csHo DT 30 900 ghonsheschfrpe DRGESL GETP e into

Cornilﬁﬁh %% Fhs oﬁ?c{u%—ﬁo%ﬂ{ fsqe tcﬁ{tl?lja%fpel&%%t ?H{ )3 gﬁlﬁh? .HTE Crormula 11-4

conce at1on of subs e reactions was

and FatehulMI-34,|a 40001 WRFtehChildiRatved By¥® v f00¥e DM tas thie dilution
nmore than 1.5 hour and plotted as the nean of

was uged fsi Beneraie dad-popbihalfslog Thilatimrseriesal s dilwtinn shrieg was further
it A B B o B e e st wet
. . i L i i i |

n LSRRI Pl eSO B PO T it 1,70 . P
Formulz 88 and Epmedeiil-3B, & 8md pertine dilutéwalk abiradg ifF000M| BMSO and

P-2, Formula P-3 and Fornula P-4 are shown in FIG 46 -
the sangg proqefpst Wak Wlowse 2rdevribad pooveasenliag ffigalitest concentrations

o i bht in-1i actJi.vity. of. th
rangink FOpR O 36 o ARRR A vl "B i Qi g hour. Afer
hr prebr8SBREL | NELY of FOS(MHeANPTRIF.E BGHioNe ptdpatddi B ARSFEnW-Tel free
an EC50 value of 890 nM Simlar resufts were obtai ned
DMENImagdiem wasddpehdedtheglaies imeennculfatedfet aRedditiomal HrimmThe final

conceriGin pE BN s BRI s a7 and (11 ustrate t hat

Y 2, R PSR 1305 of s gt S
luciferasdl reagendf(Péckad BiwbcidBed) Myasesduied tto watly weli arid the plaissiinege left
undistl\ll\%reg f(?rblthrinE\]ne gt riogmatrémipgga%frg %gf%?é m%)éspu%nigr{ﬁg tlﬁcif%?azgglct?vié? The
relative luciferase units (RLU) were measured by using;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 Software) using a sigmoidal dose response, variable slope model.

[0402] NF-kB regulates the expression of a large number of genes important in
inflammation, apoptosis, tumorigenesis, and autoimmune diseases. Thus compounds
capable of modulating or affecting NF-xB activity are useful in treating diseases related to
inflammation, cancer, and autoimmune diseases, for example. In its inactive form, NF-xB

complexes with IkB in the cytosol and upon stimulation, IkB is phosphorylated,
ubiquitinated and subsequently degraded by the proteasome. The degradation of IxB leads
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Inhibition of Anthrax Lethal Toxin [0408] Anthrax

toxin is responsi ble for the synptons associated wth
w@mniokioees72 | n this di sease, B. anthraci s spor esP@r/es2004/019543

i nhal ed and Iodge in the lungs where they are ingested

by rracrothHcg W thin the macrophage, spores
to the g@Wﬁﬂﬁa ©Blang its dransleeationte ghe Tckqus | Tl’ltﬁgef&CtSt ¢fdiormula II-2,

Formi 013 ARl Tl ol gF S BRI OIS G B of NF-rB

was P&l b NE¥sdiR) B8 3 kBEhEdi SO kR Memise 8t AYERR3 NF-«xB/Luc
FRLERk R Hha

organismto enter the bl oodsteam replicate,
cells uvpon THNECoetimulagibhal t oxi ns. [0409] Two proteins called
prot ectlve antigen (PA 83 kDa) and | ethal factor (LF,
Sﬂ W5 ffqueya rigpisseniativige e}éﬁﬂ%@én juatigg Formula 1I-2,

I t
o 1 AR E2E QA D AR Sl R e e 12
Formud£ Bt redesd inni &ﬁ&%@pénﬂbﬁtﬁé@fé@é@éﬁhbﬁ‘er@d’é‘ RSy mLNFf?@/Luc 293
toxinis also active in a fewcell culture |1 nes of

cells upao ridphragesmdaisi nfheedléulaed HiCsnid mhibiaNFedB haiueible luciferase
activitpoéle ﬁH% gzg%eléi%jq%& gvag&%v@é\i %%;rr]i?cgm ﬂ%@ ,W'? t]:%?glp ?fé ug f(r)rro IE“J osr(renula -4
was 61 ﬁl@lat br ddt wékd 615%613@!1 byt ? ﬁgaté‘%%%] Inhibitors of

Let hal ToxI n- Medi at totoxicit RAW2G4. 7
cMD4] ( oﬁteaulntseﬂotfnr zomptésenté«m expeiimeyipevaludtingrfrmula I-5A and

ctlo vvere adaptec o and maintained in
Fonn“%njr I@nEIgh Léhtl%@twf{ah Fopoglp dk-af apgfiogeula 11-5B

1nh1bltsgﬁg{r—1r%$e?ﬁ%1ﬁ n#@g%@%@nl - Eﬁ%a q %ﬂuésnl ft}’ocgyf’%}éﬁ%l oM

respecti€lyib 8irpilar da wérb @beEcilin aGEplichte/&iperifleat ed over ni ght
in conplete nmedium at a concentration of 50, 000

cells/well in a 96-wel I__?_‘{ﬁﬂmﬂﬁi"f_l\/bdla vvas renoved the
In vfit% %%1891;1 glaf{ro?quonr;g Bwf’j‘ Vlfvdb% 115 ﬁ reel - o%tn%la II-4

IIBU ILLIR'A/ LS wWwt1Tiout— vda LLL®) L.UIIL.CIIII

For mul ae P- 2, Pfﬁmﬁaﬁ_sgaﬁAFOHnﬁB,ﬂ_%l:BC P-17, P-18
and | V- 3C startlng at 33OnMand dilTuting at 1 Io

i W83l al $Forronladh? gEqyoiui Il-do Eermuls ploh Stormaat IMAaandE ormula TI-

58 wefl P el RE P B atreR splusal i Py aff staradifseLifhafia BF-sorc.
PurifiddL:@i }ndkﬁfeez%dﬁ%%a‘é&né Qlak %btaﬁ?éaoﬁgthr@eﬂ&deﬁelﬁn drdAnhance the

wer e obtained fromList Biological Laboratories.
chymopwypsinqilikractipibae ke prattasnme) &8ss dedifervéOemivh BIERESH pHS .3, 0.5

M E a,%o ntr @l OSy/Cil‘&lFﬂsnt %@5}0% aéaﬁg%@@%ﬁ@ %t}f §IBS Sre':s)fﬂtlhnog%{lsé 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 1 pg/ml in a final volume of 200 pl in 96-
well Costar microtiter plates. Formula II-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 II-5A and
Formula II-5B were tested with final concentrations ranging from 1 uM to 0.32 nM. The
samples were incubated 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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resazurin dye (Mol ecul ar Probes, Eugene, OR) prepared

in Mg++, Ca++ free PBS (Medi atech, Herndon, VA).
web@seester e t hen i ncubated an additional 1.5 POUUS2004/019543

prior to the assessnment of cell viability. Since

resazurin is netabolized by living cells, cytotoxicit

initiateg by: the| additigpiaf |lpytl@§|t]hedj§lué@5@@gt§@e Byd thgag@tpq; wgre returned to the

pae EL4RLEPERER M5 ERaR S G et Sl A
were 8811@RAPHBH v MinkheFopl e AU PholhbgbiARd {M@e mean of
LeTx al one control (low using the follow ng equation:

trlphcﬁierwmtpomtab"fhep tEﬁsetl\@@mé((ﬂEadm@do@nﬁwn at which 50% of the

s AR SarEA LSOO o LA L0 1
Softwgl@ sing ki oﬁ&‘ﬂ@é&e-@%cﬁs& Rafihife sﬂ)ﬁe fioaeRri ze the

ects o ForrruaP- Formula P-3 and Formula P-4
aﬂhiﬂﬁ]st [Remkisrefchinat eokepr;esmta:tmec experinfient hevaRAWNZ 6Borfula 1I-2,

FormiJp -4 Spd e afﬁiluﬂ%%( Svip 1 BlG 6 i Ao ot Wmoiao -2 and
Formdvlmé‘tﬂhafi‘ i HNGE ﬁfés&] ﬁ\q{ﬁ@%}‘f 1‘{&‘))/ of)ghe é:t’éas%@a& IES%% bStues of

EC50 val u
18.5 nM)and:d)SnMIresplé’etaveﬂyor Féreninta Hrdoisectivomn thizssassnt whk an ECs, value of
det ergl ned at the concentratijons tested
ar

890 nlyl-Sergslaryesilfsiwrae htemed Aosd t BepAdpd PXaedmneRit ed) . Dat a

P! © R fegflsGRGE e Blpcl R L orlyufn-sa ane

Formuly TTo3B xieCiHoywnofn FIGE 4RAA0A84stratentHat FermEea @shae@ﬁ Fdrkﬁla 1I-5B
cell line. Treatnment of RAW?264.7 cells with For
inhibifpths ghyrgtrmsuslike acigsitynf th e%%?é@np AithBCsd ebuasi qu6 @M and 88

v el 350 86 BONCA0 Dol 6 LR ARl o0,

Formul a P-5B resul ted |Ekgﬁ_{pl¢m5:rease in the viability
of LeTx treated cells with EC50 val ues of 42nM and
45nM respectiveh&ﬂﬂb@ﬁﬁﬁﬁgﬂmﬁﬂﬂéﬁﬂiﬂmﬂﬂ For nul ae - 13C

a 3G | eTx rot ect. u t be determ
08 arllley pE0E RERPERUR T sOnbBn eSS ER Mill fthrax
In thi€aikegR! Batdnfira&Y abot el mTrﬁwdearﬂdB lodsf iAviRk Llﬁlggsf Phere they are
i nhi bi tion of RAW 264.7 cel | cytotoxicity nedi ated

ingesteghphrgeropbegeal Witbsia theansgsenhage. BOSES (gevnina@oraplitate,| rlestdﬁng in
k1111ng4gf the cell. Before killing occurs, however, infected macrophages migrate to the
Iymph nodes where, upon death, they release their contents, allowing the organism to enter
the bloodsteam, further replicate, 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 toxin 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 Vitro Cell-Based Assay for Inhibitors of Lethal Toxin-Mediated Cytotoxicity

[0410] RAW264.7 cells (obtained from the American Type Culture Collection)

were adapted to and maintained in RPMI-1640 medium supplemented with 10% fetal

bovine serum, 2mM L-glutamine and 1% Penicillin/Streptomycin (complete medium) at
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Formula 11-18 4 Formula I1-5A 3 Fornula I1-5B 45

Formula 11-13C >330nM Formul a |1 V-3C >330nM Exanpl e 46
wo-0081002472 on to be Administered Orally or the RCRES2004/019543

[0412] A mixture obtained by thoroughly blending 1 g

d obt d d rified by the nethod of

37°C g TermGe O @sirgﬁw&“aa%’ég%@ asaw, 150l gfere plated overnight in
I r o .9 e y

comp B SRIAL 004 LoRShLl At S oOLTRIED P SABIMYSRURIMADY v

removad thesfollb@thgt a:ay@bti aep]a@d@m&nwr@nm&nﬁhqﬂét@ ﬁleawxﬁ &bﬂh&)r without
for packaging in bottles or rfé heat seal i ng

Varymgé%‘ﬁ“&ﬁil%fr rorauige dpdrikdi Brk Iada, bS8, Iﬂyl%rﬁ M,SH d8agd IV-

3C sta?%rt%gtt n;i\’%gfl %)(g élgfétln r’]cg} % rglgﬁer% %‘rya ! 1212 rdgéel-r%géoensg After a

45 miRRe 'i)%iﬁdu%bﬁorb)& uEhQISER @hd Okl al%hé bk i ébrﬁl!ilﬁatiﬂnt (LF*PA, also
treating cancerous tunors in humans. [041

teﬂne(bi@éhﬁilt@gn dbeExr)) st adidvdeo mels. s&teccﬁmbmhmtsbﬂ" eh@I Pﬂowere obtained

o 5534 05 L 8 0 R0 S et
controUEt(th.Swai‘éYthEﬁ Qﬂélﬂﬁtedefok Gl 'hM@x% ﬁilo%@ﬁ%g“ﬁﬁﬁmr{ B b2 mg/ml

One skilled in the art woul d readi 'y appreciate that
resazutihedys é¥miculanvRBobepnEigenee lOR)agmpted o Mg,y Catt fréwe PBS

v 00 L B 0 TG T
assessREACSERHI BRI B 8L rS'uQ:%qreﬂ%ﬁz% 0 AeRhBhisIeR) | ng cells cytotoxicity or

representative of preferred e odi ment’s
cell vighityplcam yeaassesarde by abedsuting) cﬂhdreasenlce ristrat 53:013x@tat1bh eand 590
t he i nventi on. Chan gerel n and ot her__uses

emissigy PS5 DA 36 RNGREC SR 119 BaCth Vi tset CopERa 4 & DMSO alone
controf-‘ @ﬁgﬂ?@ﬁ@% WbTP'aﬁbrfeh@on%B! ol olﬁsn'g'g}(e' Fq\f Wu:_lé: %glﬁe{éggl%?’krcent

be readi |y apparent t on
v1ab111tyrfalt00€?é(Maamged OD- low control)/(high control-low control)).
Inhibition of Anthrax Lethal Toxin-mediated Cytotoxicity in RAW 264.7 Cells

[0411] Data in FIG. 48 summarize the effects of Formula II-2, Formula II-3 and

Formula II-4 against LeTx-mediated cytotoxicity of the RAW 264.7 murine macrophage-
like cell line. Treatment of RAW 264.7 cells with Formula II-2 and Formula II-4 resulted in
an increase in the viability of LeTx treated cells with ECsy values of 14nM (FIG. 48). The
ECsp values for Formula II-3 for LeTx protection was not be determined at the
concentrations tested (ECs5p>330nM, the maximum concentration evaluated). Data in Table
18 show the effects of Formulae II-5A, II-5B, TI-13C, 1I-17, II-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 II-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 II-17 and Formula II-5B resulted in an increase in the viability of LeTx treated
cells with ECsp values of 42nM and 45nM respectively. The ECs values for Formulae II-
13C and IV-3C for LeTx protection could not be determined at the concentrations tested

(ECs0>330nM, the maximum concentration evaluated).
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substitutions and nodifications nay be made to the
enbodi nents di scl osed herein w thout departing from
-~ W0 b@spexspe and spirit of the invention.[0416] BECT/US2004/019543
pat ents and publications nentioned in the
specification are indicative of the I evels of those

[Sglé‘rlj_;]g&rﬁl@ EEe x%&estfgr.i 'ibﬁ%nt I}%{A t’} " (H)aii r,gsl n

suitably may be pleaitdddgthnitiat Rehaksence of any

element or elements, Iimtation or Tinmitations which
i's not specificall y di scI osed herel n. The terns and
expr essi ongAy rave been are—used—as terns
of descrip Eg]lp§ 1?1dnm of i céﬁ% —and therie is no

intention {Hemuylalkhe use of| 4ch terns and
expressi onsFomsilg AL ES t he echL usi on of equivaljents of
the featurege d—described—or portions—ther eof .
It is recof. 7¢3ﬁ¥\’ikh5’lZQ Vafi nucé)nmrll fications arle
possi bl e wEame BB cope of| $he invention. Thus, it
shoul d be Uhdmmds deBA hat al t¥3B80pM t he present
i nvention NeSHRR iy SeeCT TTCal LIl pC! osed by preferred
enbodi nent s +en and
variation of the concepts herein dlsclosed may be
resorted to by those skilled in the art, and that such
nodi fications and vari dixammedbe consi dered to be
falling w h|n the Sco
linmited orFiByAHoRE2PH :
| @4121 Us@ nfiktufe SIS)LHIB@&‘ B¢ tﬁlﬁ&h Eﬁﬁd ?rlugt)f"ﬁ Bofbound obtained
Formul a I, and pharnaceut i ca acceptabre salts and

and plmi&ﬂddbsugleergetho@ of er@m‘tﬁqduﬁéntE% g' ElladBsaartebit rgn.xtfd1yldroxypropyl

h | |
PR e SRR S LRI DL S
dried :H&lemﬂécptboo&&’iﬂ 1519 9@ ﬁaﬁBM 402 @for%a L%g’%teﬂr bottl%s or by heat

u Itute

nonosubstitute pol y stitute uns
sealing.ar i Bt sremfltanh egrﬁmlllb opfepgratiess cares 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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saturated Cl-C24 al kyl, unsaturated C2-C24 al kenyl or
C2- C24 al kynyl, acyl, acyl oxy, alkyl oxycarbonyl oxy,
-~ W@egosoosear bonyl oxy, cycl oal kyl, cycl oal kenyl , PEi/kK82094/019543
cycl oal koxy, aryl heteroaryl, arylal koxy carbonyl,
alkox carbon acyl am no, an1nocarbony|

afd ts anrltpﬁlbhcaé@nwenmr@dyn thq:s;p@m@aatm ge jndicative
| | f boxy,
o e BB A R e ontar e

al[é4117] Wﬁ@nﬂeﬁtﬁmﬁﬂh@iraﬂb@lyJdeﬁtfnb%d hgieh &ditabily hay Bophakiiced in
to 2, then R can be the sane or different; "wherein

the atrpncej of any| slesrend of elsmentse ligtittion oo disiitations wixichhiy dvob geseifically

b tituted bstit
A SR LR AU B0 B vt s
of dessaipti6iabitnétlofGaAitalohy hnd tHesdts WoathRati S tHad4n #lKBRWS s@éh terms

C2- C24 al kynyl, acyl, acyloxy, alkyloxycarbonyl oxy,
and emryssmuy e@dlmicwtlh@ x:yclus;yn lod aquiyalents pE theafiektareglshowh laos described

or porméﬂs %;reggﬁgfgﬁg roég%e %Eﬁ&%%&}géﬂ?‘ﬁﬁg%%bg %ﬂypossﬁopa w%hln the scope

of theaRFRA6A! PRV, RHouldive ruﬁde@t%b@ Ghat Qi’ﬂﬁd%)gh 'thé:ﬁyt%!;é?ﬁ ki X¥h@GYhas been
hydr oxy, Ikylthlo aryl thio, oxysulfony car boxy,

SPGCIfWHM elisciosdd fl mg@rrad emtadigénts pod @ptlmgal fedtytea) mgédifaatoh and

Vanatlé)gr%' |ﬂ%et ?(ﬁ]@e}gf ﬂ%reﬂhéls gs%lderﬁ%/ﬁtgsrﬁ thtaﬁggﬁose skilled in the art, and
that sﬁlﬁh' ﬁﬂo&ﬁbﬁdﬂs %5 Qaﬁﬁhdiﬂ%‘@%ﬂs‘id&&ﬂto% faﬁiﬁﬁswﬁﬁinttﬂg scope of the

| owi ng residues: saturated Cl-C2
lnvmﬂunsamumaséuneﬁoﬁgdndhkéﬁthngcﬁﬁn£24 al kynyl, acyl,
acyl oxy, al kyl oxycar bonyl oxy, aryl oxycarbonyl oxy,
cycl oal kyl, cycl oal kenyl, al koxy, cycl oal koxy, aryl,
heteroaryl, arylal koxy carbonyl, al koxy carbonyl acyl,
am no, am nocarbonyl, am nocarboyl oxy, nitro, azido,
phenyl , cycl oal kyl acyl, hydroxy, al kylthi o, arylthio,
oxysul fonyl, carboxy, cyano, and hal ogenated al kyl
i ncl udi ng pol yhal ogenat ed al kyl; and wherein each of
Ei , E2, E3 and E4 is a substituted or unsubstituted
heteroatom in the treatnment of cancer, inflammtion,
and infectious disease.
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2. A nethod of treating a neoplastic disease in an

animal , the nethod conprising: adm nistering to the
wa@piosmb257a t herapeutically effective anount of PEI/US2004/019543

compound of a fornmula selected fromFornmulae |-V, and

har maceutically acceptable salts and pro-drug esters
WHEAQ AMDﬂ$nrrethod of Claim2, wherein the

of ., Cl.ai .
L BB BBRE in 30E S, LA, B Pcuicaty

acceptable m&h@btmmgfes@fsaﬁ&%oicancer sarcoma, |euken a,
ovari an cancer, uretal cancer, bl adder cancer,

prostate cancer, colon cancerr‘;2 rectal cancer, stomach
cancer, lung cancer, |ynplmoa] mulXipl e nyel onsg,

pancreati c cancer, | Lver cancgr, (ki dney cancer,
endocri ne cancer, skffircancer | anoma, angi oma, and
brain or central nervous §ﬁTf%»£D cancer. 5. The
met hod of C aim 4, wherei e cancer is a nmultiple
nyel oma, a colorectal c i ndita, a prostate carci noma
a breast adenocarcinomm, a®non-small cell |ung

carci nonm, an ovari an carEoriwd®l or a nmel anona. 6. The
met hod of C.aim wherein the cancer is a dr

resi st aftheEin dag gésbed tpes HeRieRR acvngle gf ?ndG“leJP@Flél yiherein R is

th e k

"SRR, UL o B R RS RES My B . mone
carsummmtes,pbay&uwtmhte@&tr w0iRebwituttd evaﬁ@xhtbcw ihg: following residues:
el evated | evel s of the P-alé_/ycopr otein efflux

i néraEdeh Cotpr alkyl, snsabiraiep Corfek taflenbigor et qiﬁw acyl, acyloxy,
s IASOERLBEAOE,T SyBR %ﬁ%ﬂg 51(610{158“0{3 cggﬁelgg}yl alkoxy,

r epgtloalkbxyr ugt, i dercas), manmg@fb@iyt eslabkp aonyia 1 amino,

apoptotic pathway or the activation of cytochrone P 50
enmaﬂ@nﬂrh@mﬁe@aﬁwl@fy @Jxﬁp,maado,mb«? ncydhealigdaqyh| hydroxy,

i TS oo an ST R ke et NGyt g
. t heoBhbIvREndtsd AkPdfREre nlid eqﬂl&o mesr 0 en®ff idsaiqaido 2, then R; can
wherein the the corrpound is:OH
be the same or different;
wherein Ry, is selected from the group consisting of hydrogen, a halogen,
mono-substituted, poly-substituted or unsubstituted variants of the following
residues: saturated C;-Cy4 alkyl, unsaturated C,-Cy4 alkenyl or C,-Ca4 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;

} wherein Rj is 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,-Co4 alkenyl or C,-Cy4 alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, cycloalkylacyl, hydroxy,
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O wherein Ris selected fromthe group consisting of

H F, d, Br and I. 13. The nethod of Caim2, wherein
wo b@soasppund is : 0 wherein Rgis sel ected froPeT/0i82004/019543

group consisting of H F, d, Br, and I. 14. The

met hod of Claim2, further conprising the steps of:

identify U.bj ect at. woul d benefit

adm n?flgl’l ?qu Wﬁ Qﬁy‘%‘ﬁ'f‘?’P@aﬁ Px%tg(@'ﬁflo’ f)ré[{ F%P%? natedt fyl including
WEthg%ﬂ?ﬂﬂﬁﬂﬁméggﬁgP%ndl5 A pharmaceuti ca

conp conprising a conmpound of a fornula

sel ect ed fwhereoemh @ Er,\E,, ahd apHaEneis eutsubstithigd or unsubstituted
acceptabl e salts and pro-drug esters thereof. 16. The

phar &0l conposition of O aim15, further

conpri si ngy; eﬁ@étfnefﬂ il &Qée"i‘l inAg@Matiod and AnRBENRAHIRbse.

i nhibiting t e growth of a cancer cell, conprisin

z.ont aAtméthodoCiacatiap ambplawctdnswsmmp@umaloﬂleaneftbcp ngprising:

sel ected from Fornul ae |-V, .and phar naceut caI
accept abl eacgglmsgergllgd tcbrtge drilrualag ? e*?]grapﬁ%t}c(g %gctl-}lﬁ eamount of a

et hogqngﬁouﬁhabﬁ‘ a;wforr}m]gr %l&t&f FGRANFSmIS |I—VS ald ¥>harmaceutlca11y

mul t myel oma or ect carcinonm, a prosta
car ci fesptable shiteasipradenpestars thecevs, a non-snal | cel |
| ung carci noma, an ovarian carci nona nmel anoma.

16" A hemetadsr Claim B tern The enoT et St i Cpect
onpr |
B2 B RSB0, 595 65 80 o AR Soniigof
breast dAREdT"BGEdthA, Clalhlteyma,C@\emhﬁb;laﬁcﬁ ahretl (damreq ldaéd;gzr @gne@r,sprostate cancer,
thereof. 20. A nethod of jnhibiti ng I\E kB act.i vati
colon cansap reasalignechestemagh AR akINE FaNGET, Jamp W?ﬁ%‘é‘ﬁﬁdﬂﬁ“gow pancreatic
cancer, Slﬁgo%l%ra%f'ﬁe %&?c%r e%ﬁ?&rg}%rdgﬂ!: lem c% edlanoma anéloma and brain

I'cal I'y acceptable salt’s and rug ést

or centrhN@re@fs sydtdm (ENBchadr.f or treating an i an ammat ory

condi tion, conprising admnjstering an
5. The method of Claim 4, wherein the caner is a multiple myeloma, a colorectal

[

carcinoma, a prostate carcinoma, a breast adenocarcinoma, a non-small cell lung carcinoma, an

ovarian carcinoma or a melanoma.

6. The method of Claim 3, wherein the cancer is a drug resistant cancer.

7. The method of Claim 6, wherein the drug resistant cancer is a sarcoma or a
leukemia.

8. The method of Claim 6, wherein the drug-resistant cancer displays at least one of

the following: elevated levels of the P-glycoprotein efflux pump, increased expression of the
multidrug-resistance associated protein 1 encoded by MRP], reduced drug uptake, alteration of the
drug’s target or increasing repair of drug-induced DNA damage, alteration of the apoptotic
pathway or the activation of cytochrome P450 enzymes.

9. The method of Claim 2, wherein the animal is a mammal.

10. The method of Claim 2, wherein the animal is a human.

11. - The method of Claim 2, wherein the animal is a rodent.

12.  The method of Claim 2, wherein the the compound is:

-130-



effective amount of a conmpound of a fornula sel ected
fromFornmulae I-V to a patient in need hereof. 22. The

woredohoeksef Cl ai m 21, wherein the inflanmatory PORUS1000019543
is selected fromthe j1ro consi sting of rheunmatoid
arthritis, asthma, sclierosis, psoriasis,
stroke, and nyocardi rctiforon 23. A nethod for
treating a mcrobial I rising adm ni stering
an effective i mount of a coppound ofPa fornul a

lent in need

Clal m 23, wherein the

i crobe sel ect edfrom

anthraci s, Plasnodi um

thereof. 24. The neth
mcrobial illness is caus
the group consi sting of HB:
Lei shmani a, and Trypanoso

Rg
wherein Rg is selected from the group consisting of H, F, Cl, Br and L.

13.  The method of Claim 2, wherein the compound is :

H

pOH
o
o)
o)

ZT

T

Rg
wherein Ry is selected from the group consisting of H, F, Cl, Br, and L.

14.  The method of Claim 2, further comprising the steps of:
identifying a subject that would benefit from administration of an anticancer
agent;
performing the method on the subject.
15. A pharmaceutical composition comprising a compound of a formula selected from
Formulae I-V, and pharmaceutically acceptable salts and pro-drug esters thereof.
16.  The pharmaceutical composition of Claim 15, further comprising an anti-microbial
agent.
17. A method of inhibiting the growth of a cancer cell, comprising contacting a cancer &
cell with a compound of a formula selected from Formulae I-V, and pharmaceutically acceptable

salts and pro-drug esters thereof.
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18.  The method of Claim 17, wherein the cancer cell is a multiple myeloma, a
>olorectal carcinoma, a prostate carcinoma, a breast adenocarcinoma, a non-small cell lung
sarcinoma, an ovarian carcinoma and a melanoma.

19. A method of inhibiting proteasome activity comprising 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.

20. A method of inhibiting NF-«B activation comprising the step contacting a cell with
1 compound of a formula selected from Formulae I-V, and pharmaceutically acceptable salts and
»ro-drug esters thereof.

21. A method for treating an inflammatory condition, comprising administering an
xffective amount of a compound of a formula selected from Formulae I-V to a patient in need
hereof.

22.  The method of Claim 21, wherein the inflammatory condition is selected from the
sroup consisting of rheumatoid arthritis, asthma, multiple sclerosis, psoriasis, stroke, and
nyocardial infarction.

23. A method for treating a microbial illness comprising administering an effective
imount of a compound of a formula selected from Formulae I-V to a patient in need thereof.

24.  The method of Claim 23, wherein the microbial illness is caused by a microbe

selected from the group consisting of B. anthracis, Plasmodium, Leishmania, and Trypanosoma.
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