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compounds that are useful as anti-cancer, anti-inflammatory, and anti-microbial agents, and

relates to pharmaceutical dosage forms comprising such compounds.

Description of the Related Art

[0003] Cancer is a leading cause of death in the United States. Despite significant
efforts to find new approaches for treating cancer, the primary treatment options remain surgery,
chemotherapy and radiation therapy, either alone or in combination. Surgery and radiation
therapy, however, are generally useful only for fairly defined types of cancer, and are of limited
use for treating patients with disseminated disease. 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 péﬁents.

[0004] 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 include Bacillus, Leishmania, Plasmodium and
Trypanosoma.

[0005] Furthermore, a growing number of diseases and medical conditions are

classified as inflammatory diseases. Such diseases include conditions such as asthma to
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mechanism-based resistance that may have been engineered into pathogens for bioterrorism

purposes.
Summary of the Invention
[0008] Disclosed herein are compounds, pllarmaceutical compositions comprising

such compounds, uses of such compounds and compositions, and methods for the preparation of
such compounds, having the structure of Formulae I-VI:
[0009] Some embodiments relate to compounds having the structure of Formula I,

and pharmaceutically acceptable salts and pro-drug esters thereof:
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cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, thio, sulfoxide, sulfone,

sulfonate esters, thiocyano, boronic acids and esters, and halogenated alkyl including
polyhalogenated alkyl;

[0012] wherein R, can be selected from the group consisting of a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated C,-Ca4
alkyl, unsaturated C,-Cps alkenyl or Cr-Cy 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, thio, sulfoxide, sulfone,
sulfonate esters, thiocyano, boronic acids and esters, and halogenated alkyl including
polyhalogenated alkyl; wherein each of E;, Ey, E; and E, can be a substituted or unsubstituted
heteroatom; and with the proviso that Formula I is not Compound II-16 or Compound II-17.

[0013] In some embodiments, R, is not cyclohex-2-enyl carbinol when one of the R,
substituents is ethyl or chloroethyl and R; is methyl.

[0014] In some embodiments, preferably R, is a substituted or unsubstituted C; to Cs
alkyl. For example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, and pentyl are

preferred. In some embodiments, R, is not a substituted or unsubstituted, unbranched Cs alkyl.
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[0018] wherein Ry is selected from the group consisting of H, F, Cl, Br, and L

[0019] As a further example, the compound may be:
NH,

e

—O

Re
[0020] wherein Ry is selected from the group consisting of H, F, Cl, Br, and L.
[0021] Also, R, can be a cyclohexenylmethylene or 3-methylenecyclohexene.
[0022] For example, the compound may be:

A-
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wherein each of Ei, E2, E¥ and E4 can be a substituted
or unsubstituted heteroat and with the proviso that
Formula | is not Conpound -16 or Conpound 11-17.
[0013] In some enbodinments,/ R2 is not cycl ohex-2-enyl
car bi nol when one of the Rif substituents is ethyl or
chl oroethyl and R3 is nmethygl. [0014] In sone
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sul f oxi de, sul fone,

Rg
[0026] wherein Rg is selected from the group consisting of H, F, Cl, Br, and I; and
wherein R is selected from the group consisting of hydrogen, substituted or unsubstituted

variants of the following: alkyl, acyl, aryl and heteroaryl.
[0027] Furthermore, R, can be a cycloalkylacyl.
[0028] As an example, the compound may be:

-5-



[0020] wherein R8 is selected fromthe group
consisting of H F, d, Br, and | . [0021] Also, R2
woamehmesaascycl ohexenyl met hyl ene or PCT/US2005/014846
3- et hyl enecycl ohexene. [0022] For exanple, the
conmpound may be:[0023] wherein R8 is selected fromthe
group consisting of H c, Br, and I. [0024] R2 can
be a cycl ohexyl al kyl &
C- Cycl ohexyl - et hyl e
cycl ohexanecar bal deh 2~ [ 0025] For exanpl e,
t he conpound may be: ereind®R is selected from
t he group consisting of H N~_C r, and I; and
wherein RO is selecte m t he grfoup consisting of
hydr ogen, substitute nsubsti futed variants of the
follow ng: alkyl, acyl, nd heteroaryl. [0027]
Furthernmore, R2 can be a cycl gal kyl acyl. [0028] As an
exanpl e, the conpound may {e: [ 0029] wherein R8 is
selected fromthe group congsisting of H F, d, I, and
Br. [0030] Further enbodi nepts relate to conpounds
having the structure of Forpula p, and
pharmaceutically acceptablg salts and pro-drug esters
thereof: Formula Il [0031] Wherein the dashed |ines
i nd iclomps t RatreinlRg ideRbga &bmdhdmod dossiginglobH, B @i lheyldBr.
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cycl oal kenyl , al koxy, cycl/oal aryl, heteroaryl,
aryl al koxy carbonyl, & y carbonyl acyl, am no,
am nocar bonyl , Eq
R
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Formula IT

[0031] wherein the dashed lines indicates that the designated bond is either a single
bond or a double bond, and wherein R, can be separately selected from the group consisting of a
hydrogen, a halogen, mono-substituted, poly-substituted or unsubstituted variants of the
following residues: saturated C;-Ca4 alkyl, unsaturated C,-Cy4 alkenyl or Cy-Cy4 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,
thio, sulfoxide, sulfone, sulfonate esters, thiocyano, boronic acids and esters, and halogenated
alkyl including polyhalogenated alkyl where n is equal to 1 or 2, and if n is equal to 2, then R,
can be the same or different;

[0032] wherein R; can be selected from the group consisting of a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated C;-Cas
alkyl, unsaturated C,-Cy; alkenyl or C,-Cy alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy

carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl,
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NE"NAL N 8BEOH, ORyo, SRy1, NRyz, and NHOR;s, wherein each of Rig, Ris, Ri, and Ris

can be separately selected from the group consisting of hydrogen, and a substituted or
unsubstituted alkyl, acyl, aryl, and heteroaryl.

[0037] n can be equal to 1 or 2, and where n is equal to 2, at least one Ry can be
CH,CH,X, wherein X can be selected from the group consisting of H, F, Cl, Br, and L.

[0038] As another example, R3 can be methyl. Furthermore, Es can be OH. Each of
E,, E; and E4 can be O and E, can be NH. At least one R4 can be a cycloalkane or cycloalkene,
for example. In another example, n is equal to 2 and at least one of the R, substituents is
hydrogen and the other R; substituent is CH,CH,X, wherein X is selected from the group
consisting of H, F, Cl Br, and I, wherein at teast one Ry is cyclohexane or cyclohexene; wherein
E; is OH; wherein R is methyl; and wherein each of By, E; and E4 is O and E, is NH.

[0039] In some embodiments, preferably R; is a substituted or unsubstituted C; to Cs
alkyl. For example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, and pentyl are
preferred. In some embodiments, R, is not a substituted or unsubstituted, unbranched Cs alkyl.

[0040] As an example, the structure may be:



[0034] wherein each of Ei, E2, E3, E4 and E5 can be a
substituted or unsubstituted heteroatom and [0035]

wai2ods/0eéRs provi so that Forrmula 11 is not Conporad/U$1003/614846
or Compound 11-17. Some enbodi nents include the
proviso that one R4 is not cyclohex-2-enyl, if the

other R4 is hydrogen g f mand n are equal to 2,
and if R3 is methyl, \ one, of the substituents Ri
is ethyl or chloroethyl [ eother R is

hydr ogen. [0036] As ai 2 5 can be sel ected
fromthe group consisting ¢f GH, O &, N, NH, NH2,

NOH, NHOH, OR10, SRn , NRi MN,.__jand i 3, wherein
each of R0, Rn, R 2, and/R ca separately sel ected
fromthe group conS|s?|ng of h gen, and a
substituted or unsubsti kyl, acyl, aryl, and
heteroaryl. [0037] n can bg equal to 1 or 2, and where
nis equal to 2, at |least ne R can be CH2CH2X,
wherein X can be sel ected om the group consisting of
H F, d, Br, and | . [0038] As another exanple, R3
can be nethyl. Furthernore,/E5 can be OH Each of Ei,
E3 and E4 can be O and E2 gan be NH. At |east one R4
can be a cycl oal kane or cycf oal kene, for exanple. In
anotihgsi] exafpésin Ry i seleCredl &bmitlee @o@mdnmtmg eﬁﬂt F cﬁ’ieBr@fnd L
the Ri substltuents i s hydrogen. an E@ g mnle
subdﬂ?ﬁzhentﬁgam’f‘b%@r Hiet @YeoarRiedy t he
group consisting of H F Br, and I; mhereln at

| east one R4 is cyclohe cycl ohexene; wherein E5
is OH wherein R3is nevhyW and wherein each of Ei,
E3 and E4 is O and R S\\H._X0089],,| n sone

enbodi nents, preferably R sUtMedor
unsubstituted G to C5 al kyl ., Far exapple, nethyl,

et hyl, propyl, isopropyl,Rbu is tyl, tert-butyl,
and pentyl are

0]

R

[0043] wherein Ry is selected from the group consisting of H, F, Cl, Brand L

[0044] R and R both can be OH.
[0045] At least one R, can be a 7-oxa-bicyclo[4.1.0]hept-2-yl, for example:



preferred. In sone enbodinents, R is not a

substituted or unsubstituted, unbranched C al kyl .
wOQsPRsRAS an exanpl e, the structure may be: [ 084TjUS2005/014846

wherein R8 is selected fromthe group consisting of H,

F, d, Br and |I. [0042] At |east one R4 can be a

di -substituted cycl ohexe for exanple, [0043]

wherein R8 is sel ected he group consisting of H,

F, A, Br and |. [0044 .ndHR7 both can be OH.

[0045] At |east one 3

7-oxa-bicyclo[4.1.0]

Noo. east one R4 can be
tituged|branched al kyl, ple
| wh@erein R8 i s sel ected
W, F, d, Br and |

one R4 can be a

F, d, Br, and |I. [0047]

a substituted or an u

the foll ow ng conpound:

fromthe group consistip

[ 0049] Furthernore, at

cycl oal kyl and E5 can be oxygen. [0050] As an

exanpl e, the conpound nay :[0051] wherein R8 is

selected fromthe group congisting of H F, d, |, and

Br. [0052] As a further ex | e, the compound may be:

[0053] wherein R8 is selecked fromthe group

consisting of H F, d, Br, and |; and wherein R9 can

€ b5{6¢4‘6]3t e gwﬁérgimﬁg ﬁkﬁsg@bt@d] ﬁomg]ﬁtsg'r&tp: qq,gsisﬁgg Ietf H, F, Cl, Br,and L

substituted an nsubstituted a subst i t.u

unsUB7i t ut ét‘:foa"fta?a“ %‘ﬁé@ﬁfb@t? i %(%'ﬂfb%\ﬂraa nu‘ﬁléﬁ ﬁ t u?a q’ahed allo
ﬁggﬁﬁﬁngyﬁuthQ Sthbpobmd:still a further exanple, the

compound may 055] wh in RB is selected fromthe

group conS|st|ng of r, and |I. [0056] Al so,

at |east one R4 cHA be a cyclodl kyly and E5 can be NH2.

For exanpl e, the conmpound may be: [JOQ@&7] wherein R8 is .

selected fromthe group consisti of H F, d, Br

and I . [0058] In still a further

conpound can be a prodrug ester on

examp}®, the
kOest er,
o)

Re
[0048] wherein Rj is selected from the group consisting of H, F, Cl, Brand I.
[0049] Furthermore, at least one R, can be a cycloalkyl and Es can be an oxygen.
[0050] As an example, the compound may be:



for exanple, the conpound may be:[0059] wherein R8 is

sel ected fromthe group consisting of H F, O, Br
wanael02852f 0060] Ot her enbodi nents rel ate to CORPOWISA®S/014846

havi ng the structure of Fornmula H, and

pharmaceutically acceptable salts and pro-drug esters

thereof: Formula I11

i ndicates that the d

hydr ogen, a hal ogen, nono- gubsititutg
pol y-substituted or unsubsfh ed 4
foll owi ng residues: s €24 al kyl ,

unsat urated C2-C2 al kenyl al kynyl , acyl,

acyl oxy, aIkonxycarbonF . @aryl oxycar bonyl oxy,
cycl oal kyl, cycl oal kenyl Ikdxy, cycl oal koxy, aryl,
heteroaryl, aryl al koxy carponyl, al koxy carbonyl acyl,
am no, am nocarbonyl, am nocarboyl oxy, nitro, azido,
phenyl , hydroxy, alkylthio, farylthio, oxysulfonyl,
carboxy, cyano, thio, sulfokide, sulfone, sulfonate
esters, thiocyano, boronicRgcids and esters, and

hal ogenat ed al kyl i ncludi ng pol yhal ogenated al kyl, and
n i qoemyal lerdin®; iscleated frof the greupagusistingof H, F1¢iekarg Br.
can be the sane or diffﬁ: nt&ﬁéoo %% &perein R4 can be
sepdP¥2b| y SeputhetTerBin PhHE ‘%ﬁ% ONsi sting of

hydr ogen, a hal ogen, subst it ut ed,

pol y-substituted or substli tut ety vari ants of the
foll owi ng residues: d G- al kyl, unsaturat ed
C2-C24 al kenyl or C2-'€24 akkyay¥ acyl, acyl oxy,

al kyl oxycar bonyl oxy, aryroxycatbonylexy, cycloalkyl,

cycl oal kenyl , al koxy, cycl bxy, Saryl, heteroaryl,
aryl al koxy carbonyl, al ko caffbonyl acyl, am no,

11}50, azi do, phenyl,

pxysul fonyl, carboxy,

am nocar bonyl , am noc&bo
I q
¢, sulfonate esters,

hydr oxy, al kylthio, aryl
cyano, thio, sulfoxide,
t hi ocyano, boronic acids agd esters, and hal ogenat ed
al kyl incl uding

Rs

[0053] wherein Ry is selected from the group consisting of H, F, Cl, Br, and I; and
wherein R, can be selected from the group consisting of H, substituted and unsubstituted alkyl,
substituted and unsubstituted aryl, and substituted and unsubstituted heteroaryl.

[0054] In still a further example, the compound may be:

-10-



pol yhal ogenated al kyl, and mis equal to 1 or 2, and
if mis equal to 2, then R4 can be the sane or
wdaizbdearegns; and wherein each OFE 1, E2, E3, E4ranaSED3/014846
IS a substituted or unsubstituted heteroatom and wth
the proviso that Formula H is not Conpound 11-16 or
Conpound 11-17. Sone enbodinents include the proviso
that one R4 is not cyclohex-2-enyl, if the other R4 is
hydrogen and if mand n e "'to 2 and if one of
the substituents R is éthyl ar chlaroethyl while the
other R is hydrogen. [0068} enbodi nent s,
preferably Ri is a substifuted unsubstituted G to
C5 al kyl. For exanpl €, | et hyl, propyl,
i sopropyl, butyl, isobut utyl, and pentyl are
preferred. In sone enbodi nté, R is not a
substituted or unsubstitut{ed, unbranched Ce al kyl .
[0064] Still further enbodNments relate to conpounds
havi ng the structure of Forpula IV, and
phar maceutical ly acceptabl g salts and pro-drug esters
thereof: Fornmula I'V [0065] fwherein the dashed |ines
i ndi cate that the designated bond is either a single
bonj()(%rsga d&H%}Ei‘ﬁ RO @i o MRS @b dBhsiGAB obE, F, CL, Br, and I
separately selected fromthe group conS|st|anof a
hydrieassh, aAkal @g@qg onsdhiear bb & eveloalied ,and Es can be NH,. For example,
h %%%;sqpng%uted or unsubstituted variants of the
SWiHG™r'€si dues: saturated G -C 4 al kyl,
unsaturated C2-C24 a
acyl oxy, al kyl oxycarH
cycl oal kyl, cycl oal ke
het eroaryl, aryl al koxy
am no, am nocarbonyl, am nqggar
phenyl, hydroxy, alkylthio/Naw
carboxy, cyano, thio, g oxi dg
esters, thiocyano, boroni [
hal ogenat ed H

or C2-C24 al kynyl, acyl,
qy, aryl oxycarbonyl oxy,

al koxy,nigycl oal koxy, aryl,
7 al koxy carbonyl acyl,
oyl ox§, nitro, azido,
y0, oxysul fonyl,
slul fone, sulfonate
d esters, and

Rg

[0057] wherein Ry is selected from the group consisting of H, F, Cl, Br, and I.
[0058] In still a further example, the compound can be a prodrug ester or thioester,

for example, the compound may be:

11-



al kyl includi ng pol yhal ogenated al kyl, and n is equa
to 1l or 2, and if nis equal to 2, then R can be the
weoeanw/0es528i fferent; [0066] wherein R3 can be seCeaiSe®s/014846
fromthe group consisting of a hal ogen,
nonosubsti tuted, poly-substituted or unsubstituted
“variants of the fgltowi ng residues: saturated G -C24
al kyl , unsat ur at | kenyl or C2-C24 al kynyl,
acyl, acyl oxy, alikyl oxylcar Q%Loxy,
aryl oxycar bonyl oxy , cycl oal kenyl , al koxy,
cycl oal koxy, aryl, oyl al koxycar bonyl ,
ocar bonyl ,
am nocar boyl oxy, Bitr hydr oxy,
al kyl t hi o, arylthio, ysulifony], carboxy, cyano,
t hi o, sul foxide, suhf — sul fonate este¢rs, thiocyano,
boroni c aci ds and ester/s, #nd hal ogen al kyl
i ncl udi ng pol yhal ogenated al kyl; [0087] whe&f&i n R5 can
be separately selected Xromthe group consisting of a
hydr ogen, a hal ogen, nobno-substituted,
pol y-substituted or unsybstituted variants of the
foll owi ng residues: satyrated Q C 24 al kyl,
unsat urated C2-C24 al keflyl or C2-C2 al kynyl, acyl,
acy“mx?L ?I%y&a?wgﬁtbma?dﬁm?ﬂwaﬁymammﬁamgoﬁﬁlBxyﬁBnandl
cycl oal kyl, cycl oal kenyl , al kox cycl oal kox ,
o AR Y1 Ofs RSB BanGouf Ry M RisFormula 0
an@PhaiBace a1 SRERMNY balts @il freaaigkey s teyeofni tro, azi do,
phenyl , oxy, hydroxy, alKkylthio, arylthio,
oxysul fonyl, carboxy, cydmi.thi-65 sul f oxi de, sulfone,
sul fonate esters, thiocyand®™Yyoronic acids and esters,
and hal ogenated al kyl inclgding po al ogenat ed al kyl ,
wherein mis 0, 1, 2, 3, 4 5767, 8 9, 10, or 11
and if mis nore thareds R5 can be the sane or
different; and where the —ttBnts R5 can forma
ring; and wherein each of Fi1, |[E2, E3, E4 and E5 is a
substituted or unsubstit%ESdH Jet er oat om
n

Formula Il

[0061] wherein the dashed lines indicates that the designated bond is either a single
bond or a double bond, and wherein R, can be separately selected from the group consisting of a
hydrogen, a halogen, mono-substituted, poly-substituted or unsubstituted variants of the
following residues: saturated Ci-Cys alkyl, unsaturated C,-Cas alkenyl or C,-C,4 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,
thio, sulfoxide, sulfone, sulfonate esters, thiocyano, boronic acids and esters, and halogenated
alkyl including polyhalogenated alkyl, and n is equal to 1 or 2, and if n is equal to 2, then R, can
be the same or different;

[0062] wherein R4 can be separately selected from the group consisting of hydrogen,
a halogen, mono-substituted, poly-substituted or unsubstituted variants of the following residues:
saturated C;-Cp4 alkyl, unsaturated C,-Cy alkenyl or Cy-Cys alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,

heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy,

-12-



[0068] In some enbodi ments, preferably R is a

substituted or unsubstituted G to C5 al kyl. For
wexemspkes2s et hyl, et hyl, propyl, isopropyl, buPgI/US2005/014846

i sobutyl, tert-butyl, and pentyl are preferred. In

sone enbodlnents Ri is not a substituted or
mt]td)nsxiﬂxstphtm ewydrqmmlbmmedry@eloapwmfor{yb%@pxm%@w, thio, sulfoxide,

o) nts relate to ¢

L L e

po@ﬂﬂog@hﬂcdﬂklﬂ z&ﬂtn&fs&qtlahm borf 2, afcbif muis aqud] fo0D A Rajgen les the same or
t he

o B bR Ay LA BN oo
an@ Qﬂthbﬁleslﬁb\ﬁébt et beﬁﬁﬁlzI e igmotl plompmsndsmm g)ro(flora)ound II-17. Some
drogen, a halo noNo- substlt

crpafiposaBilie Qoo BSOS FLTE S SFPARYs T e Py R is hvdrogen

ané ﬂ* xh QUd RGre é%;%hl% @Sind SAber AtietsubitinGatsa, kiy bﬂlyllmsﬂitomadtyé shile the
C24 al kenyl or C2-C24 al kynyl, acyl, acyl oxy,

OﬂErRyE@RW@ﬁmbonyloxy, aryloxycarbonyloxy, cycl oal kyl ,

cycl [Qﬁgﬁ eny, soEj l@%xdlmeﬂ/tg | Qe?érm 'Y 1s%rsm>s,t1td’d&1 cﬁruﬁs’,iibbtltuted C,t0Cs
aryl-al kbxy carbon koxy carbonyl acy]

allgiri Rocewainpley tnetha},neﬁ)gb apqu&, |1S@R§ppyln bityle 1so‘51.£cyld 6ert- n%d pentyl are
pr%yxg%do )il){%%n% el%o {;ﬁ#egtsi lgl 1¥ll$tt3 Qbstl{%?@ﬂ%ﬁ" Lf RBtuted JhRRHed Cg alkyl.

e, sul one sul fonat e est ers,
t hi dogemo, soH obitberagilsinamt sbtors compehria | hgyag dhe dtructure. of

repgt Ty D PR AR o g SR Bl ST

sane or different; [00Z erein R5 is separately
selected fromthe grofip congisting of a hydrogen, a
hal ogen, nono-substit on substituted or
unsubstituted vari ant L I%mnng resi dues:
saturated Q C 24 al kY ,

C2-C24 al kynyl, acyl Rs
aryl oxycar bonyl oxy, cycl o
cycl oal koxy, aryl, het®
al koxy carbonyl acyl, am no,
am nocar boyl oxy,

Formula IV

[0065] wherein the dashed lines indicate that the designated bond is either a single
bond or a double bond, and wherein R, can be separately selected from the group consisting of a
hydrogen, a halogen, mono-substituted, poly-substituted or unsubstituted variants of the
following residues: saturated C;-Cy4 alkyl, unsaturated C,-C,4 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, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano,
thio, sulfoxide, sulfone, sulfonate esters, thiocyano, boronic acids and esters, and halogenated
alkyl including polyhalogenated alkyl, and n is equal to 1 or 2, and if n is equal to 2, then R, can
be the same or different;

[0066] wherein Rs can be selected from the group consisting of a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated C;-Ca4
alkyl, unsaturated C,-Cys alkenyl or Cp-Cy alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy

13-



nitro, azido, phenyl, oxy, hydroxy, alkylthio,

aryl thio, oxysulfonyl, carboxy, cyano, thio,
weubdomzsste, sul fone, sulfonate esters, thiocyaRrOT/US2005/014846

boroni c acids and esters, and hal ogenated al ky!l

i ncl udi ng polyhalogenated al kyl, wherein mis 0, 1,
carBony¥ ,alkoxy @arbdnyl&yl, @mirb), ammcalb_onyhrmtunqcaqbpylgxwtg) taﬁlgﬁ, phenyl,
hy‘é?}ﬁs taﬁ?'ﬁlgg’t gr?/ b}gg}tfyfsl ercar%g)r(f cfy 1%’ qﬁ(ﬁ) s@Rdiden @L[lﬁmE h&iifonate

erein each
esté BhiocfaRo, BotoniEdcidn dndESsters aadslnakh@endtftd glifyloimcluding polyhalogenated

1unsubstltuteq heteroatom [0072] In sone enbodi nents,
allkgh ef erably Ri is a substituted or unsubstituted G to
C5 3doey] - FRker@xatpta, bem%Eﬂhydtely atlayted fmrop’!;d group consisting of a

hyéjgglgopéalogq%zt%%wéh%%gg tstﬁtl)tlélﬁg or, %sugstft)tﬁ &X/lariﬁ{tse of the

folF) ﬁe&%&.ds&ﬁra&@ﬂd@%t Akt ﬁﬂatuthﬁfdr@{-\@ﬁ&ﬁ(eﬁﬁ «ﬁl@@y(l?n alkynyl, acyl,
ereMmdwmereHﬂetoco ds

acyléwy, s tatkyboxpeaebosyloRs raIYIGXYgRTD 0%%th£¥ ot i @éf?‘iaé}‘egyl alkoxy,

cywa“h?o%%%le V\%QIJOL 1, 3R Fa1kYx§ cglrlegyl ety Tatbbeyasf, an'Eer aiindcarbonyl,

ere can be separately sel ect ed { m
arrilﬂ’a)eargomw oines ﬁ@@q, mherot, oxY, nodexypdkyIthin, é@’lthlo oxysulfonyl, carboxy,

cygn& \%u gu x1dLejt glﬂfo%‘[: Hﬁﬁ)Hpé tés{eH:t eflo C(éaﬁd) aﬁﬁr§m@facfd@ €nd esters, and

°FEs1 dues: sat ur at ed
hakb@aﬁtearademclﬁamg:Mymm@rmd k] Gzhe@zmmazﬁ thﬂ 3, 4éyf,7- 8,9 10, or

|
llég)g P%X&wre‘&ﬁgpﬁf élgﬁnk e;gc?}%{ L9 ﬁ%ﬁ%‘% ?ﬂ @%{ég{a Qﬁ%@%@ Yhe slubstltuents Rs

ar

cafl g&el 9 @y andawldréh leacty ot By, ankd, E: ahkdxys & apl’y;s@hl)r,qda%/ryqnsubstltuted
hamno am nocar bonyl , am nocar boyl oxy, phenyl,

etyRABal kyl acyl aIkyIthlo aryl thio, oxysulfonyl

car bgyeg) th urpson&t&ﬁb@dahﬁﬁs, peefbhicin 8 traonbgitaed ot Lesxbetntgted C, to Cs

and hal o ted al kyl di
alyl; EOOEHAIIS BEyby ) PR HoPREY s DU Ao TRg S Ep, S pentyt are
prgf@ﬁqecp fn L85 SRAMiInRntsIR f i as@ubARar uﬂhﬁﬁtﬁutad RAbrandind Gealkyl.

ected fromthe group consistin d
hal oi§eéP] nofshes @g@gqlmg?c@gplat?)@l %Qng)g ]eé@lg g&dcture of Formula V,

and} ﬁ%%géuh&glﬁ(ic%ﬁ{ab@ RAIR 204 pxtotHf’ugc &t&ﬁmreﬁ resi dues:

Formula V
[0070] wherein the dashed line indicates that the designated bond is either a single
bond or a double bond, and wherein R; can be selected from the group consisting of a hydrogen,
a halogen, mono-substituted, poly-substituted or unsubstituted variants of the following residues:
saturated C;-Ca4 alkyl, unsaturated C,-Cp4 alkenyl or C,-Cp4 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, thio, sulfoxide,

-14-



saturated Q C 24 al kyl, unsaturated C2-C24 al kenyl or

C2- C24 al kynyl, acyl, acyl oxy, alkyl oxycarbonyl oxy,
wanylemzgsear bonyl oxy, cycloal kyl (including, foPCT/US2005/014846

exanpl e, cycl ohexyl carbi nol), cycl oal kenyl, al koxy,

cycl oal koxy, aryl, heteroaryl, arylal kox carbon
sul foink Oty forad bmry,l tmoyyano drrami, acidsi andcatetso pyd halogenated alkyl including

nocar nltr a2|do : c} k
polnfpiaRg Sty el 1 2 S BT e G- HER UMb same o
dﬁ?ﬁﬁmo th|ob sul f oxi de, sul fone, sulfonate esters,
i ocyano oroni c . acids and es and hal

al ky#07thc| uEhsign Ro s R HgE r?glf%‘f g?rt%ﬁ‘e th"G’o“f’é‘? &\%%ﬁgqﬁdmgm :
ha ggenc HanL 83 hRE! Sly-Euberituied ©r gﬁs&b@lm&’l&rﬁmb rofj thef foHowing residues:

al bgen, nonosubstituted ol y-substi t o
satunated b §h i telleyLy apsapnted of- %ealﬂ‘ﬁ}yfo% ‘% (:iés? Iﬂ']’é’& acyl, acyloxy,
a1@&%%oﬁ?1k8 a@o@kiﬁ‘ﬁ«‘)nyldi? S@’cl&iﬁt&p @yl ieAd, aikléﬁﬁ ylyclodlkoxy, aryl,

: , ac I kyl
he‘ar()}i'yth)@yialk@@nwmyl a](159)§1 Q?moog% cy?,c%)%p(g)é%/rﬁlg{q QXylé Q%Qg;arboyloxy,

nltr Ca'tz? E)%&%ﬂ A %lh dRKY CRIRAY, » arfiiMb, ab*%@%lﬁfon@ﬁr&%bﬂ/ cyano, thio,

koxy am no, am nocar bo
sulioideo swlfdmeyé.udfmwe mt«trs,dhloa@n@léorqwrems anéféqeﬁamg,baéwpated alkyl

1ncé13}g15§21))(<}i¥1}?? 1¥ated 1§f i vg{eyélﬁ H1 g’O 9)(2’53” l4,f QQSYF] 8, @rlbodi’)’bl and if m is

SU| one onate est ers,
mdrB a8y atfhe-n Rbemnde |t1me e g diffagnie gmdewlsere tha qultstiiueRe Ra pasform a ring;

ana lVVll(lel!EEI eaég L%,\gg Eﬁl%lEo gsgansgh%q? 9({ glb\é\éﬂﬁ{e& h&ex%%fﬂ Of

lFJegS Uoet2)t ut MTdﬁQteﬁ’beditrﬁm , pr&dny Rl s mhmugmdmmbﬁmtgted C,to Cs
is not cyc

5 7 EHL TECEY T PP ARBRBRE PP SRS (e kAT ] pent ar

o048 oS aRBbARREARIR 118 RbtS, substiafiel @ hlhgubﬂltuteds uabranched Cs alkyl.
substituted or unsubstituted C

ex ani§P 8l netq*;gqr ,emé@chypr}ts 1& aéept)ﬂcompgtgngs Bebv)lll}gy til% quxe of Formula VI,
aﬂd%ﬂ%wuﬁc&l@r&éeﬂ%ﬁé lsalts2RE ploCIMg/dstedd tBereof:

R
2 E3
=

E, Ri4

Rs

Eq
n(R1)\/
Formula VI
[0074] wherein R, can be separately selected from the group consisting of a mono-

substituted, poly-substituted or unsubstituted variants of the following residues: saturated C;-Capq
alkyl, unsaturated C,-Cys alkenyl or Cy-Cy alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, phenyl, cycloalkylacyl,
alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfoneboronic acid esters, and
halogenated alkyl including polyhalogenated alkyl. n is equal to 1 or 2, and if n is equal to 2,

then R, can be the same or different;
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preferred. [0079] wherein R can be selected fromthe

group consisting of a hal ogen, nonosubstituted,
woabosnestast i t ut ed or unsubstituted variants of PCHAS2005/014846

foll ow ng residues: saturated G -C24 al kyl,

unsaturated C2-C24 al kenyl or C2-C24 alkynyl acyl ,

acy:[(mxlsqk ald&bﬂrﬁ%}mammmwsebeytpd droyd d)q/g@pbmqysls@jmg of hydrogen, a

cycl oa k al kox

LR s STy B AP FIEL LD P e

satﬁﬁie@olcl-@m @;D@/ﬁlr &@s{éﬁﬁate(ﬁm}zmc asilkanyl ooty ,Cori-f rdkynaki doyl, acyloxy,
pheny cycl oa ac d

AIKGRTERTPBHP,  CAPLBREE L‘va%&r O elsttist ool ! 81 O example,

cy&éﬂe&ﬁ&r@ﬁ(ﬂ Sé-chfle'll&)yl SdrkdxO NSk E I Byl hétbmalyfamylalawd/ carbonyl,

hal og enated a i'ncl udi ng pol yhal ogenat ed” al
alkPKbOS%TbQIWl%ﬂne a@%od?‘ﬁ*@?ﬁa@c’nﬁr efBISFH ??XVS %}Hfo ! azido, phenyl,

ANl BlarQly. SMARED, LB, Slykotoh{l @b 1ii& salfoxide, sulfone,
cyoxyléh 4 F% 811 ?1 eﬁgnprgdry 0nglodl n%z{ugaﬁlté?g tgl e.’ " o.ne
suléma{oo astcrs, ifiodenanuberont AGHAL AT oY IpRgAGT A1 including

pogﬁﬂUCt nd which are referred to as Fornmula VI-I
- [0082] wherein R can be separately
sel E{Gﬂ%]ﬂ f rwherhhdhgxam bp sclovied Bomrige gpup, consisting of a halogen, mono-

SubS AR ?@ty ISI}Jb%{l ged éﬁb&%é& L dbE S e fb'lmlk?%c'lte‘slﬁﬁgsegturated C1-Cas

OMAng resi dues: satura
aligl, Kihsatutbfesia iOHCaL eﬁel@l @2 CalCle al}(}/n}d;r aGR,- @apdoxyl nycarbonyloxy,

acyl, acyl ox ar
ar;é?wgk%%])% %S; oah&yly CX%;%HI%E?E}H oﬁ)é%%?%%f%é nar?fl hetFrlgaryl arylalkoxy
caﬁ)lSﬁ)LlO@lk&@/Xék/)arb@Fbeyl hﬁmermmdarboayly hminlomr‘poyMbmmw a21do phenyl,
OXy carpony

cyalaslldecyh %@p@kyﬁcg%tﬁ%ﬁwﬁloc WS@Q quy f:a.o{ %}y cyafl?< t]in{) sulfox1de sulfone,
sugﬁﬁﬁlt% %g@rs Qlﬁﬁég):]égf g'BUéﬂé){ncCa&@fﬁMd éskerg, arSiJIhfabgmd’@d alkyl including
po@é@]@g@ategﬂacyh ayl-gffghga(cg g)r fgp |<FSH | o%a]é};uqaﬁg)%raosr& schtt?teé or unsubstituted
n@lyha! ogenated alkyl. n is equal to 1 or 2

[0077] In some embodiments, R, is not cyclohex-2-enyl carbinol when one of the R,

substituents is ethyl or chloroethyl and R; is methyl.

[0078] In some embodiments, preferably R, is a substituted or unsubstituted C, to Cs
alkyl. For example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, and pentyl are
preferred.

[0079] wherein R;4 can be selected from the group consisting of a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated C;-Cyq
alkyl, unsaturated C,-C,s alkenyl or Cp-Cy 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, thio, thioesters,
sulfoxide, sulfone, sulfonate esters, thiocyano, and halogenated alkyl including polyhalogenated
alkyl.

[0080] In some embodiments, preferably Ry, is an alkylthiol or substituted
alkylthiol, and E; is an oxygen.

[0081] Some exemplary embodiments relate to compounds of Formula VI that have

the following structure, and which are referred to as Formula VI-1:
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and if nis equal to 2, then R can be the sanme or

different; [0083] wherein R3 can be selected fromthe
wgnrasp2gansi sting of a hal ogen, nonosubstitut eBCT/US2005/014846

pol y-substituted or unsubstituted variants of the

foll owi ng residues: saturated G -C24 al kyl,

unsaturated C2-C24 al ke C2- C24 al kynyl, acyl,

acyl oxy, al kyl oxycar bonyl oxy, | aryl oxycar bonyl oxy,

cycl oal kyl, cycl oal keny|_, cwcl oal koxy, aryl,

heteroaryl, arylal koxy ¢ &l koxy carbonyl acyl

am no, am nocar bonyl , & 1 nocar boyl oxy, Enitro, azido,

phenyl , cycloalkylacyl s thio, arylthio,

oxysul fonyl, carboxy, c suPkgxi de, sul f one,

sul fonate esters, thiocyano, i-cRsaci ds and esters,

and hal ogenat ed aIkyI i ncl udi yhal ogenat ed al kyl ;

wherein each of Ei, E2, E3 an an be a substituted

or unsubftitu}ed het er oat orm(Rp) ] wherein R5 can be

separately selected fromthe gro consi sting of

hydr ogen, a hal ogen, nond °§ﬂ%§Y¥rEted ° °

pol )f()o%ﬂ sti &vHérglg R lcat!BS tpahicly e REted HoAthé §ronJ cérl3Bting of a mono-

foll'o g resi ues: saturated G - C24 al ky
suhsnsmdude@ldJStﬂ@ted:Z)ll uwuh@qud wriats of g f@lowwaﬂeﬂd%y%aﬂmed CiCas
alka{gy nsa atfi% %% &4| og}yb é? K al@flﬁﬂ)ll OXf, aﬁa@&w (&Mloxrcarbonyloxy,

enyl , oxy, cycloalkoxy
arshﬁyeﬁrbmywxy, Lobkk’ylk ox@oaﬂanjdomliwxy, aydteskkpx a8 o hg‘ﬁpra@yi arylalkoxy
ca%ﬁ@ﬁﬁlko%g&;gr C%{}%?Igér;ﬂnoa?rﬂly?c%ﬁd’ogﬁygﬂlﬁ%{caﬁ%gfo&Q ph@i?}}l C@cloalkylacyl
Al XM byBRiy) oxysalfdngk \carboysartiip, sutfoside.swlfowsisdléonatugstanh ghiocyano,

sul fonate est b
bogbie 4l SipEm AR G R TN RHCRG TRbSBfs a9t fFRle Eﬁﬂ? o Lor2,
anWiYE i§ bdhaMoi 25 then Ricande thi, sarhe odifférenty, 8, 9, 10, or

and if mis nore than 1, be t

t
GOV ARy G 5GBS P B O RS R R P %ak’gen mono-

subdt ?91? s%bﬁﬁl@édrbr%ﬁmstﬂﬁte@varlaﬁ%of &2, folfiviag ebsidbes: sat@rated C;-Cay
su ed or unsubstituted heteroatqn1
alkyl, unsaturated C,-C,s alkenyl or C,-C,s 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, thio, sulfoxide, sulfone,
sulfonate esters, thiocyano, boronic acids and esters, and halogenated alkyl including
polyhalogenated alkyl; wherein each of E;, E,, E; and E, can be a substituted or unsubstituted
heteroatom.

[0084] wherein Rs can be separately selected from the group consisting of a
hydrogen, a halogen, mono-substituted, poly-substituted or unsubstituted variants of the
following residues: saturated C;-Cy4 alkyl, unsaturated C,-C,4 alkenyl or C,-Cyy alkynyl, acyl,
acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl,
aminocarboyloxy, nitro, azido, phenyl, oxy, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy,
cyano, thio, sulfoxide, sulfone, sulfonate esters, thiocyano, boronic acids and esters, and
halogenated alkyl including polyhalogenated alkyl, wherein m is0,1,2,3,4,5,6,7,8,9, 10, or

11 and if m is more than 1, then Rs can be the same or different; and where the substituents Rs
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[0085] In sone enbodinents, preferably R is a
substituted or unsubstituted Cl1 to C5 al kyl. For
wexersphe2s net hyl , et hyl, propyl, isopropyl, buPgi/uS2005/014846
i sobutyl, tert-butyl, and pentyl are preferred. [0086]
wherein R H can be selected fromthe group consisting
caoford deihgged  whemiosashsifi B uEsds Boknd Eulsst pubsiiteigd gF unsubstituted
unsubstituted variants of the foll ow ng residues:
hetgrapi§lat ed G - C2 al kyl, unsaturated C2-C24 al kenyl or

C2- @RAsp! kyRybme ayddimaty prfeysblaR kiy h evbstiated onyhsghgituted C; to Cs
ar yl oxycar bon X cycl qgal kyl l.oa Vi
g oS RN, PP, rpiebpgarotony Yy R e Bhk l pentyt are

prefdrke@Xy carbonylacyl, am no, am nocarbonyl,
am nocar boyl oxy, nitrq, azid henyl , cycl pal kyl I )
hydf8g] al WyreiniRos oty SF‘%P“S‘? ﬁ8§§¢§%§‘r"8§ﬁ§’/ n,mg%% %o&@"}%‘“’h’ mono
sulbsh ik, pél{ﬂ-k&ystiﬁd%a QE ShBbstitut&iNkiaxtk dethe SollowaiperesiGudsf anadiel Ci-Cx
esters, thiocyano, and hal ogenated al kyl inclu

allpbl yrisatatpdn 8s-6a alkeyl . or] 687 2kvdo AR e ABLEY mé ' E%ycarbonyloxy,
¢ a1 hhiRbx i Ld1€Beteroaryl, arylalkox
ar;ﬁ%%}c;%%«ﬁﬁ?k%y,@gﬁ]ghl&l,aEyc‘%a‘ﬂééhﬁ, hiRb yQEy%déig@ky diy1€Beteroaryl, arylalkoxy

I's an oxygen. [ 00; For exanpl e, )
cafbhiyl cdkqyueadbonscyl. amine| ngnpoatponyly paipFagbayjoxy,puitro, azido, phenyl,

Formul a, Vi -14. [ i |0 My sitBhiyR OB HyS t dy¥ind; BfRioD &hioesters,
Cyggﬂgﬁfpgwgﬁfgﬁg%ﬁgﬁ%?ﬁéﬁgﬁgfe,yan égbqﬁlaﬁi gb%pound
suld§xideo Euttone, slforiagesestene tifiodykuwinthalegenated ¢lisyl gpeiuding polyhalogenated

s ereochem stry VI-1B: Formula VI-1 B [0091] Anot her
allgy, anpl e, the conmpound of Formula VI has the following
strugesme and seimer entwidmmings rprefefiablyCR14 is an alkylthiol or substituted

alkylthiol, and E; is an oxygen.
[0088] For example, the compound has the following structure VI-1A:

M oH

T
(@)

Formula VI-1A

[0089] Exemplary stereochemistry can be as follows:
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Formul a VI-1C [0092] Sone enbodinents relate to

phar maceuti cal conpositions that include a conpound as
wdeswroeges herein. The pharnmaceuti cal conmposit PONAISHEF/014846

further include an anti m crobial agent. [0093] O her

enbodi nents relate to nethods of treating cancer. The _

net (gpde] mayFdr nhiple, arf exenglaypbepowad dfrfosmalej Wghss the following

conpound or. cq jtion as described herein, and
Smﬁﬂﬁ?%@ﬁ?qcéﬁwg@'{@é@ept able salts and pro-drug esters

t hereof. The nmethods may further include the steps of:

identifying a subject that would benefit from

adm ni stration of [gnlanticancer agent; and perform ng
t he met hod on the subjgoH. The cancer be, for

exanple, a nultiple myel , a col orect@l® carcinoma, a
(\IQHMH a

(]

prostate carci nong,
non-smal | cell |ungu&anci noma,} angovarian carci noma, a
mel anoma, and the |1 ke. Q2 Theo€aNder can be a
drug-resi stant cancer, "and the ch{u -resistant cancer
may display at |east one of the f@gpb'vvi ng: el evated
| evel s of the P-glycoprotein efflux punp, increased
expressi on of the nulti dFeg4Ya¥i'$ ance associ at ed
protein.1 encoded b L, r i ture
01 ¢ bl on” BROPR ATl B pubEaHE SRS YERRKR, Kllowing simc
an@fteRbs@mishgoizad: DNA danamge, alteration of the
apoptotic pathway or t activation of cytochrome P450
enzynmes. As an exanpl e drug-resistant cancer can
be a sarcoma. [ 0094] Sl IN{ W ther enbodinents relate
to nethods of inhibitin hd wt h of a cancer cell.
The net hods can i ncl ude, Hfog:‘ exdnpl e, gontacting a

cancer cell with a co N as
descri bed herein, and y aglcept abl e
Oc@ncer cell may

salts and pro-drug ester .
be, for exanple, a multiple oyel o, & col orectal
homa, a brebst

carci noma, a prostate car

adenocarci noma, a non-small cell lung carcinoma, an
ovari an Formula VI-1C
[0092] Some embodiments relate to pharmaceutical compositions that include a

compound as described herein. The pharmaceutical compositions may further include an anti-
microbial agent.

[0093] Other embodiments relate to methods of treating cancer. The methods may
include, for example, administering a compound or composition as described herein, and
pharmaceutically acceptable salts and pro-drug esters thereof. The methods may further include
the steps of: identifying a subject that would benefit from administration of an anticancer agent;
and performing the method on the subject. 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.. The cancer can be a drug-resistant
cancer, and the drug-resistant cancer may display 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 MRPI, 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. As an example, the drug-resistant cancer can be a sarcoma.
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carcinoma, a nelanoma, and the like. [0095] O her

enbodi ments relate to nmethods of inhibiting proteasone
waacbiegpsconpri sing the step contacting a cel PCwiuskooa/o14846

conmpound or conposition as described herein, and

pharmaceutically acceptable salts and pro dru esters

t he[(mea] [ O urther ¢rhiexdingmisorlateetot lsleth@ﬂﬁaqfemhlb ipBifogrewth of a
cachcqeﬁ dt[gl L {11-1%% [\(lzgtﬂgrr%lu%a Y ea)g kngfé co-gﬁ%tlﬂgé pa(ﬂgé el Qllth a corrl]lpound or

contacting a cel W t
coﬁpcﬁﬁﬁﬁ%%s@fbeﬁdﬁﬁﬁﬁlaﬁld qmamcdm:sdm Mdptﬂ?é¢ Shlfp, anginpro-drug esters

the?ql??g: g‘gg %gr{clerg ]%gla‘? g?ax%llélp CS% zhl 851%%,| a%@or@&&legatscmoma a
pro¥BichefenéRd, 4 bradt dd@n(ﬁﬁlrcinﬁfnh ammh@myll cehditg oamcinding an ovarian

nmet hods nmay include, for exanple, admnistering an
cargimpige,ta rdanigpg AR thsliks: conpound or conposition gs

des%dQ@Fd hefiel Rmb&iReRa trb1gRt tol Meth6ddof h&ﬁlﬂﬁ)ﬁg pfﬂt@some activity
"fammat ory condition nmay be, for exa

compmsmg the step gentaniag 2 well Wltbpé:oga@plg}ddglcgmp tB);nl ag e%c%efhereln and
ph: I ﬁgéﬁg%l%l% aflle "'slélts A BroCdriPRierAhgtedthe |1 ke. [0098]

( _ nts relate to nethods for treating a . .
i criesiehl i Furtres snwmemtscrahtq taanetheds abimikitias é\th i) actiyation. The
meglg)gg ?%%1\8/‘3 % erol%rg(a ple, Qh {H) e%%gtn%" a2 GATRES] Edn%ul?dsor composition as

eln need t hereof. The
de§0ribéDMkEréth, ahd bMScenwbﬁ aceptatdelsalts erd Eadnsl eeteﬁyhegof

anthraC|s Lei sh TE
RS S PR 0 SYPRAETR i
coﬁ&ﬁﬂ&@um§trﬁﬁthol'a|@ iy @etude, for, edammplel \ddmmsmmg\ﬂn efggquve amount of a
phar maceuti ca ac I | t
compens qowpf)qa,tépn%/ qs%qﬁ%ﬁt? Bg](eeng 8&1%1:‘&@ n %ﬁe tﬂﬁe eﬁ{e 1¥1ﬁammatory
coﬁ&mgﬂ ﬁlh@f)‘e R exBmplk Ghéaddid briftirie] dsthita, Ehhplarselemms,rmmmams stroke,
onpounds 'is one or nore of a conpound of any of the

mﬁ@ﬁﬁﬁ%ﬁﬁgﬂ&§’%@§%?m%ed herein, and

[0098] Some embodiments relate to methods for treating a microbial illness which
can include administering an effective amount of a compound or composition as described herein
to a patient in need thereof. The microbial illness maybe caused, for example by B. anthracis,
Plasmodium, Leishmania, and Trypanosoma.

[0099] Other embodiments relate to uses of one or more compounds of Formulae I,
I, 1L, IV, V, or VI, and pharmaceutically acceptable salts and pro-drug esters thereof in the
treatment of a cancer, an inflammatory condition, or a microbial infection. The one or more
compounds is one or more of a compound of any of the compounds as described herein, and
pharmaceutically acceptable salts and pro-drug esters thereof. The cancer can be, for example a
multiple myeloma, a colorectal carcinoma, a prostate carcinoma, a breast adenocarcinoma, a non-
small cell lung carcinoma, an ovarian carcinoma or a melanoma. Also, the cancer can be a drug-
resistant cancer, for example, one that 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 MRPI, reduced drug uptake, alteration of the drug’s target or increasing
repair of drug-induced DNA damage, alteration of the apoptotic pathway and the activation of
cytochrome P450 enzymes. The inflammatory condition can be, for example, rheumatoid
arthritis, asthma, multiple sclerosis, psoriasis, stroke, or myocardial infarction. The microbial
infection can be, for example, caused by B. anthracis, Plasmodium, Leishmania, or

Trypanosoma.
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pharmaceutically acceptable salts and pro-drug esters

thereof. The cancer can be, for exanple a nultiple
wopealegngs2sa col orectal carcinoma, a prostate CRCTIUSZIVE/)14846

a breast adenocarci noma, a nonsmall cell |ung

carci noma, an ovarian carcinoma or a nelanoma. Al so,

t he [@APkcer $rih fiythen enbodyments selatatto ciaprc 6F ong OF morg FeRounds of

one that_displ.ays..at St . 0 QWG ble salts and
Fodf it Dyt dToy s Vo SRR JEBAr B R PR pptte sl o
prd-@iGg eage therxf) fe@ské mhibofontoliengingendsthr whibitesi of p prteasome activity, or

~associ ated protein 1 encoded by MRPI, reduced drug
inhipitioned NEafR a5 %n of the drug's target or increasing

repgpfo1pf dsdse dmvbagasNAedatRg of a adriymuad dbOFormblatig IIL, IV, V,
apoptotic pathway and the activatjon of ﬁ%to?hrqge tion of
or VA5@danhpymas ticalfyoaceertablg Fabls &F@l p@ocha- § £30R tHengohya th prpparation o

meait tFor tﬁ@&%& io?‘a @e[n'bgl",' b i.nﬁamﬁ%mndim)ﬁ,to't B Infcrobial infection or
sclerosis, psoriasis, stroke, or nyocardi al

fori thf anldbition of Fpmogenesisobipzdteaserne agtiviy an{ﬁF-ﬁg’acfiwion. The uses can
xanpl.e, caused by S nockl i WBioseni t an anti-
7R 50 1P, DB FL P e o

infeaiadbriaging of eb@teesdne ilgkigorof one or nore conpounds of

Formulae | , p, H .| V...or. .Vl . cri bed herein

and pharnaceuticalP?ggégﬁ%@%%#%ﬁéégégﬂéid pr o-dr ug

est qog02) her end acch@parlylng dravtindsj thicl arefin@ngraginesd form part of the

inhibition of a proteaso ti Vit or. .1 nhi bit.i on. of
spegeiicafien, zerqly, Husteie Cmmgﬁ?b@ﬂ%ms%ﬁie rersg i @HicH Together
wi\%lf'ﬁé r&f&aiﬁdhe? @Fﬂfé%@biﬂcfalﬁfig rtheyl e meart lto seBlkd to éwlain\/pr,efegﬁd modes of

, and pharmaceutically accepta alts an ro-dru

s Bain RRRRGs AR HPE AT POIISE SHEGPE aifet FFoPes

the [t()iﬁit MeR{G.0{ RpERANREMH RMR Bid-AHMBSIOf YompRmmitliaoig structure

or a mcrobial infection or for the inhibition of

Famgladlgbnesi s, a proteasone activity, or NF- kB
Aot g4 o0 FIGE 2UFE5ctE e HEk NGlcthidf | 4108 EdAGol&e Halind structure
che rapéeuti ¢ agent, an anti-angl ogeni c agent, an
Famtla I-Df | anmat ory agent, or a proteasone inhibitor
[0105] FIG. 3 depicts the '"H NMR spectrum of a compound having structure
Formula II-3.
[0106] FIG. 4 depicts the mass spectrum of a compound having structure
Formula II-3.
[0107] FIG. 5 depicts the '"H NMR spectrum of a compound having structure

Formula II-4.

[0108] FIG. 6 depicts the mass spectrum of a compound having structure
Formula II-4.

[0109] FIG. 7 depicts the '"H NMR spectrum of a compound having structure
Formula II-5A.

[0110] FIG. 8 depicts the mass spectrum of a compound having structure
Formula II-5A.

[0111] FIG. 9 depicts the "H NMR spectrum of a compound having structure
Formula II-5B.

[0112] FIG. 10 depicts the mass spectrum of a compound having structure
Formula II-5B.
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Brief Description of the Drawings [0102] The

acconpanyi ng draw ngs,
woanmwropens of the specification,

whi ch are incorporated in and
nerely ill ustParass2005/014846

certain preferred enbodi nents of the present

i nventi on.

Together with the remai nder of the

spedoffiBLat i BIG, 1 hispictr e rifasitoft Rorsulag &-3, dl-gxidally against LeTx-
r§ferr§%mggdes of making certain conpounds of the

medird Syie

those of skilled in the art. In the

dr ayinigp: [ D032 ddpidG thi "HRPIR srectriveofithe dduRovprbeftFormyla -8C.

a Cco

ound

2 ddpilets ¢

B 8RR Gk IR s

strygine] € FpIGTuh degidts e "1 SIS fpebiin oBthelemipotsd ¢ftforiia I1-18.

NVR s

t f d_havi
et e s S e By
co gﬁ@ﬁ%ﬁj h aFId‘H 96 %&ﬁ&g Mg NMXE B¢k @urioBihe E@didahd & Fermbla I1-20.

depicts the 1H N

spectrum of a conpound havin

struti@ie FBIGnIV deniets the T ORMS prepiran opthg egprorad ?ﬁ%@%&”l-

spe
[01

pﬁg OGf Fg;.ggm&y&ehﬁms

frie bEHRE c TS oA &f Bormdla 11-22.

epicts the 1H NVR spectrum of a

conpo11y ha¥iGhg9depiets ther B NAGR spectumn pf e compppndpf Foraplagdl-24C.

depi
stru
[0123]

DMSO-ds.
[0124]
CsDs/DMSO-dg.
[0125]
DMSO-dg.
[0126]
Formula II-26.
[0127]
DMSO-ds.
[0128]
DMSO-dg.
[0129]
DMSO-ds.
[0130]
DMSO-dg.
[0131]
DMSO-dg.
[0132]
DMSO-ds.
[0133]
DMSO-dg.
[0134]
DMSO-ds.

i%r] teh € Fﬁ?%ﬁ d‘g’ 1&% !ﬁ{euﬁ]ﬁ&R %pe%m %i"fﬂg c&ﬁf/&uﬁ@ of Formula II-25.

FIG. 21 depicts the "H NMR spectrum of the compound of Formula IV-3C in

FIG. 22 depicts the "H NMR spectrum of the compound of Formula IV-3C in

FIG. 23 depicts the "H NMR spectrum of the compound of Formula II-26 in

FIG. 24 depicts the computer-generated ORTEP plot of the compound of

FIG.25 depicts the "H NMR spectrum of the compound of Formula II-27 in

FIG.26 depicts the 'H NMR spectrum of the compound of Formula II-28 in

FIG.27 depicts the "H NMR spectrum of the compound of Formula II-29 in

FIG.28 depicts the "H NMR spectrum of the compound of Formula II-30 in

FIG. 29 depicts the "H NMR spectrum of the compound of Formula II-44 in

FIG. 30 depicts the 'H NMR spectrum of the compound of Formula I-7 in

FIG. 31 depicts the "H NMR spectrum of the compound of Formula II-47 in

FIG. 32 depicts the "H NMR spectrum of the compound of Formula II-38 in
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Formula I1-5A. [0111] FIG 9 depicts the 1H NWR

spectrum of a conpound havi ng structure Formula |1-5B.
wOQbAPsELE G 10 depicts the nass spectrum of aPCOMSNRL14846

having structure Fornula I1-5B.[0113] FIG 11 depicts

the effect of Fornulae H 2, I1-3, and H 4 agai nst

LeT){msd] at eHIG: B8 deminh tiet' . NYIB spebrufl of ther@mpeyidcafFopmga I-50 in
D MR spectrum of the conmpound of Forrmula II-8C.

Pﬁ%@ 5] FIG 13 depicts the 1H NVR spectrum of the

conmpound of FDEiﬁﬂécﬂDdsbnnlﬁEoffhgﬂﬂ_MﬂEpl cts the

H NVR s t
Lo DR Nttt e S R R e i, ot
th&@@p Sk Qfed ROERUArE edehtd Be cdnbilidr8d inbdrborattd byl eqiéretcs it their entirety
spectrum of the conmpound of Formula 11-20 .
lntPCDl!!ag]CCllﬁP@(’nl? depicts the 1H NWR spectrum of the

nﬁwg of pERbdHERs lof e ikventiOd 2R1udE ¥at adeBndd apihieti So.t fréviding a

ectrumof the compound of Fornula 11-22
mc[tﬁmizﬂ)} thél}:@pag_@om ep comppundse 1@Hdmmo§ﬁé@gpaqﬁd6ff0{ ﬁ)@mple including

cofiD nd%sc%ﬁ) SRLA! ﬁdl zlnal% sctheiéa%za%]d 6 |1§bv1319g Cﬁeﬁbtﬁbcﬁ férhroducing
Sp

eCET Urn of mpound of Fornul a -
hbﬁdazaltlcﬂly@cc@)tablmprrmt@btah en&%n&m@w&mﬂm%ow [g@mpositions, for

of .Fornu
S oot LS, NSRS B 2 P S o
copoRs i and/CB DERDMEDeGs af0LAG]e FE Getir3ingeegients sin tthese jgapositions.
Ot%el\:ﬁR em StP %?rrtlern‘lflsnr]elgte to provngrr;? ggv%g cc%flpo'l:lg&sr%lt %bt]dljnaglg b{y Rurrently available

methods. Furthermore, embodiments relate to methods of treating cancer, inflammation, and

infectious diseases, particularly those affecting humans. The methods may include, for example,
the step of administering an effective amount of a member of a class of new compounds.
Preferred embodiments relate to the compounds and methods of making and using such
compounds disclosed herein, but not necessarily in all embodiments of the present invention,
these objectives are met.

[0138] For the compounds described herein, each stereogenic carbon can be of R or
S configuration. Although the specific compounds exemplified in this application can be
depicted in a particular configuration, compounds 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

[0139] 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:

Es
Eo —~
Eq
Eq
n Rs
R
(R,
Formula I
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DMSO-d 6. [0126] FIG 24 depicts the

conput er - gener at ed ORTEP pl ot of the conpound of
woanwsikes2il- 26. [ 0127] FI G 25 depicts the 1H NRRI/US2005/014846

spectrum of the conmpound of Forrnmula 11-27 m DVSO d 6.

[0128] FI G 26 depicts the 1H NVMR spectrum of the

conp@i4op of InFedrtainl embollin®Aitsi the Bwﬁmjleﬁt(S) [R1Rg) ard| & separately may

moqule leyaqotﬁprﬁﬁéggl\lm 3 ﬁ%té%bu@.l dfspo G gt?{?tlé?ge l’l_lif Sk variant
of ?‘%T%I{?ME% oéésﬁ;g@ sEIORRA T 6L, bk nmsatueatetil €30, nikehBod CB-C24 alkynyl,
acylo APAd 2L 1oEYR ﬁ%?mélg’gyi tgﬂowﬁa@bﬁyg& eyccfl‘t?@?{“&‘: %%g Jgr example,
cysi&{ékﬁka?rbﬁlb%@dld&h& PERGHy By MallioRs, aolyheirerydf arfalknxy earbonyl,

0133] FIG 3 1 de t he 1H NWR
alkopie c CRTOPAYECY S h@mempar]awacaalfon or AT o SYAG?‘Yﬁ Atnatsics. Phenyh

cyLlQJlg’yﬂcyF hﬁ‘lro:éz aﬁi?l@rh& taﬁlltthfbeoﬂyhhlmvﬁ SQE&Lty[ iEh@fthib,valfoxide, sulfone,
Su]tﬂ@ptectestelﬁh éhlmwaWRbgrs@ét P%ﬁlﬁ éﬁdtﬁé@f% o?’P&of}ﬁl]ngf‘%éo%E;ﬂl fpcluding
poily%alggenbfgd %p' g‘ur@her, in certain embodiments, each of E;, E,, E; and E,; can be a
heteroatom or substituted heteroatoms, for example, a heteroatom separately selected from the
group consisting of nitrogen, sulfur and oxygen. The dashed line indicates that the designated
bond is either a single bond or a double bond. In some embodiments, preferably R; is a
substituted or unsubstituted C, to Cs alkyl. For example, methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert-butyl, and pentyl are preferred. In some embodiments, R; is not a substituted or
unsubstituted, unbranched Cs alkyl.

[0141] In some embodiments n can be equal to 1 or equal to 2. When n is equal to
2, the substituents can be the same or can be different. Also, some embodiments include the
proviso that R, is not cyclohex-2-enyl-carbinol or substituted cyclohex-2-enyl-carbinol. Also,
some embodiments include the proviso that Formula I is not Compound II-16 or Compound II-17.
Other embodiments include the proviso that R, is not cyclohex-2-enyl-carbinol, when Rj is
methyl. Furthermore, in some embodiments R; is not hydrogen.

[0142] Preferably, R, can be a formyl. For example, the compound may have the
following structure I-1:

Rs
Formula I-1
[0143] R; may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.



Det ai | ed Description of the Preferred Enbodi nent

[0136] Nunerous references are cited herein. The
woebwroestees cited herein, including the U S. pRCEMIS3005/014846

cited herein, are each to be considered incorporated

by reference in their entirety into this ,

speqitficat i raferaby] 3  Eindvouié nefthoroglat hé mayehtvcorbe following

i nclude, but are not limted to, providing a nmethod
steyegfheifiYpr epar ati on of conpounds, i ncl udi ng novel

conpounds, for exanple, incl®® ng coppounds descri bed

herein and anal ogs thereof {_are roviding a nmethod

for produci ng pharmaceuti

anti-mcrobial, anti-

conpositions, for exanple. —~m®Phods can include the

conmpositions in relativet/high yield, wherein the

conpounds and/or their der§ vatives are anong the

active ingredients in thesg conpositions. O her

enbodi nents rel ate to provi i ng novel conpounds not

obt ai nabl e by currently avajl abl e net hods.

Furthernore, enbodinents rglate to nethods of treating

cancer, inflammation, and Rafectious diseases,

particularly those affecting humans. The net hods may

i ncl [Uﬂg] f OR, eXe¥NRLIde, tBE esdntiile, dlydmgden, rflusting, i ahtprian, bromine and

effective anount of a nenber of a class of new
iogimmpounds. Preferred enbodi nents relate to the

COMYIU§'S a_@féfé@lﬂ@g%aﬁ% ARkbigl. are exphplg tiseliinpound may have the

conpounds di scl osed herein, but not necessarily in all
foberboglstrsrsl-45f t he present invention, these objectives

are met. [0138] For the conpgymds descri bed herein,

each stereogeni c carbon can e of Ror S

configuration. Although tﬁe\iiiﬁific conpounds
0

exenplified in this applj/cat can be depicted in a
particul ar configuration,\ cq unds havi ng either the
opposite stereochem str

Formula I-2

[0147] Rs may include, for example, hydrogen, fluorine, chlorine, bromine and

jodine.
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any given chiral center or m xtures thereof are also

envi si oned. Wen chiral centers are found in the
wdeaoicagizses of this invention, it is to be undersaisSomdo14846

1that the conmpounds enconpasses all possible

stereoi soners. Conpounds of Formula I [0139] Sone )

enbepi48ENt SApRavidepeptiposndsyre axfdfomtlhods nefy have the following

produci ng a class of conpounds, pharmaceutically
steecoeheP¥SYBl e salts and pro-drug esters thereof, wherein

the compounds are representedy Fornula | :[0140] In

certain enbodi nents the bstituent(s) R R2, and R3

separately may include a £ n, a hal ogen, a

nono- substituted, a pelby-subst{tuted or an

unsubstituted variant of\tbhe-kol | owi ng resi dues:

saturated C -C 24 al ky"fungat ur at ed C2- C24 al kenyl or

C2-C24 al kynyl, acyl, acyl oXy, alkyl oxycarbonyl oxy,

aryl oxycar bonyl oxy, cycloal kyl (including for exanple,

cycl ohexyl car bi nol ), cycl gal kenyl, al koxy,

cycl oal koxy, aryl, heteroaryl, aryl al koxy carbonyl,

al koxy carbonyl acyl, am ree, am nocar bonyl,

am nocar boyl oxy, nitro, azido, phenyl, cycl oal kyl acyl,

hydroxy, al kylthio, arylthio, oxysulfonyl, carboxy,

cyano, thio, sulfoxide, sulfone, sulfonate esters,

t hi 0, horoni | t ofiad, 0GRk EBromine and

alkaﬁﬁﬁmclugﬁﬁg pg$@ﬁ%ﬁ%agﬂg$§%lgpﬁg??nghrther, in
iogia¢.t ai n enbodi nents, each of E1, E2, E3 and E4 can be

a he atom or substitut &ﬁﬁﬂ%&havin the

a he’bgogat 0 Sseé‘ﬁlgpg{yef%/mpsog‘?degfg r o?n t gg gfrleogp ¢
fol&iak SthicAge PS: ni trogen, sul fur and oxygen. The dashed

line indicates that the designated bond is either a

singl e bond or a double bond./In sone enbodi nents,

preferably R is a substitutéd or unsubstituted G to

C5 al kyl. For exanple, nethyl\ ethyl, propyl,

i sopropyl, butyl, isobutyl, tett-butyl, and pentyl are
preferred. In sonme enbodi nemts,| Ri /s not a

substituted or o

-0

Re

Formula I-3

[0151] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
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unsubstituted, unbranched C6 al kyl. [0141] In sone
enbodi nents n can be equal to 1 or equal to 2. Wen n

woomgasi2st o 2, the substituents can be the sSaRETMIS2M&M14846

S

be different. Al so, sonme enbodi nents include the

proviso that R2 is not cycl ohex-2-enyl-carbinol or _
subgeiseut edTiey ebravend 2 elfvyinule akbinmyl hava\ the, folleyriag stereochemical
enbodi ments include the proviso that Formula | is not

treHpound 11-16 or Conpound 11-17. Ot her enbodi nents

i nclude the proviso that R2 i g not

cycl ohex- 2-enyl -carbi nol, whgn R3 is nethyl.
Furthernore, in sone enbodi ts R3 is not hydrogen.
[0142] Preferably, R2 can be & fornyl. For exanple,
the conpound may have the fiol IDwin Structure 1-1
Fornmula 1-1 [0143] R8 may 4 ntiy for exanple,
hydrogen, fluorine, c i ne and

i odi ne. [ 0144] Preferably, \{he S4smacture of Fornula 1-1
may have the follow ng sterjeochem stry: [0145] R3 may
i nclude, for exanple, hydrpgers fluorine, chlorine,
brom ne and iodine. [0146]\Preferably, R2 can be a
carbi nol. For exanple, the sonpound may have the
foll ow ng structure 1-2: Foynula 1-2 [0147] R8 may

i nclude, for exanple, hydrogen, fluorine, chlorine,
brom ne and i odi ne.[0148] an exanple, the structure

of F[%Eégf la }{;Zmar{/a chf?lgé{ efo} %}?anflp%,llg/\Mo%gl, fluorine, chlorine, bromine and

iodine.
[0154] Another exemplary compound Formula I can be the compound having the
following structure I-4:
H 0]
N\
(0]
—0
H
Rg
' Formula I-4
[0155] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.
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stereochem stry: [0149] R8 may include, for exanple,

hydr ogen, fluorine, chlorine, brom ne and i odine.
wpQldARssAs exenpl ary conpound of Formula | canPO®UShE®BS/014846

conmpound having the followi ng structure 1-3: Formula

1-3 [0151] R8 may include, for exanple, hydrogen, _

fl ugrisele, CcikRrablye, thor ampoendarnd Fodbiute [0 T8R] IFyre the following

compound of Forrmula 1-3 may have the foll ow ng
sterpieRreh¥WPRE structure: [0153] R may include, for

exanpl e, hydrogen, fluorine, ghlorine, brom ne and

i odi ne. [0154] Anot her exenpfary conpound Fornula I

can be the compound having tRe follow ng structure

1-4: ' Formula 1-4 [0155] R8 Nhmy include, for exanple,

hydrogen, fluorine, chlorime, Z ' and

i odi ne.[0156] Preferably, 5 und of Fornula 1-4

may have the foll ow structure:
[0157] R8 may include, fol exal , hydrogen,
fluorine, chlorine, bropiwg argd iodine. [0158] Still a
further exenplary conpoundf of Fornula | is the
conpound havi ng the
Rs
[0157] Rs may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
[0158] Still a further exemplary compound of Formula I is the compound having the

following structure I-5:

Rg
Formula I-5

[0159] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
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follow ng structure 1-5: Fornula 1-5 [0159] R38 may
i ncl ude, for exanple, hydrogen, fluorine, chlorine,
wonaewing2and i odi ne. [ 0160] For exanpl e, the corpows200s014846
Formula 1-5 may have the follow ng stereochem stry:
[0161] R8 mmy include, for exanple, hydrogen, .
f1 ugei60p, chdroeiangle, thorompowddof Fdirmda [0 18] hava Hentellowing
enmbodinents, R2 of Fornmula | may be, for exanple, a
stepspEledEN: 2- enyl i denenet hyl . For exanpl e, the conpound
may have the foll ow ng structg&gﬂﬁb Formul a 1-6:
Formula 1-6 [0163] R8 may incldide, for exanple,
hydr ogen, fluori ne, chloriﬁg,‘bro e and
ﬁEj ound of Fornula 1-6
reochsgistry: [0165] R8 may

i odi ne.[0164] Preferably,
Puori ne, chlori ne,

may have the follow ng
i ncl ude, for exanple, hydr p

In Further enbodi nents, R2
anpf e, a cycl ohex- 2-

brom ne and i odi ne. [0188}"
t Re conpound may have the

of Formula | can be, for
enyl met hyl . For exanpl e,

la 1-7: Formula 1-7 [0167]
hydr ogen, fluori ne,

follow ng structure of For
R8 may include, for exanple

chl orine, brom ne and i odine.
Rs
[0161] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.
[0162] In some embodiments, R, of Formula I may be, for example, a cyclohex-2-

enylidenemethyl. For example, the compound may have the following structure of Formula I-6:

\ O

3

—0

ZT

Rg

Formula I-6

[0163] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
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[0168] Preferably, the conpound of Fornmula 1-7 may

have the foll ow ng stereochem stry:[0169] R8 nay
wonadendes2sf or exanpl e, hydrogen, fluorine, chl 8CTns2005/014846

brom ne and iodine. [0170] In other enbodi nents, R2

can be a cycl ohexyl al kyl ami ne. [0171] Al so, in other .

enbgeliGrent SPrefeibiyanthbecanBuy cdfoResuyila et hypdve fewdr the, following

In others, R2 can be a cycl ohexanecar bal dehyde
SteFRORBETHEY [ 0172] Furthermore, in sone enmbodi nents, R2

can be a cycl oal kyl acy Sqnmpounds of Fornula |1

[0173] O her enbodi ne Qvi de conpounds, and

net hods of producing g g of conpounds,

pharmaceutical ly acceﬁ\c- s

t hereof, wherein the conpound§ are represented by

Formula Il: Forrmula |l [0174] 3 n ceydain enbodi ments

the substituent(s) Rl, R3, : eparately may

i nclude a hydrogen, a_hal no- substituted, a

pol y-substituted or an unsubst|tutled variant of the

foll ow ng residues: satyrat O - al kyl , unsaturat ed

C2- C24 al kenyl or C2-C24 afkyrg/l, acyl, acyl oxy,

al kyl oxycar bonyl oxy, aryl dkycar bonyl oxy, cycl oal kyl,

cycl oal kenyl , al koxy, cycl oal koxy, aryl, heteroaryl,

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

am nocar bonyl , am nocar boyl pxy, nitro, azido, phenyl,

cycl oal kyl acyl , hydroxy, akkylthio, aryl thio,

oxysul fonyl, carboxy, cyano? thio, sulfoxide, sulfone,

sul fonedje ex;ans, inkhilgcHarRamparigdiogen ciasingnchl@skebomine and
~andhal ogenat ed al kyl including pol yhal ogenated al kyl .
ioflige-t her, in certain enbodi nents, each of Ei, E2, E3

and E‘%@an BE fRhsMESJdinth @IR 06 KU T tchd bé, &6k example, a cyclohex-2-

het eroatom For exanpl e, t he het er gat om can )
enylmethyl. For example, the compound may have the following structure of Formula I-7:

H 0
N\
(0]
——O
Cl
Formula I-7
[0167] Rs may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
[0168] Preferably, the compound of Formula I-7 may have the following

stereochemistry:
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be nitrogen, sulfur and oxygen. The dashed |ine

i ndi cates that the designated bond is either a single
woao/ess2a doubl e bond. [0175] I n sone enbodi MEATAISEO0S014846

m can be equal to 1, while in others it can be equal

to 2. Wien n or mis equal to 2, the substituents can

be the sane or can be rent. Al so, sone

enbodi ments include the ovi so that Fornula p is not

Compound 11-16 or Co If1- 17. Further enbodi nents

include the proviso thay R4\ s not cycl ohex-2-enyl or

substituted cycl ohex-2-enyl. A so, some embodi ments

i nclude the proviso that Rf i £ not g¥cl ohex-2-eny

when R3 is methyl. Further : _jp/some enbodi nents R3

is not a hydrogen. [O0] e, for exanmple, OH

O ORI0O, S, SRl 1, Ser. YH2, NOH, NHOH, NR12,

and NHOR 13 , wherein Rigw¥3 nay separately i ncl ude,

for exanple, hydrogen, alkfl, Substituted al kyl, aryl,

heteroaryl and the like. A so, Rl can be CHQCHQX

wherein X may be, for exanple, H F, d, Br, and I. R3

can be nethyl. Furthernore, /R4 can be cycl ohexyl .

Al so, each of El, E3 and E4 can be O and E2 can be NH.

Preferably, Rl can be CH2CERX, wherein X is selected

fromthe group consisting of H F, O Br, an .

wher[8169] R4 Raymaynirludee far exastdh dwgrogenaHiiosns qié?re&nbff)@me and
‘o éhyl and wherein each O E 1, E3 and E4 can be O and

2%can be NH. [0177] In sone enbodlnents ?referably

RL i [le]subskrt btherteetiodimentnduloatt be aeyelhesylalleylangng| ky |

.F or b@}@' t é}{{)e t h bé[r em%h C}mbntg) §ey po\éli be 5%9 #c@(ﬁ%i{d n@tﬁyl@nearmne In

| SO ar e err e
ot BREIR,, GaHISCH d%lﬁh&andﬁérbaléehydé O&xsndast it ut ed or

bsti t ut ed b hed al k 78
el 51 Sneas@é%ﬁpé‘?@%e%ﬁsa e, Retanf 3oy fISfgtacy,
cd @ duRd FFoshamt ure 11- 1:

[0173] 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 II:

2\
B4

[
1}

(#),

Formula II

[0174] In certain embodiments the substituent(s) Ry, Rs, 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;-C,4 alkyl, unsaturated C,-Ca4 alkenyl or C,-C,4 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, thio, sulfoxide, sulfone, sulfonate esters, thiocyano, boronic acids and esters, and
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Formula 11-1 [0179] R8 may include, for exanple,
hydrogen, fluorine, chlorine, bromne and
woOadicres28§180] Exenpl ary stereochem stry can beCadas2005/014846
follows: [0181] In preferred enbodi nents, the conpound
of Formula Il has any of the follow ng structures
halbdenzted hlﬁyﬁnﬂﬁdﬂrﬁ ﬂqulfaﬁgm&iil alkgl. yFurfh@d 8P¢erfain eifodingntsecach of Ey,
not ed_t hat the st reoch tr f the r
B da b Sl geu LB S BB o e Ea: for a4 hbEom can
be throga{ gulafr ha %x%&hr 8[|he dedhb@lific infdatee Hanthe ei,emgntam bond is either a

enbodi nents i nclude the foll ow ng structures shown
singfe bprAL AT adoubleBeeni st ry: [0183] In ot her embodi ments

wher@izg) R4 £aRnk@mbo@%Rnt inCotGh @bt bd cHlanept - th}é in oMers it can be
exenplary conpound of Fornmula Il is the fol

equ touabtWh@ Hogn iRspRhip & e SUBSePpEAPn PRI S R difiprspt: Also,
sorgé( ﬂr??%%l‘a@eﬁﬁﬁe ]pfdviég R Borntid Bhd AR Coﬁ‘l’p@ﬁicﬂ@l@ﬂﬂ Compound II-

[ owm ng are exanpl es of caonpou
17h aKmrﬂngr bhocstent inghde e Povive Tt fuss 06 HlPS IR pstined

cyﬁl%f( OJnOll SR SBS{&rfet énll ﬁﬁéﬁtts nﬁuc@m@?x:ovﬁgtﬂ?at RB4S A& Yeyclohex-2-enyl,

&Y su ute an unsubstituted branched
whh Ry 1s. mdfo. Exﬂnpﬂlceq:, nasomwwplbudldleniﬁ Rrismett Bydsegedn be t he

foll g s ruct F
|ncﬂ§ﬁgp s BRA 1mreﬁugﬂ%8%%ub ugfgngg“’%%oFTbﬂP»ﬂb’NOH
NHOR rmag, aa0 @NH@ml,g W&ereﬁﬂﬂ&&]ma?hepaﬁﬂély qxwﬂumlg ﬂose)@m}mh)aqugen alkyl,
o OG0T i erd 1 280 H2TROURE th

substituted alkyl, aryl, heteroaryl and el 50, lcan e etHzX wherein X may be, for
example, H, F, Cl, Br, and I. R; can be methyl. Furthermore, R4 can be cyclohexyl. Also, each
of E,, E; and E,4 can be O and E, can be NH. Preferably, R, can be CH,CH,X, wherein X is
selected from the group consisting of H, F, Cl Br, and I; wherein R4 may include a cyclohexyl;
wherein R; can be methyl; and wherein each of E;, E; and E,4 can be O and E, can be NH.

[0177] In some embodiments, preferably R; is a substituted or unsubstituted C; to Cs
alkyl. For example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, and pentyl are

preferred. In some embodiments, R; is not a substituted or unsubstituted, unbranched Cs alkyl.

[0178] For example, an exemplary compound of Formula II has the following
structure II-1:
H
OH
H 0]
N\
o
—O
H
Re
Formula II-1
[0179] Rs may include, for example, hydrogen, fluorine, chlorine, bromine and

jodine.
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structure of Formula 11-6:[0189] As anot her exanpl e,

t he conpound of Formula Il can be the foll ow ng
woebkomspegme |1-7: Fornula I1-7 [0190] R8 may i neCuas2005/014846

for exanple, hydrogen, fluorine, chlorine, brom ne and

i odine. [0191] The follow ng is exenplary

st e@8ohen Bietplarpsteraodheamniswy crah Heav fallgws:he struct ure of

Forrmula 11-7:[0192] In qather enbodi nents, R4 can be a

cycl oal kyl and E5 ca An exenpl ary

conpound of Fornula I{l can |be tihe foll owi ng structure
H8: Formula |1-8 [01L93] may J@ttl ude, for exanple,
hydrogen (11-8A), fl uort , chlorine (H 8C),
bromne (11-8D) and iodine {1158E).,£0194] The
following is exenplary stereo mstry for a conpound

H([8: [0195] In sone
enbodi ments E5 can be an axi iade, givng rise to an
oxi me. An exenpl ary conpdtil) oi Formula Il has the
following structure H9: FfrmuFa I1-9 [0196] R3 may

i ncl ude, for exanple, hydragen, fluorine, chlorine,
brom ne and iodine; R can bg hydrogen, al kyl, or
substituted al kyl, for exanple. [0197] The foll ow ng
Is exenplary stereochem stry for a conpound having the
structure of Formula 11-9:[R198] A further exenplary

conpound of Fornula I asth fol | ow truct D-
!Tp[0181] In preferred embodiments, e compoun({] 9t Formuia 1 Fas any of the

following structures II-2, II-3 or II-4, respectively:

OH OH

sl
@)

2T
i
O

H
N

il

H
N

HW HW

[IHigm

[Him

He

I

Cl Br

CHs
[0182] Tt should be noted that the stereochemistry of the above structures can be
changed to the opposite stereochemistry at one or more of the chiral centers. For example, some

embodiments include the following structures shown without stereochemistry:
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Formul a 11-10 [0199] R8 may include, for exanple,
hydr ogen, fluorine, chlorine, brom ne and i odine.
wpQa@@pssthe foll owi ng i s exenpl ary stereochenm BCTSE@S/014846
a conpound having the structure of Formula 11-10 (wavy
bond i ndi cates that any stereochem stry is
owed) : [ 0201] In sone enbodi p , E5 can be NH2. An
ary}%onpound of Formul a g thg follow ng

st eyl 1: Formula |- AOH RH8 may

[ hydr ogen; ¥rie, chlorine,
bronln@ and i ogdife. 0203] The fol ltowilng i,% exenpl ary
stereo d coftpound havwﬁg\ structure o
f : ] Pp meo: entls, R4 may
inclu LCVE E5 gan be\ NHZ- exenpl ary
co ~JNas e f ilng structure
11-12:/ Fo R8 may/i ncl ude, for

exanpl i ng, chlorNne, brom ne and

i odi ne. W 11g i s exehpl ary

stereochem stry for npound havi hg the structure of
Formul g 11-12:[0207] (A further exenplary conpound of
Formul & Il has the following structture I1- 13: Fornul a

I1- 13 [0208] R8 mmy i‘ficl ude, for exanple, hydrogen
(11 '[3)%)] f oS HolihieAR Bheret TR PEdnR 7-oxa-bicyclo[4.1.0]hept-2-yl. An

exemplary compound of Formula II is the following structure I1-5:

Re

Formula II-5

[0184] Rs may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
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(p-13C), bromne (H1 3D) and iodine (EU 3E). [0209]

The following is exenplary stereochemstry for a
woaopoastds havi ng the structure of Fornul a 11-1BCTAR1@F/014846

A still further exenplary conpound of Formula Il has

the follow ng structure p-14: Fornula 11-14 [0211] RS

nay [0785] udeThd Plioexganl eamhlgs bdgemouhdsipringdhe structure of Formula

chl orine, brom ne and iodine. [0212] The following is
U-%xenpl ary stereochenistry for a compound having the

structure of Formula 11-34[0213] In sone enbodi nents,

t he conpounds of Fornuf a y include as R4 at | east

one cycl oal kene, for Furthernore, in sone

enbodi nents, the conp y**qﬁjude a hydroxy at

E5, for exanple. Af ary conpound of

Formula Il has the follow ng sEructyse 11-15: Fornul a

[1- 15 [0214] R8 may incl uge,_for _eXanpl e, hydrogen,
fluorine, chlorine, brom @ ne. In sone

enbodi nents, R8 does fo de _hydrogen or chlorine.
[0215] Exenpl ary stereo%mgA sTEy can be as

foll ows:[0216] The follow gg i3 exenplary

stereochem stry for conpoufids having the structures
11-18 and Et-1 9, respectiwly: [0217] The conpounds
of Formul ae 11-18 and 11-19 )can be obtai ned by
fermentation, synthesis, or/sem -synthesis and

i solated/ purified as set fgnth bel ow. Furthernore, the
conmpounds of Fornul ae 11-18 and 11-19 can be used, and
are referred to, as "Eérawtae g Aratddi-FRI s" to

[0186] In still further embodiments, R4 may include a substituted or an unsubstituted
branched alkyl. For example, a compound of Formula II can be the following structure II-6:

HO H
HO OH
H [}
N—_|
0]
0
H
Rg
Formula II-6
[0187] Rs may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
[0188] The following is exemplary stereochemistry for a compound having the
structure of Formula II-6:
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make ot her conpounds descri bed herein.[0218] In sone
enbodi nents, the conpounds of Formula |1, may include
wea 20mtngd2sgroup as R, for exanple. A further egemshb@syi4s4e
conpound, Fornula 11-20, has the follow ng structure
and stereochem stry: p-20 [0219] In sone enbodi nents,
t he conpounds of For . i ncl ude hydroxyet hyl
as Rl, for exanpleo” A further xenalary compound,
Formula 11-21, has the follow ng spruygture and
st ereocheni stry: [ 0220] HR~so I ments, the
hydroxyl group of Fornula 1I-2} can be terified such
that R may include ethyl propio £ exanpl e. An
exenpl ary conpound, Fornu the foll ow ng
structure and stereochem Stryy ol n sone
enbodi nents, the conpounds gf.Fornula 11 may include
an ethyl group as R3, for exanple= A further exenplary
conpound of Forrmula Il has th& follow ng structure
11-23: [0222] R8 mmy include, Nor exanple, hydrogen,
fluorine, chlorine, brom ne and/i odi ne. Exenplary
stereochem stry can be as foll :[0223] In sone
enbodi nents, the conmpounds of Eormula 11-23 may have
the follow ng structure and steteochemstry,
exenfhsdi ed ARYado@erekenpld, -tR4 Compidnad &f Rdrisla dl oyl barikk following
R8 is chlorine:[0224] In sonme enbodi ments, the
stgefitsdliids of Fornul a 11-15 nmay have the foll ow ng
stereochem stry, exenplifNed by the conpound of
Formul a 11-25, where hl orine: [0225] In sone
enbodi ments, the conppund of Fo n@ a 11-15 may have
the follow ng stereoc ' lified by the
conmpound of Fornul a 11-0P6, ene R8 is chlorine:
[0226] In sonme enbodi ments, Nthg coppound of Formula |
nayrmvethefoIHWWn%

——O
H
Rs
Formula II-7

[0190] Rs may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.

[0191] The following is exemplary stereochemistry for a compound having the
structure of Formula II-7:
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structure and stereochem stry, exenplified by Formnula

11-27, where R is ethyl: p-27[0227] In sone
wentwinsent s, the conpound of Formula Il may hage/ushms/014846

foll owi ng structure (shown w thout stereochem stry and

with exenplary stereochem stry), exenplified by

Formul a 11-28, where met hyl : p-28 p-28 [0228] In

some enbodi ments, thd conp unds of Forrmula Il nay

i ncl ude a2|doethyl as Ri qﬁple A further
exenpl ary conpound, &Py , has the follow ng
structure and stereochQH?stmy £0229]0l n sone

enbodi ments, the conpounds Eo a Il may include
propyl as Ri, for exanpl rther exenpl ary

conmpound, Formul a 11- 30,

and stereochem stry: [0 - E

conpounds, Formnul ae 11-31 gnd %1-32, have the

follow ng structure and st&reochem stry: Fornula p-31

and p-32 [0231] O her exenphary conpounds, Fornul ae

11-33, 11-34, 11-35 and 11-36, have the follow ng

structure and stereochenm styy:Forrmula 11-33 -11-36

[0232] In sonme enbodi nents,!the conmpound of Fornula I

may i ncl ude cyanoet hyl as ﬁ& for exanple, the

conpoy of hF@théTLHnﬂ)o&ﬂneﬁtZ Ikl@@nlbbe chdbdliophiand) Es tanibetan ogygen. An

and stereochenlstr Hﬁg A:g@ anot he eﬁ%pdinent, t he
exeBRP FAEPYmd PBF?FEH [ pa 514 ‘I’“GH%S‘“&C{WT | ocyanate as

R1l; for exanple, the c und of Formula 11-38 has the

follow ng structure

§Ilomﬁng structure
urt her exenpl ary

Re
Formula II-8
[0193] Rg may include, for example, hydrogen (II-8A), fluorine (I1-8B), chlorine (II-
8C), bromine (II-8D) and iodine (II-8E).
[0194] The following is exemplary stereochemistry for a compound having the
structure of Formula II-8:
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and stereochem stry:[0234] In sone enbodi nents, the
conpounds of Fornmula Il may include a thiol as R, for
weoexersphes2s A further exenpl ary conpound, For mul aCTAS3®5/014846
has the follow ng structure and stereochem stry, where
R= H, alkyl, aryl, or substituted alkyl or aryl:
[0235] In a further exemplary conpound, the sul fur of
t he conpound of Fornu 39 can be oxidized to a
sul foxide (n=l) or sul for exanple, as in
t he conpound of Fornuka In sone
enbodi ments, the substitUenf of tbe conmpound of
Forrmula Il may include a | el up, for exanple, a
hal ogen, as in compounds 1-19, or another
| eavi ng group, such as a ester. One exanple
is the nmethane sul fonat e« E of Formula 11-41:
[0237] In sonme enbodi nments, the substituent R of the
conmpound of Fornula Il mayqinciude el ectron acceptors.
The el ectron acceptor may by, for exanple, a Lew s
acid, such as a boronic acid or ester. An exenplary
compound, Formula 11-42, hag the follow ng structure
and stereochem stry, where =0, 1, 2, 3, 4, 5, or 6,
for exanple, and where R=H Gr al kyl, for

e Xa ”ghﬁs 1[ 0238}onkelinttagimeats mh@byamnmmn@hs giofngFBe tdnaxime. An
-42 are the conpounds f Fornu where n=2

| a
e?@ﬁlﬂlaRqumpa?ﬂﬂi of Farmeinl Seithe Bilowne ﬁ’iﬂ‘l“’éLLr f ﬁ%ZB where n=l
and R=H: [0239] In soneg *-oodlneP6s wher e the
substituent Rl of thefconpound o ﬁ:ornula p includes

an el ectron acceptor,|the electropf acceptor may be,
for exanple, a M chae exenpl ary
conpound, Formul a 11-43 ¢ foll @M ng structure,
where n =0, 1, 2, 3, 4, 5N and ere Zis an

el ectron MAthdraMAng grou ( for[ exanple, CHO COR,
COOR, CONH 2 CN,

——O
H
Re
Formula II-9
[0196] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine; R can be hydrogen, alkyl, or substituted alkyl, for example.
[0197] The following is exemplary stereochemisiry for a compound having the

structure of Formula II-9:
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NC2, SOR, SO2R, etc:[0240] A further exenplary

conpound of Fornmula 11-43 is the conpound of Fornmnul a
woOheosBAss28her e n=l and Z=CO 2CH3: [0241] |In SORET/US2005/014846

enbodi nents, the conpounds of Formula p nmay include an

al kenyl group as R, for exanple, ethylenyl. A further

exenpl ary conpound, Fo has the foll ow ng

structure and stereoghem stlry: [ EZ] O her exenpl ary

he fol |l ow ng
43] I n sone

exanpl e, the conmpound of FOrnmnula I1-44 (a pr odr ug

t hi oester of the conp8 a 11-16) has the

follow ng structure and i : stry:[0244] In

anot her exanpl e, the conpo nd af Formula 11-47 (a

prodrug thioester of the cfnpound of Fornula 11-17)

has the follow ng structure\and stereochem stry:

[0245] In yet another exanpl)e, the conpound of Fornmnul a

11-48 has the follow ng strycture and stereochem stry:

p -48 [0246] In another esz | e, the conmpound of

Fornula 11-50 (prodrug est of the conmpound of

Fo 'y o) 11- W60, rtha Sxéhifark RbmPWnA Bf Sbrirtidd 1 hes e dollowing structure II-

stereoc%en1stry Compounds of Fornmula H [0247] O her
10enbodi ment's provi de conpounds, and mnet hods of

produci ng a class of conpounds, pharmaceutically

acceptabl e salts and pro-drjug esters thereof, wherein

t he conpounds are represe ®brnul a El: Formula m

[0248] In certain enbodi (

may i nclude, for exanple, -
(0]
—O
H
Re
Formula 0-10
[0199] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
[0200] The following is exemplary stereochemistry for a compound having the
structure of Formula II-10 (wavy bond indicates that any stereochemistry is allowed):
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hydr ogen, a hal ogen, a nono-substituted, a

pol y-substituted or an unsubstituted variant of the
woabdomessng resi dues: saturated Cl-C24 al kyl,  PCT/US2005/014846

unsaturated C2-C2 al kenyl or C2-C24 al kynyl, acyl,

acyl oxy, al kyl oxycar bonyl oxy, aryl oxycarbonyl oxy,

cycl oal kyl, cycl oal kenyl, &l koxy, cycl oal koxy, aryl,

het eroaryl, aryl al koxy carhonyl, ﬂlkoxy car bonyl acyl

am no, am nocarbonyl, am §1oxy, nitro, azido,

phenyl, hydroxy, alkylthi oy argylthi oxysul fonyl ,

car boxy, cyano, thio, ik il fone, sul fonate

esters, thiocyano, boroni [ and esters, and

hal ogenat ed al kyl i ncYTdi hal ogenated al kyl . For

exanpl e, n can be equaIH&pp or 2. Wen n is equal to

2, the substituents can befthe& sane or can be
different. The dashed |ind indicates that the
desi gnated bond is either & single bond or a double
bond. [0249] In certain enbodi nents, R4 may be, for
exanpl e, hydrogen, a hal ogeh, a nono-substituted, a
pol y-substituted or an unsybstituted variants of the

followi ng residues: saturateéd C -C 24 al kyl,
unsapaiqt ed HodniedbalikRay E,Qan 62NE24 Adlekanmldry campydund of Formula
acyl oxy, al kyl oxycar bonyl oxy, aryl oxycarbonyl oxy,
Hhvék%@ﬁ%@hgﬁB%&F%gﬂRényl, al koxy, cycl oal koxy, aryl,
heteroaryl, aryl al koxy earbonyl, al koxy carbonyl acyl ,
am no, am nocar bonyl , car boyl oxy, nitro, azido,
phenyl , hydroxy, alky aryl t hi o, oxysul fonyl,
car boxy, cyano, thio, xiide, Wl fone, sul fonate
esters, thiocyano, boronrc ﬁcims andpesters, and
NoN
1

hal ogenat ed al kyl incl ud Rollyhalggenat ed al kyl . For
exanpl e, mcan be equa
2, the substituents c
different. Sone enbodi nment
Formula H is not Conpothd /11-
Furt her enbodi ments include the proviso that R4 is not
cycl ohex-2-enyl or substituwed cycl ohex-2-enyl. Al so,

each of Ei, E2, E3, E4 and B5

— -

of Z.TWien mis equal to
t he|sa or can be

g ud® the proviso that
%6 or Conpound 11-17.

Rs
Formula II-11
[0202] R; may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.
[0203] The following is exemplary stereochemisiry for a compound having the
structure of Formula II-11:
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may be, for exanple, a heteroatom or substituted
het eroatom For exanple, the heteroatom can be

waoizooemgens sul fur or oxygen. [0250] In sone PCT/US2005/014846

enbodi nents, preferably R is a substituted or

unsubstituted G to C5 al kyl. For exanple, nethyl,
et hyl, propyl, isopropy ~butyl, isobutyl, tert-butyl,
and pentyl are preferffed. In sone enbodi nents, R is
not a substituted or i i tutegy unbranched C6

al kyl . Conpounds of Fo & 5f] O her enbodi nment s
provi de conmpounds, and met hgdszof producing a cl ass of

conpounds, pharmaceuti cal | yNacge le salts and
pro-drug esters theregf ereijn tjhe conmpounds are
represented by Fornul : IV [0252] In

certain enbodi nents, th§m$ Etuent(s) R, R3, and R5
may separately include a hydrogen, a hal ogen, a
nono- substituted, a poly-s@bstituted or an

saturated Q C 24 al kyl, unsaturated C2-C2 al kenyl or
C2- C24 al kynyl, acyl, acyl oxy, al kyl oxycarbonyl oxy,
aryl oxycar bonyl oxy, cycl oalkyl, cycl oal kenyl, al koxy,
cycl oal koxy, aryl, heteroaryl, arylalkoxy carbonyl,

al kopyodgar banysacathbodamEnBOR, MaY Mmomas boyydalkyl and Es can be NH,. An

am nocar boyl oxy, nitro, azjdo,. phenyl y, hydroxy,
@ﬁF%VDFWF@PW%Fﬁ'Pﬂﬁ%ﬁHE%V@%#ﬂS%VEF“%%F%gS?; cyano,

thi o, sulfoxide, sulfopex~sulfonate esters, thiocyano,

boroni ¢ acids and estgrs, ahd hal ogenated al kyl
so, each OE 1, E2,
E3, E4 and E5 can be ahete ym gr substituted
heteroatom for exanpl e, “nifrogen, sulfur or oxygen.
I n sonme enbodi nents, R3is N a hydrogen n is equa
to 1 or 2. Wen n is eg to 4, the substituents can
be the same or can be % : so, mcan be 0, 1,
2, 3, 4 5 6 7, 8 9, 10 1T @nd if mis

Rs

Formula II-12

[0205] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.

[0206] The following is exemplary stereochemistry for a compound having the

structure of Formula II-12:
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nore than 1, then R5 can be the

same or different.

Furthernore, the substituents R5 may forma ring, for

wexersphes2san epoxi de. The dashed

i ne i ndi cat eBCTHSR2005/014846

t he designated bond is either a single bond or a

doubl e bond. [0253] In sone enb
is a substituted or unsubstitut
exanple, nmethyl, eth
i sobutyl, tert- butyl
sone amomnmns Ri )
unsubsti t ut ed, unbranched Gp oF
enbodi ment s, the substitue ;
exanpl e, a disubstituted
compound of Formul a |
V-1, with and w t hout e aE

odi ments, preferably Ri
ed G to C5 al kyl. For
i sopropyl, butyl,

e preferred In

substituted or

kyl . [6254] I n sone
give rise to, for
An exenpl ary

Wi ng structure

wavy bond lines indicate tifat @ny stereochenica

orientation is allowed): r mul
i ncl ude, for exanple, hydrogen,
brom ne and iodine. The subgtit
separately include a hydrogen,
nonosubstituted, a poly-substit
unsubstituted variants of the f
sat gtz)@d ®d Cly fedferahkithlary eompbund
4 al kynyl, acyl, acyl oxy,
125ary|oxycarbony|oxy, cycloalkyl
cycl oal koxy, aryl, hetersaryl,
al koxy carbonylacyl am
am nocar boyl oxy, nitrp
al kyl thi o, arylthio,

a lV-1 [0255] R8 may
fluorine, chlorine,
uent(s) R6 and R7 nmay

a hal ogen, a
uted or an
ol  owi ng resi dues:
af o2 Chasnihk dolldwiny structure II-
al kyl oxycar bonyl oxy,
cycl oal kenyl , al koxy,
aryl al koxy carbonyl,
nocar bonyl ,
phSnyI, hydr oxy,

car boxy, cyano,

thi o, sul foxide, sulfone ¢fnate gsters, thiocyano,

boroni ¢ aci ds and esters,
i ncl udi ng pol yhal ogenat ed
both can be the sane
an exenpl ary conpound of E
structure | V-2-

Rg

al oggnat ed al kyl
Iﬁ;T. rther, R and R7

nt.|[ 0256] For exanpl e,

a TV has the follow ng

Formula II-13
[0208] R may include, for example, hydrogen (II-13A), fluorine (I-13B), chlorine

(II-13C), bromine (II-13D) and iodine (II-13E).

[0209] The following is exemplary stereochemistry for a compound having the

structure of Formula II-13:
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Formula 1V-2 [0257] R8 may include, for exanple,
hydr ogen, fluorine, chlorine, brom ne and i odne.
wpQamApsLRenpl ary stereochem stry can be as PCT/US2005/014846
foll ows: [ 0259] For exanple, an exenplary conpound of
Formula 1V has the follow ng structure rV-3: Fornul a
V-3 [0260] R8 nmay inc for exanpl e, hydrogen
(I'v-3A), fluorine (1V{3B), ¢hlorine (1V-3C), brom ne
(1V-3D) and i odi ne (FA-3E)a Exenpl ary :
stereochem stry can be l :[0262] Additiona
exenpl ary structure and steﬁeoéheniscly can be as
follows: [0263] For exanpl 3 | ary conpound of
Formul a 1V has the folbewhg stfructure 1V-4: Fornul a
V-4 [0264] R8 may i nclude\ forl npl e, hydrogen,
fluorine, chlorine, bromymejyand i odi ne. [0265]
Exenpl ary stereochem stry n e as foll ows: Conpounds
of Forrmula V [0266] Sonme erpodi ments provide
conmpounds, and net hods of prpducing a cl ass of
conpounds, pharmaceutically acceptable salts and
pro-drug esters thereof, whgrein the conmpounds are
represented by Formula V: Fgymula V [0267] In certain
enbodi nents, the substituent(s) R and R5 may
separately include

[0210] A still further exemplary compound of Formula IT has the following structure
1I-14:

Re

Formula II-14
[0211] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.
[0212] The following is exemplary stereochemistry for a compound having the
structure of Formula II-14:
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a hydrogen, a hal ogen, a nono-substituted, a

pol y-substituted or unsubstituted variants of the
woabdomassng resi dues: saturated G -C2 al kyl, unsarwsaiosdi4846

C2- C24 al kenyl or C2-C al kynyl, acyl, acyl oxy,

al kyl oxycar bonyl oxy, aryl oxycarbonyl oxy, cycl oal kyl,

cycl oal kenyl , al koxy, g oal koxy, aryl, heteroaryl,

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

am nocar bonyl, ani nodar boylljoxy, nitro, azido, phenyl,

oxy, hydroxy, al kylthiNe, 2 0, oxysul fonyl,

car boxy, cyano, thio, su quldé sulbone, sulfonate

esters, thiocyano, boronic Meif y/d esters, and

hal ogenat ed al kyl incl.udi pg pol Iogenated alkyl. In

certain enbodi nents, &ach\of Ei , E3, E4 and E5 can

be a heteroatom or subsgm& ,—o:heteroatonl for

exanpl e, nitrogen, sulfur gr oxygen. Preferably, m may

be, for exanple, 0, 1, 2, 8, 4, 5, 6, 7, 8 9, 10, or

11 and if mis nore than 1, hen RS can be the sane or

different. Furthernore, the/substituents R5 may form a

ring, for exanple, an epoxige. The dashed |ine

i ndi cates that the designatied bond is either a single

bond or a doubl e bond. [025% In some enbodi nents,

pr ef 2@]" Y R sdnfe é@ntodidgentst ﬂk&dmpﬁundnsﬁﬁﬁtnutam etda}Oncllud)e as Ry at

C5 . For exanple h th
legsg elpfr %&ﬂa P tigH exa’fnglabﬁ?‘ﬁ“ X%e,, B%’P%/F‘Pb"%ﬁﬁe S ey forpegnds may
mﬁﬁ(fef £ {Kﬁgxy MES i x &R di AMRRHhSs eddimplafy Béthpadnd of Formula II has the
substituted or unsubstituted, unbranched C6 al kyl .
folbowipe swsrol-1for nul a VI [ 0269] Some embodi ment s
provi de conmpounds, and _me{hods of producing a class of
conmpounds, phar maceutg acceptabl e salts and
pro-drug esters there -rei% t he conpounds are
represented by Fornuls Fw [0270] wherein

Rl can be separately se ‘ctﬁd romtRe group
consi sting of a nonosubstituted,
o}
——O0
H
Re
Formula II-15
[0214] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine. In some embodiments, Ry does not include hydrogen or chlorine.

[0215] Exemplary stereochemistry can be as follows:
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pol y-substituted or unsubstituted variants of the
follow ng residues: saturated G -C2 al kyl, unsaturated
wGQ20@6a48ak kenyl or C2-C24 al kynyl, acyl, acyl orgT/US2005/014846
al kyl oxycar bonyl oxy, aryl oxycarbonyl oxy, cycl oal kyl,
cycl oal kenyl , al koxy, cycl oal koxy, aryl, heteroaryl,
aryl al koxy car bonyl , car bonyl acyl, am no,
am nocar bonyl, am nod oxy,,, phenyl ,
cycl oal kyl acyl , al kyl o, oxysul fonyl,
carboxy, thio, sulfoxrNd priebor oni ¢ aci d esters,
and hal ogenat ed al kyl |nclqg|ng pol ybal ogenat ed al kyl .
nis equal to 1 or 2, and | : ual to 2, then Ri
can be the sane or di 02 1] wherein R2, can
be selected fromthe grou ng of hydrogen, a
hal ogen, nono-substitut ggu: y-substituted or
unsubstituted variants of he £ol | owi ng resi dues:
saturated G -C24 al kyl, un%aturated C2-C2 al kenyl or
C2-C24 al kynyl, acyl, acyloxy, alkyl oxycarbonyl oxy,
aryl oxycar bonyl oxy, cycloal Kyl (including, for
exanpl e, cycl ohexyl carbi nol), cycl oal kenyl, al koxy,
cycl oal koxy, aryl, heteroaryl, arylal koxy carbonyl,
al koxy carbonyl acyl, am no, “ani nocar bonyl,
am NPsH] boy"[‘B@onHJWlhﬁ Qs eR&hSify PeRYbmisey tbio abrsyduadsy having the
hy drOﬁy al kyl thio, arylthio, oxysulfonyl, carboxy,
strggtered II-k8png ]@UTGFR?Q‘FYS’@’ sul fone, sul fonate esters,
t hi ocyano, boronic acids and esters, and halogenated
al kyl i ncluding pol yhal ogenat ed al kyl ;[ 0272] wherein
R3 can be selected fromthe gr nsi sting of a
hal ogen, nobnos ituted, polyfsupstijtuted or

unsubstituted vaHla ts Qf t he §ol | ngyresi dues:
saturated G - |, pngat ura ol kenyl or
C2- C24 al kyny T\qa ‘ | oxy, ar bonyl oxy,
aryl oxycar bonyl oxy, Hcyeloal O al koxy,
cycl oal koxy, aryl, MNe Al ar bonyl ,

al koxy car bony

Hw

fHIt0

II-18

Br !
[0217] The compounds of Formulae II-18 and II-19 can be obtained by fermentation,

synthesis, or semi-synthesis and isolated/purified as set forth below. Furthermore, the
compounds of Formulae II-18 and II-19 can be used, and are referred to, as “starting materials” to

make other compounds described herein.
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cycl oal kyl acyl , hydroxy, alkylthio, arylthio,

oxysul fonyl, carboxy, cyano, thio, sulfoxide, sulfone,
weubdoong2e esters, thiocyano, boronic aci ds an#8CEISe0S/014846

and hal ogenat ed al kyl including pol yhal ogenated al kyl ;

wherein each of E1, E2, E3 and E4 can be a substituted

or upsigdst i Ttk dstodin@eatsptite chRRABfls bhF@oet I, may include a methyl

enbodj nts t cycl ghex- 2- enyl pear
ErRRe SR> PFeXBP ubéﬁﬂ%ﬁ@ﬁ%?mﬁgyé?ﬂywlof c orgg®hmpq§%gmowmg
sﬁ&%ﬂéﬁ@@&ﬁyamnh@374] In some enbodi nents, preferably

Ri is a substituted or unsubstituted G to C5 al kyl.

For exanple, nethyl, ethyl, propyl, isopropyl, butyl,

i soburyl, tert-butyl, and yl are preferred. [0275]
wherein R can be sel ecte the group consisting of
a hal ogen, nonosubstit ut ,H on substituted or
unsubstituted variants o oIH ng residues:
saturated G -C24 al kyl, -C24 al kenyl or
C2-C24 al kynyl , acyl, acyloxy,H alzkyl oxygar bonyl oxy,
aryl oxycar bonyl oxy, cycloalkym 7yl kenyl , al koxy,
cycl oal koxy, aryl, heteroar alfkoxy car bonyl ,

al koxy carbonyl acyl , an1% i
am nocar boyl oxy, nitro, %gp,

hydroxy, al kylthio, arylthio,/oxysul fonyl, carboxy,
cyano, thio, thioesters, sul #oxide, sulfone sul fonat e
esters, thiocyano, and halogenated al kyl incl uding

pol yhal ogenat ed al kyl . [0276] | A"€bme enbodi ment s,
preferably Ris an alkylthiol or substltuted

aIkyIthloI and E3 is an oxygﬁ [0275% E ex tude
in sBARlenbdai MR STOBHECHF fife By progy iy fpay ine
h}%froxyethyl as R,, for example. A further exemplary compound, Formula II-21, has the

cycloalkylacyl

following structure and stereochemistry:
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can have the following structure referred to as

Formula VI-1: [0278] wherein Rl can be separately
weebwoegdsf rom t he group consisting of a PCT/US2005/014846

nonosubsti tuted, poly-substituted or unsubstituted

variants of the follow ng residues: saturated

Cl- Cpe201ky| ,In serse¢rohodingahtsOhe GRdroxy] lgemy lof Bern@R-1E21 can be esterified

a nyl , acyl | oxy, .alkyl oxycarbonyl ox
i ey B SO ey PrlE AR AR pormnqpg, fyrmule 12
hazYied foRdwiax yruchiky/dnd sheedoehiepdstiyt , ar yl al koxy carbonyl,
al koxy carbonyl acyl, am ng, am nocarbonyl,
am nocar boyl oxy, phenyl | oal kyl acyl, al kylthio,
aryl thio, oxysulfonyl, thi o, sulfoxide,
sul fone, boronic acid
i ncl udi ng pol yhal ogenat 4
and if nis equal to 2, ¥ can be the sane or
different; [0279] wherein R3 c& Sel ected fromthe
group consi sting of a hal og Fewgsubst it ut ed,
pol y-substituted or u Bt
foll owi ng residues: saturaked G--2 al kyl, unsaturated
C2- C24 al kenyl or C2-C24natKynygl, acyl, acyl oxy,
al kyl oxycar bonyl oxy, aryl ofycafbonyl oxy, cycl oal kyl,
cycl oal kenyl, al koxy, cycl dal koxy, aryl, heteroaryl,
aryl al koxy carbonyl, al koxy\car hosyl acyl, am no,
am nocar bonyl, am nocar boyl pxy, nitro, azido, phenyl,
cycl oal kyl acyl , hydroxy, abkylthio, arylthio,
oxysul fonyl, carboxy, cyano)\ thio, sulfoxide, sulfone,
sul fonate esters, thiocyano, Poni ¢ aci ds and esters,
and hal ogenat ed al kyl incl ydi ng pol yhal ogenat ed al kyl ;
wherein each of E E2, E3 and E4 can be a substituted
or unsubstituted heteroatom\ [ 0280] wherein R5 can be
separately selected fromthe group consisting of a
hydr ogen, a hal ogen, nono-substituted,
pol yi®upst i titsefle @mbbdimuis tthé bdrBsbul@r éfaitnsulafil tnag include an ethyl
follomﬁng resi dues: saturated C -C2
R

4 al kyl , _
2ioHR #F Reafe gxamplen A fygher ﬁ(enaorlarwp@gqyn% qi%yllml,ﬂa J&Wts, the following

structure 1I-23:

PHi s equal to 1 or 2,

H
OH
H 0
N
(0]
—O
H
Rs
[0222] Rs may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine. Exemplary stereochemistry can be as follows:
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acyl oxy, al kyl oxycar bonyl oxy, aryl oxycarbonyl oxy,

cycl oal kyl, cycl oal kenyl, al koxy, cycl oal koxy, aryl,
woetmroogs2y! , aryl al koxy carbonyl, al koxy car borgrasyios/014846

am no, am nocarbonyl, am nocarboyl oxy, nitro, azido,

phenyl, oxy, hydroxy, alkylthio, arylthio,

oxysul fonyl, carboxy, , thio, sulfoxide, sulfone,

sul fonate esters, thiocxgn , bgronic acids and esters,

and hal ogenat ed al kyl} i di n yhal ogenat ed al kyl ,

wherein mis 0, 1, 2, 56, 7, 8, 9, 10, or 11

and if mis nore than 1, then R capobe the sanme or

different; and where the sybst s R5 can forma
ring; and wherein eacf F2, |ES, E4 and E5 is a

substituted or unsubstitute eLgfepatom [0281] In
sone enbodi nents, preferably RE is a substituted or
unsubstituted G to C5 al kyl. For exanple, methyl,
et hyl, propyl, isopropyl, RQutyl ™ sobutyl, tert-butyl,
and pentyl are preferred. [Q282] wherein R 4 can be
sel ected fromthe group congisting of a hal ogen,
nonosubstituted, poly-substjtuted or unsubstituted
vari ants of the follow ng &gsidues: saturated G -C24
al kyl, unsaturated C2-C24 al kenyl or C2-C24 al kynyl,
acyl, acyl oxy, al kyl oxycarbonyl oxy,
aryl ar bonyl oxy - I eyl {440 have the
cyel BEH Gy TS0 g SR, K confiNFARLS Pltua B 280y
follbwiay ynearbarmystaeghemistrs, mempiifithiocEorivokai-24C, where R; 1s ethyl and Re
. am nocar boyl oxy, nitro, azido, phenyl, cycloal kyl acyl,
“ag%?%&y, al kyl thio, arylthio, oxysulfonyl, carboxy,
cyano, thio, thioester
esters, thiocyano, an

. f oxi de, sul fone, sul fonate
hal openated al kyl including
pol yhal ogenat ed al kyl

[ ] r ogxampl e, the
conmpound has the foll ow X ure VI-1 A Formul a
VI - 1A H

O

it

HY

G moac
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[0284] Exenplary stereochem stry can be as foll ows:

[ 0285] For exanple, an exenplary conpound of Fornula
wohodsags2he foll ow ng structure and st er eochenPerU2005/014846

VI-1B: Formula VI-1 B [0286] Another exanple, the

conpound of Formula VI has the follow ng structure and

st erjezzahen Bt syme/kemb&dimentsyutha odmpdun@s [d@2B7iuigel18i may have the

enmbodi nents al so_provi har maceut jcal | . e
oA AR B U PL P EoTHGnE SHEo i B Py Bstlorine

[-VI, and provide neth of obtaining and purifying

such conpounds by thg net hads c%gclosed herein. [0288]

The term "pro-drug esfter,&lespgcially when referring

to a pro-drug ester o he'C und of Formul a

synthesi zed by the nethods (i sEl osegoherein, refers to

a chem cal derivative of the-cenpgund that is rapidly

transforned in vivo t g e clompound, for

exanpl e, by hydrolysis 1n\p ¢ i nside tissues. The

term"pro-drug ester” refgip te derivatives of the

conpounds di scl osed herei nfforged by the addition of

any of several ester- or tYioesterform ng groups that

are hydrol yzed under physio\ogical conditions.

Exanpl es of pro-drug ester groups include

pi voyl oxynet hyl , acet oxynet hyl, phthalidyl, indanyl,

and net hoxynet hyl, and thiogester, as well as other

such groups known in the art, ilhéiuding a

(5- 0234%0" hn 3oflk o@fﬁdoﬁﬁ‘é&ﬂ%,y ¥ile) %}%ﬁhd WropRmuft 185 may have the

prodrugs can be prepare preparing a correspondi ng )
fotlowing steepchemistiyeexempipied i thefcompeyadrph %@{muﬂﬂ/ﬂ-ﬂ@d@ﬁ@d& is chlorine:

with an appropriate thiol uch as thi ophenol,

Cysteine or derivatives heregf, or propanethiol, for

exanpl e. O her exanpl es |of -dr 5§ter groups can

0]

zT
T

JHIt

126
[0226] Tn some embodiments, the compound of Formula II may have the following

structure and stereochemistry, exemplified by Formula II-27, where R, is ethyl:

[HITm

///Ilm,,
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be found in, for exanple, T. Hguchi and V. Stella, in

"Pro-drugs as Novel Delivery Systens”, Vol. 14, A C S
wepopaesam Seri es, Anerican Chem cal Society (2OTAB2005/014846

and "Bioreversible Carriers in Drug Design: Theory and

Application", edited by E. B. Roche, Perganon Press:

New [vea7k, 1 @ne(ch@Bdime(sy thy cahprgné xbfpiek Ibmagsewrthe following

useful as prodrugs for.co unds cont ai pi. ng carboxyl ..
Sl )0 P AR SBSGY AT FETEs S PP EIERLRp bmplified by
FoR@hIg 28l REQE ROTsahatihlby reference in its entirety.

[0289] The term "pro-drug ester," as used herein, also

refers to a chepitalderivative_a e compound t hat

is rapidly transfornmefl inyvivo to yield the conpound,

for exanple, by}hy i i

" phar maceut i cal steptd s€d her ei n,
and particularly whenyre€erri maceyT cal |y
acceptable salt of a 3 | ae
I-VI, and For nul nt hesi zed by
t he net hods di scl ose RY—O
pharmaceutical ly hpound, and
preferably refers tofan &cid addition/salt ofa

conpound. Preferred &xanples of pharnmaceutically
acceptable salt are thegag kali netal salit28 (sodi um or
potassium, the alkaline earth netal salts alci%

m. or .
magn¥328in) . Tosoramershfdimanialhe somprmguel HormHe prgluy azidoethyl
as]c R OWr QQ’QH&T@C QUAHEA! ekéﬂmﬁ&? %%@Mn@, RIraad IE2R Had) e folloWing structure
exanpl e - C7 al kyl am ne, cycl ohexyl am ne,
aridrsieegoblsgmodtari ne, et hyl enedi ami ne or
tris-(hydroxymet hyl)- ammaQmet hane. Wth respect to
conmpounds synt hesi zed Py theynethod of this enbodi nent
that are basic am nes, | thd,pfeferred exanpl es of
pharmaceutical ly accepfabl e\ s are acid addition
salts of pharnaceutical l Bf'e i norganic or
organi c acids, for exanple, hydrohal ij,c, sulfuric,
phosphoric acid or aliphatig_og ar tic carboxylic or
sul fonic acid, for exanpl e/acel] succini c,

TR

II-29

Na
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lactic, malic, tartaric, citric, ascorbic, nicotinic,
nmet hanesul foni c, p-tol uensul fonic or
woapdsiobgd2enesul foni ¢ acid. [0291] Preferred PCT/US2005/014846
phar maceutical conpositions disclosed herein include
pharmaceutically acceptable salts and pro-drug esters
of t{oE29¢ oNpUlKEheOdmbodintBdtsathe lcotpountid aff Frethula it mpy iriciude gropyl as
by the nethaods di scl osed herejn. Accordingly,. if th
R PR r BT RABGUHOM: PPt DD g Hefoli b Sructur and
stdrfchdrmtg. m xi ng of the pharmaceutical excipients and
the active ingredient inits salt form then it is
preferred to use phar ical excipients which are
non-basic, that is, eithe; atidic or neutra
excipients. [0292] It Wil INpge aiso appreciated that
t he phrase "conpounds a ( sj@H ons conprising the
conpound, " or any |ike phraseXfs neant to enconpass
conmpounds in any suitable f@rn@for pRar maceut i ca
delivery, as discussed in gul detail herein. For
exanple, in certain eghed
compositions conprising t
phar maceuti cal | y accept abi'g t he conpound.
[0293] In one enbodi nent tjie cdnpounds can be used to
treat mcrobial diseases, gancer, and inflamation.
Di sease is neant to be conskrued broadly to cover
i nfectious di seases, and al o adt0i mmune di seases,
non-infectious di seases apgl chronic conditions. In a
preferred enbodi nent, the disease is caused by a
m crobe, such as a bacterium a fungi, and protozoa,
for Eﬁﬁpp | e.gifinG B BRASIY cHRSouBY 1BrSflaé TEBUARA TN, have the
steps of adm nistering conpound or conposition
fotlowjpg istsictyye bivestereaspouistly:t o an i ndi vi dual with an
i nfecti ous di sease or can The conpound or
conmposition can be adm pi ed i n an anmount effective

pam nt

T

I

Cl
Formula II-31 and 1I-32
[0231] Other exemplary compounds, Formulae II-33, II-34, II-35 and II-36, have the

following structure and stereochemistry:
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i nfectious di sease, cancer or inflammtory condition.

[0294] The infectious di sease nay be, for exanple, one
woams@dstay Bacil | us, such as B. anthraci s and BCT/US2005/014846

cereus. The infectious di sease can be one caused by a

protozoa, for exanple, a Leishmania, a Plasnodiumor a

Trypanosoma. The conpoung-0 onposition can be

adm ni stered with a pharfmaceutli cal | y acceptabl e

carrier, diluent, excipilent, gand the |ike. [0295] The

cancer may be, for examphe, A& nultiyode nyel oma, a

col orect al carC|nonﬂ* a prostate arci noma, a breast

adenocar ci noma, a non-snal | fung gdrcinoma, an

ovari an carcinoma, a nel ano { i ke.[0296] The

i nflanmat ory condition na edanpl e, rheunatoi d

arthritis, asthma, nmultiple m® psoriasis,

stroke, nyocardi al infarctivomy rqperfu5|on injury, and

the like. [0297] The term "hgf ogen atom" as used

herei n, means any one of the Xadi o-stable atons of

colum 7 of the Periodic Table\of the El enents, i.e.,

fluorine, chlorine, bromne, of iodine, with bromne

and chlorine being preferred. [[0298] The term "al kyl , "

as used herein, neans any unbcanched or branched,

substituted or unsubsti ted hydrocar bon,

with CpC2 preferred, %P Fd%iﬁ ﬁﬁgnched or branched,

saturated or unsaturated, unsubstituted or substituted

hydr ocar bons being nore preferred, and with nethyl,

et hyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,

and byl bﬁ' sOfhe oIS

su bs?ﬂg u%/ed satu rlgglt%g%%&% slg{:%%gons thhcgl 4 Hamay nclude cyanoethyl
aprBuf &lpF samples fheceompoung n@f FammenladiI-3% s plée - fedlpwiggnstructure  and

S@&Q§kh&%ged saturated hydrocar bons and
am no stituted hydrocarbons nost preferred.

I
Lanidil]
O

Hie

I1-37
NC

[0233] In another embodiment, the compound of Formula I may include

ethylthiocyanate as R;; for example, the compound of Formula II-38 has the following structure

and stereochemistry:
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[0299] The term "substituted” has its ordinary

meani ng, as found in nunmerous contenporary patents
wobnawoéesrel ated art. See, for exanple, U S. Paraistoos/014846

Nos. 6,509, 331; 6,506, 787; 6,500, 825; 5, 922, 683;

5,886, 210; 5,874, 443; and 6,350,759; all of which are

i ncorporated herein in ik entireties by reference.

Specifically, the definition]of substituted is as

broad as that provi ded{ . Batent No. 6,509, 331,

whi ch defines the term TN

it refers to an al kyl group, p

10 carbon atons, having from 1 -t o5

preferably 1 to 3 substitu

group consi sting of al g ut ed al koxy,

cycl oal kyl, substituted cys| oall o cycl oal kenyl

substituted cycl oal kenylywagyl i acyl am no, acyl oxy,

am no, substituted am no, i ngéacyl, ami noacyl oxy,

oxyacyl am no, cyano, hal ogép, hydroxyl, carboxyl,

car boxyl al kyl , keto, thioketo, thiol, thioalkoxy,

substituted thioal koxy, aryl, aﬂyﬁ%xy, het er oaryl ,

het er oaryl oxy, heterocycincg, heterocycl ooxy,

hydr oxyam no, al koxyam no, nitro, -SO al kyl,

--SO substituted al kyl, -SOaryl, -SO heteroaryl,

~SQ2{@ky! . m SR E&U&ﬁﬁibﬁtyt‘c&dccﬁ{ﬂ@ﬂﬁds of $eBnas vl mzﬁﬁ@lclu&Q thiol as

2- heteroaryl The other above-|isted patents al so
RoyrfoRaxamplst AndEhe cgemplam PR giornpia Iﬁ%gr ks the following structure and
stel%Har%Fnllsttrytm kbat alﬁﬁlea ehil subERESIBAE: Ly t hose of

ski in"the art [0300] 'The term cycloalkyl refers

to any non- aronatlc hydr o ring, preferably

having five to twelve ato rising the ring. The

term"acyl" refers to al aryl groups derived

bstituents, and
cted fromthe

[ 0301] The tern1"a|keny| " as us herei n, means any
unbranched or branched, substniuted or @nsubstltuted
unsat ur at ed hydrocarbon i nclu : unsat ur at ed

hydr ocar bons, o

Hiw

II-39
RS
[0235] In a further exemplary compound, the sulfur of the compound of Formula II-
39 can be oxidized to a sulfoxide (n=1) or sulfone (n=2), for example, as in the compound of
Formula 11-40:
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wi th Cl-C6 unbranched, nono-unsaturated and
di -unsat urated, unsubstituted hydrocarbons bei ng
wonefomrses, and nono-unsaturated, di-hal ogen PCT/US2005/014846
substituted hydrocarbons being nost preferred. Thetepn
"cycl oal kenyl" refers to any non-aronmatic hydrocarbon
ring, preferably having fi o twel ve atons
conprising the ring. [0302] Th terns “aryl,"
"substituted aryl," "het and "substituted
heteroaryl," as used her bR aromatic
hydr ocarbon rings, preferably g five, six, or
seven atons, and nost preferahl yshavi ng si x atoms
conprising the ring. "HeteroaNy: "substituted
heteroaryl," refer to argmatf c hydrocarbon rings in
whi ch at | east one heteroat . ooxygen, sul fur,
or nitrogen atom is in thﬁmr' ialong with at | east
one carbon atom The term er gcycl e" or
"heterocyclic" refer to any clic conpound contai ni ng
one or nore heteroatons. The Substituted aryls,
het erocycl es and heteroaryls n° bé4&ubstituted with
any substituent, |nclud|ng(% se descri bed above and
those known in the art k ] The term "al koxy"
refers to any unbranched, or branched, substituted or

unsubstituted, saturated or unsatur et her

G - U8 EInr hbTRE e PR BESLOHCHb o P U GUMEERp B ormue 1 may
1nplﬁﬂfpg 104 :g'r&ﬁfj forNxahp RE L Hateyerh @k RE c@rh@cfu@ﬂsr gd8 @n 19, or another

also wth dinethyl, diethyl, nethﬁblsobut

lepnsh gloup,esueh 8 yYlfoptn €pisr- aPAHEBEIPIGS s %’f‘*@os“%‘?*ﬁ’ée (mesylate) of
1.g¥.cl oal koxy" refers to any non-aromatic

Fﬁﬁﬁggcgybon ring, preferably having five to twelve
atons conprising the ring. e
refers to any linear, bran he%
unsat ur at ed, allphatlc or
a carbonyl group. The exanp | fdeHmet hoxycar bonyl
group, ethoxycarbonyl group, propyNekXycarbonyl group,
i sopr opyl oxycar bonyl group, but@MyGarbo group,
sec- but oxycar bonyl group, tert- bonyl group,
cycl opent yl oxycar bonyl gr

erm "al koxy carbonyl"
yclic, saturated,
J/c & koxy attached to

e

| \__3

w

[0237] In some embodiments, the substituent R; of the compound of Formula IT may
include electron acceptors. The electron acceptor may be, for example, a Lewis acid, such as a
boronic acid or ester. An exemplary compound, Formula II-42, has the following structure and
stereochemistry, where n = 0, 1, 2, 3, 4, 5, or 6, for example, and where R=H or alkyl, for

example:
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cycl ohexyl oxycar bonyl group, benzyl oxycarbonyl group,

al I yl oxycar bonyl group, phenyl oxycarbonyl group,
woyonietéazycar bonyl group, and the |ike. [0304PCThis2005/014846
. terms "pure," "purified,” "substantially purified,"

and "isol ated" as used herein refer to the conpound of

t he enbodi nent being free of other, dissimlar

compounds with which the conpound, if found in its

natural state, would be ted inits natural

state. In certain enbodi escri bed as "pure,"

"purified," "substanti al i/ fi " or "isolated"

herei n, the conpound may c H east 0.5% 1%

5% 10% or 20% and nost prefergly at_ | east 50% or

75% of the mass, by weight, oﬁ a yi ve (ﬁanple. [ 0305]

The ternms "derivative," "vari T other simlar

termrefers to a conpou

ot her conpound. [0306] Certal

Formul a |-Vl can be obtai net™g

obt ai ned vi a seni-synthesis(f m7~puri fi ed conpounds as

set forth herein. Generally) \Wihoul-4being linmted

thereto, the starting conpoundg, such as Conpounds

11-16, 11-17 and 11-18), bel o, sgp be obtai ned and

the various anal ogs can be ®/nt hesi zed therefrom

Exenpl ary nonlimting syntheses are provided

herei n. Production of Starting Conpounds 1-7, 11-16.

11- 11023%d 17uather gxpmplyry cpmpopeds i Fypmulg 10-4% azg, dhey gorgppunds of
F(grgl%fyﬂl-d—ﬂ,ewﬁ&g U8 th @R=Pf a8d Het doRBPoGIBOPRS1a1H-42B, where n=1 and

11-16, 11-17, 11-18, 11-20, 11-24C, 11- 26, p-27 and
R$H: 28 can be carried out by cultivating strain CNB476

and strain NPS21184, a natural variant of strain

CNB476, in ble nutrient megiumypnder conditions
descri bed hgereH pref erably unde
condi ti ons, \ynt ubstantial a f gonpounds
are detected PRent ati on; 8¢
extracting the aﬁti

N

~=40 conpounds of
nd purified or can b e

\\“‘f'

Hie
[1-42B
HO/’B\\
HO/B\ OH
OH
[0239] In some embodiments where the substituent R; of the compound of Formula

II includes an electron acceptor, the electron acceptor may be, for example, a Michael acceptor.
An exemplary compound, Formula II-43 has the following structure, where n =0, 1, 2, 3, 4,5,6,
and where Z is an electron withdrawing group, for example, CHO, COR, COOR, CONH,, CN,
NO,, SOR, SOR, etc:
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fermentation broth with a suitable solvent;
concentrating the solvent containing the desired
woaoponenss; then subjecting the concentrated ParEISR@E/014846
to chromat ographi c separation to isolate the conmpounds
fromother netabolites also present in the cultivation
medi um [0308] The cul (CNB476) was deposited on
June 20, 2003 with the Amerjcan Type Culture
Col l ection (ATCC) in MD and assigned the
ATCC patent depositio ! Thg 5275. Strain
NPS21184, a natural variant Strain CNB476, was
derived fromstrain CNB47aqas a sipgle colony isolate.

G aII of the
reqU|renents of the Budap y. The culture is
al so mai ntained at and j : rom Ner eus

Phar maceutical Culture ecEion at 10480 Wateridge
Crcle, San D ego, CA 9211% ) Lajpddition to the
specific m croorgani sm des
understood that nutants, s
use of chem cal or physic mut agens i ncl udi ng X-rays,
etc. and organi sns whose genetic makeup has been
nodi fi ed by nol ecul ar bi ol agy techni ques, nay al so be

cultivated to produce the starti C n 1-
11- 10401 1- 14 frfhengmpipn. opgpoynd. of Kprmofa 9415} e i dofpound of Formula
- L f strain CNB476 and straln NPS21
IL%%ﬁaﬁggggfgﬁigﬁﬁggﬁgn of conpounds can be achi eved at
t enper ature conduci ve satisfactory growh of the
produci ng organism e./g. frgm 16 degree C to 40 degree
C, but it is preferab t onguct the fernentation at
22 degree C to 32 degr " ueous nedi um can be
i ncubated for a period of ti necessary to conplete
the production of conpounds$t ag nonizdred by high
pressure |iquid chromatogr ‘hﬁ C), preferably for
a period of about 2t days{ on a rotary shaker
pm preferably at

operating at about 50 rpm\t{o
150 rpmto 250 Hun

ribed herein, it should be
h as those produced by the

fot

CO,CHj
[0241] In some embodiments, the compounds of Formula II may include an alkenyl

group as Ry, for example, ethylenyl. A further exemplary compound, Formula II-46, has the

following structure and stereochemistry:
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rpm for exanple. The production of the conpounds can
al so be achieved by cultivating the production strain
wonow/ksaseact or, such as a fermentor system t REE/US3005/014846
suitable for the growh of the production strain.
[0310] Gowmh of the mcroorgani sns can be achi eved by
one of ordinary skill of rt by the use of
appropriate nedium Broadly, sources of carbon
i ncl ude gl ucose, fructos ose, maltose,
gal actose, mannitol and g ther sugars and
sugar al cohols, starches an car bohydrates, or
car bohydrat e derivatives such was ﬂextr m, cerel ose, as
wel | as conplex nutrients suc : Iour corn
neal, mllet, corn, and [ exact quantity
of the carbon sour ce that in the nmedi um
wi |l depend in part, upon {he- er ingredients in the
medi um but an anount of carbgphyd ate between 0.5 to
25 percent by weight of the di um can be
satisfactorily used, for exa e. These carbon sources
can be used individually or severaH-4$uch carbon
sources can be conbined in the sanme nedium for
exanpl e. Certain carbon sources are preferred as
her eil#?42} er Qétr domphry §od@odld, Formuboliri@ egn biveriha folgwing structure
" ¥§mﬁm%mms no acids such as glycine, arginine,
PhYéshi fie t hi oni ne and the like, ammoniumsalt, as
wel | as conpl ex sources sutfh~as yeast extracts, corn
steep liquors, distiller , Soybean neal
cottonseed neal, fish : papt goe, and the |ike. The
various sources of nit@0ge e used alone or in
conbination in anounts ranging from @ 5 to 25 percent

by wei ght of the nmedium for Xﬁﬂpﬁgf [0312] Anopbng the
ch [can be incorporated in

nutrient inorganic salts,0
the culture nedia, are the g ﬁﬁﬁy salts capabl e of
grEesi um cal ci um

yi el di ng sodi um potassi um

11-49

C
[0243] In some embodiments, the compounds can be prodrug esters or thioesters of

the compounds of Formula II. For example, the compound of Formula II-44 (a prodrug thioester

of the compound of Formula II-16) has the following structure and stereochemistry:

a
eanttll]
(@]

Hwwe

[Htfee.

0] OCHs

C
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phosphate, sulfate, chloride, carbonate, and like

ions. Also included are trace netals such as cobalt,
wornpangre, iron, nolybdenum zinc, cadm um aRdTUSE005/014846

| i ke. Pharmaceutical Conpositions [0313] In one

enbodi nent, the conpounds disclosed herein are used in

phar maceuti cal conpositions. The conpounds optionally

and ef er apl re produced by the [ -

ner P ol din Bt s AR e ol o FEHAL B8 @ PR niocsir o
thPbppaRGE Fofalla BAMpies itel folsvinpsteiusd ang s@reochemistry:

phar maceutically acceptable carrier prepared for

storage and subsgque adm ni stration. Al so,

enbodi nents rel pharmaceutically effective

anmount ofthe pr conmpounds di scl osed above in

a pharnmaceuti cal | e carrier or diluent.

Acceptable carriers or dfluents for therapeutic use

are well known in thd]pharmacgutical art, and are

descri bed, for exanpfe, 1N 's Pharnmaceutica

Sci ences, Mack [ nnaro edit.

1985), which is inco G reference in

its entirety. Pres&t\yatiges, stabilj s, dyes and

even flavoring agent§ can be provi

phar maceuti cal conposjti on®4or exanpl e, sodi um

benzoate, ascorbic achNd and esters of p-hydroxybenzoic

aci d be td | ik ITDA has the followin

anti@zéﬂant£§g%§g§§%b§%§§%g%§é§n gﬂgéglﬁggused. [ 0314] ¢
stthhi@recandptospthienustry: parti cul arly those of Fornul ae |-V,

can be fornul ated and used as tablets, capsules, or

elixirs for oral administration; suppositories for

rectal administrat|mQ; sterile solutions, suspensions

for injectable admww Syr@ti on; patches ﬁqg t ransder nal

admi nistration, and siib- mal % posits]and the |ike.

I nj ect abl es can beopLepar et enti onaboH or ns,

either as liquid sohuw |pﬁ) or _suspensions, solid forns

suitable for solutiorl or sus@énsion in liquid prior to

i njection, or as enul gions. Suit@abl e excipients are,

for exanpl e, cl COOH

11-48
[0246] In another example, the compound of Formula II-50 (prodrug ester of the
compound of Formula II-16) has the following structure and stereochemistry:

Cl

11-50

Compounds of Formula IIT

[0247] 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 IIL:
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wat er, saline, dextrose, mannitol, |actose, |ecithin,

al bum n, sodium glutamate, cysteine hydrochl oride, and
woheosleées I n addition, if desired, the injectabiraS2005/014846

phar maceuti cal conpositions nmay contain m nor anmounts

of nontoxic auxiliary substances, such as wetting

agents, pH buffering ageng and¢ghe l'ike. If desired,

absor pti on enhanci ng prep s (for exanple,

| i posonmes), can be utilized. [{0315] B®harnmaceutica

formul ations for par ent er ajf2adni nigtrati on incl ude

'3 ctive caonpounds in

wat er - sol ubl e form Addit onal_lhEsuspenS|ons of the

active conpounds can be pr ed a$ appropriate oily

I nj ection suspensions. SU|:apIe l'i pophilic solvents or

vehicles include fatty oﬂﬁ@ such as sesame oil, or

ot her organic oils such as soybean grapefruit or

al nond oils, or synthetic Hoattlyllaci d esters, such as

et hyl ol eat t d | A
i 2loefin’ s da Serts sRbSR o i uel Bneas HE R erampte, o
e S Bald ﬁ y h‘rﬁ)ﬁ@-&lﬂsﬂtu&ﬁ 4 belysulsprirs @nan lﬁ‘lﬂlﬂﬁtlﬁl&d variant of the

I um car net h cel | Iose
f"@BWé iy e épé h s iraied SrSon iRl e b ol seyl
c?fo§9' | LERbSycAboRISHL S I’Mcdr%&%ﬁ§e teakdl, Uhiyhlloﬁlker@f alkoxy,

onpounds to allow for the preparation qQf hj

cysloatkexs. pat.dietesenrydt @r@]la,g(oxy[ gaglicgl}y p]lfg}yr%w}ae)é{ ammg an¥1nocarbony1
1&@&% ?fok? %J QLid&Y ﬂjsnyy %Zdr%ﬁf' Iaﬁ?ltﬁlgta@jflﬂﬁd onsuﬁ&mmcﬁibBﬂy, cyano,

e acti ve corrpoun S Wt excl pl ent Optl onal | 1\_1/
thipy, iswidixirly, sulfoos (Aulfprats eioks, thiecyanm dbopmascasidsi 49g epiges, and halogenated

al@}%ﬁﬁlfud?nr% Jo g@lﬁ]%?éﬁé@& al f tP%f eﬁgglenﬂ cﬁl%eteas’a{l% 1 or 2, When n is equal to

esir tain tablets or dragee
2,cthe esgbstifants abh de etbxec Bapmeem &malveedlfﬁewnbaﬂ"m deghed ling |11141<@F€‘§ that the

de&*gngtsﬁ(?ntﬁdg {hg eHm l uo%ld%ga d&%ﬁ g, SUcCrose, manni t ol ,

reparatlons such as, for
ex anm2e9] WBIIﬂ&:eﬁztlﬁreﬁfbodlmhﬁatRﬁmaY bh, for iexmpi¢, drydivgen, a halogen, a

melécr fLﬁ)?tggftg ﬁya}y%%{}%lﬁ%ﬂ Pﬁg{ln ! ru%gt&\'ma g ltvgltsl%nqe oP ¥he following residues:

saturated C;-Cps alkyl, unsaturated C,-Cy4 alkenyl or C,-Cy alkynyl, acyl, acyloxy,

i

art

alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,
heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy,
nitro, azido, phenyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, thio, sulfoxide,
sulfone, sulfonate esters, thiocyano, boronic acids and esters, and halogenated alkyl including
polyhalogenated alkyl. For example, m can be equal to 1 or 2. When m is equal to 2, the
substituents can be the same or can be different. Some embodiments include the proviso that
Formula IIT is not Compound II-16 or Compound II-17. Further embodiments include the proviso
that R, is not cyclohex-2-enyl or substituted cyclohex-2-enyl. Also, each of E;, By, Es, E4 and E;
may be, for example, a heteroatom or substituted heteroatom. For example, the heteroatom can
be nitrogen, sulfur or oxygen.

[0250] In some embodiments, preferably R; is a substituted or unsubstituted C; to Cs
alkyl. For example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, and pentyl are

preferred. In some embodiments, R, is not a substituted or unsubstituted, unbranched Cs alkyl.
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sodi um car boxynet hyl cel | ul ose, and/ or
pol yvi nyl pyrrolidone (PVP). If desired, disintegrating
wageasstiesean be added, such as the cross-|inkedPCT/US2005/014846
pol yvi nyl pyrrolidone, agar, or alginic acid or a salt
t hereof such as sodium al gi nate. Dragee cores are
Canipovidd efl Fomrtule 1¥ui table coati ngs. For thispurpose,
con ate t|on c :
opt F[g% g)(t)l??f BOdS rr% [ cco a l%s %gﬁilebh:@ﬁé ﬁikbrmmga class of
copipbundk,i @Eﬁﬁwceﬁﬁd‘aﬂi@ pﬁﬂcelgﬁjle soltd emdl hydoeimg ghtgisokthereafidvberein the
tIHgﬁlun]dIOXIdgb # gr@g sol utions, and suitable
COFPHUITF RSP TENES or© ht nixtures. Dyestuffs or
pi gnents can be added to~the tablets or dragee
coatings for identifigationjor to characterize
di fferent conbinati ons ' onpound doses. For
thi s purpose, concentis gae~Sdl uti ons can be
used, which nay optiopalTy contlain gyp arabic, talc,
ponV|nyI pyrrol i don&star bepol{ gel / pol yet hyl ene
gl ycol, and/or titanium di gxi de] cquer sol utions,
and suitabl e organic s® ts dr sol vent m xtures.
Dyestuffs or pignents can b ded“to the tablets or
dragee coatings for identifjcatlion or to characterize
di fferent conbi nations of( stlﬁe conpound doses. Such
formul ati ons can be made usi'ng met hods known in the
art (see, for exanple, U $oRaient Nos. 5,733, 888
(i njectabl e conpositions); 5,726,181 & oorly water
sol uwrzéz]conﬂwmy embodiopnte Ahe celsimgn EtFmEt | apd st jpp separately
1nglr %7%!1361? %B IE @Shono %u‘t%ﬁ&te%ogp&ﬂ/ hﬁ:@i@t‘ﬂ{eh 'oParﬁQﬁﬁEsﬁ@uted variants

‘i'zing neric agents); 5,7
of( taéltﬂbl}o\mr[@ﬂemﬂmsmdtlaatﬂi) 635324 ﬁky@wsmteé ,5131%4 @Rﬂnat ar Cz'C24 alkynyl,

a anl 5 qg(g,gt P%}ogydagSA'{élg%gl % 1%?}%%%' &)&gyglzgg@i% gcloalkenyl alkoxy,

c;fcﬁiafkaﬁ}e af)@ rlﬁﬂiﬂréﬁrylp ms)alkoﬁy 6468098 Télk(oky qub«mylacyl amino, aminocarbonyl,

formul ati ons 5 roll el
aq;uapqﬂhogth&n%l 0 aaﬁaiosp ?[ g%@' %(é 8% ragfy Cffnfobgrﬁuﬁl?lg’t oxgsul onyl, carboxy,
cyahd, Bo, WhilfXid@r ilfohis; OJulforiadd esteise itdcyardy bosér ecide andh esters, and

their entireties. [03 i sclos
h@@g@p@e&albﬂaflﬁ%%mlﬂ& %&%&i‘wﬁ 80t B i Bt B A s oan be 2
hAbBsIRCEU LI Ruteal fetdr@tohiS®S dxB@ple] ABloGEs dutfl ©Aloxygen. In some

I ntraocul ar, intranasal, and
embodiments, R; is not a hydrogen. n is equal to 1 or 2. When n is equal to 2, the substituents

can be the same or can be different. Also, mcanbe0,1,2,3,4,5,6,7,8,9,10,0r 11 and if m is
more than 1, then Rs can be the same or different. Furthermore, the substituents Rs may form a
ring, for example, an epoxide. The dashed line indicates that the designated bond is either a
single bond or a double bond.

[0253] In some embodiments, preferably R is a substituted or unsubstituted C; to Cs
alkyl. For example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, and pentyl are

preferred. In some embodiments, R; is not a substituted or unsubstituted, unbranched Cg alkyl.
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i ntraauricul ar delivery. Pharmaceutical fornulations
i ncl ude aqueous ophthal m c solutions of the active
woanpoastds i n wat er-sol uble form such as eyedPOPAIS2M5/014846
in gellan gum (Shedden et al., din. Ther.,
23(3):440-50 (2001)) or hydrogels (Mayer et al.
Opht RS54 ogincame Emb)r(dzmentsl Otk-s@bs(ileRs B) mayp pive hsd i for example, a di-
n ht hal n SNSP ensi
sSEbEE T oneais o Ty frg SBRPERBRE AR e fohgping sreture -1,
withr tihd | veishounh atxemaplerys u&macitéﬁﬂismyn (tae | wepyi dboodirliieer indicate that any
medi.um, %}]osh'ta,t. A r?i]994 J Ccul Pharmacol 10: 29-45),
SteregPhe i P EtPR AP Yt Pons (A m et al., Prog. Clin.
Biol. Res., 312, 44%58 (1989)), and rospheres
(Mordenti, Toxi cL, 52(1):101 ; and
ocul ar inserts Of hhe above- ment Hone¢d ref er ences,
are incor pe i nj by, refer
entireties. Such /[Suital

are nost often and preflerabl y fornul S be
sterile, isotonife aNd. duffgfed for ab“l i fy an
confort. Phar ace i cal cogpo& tions y\al‘sv-ﬁ/cl ude
drops and sprays ten [prepared t® | at g i n| many
respects nasal sgah®tTgns To ensure nmaiN aree of
normal ciliary actifon ciAs di scl osed H'N"Remzngt on' s
Phar maceuti cal Sci ences (Mack Publishi §g, E8th
Edition), which is Nncorporated herein Yy reference in
its entirety, and wel | -known to those skilled in the

art, suitable fornulfati ons are nost: oftgn and

preferabl y isotonicy slightly buffered yo maintain a

pH of 5.5 to 6.5, ard m)st often and pr@ferably

i ncl ude anti-m crobi al It%g aaf\} ¥es and appropriate

drug stabilizers. Phar rmceu ica ornmul ati ons for

i nt r 4e256] cul Ry ndelihsledey fornedamdb Sydrpgans iflovgnea ebllorine, bromine and

N A AR S S A el

satiseltuvd] eIpo]&&ﬁﬂs‘ﬁ}utémmnmtibsﬁﬁlteamaﬂmw of thA d@lﬁqwmg residues: saturated

Cg_gi i -inf Lq%ﬁmtgg%ﬁg% o‘%ﬁ elg °’i: %_ '}P oxy, aﬁcgzloxycarbonyloxy,

%@%b&n&%ﬁﬁ dyolehli Gﬂzld’_aﬁcreﬁ&ﬂ ﬁﬁ‘oﬂy Wcl&ﬁd@xﬁearyl heteroaryl, arylalkoxy
adm ni stered by either oral non-oral pathways.

Whe
cHamhi @k@yé@r‘r@pgpqy}, amipo, Caérﬁnqgér bonyl, aminocarboyloxy, nitro, a21do phenyl,
hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, thio, sulfoxide, sulfone, sulfonate

n
olgﬁn, a mono-

D3

esters, thiocyano, boronic acids and esters, and halogenated alkyl including polyhalogenated

alkyl. Further, R and R; both can be the same or different.

-61-



adm ni stered in capsule, tablet, granule, spray,
syrup, or other such form Wen adm ni stered

waamoeorg2fy, it can be adm ni

stered as an aqueBds/US2005/014846

suspension, an oily preparation or the |like or as a

drip, suppository, salve, o

ntnent or the |ike

when _
admi A0Pkr edF i saimilee ar ieyemplanrompamdoefsFymula IV has the following
dridaiapeni toneal |y, intravenously, intranuscularly, or
the like. [0319] In one enbodinent, the anti-cancer,

anti-inflammatory or antj~<

addi ti onal substances to enhahce

I n one enbodi nent, the anti

an addi tional anti-m cpObial~
the anti mcrobial id9conbined w

medi canent that is hel pfulot
anti mcrobials. [0320] 4

adm ni stered or used in conb\natijon

such as chenot her apy, radi

crobial can be mxed with
heir effectiveness.
mjcropi gy is conbined with

th a grug or
Na—gatiefit that is taking
onpqundg can be

ith treatnents
and bi ol ogi c

therapies. In sonme enbodi nent/s tﬂe conpounds can be

adm ni stered or used with a

henot her apeuti ¢ agent.

Exanpl es of such chenot herapeWtics include Al kal oi ds,

al kyl ati ng agents, antibioti
enzynes, hornones, platinum
i mrunot her apeuti cs (anti bodi

cs/, antinetabolites,
conpounds,
, T-cells, epitopes),

bi ol ogi cal response nDdifierSB(BRNB), and the like.
Exanpl es include, Vincristomsila M-hbl asti ne, Vi ndesi ne,

Pacl i | [ ). t [, .t ' . .
ac I(SZ%)ffS (e%’? Iéj%%l)m%)%%F g?rae):(x%%q le( E?(%B Seglrgl{elc%?l%pc&logﬁ, bromine and

inhi$|to odop oxXl
ioBgri posi de (VM 26)), Canpt ot

hecin, nitrogen nustards

| omud ERRE P BT s R B Hech R e,

t hi ot epa and mtocycin C

ctinonycin (Actinomycin

D), anthracycline antibfotics)] (Daunorubi cin,

Daunonyci n, Cerubi di ne)
| dar ubi cin (Idanycin&6

Hive
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(M toxantrone), Bleonycin (Bl enoxane), Plicanycin
(Mthranycin, Antifolates (Methotrexate (Folex,
woRN®IR3RS purine anti metabolites (6-mnmercapt opBCTMNS2005/014846
. (6-MP, Purinethol) and 6- thioguanine (6-TG. The two
maj or anticancer drugs in this category are
6- NefpssNt OPWoi BRandd] - exefbREU8dhgdRNd of Formula IV has the following
Chl or odeoxyadenosi ne and Pentostatin, Pentostatin
stiuptureddodéy cof or nyci n), pyrim di ne antagoni sts,
fl uoropyrimdines (5-fluorquracil (Adrucil),
5-fl uor odeoxyuridine (FAUrd)Y(Fl oxuridine)), Cytosine
Ar abi nosi de (Cytosar, d dar abi ne,
LASPARAG NASE, Hydr oxyy ehucpHcdtti coi ds,
anti estrogens, tanpx onst €r oi dal 5 anti andr ogens,
flutam de, aromatase inhibitas |
Anastrozol e( Ari rni dex), at ', g- Mercaptopurine
and Thi oguani ne, Met hot? Gyt oqan, Cyt ar abi ne,
L- Aspar agi nase, Steroids: rEsoné® and
Dexanet hasone. Al so, prot&asdne | nhibitors such as
bortezom b can be used in c ination with the instant
conmpounds, for exanple. Exanphl es of bi ol ogi es can
i ncl ude agents such as TRAIL anti bodies to TRAIL,
i ntegrins such as al pha-V-beta-3 (aVb3) and / or other
cytoki ne/growth factors that fare involved in
angi ogenesis, VEGF, EGF, FGFRand PDGF. In soneaspects,
the conpounds can be conjHgat,edyt or delivered with
an anti body. The above-described conbi nati on net hods _
can [260ised Rsomdyr ieltdea frampmply, lofdragem (Vi3 nuorine (IV-3B), chlorine

' di n r.and.n tic di seases,
ﬂ&%ﬁba 'ﬁ?gﬁ?ﬁgﬁﬁgﬁg%Fggﬁgﬁfinfections. Met hods of

Admi [0261] at | ExempA32ddredcheraistriadande nafollves:enbodi nent ,

t he di scl osed chenical coppounds and the discl osed
phar maceuti cal conposi ti re adm ni stered by a
particul ar nethod as an anijg |m crwbial. Such nethods

i ncl ude, anong ot hers, Wl nifsi@rati on t hough ora
pat hways, which adm gi Cl udes adm ni stration
in capsule, tablet, granul E
such
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forms; (b) adm nistration through non-oral pathways,
whi ch adm ni stration includes adm ni stration as an
waquseuss2suspensi on, an oily preparation or thecriuseosn14846
as a drip, suppository, salve, ointnment or the |ike;
adm ni stration via injection, subcutaneously,
i nt rjagey i t ondaitibyal etefiplady eousd and sierdorlemigiyskabé §s follows:
intradermally, or the like; as well as (c)
adm ni stration topicall adm ni stration rectally,
or (e) adm nistration hpal |y, nas deened appropriate
by those of skill in the ars Hngi ng the conpound
of the present enbogj Wt o ntact with |iving
tissue; and (f) adn1n|strat|gn Ela c rolled rel eased
formul ati ons, depot fornuPH i nfusi on punp
delivery. As further e es of| su¢h nodes of
adm ni stration and as' furthsr dit sure of nodes of
adm ni stration, discloseddttefeind are various nethods
for adm nistration of the difscl &sed chem cal conpounds
and pharmaceutical conpositi

ns i ncludi ng nodes of
adm ni stration through intraocular, intranasal, and
i ntraauricul ar pathways. [0322] The pharnmaceutically
effective amount of the conpgsitions that include the
descri bed conpounds, includiag those of Fornulae I-VI,
required as a dose w || dep g on the route of
adm ni stration, the type of "a ?nal i ncl udi ng human,
being treated, and the physical characteristics of the
speci fic anlnal under consi derati on. ESI Iga% Qﬁeﬁﬂbwm
tai | BR6H t o FRE IsraRlc. fngeeipRy e9mreupd of fory Berd &
st .factors as weight, diet, concurrent nedlcatlon
and ot her factors which those skilled in the medica
arts will recognize. [0 n practicing the nethods
of the enbodi ment, the {producits og conpositions can be
used al one or in conbination t anot her, or in
conbi nation wth ot her/Therapedt or dlagnostlc
agents. These produdi®s can bedutilized®in vivo,
ordinarily in a manmal , prefegrably igf a

o

Rs
Formula IV-4
[0264] Rs may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.

[0265] Exemplary stereochemistry can be as follows:
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human, or in vitro. In enmploying themin vivo, the
products or conpositions can be admnistered to the
woromsaksi2h a variety of ways, including parent eCaius05/014846
i ntravenously, subcutaneously, intranuscularly,
colonically, rectally, vaginally, nasally or
intraperitoneal ly, enpl oy a variety of dosage
forms. Such nmethods may” al solbe %Pplied to testing
chemcal activity in vijvoH will be readily
apparent to one skill [N $ he useful in vivo
dosage to be adni ni $Pered %nq{thg partsocul ar node of
adm nistration will vary depending upon the age,
wei ght and mammal i an speci eg , the particul ar
conmpounds enpl oyed, and®tT usef or which
t hese conpounds are enplo¥gg, e 0t er mi nat i on of
ef fective dosage | evels, ha i & the dosage |evels
necessary to achieve the def{red result, can be
acconpl i shed by one skilled Nn the art using routine
phar macol ogi cal nethods. Typi¢ally, human clinica
appl i cations of products are commenced at | ower dosage
| evel s, with dosage |evel beilng increased until the
desired effect is achieved. ﬁ&ternatively, accept abl e
in vitro studies can be used to establish useful doses
and routes of admi nistration of the conpositions
identified by the present nethods using established
chhl iRcaeghgal methods. [0325] In non-human ani nal
studies, applications of potential products are )
comi®@edd atSohieghnbpdithentaprovide verhrounds, e mesherdyof profyripe a class of
decreased untj|. the i 1ed fect |
cSEREToq s Mgk DS LRRAOET wt B ploale [RRGREorept, yherein the
cammppundngerepegatttd py Foepéndi ng upon the desired affects
and the therapeutic indigation. Typically, dosages can
be between about 10 miefogram kg and 100 ng/ kg body
wei ght, preferably betjween gbout 100 m crogranm kg and

10 ng/ kg body wei ght. tivelfg dosages can be
based and cal cul ated u sar f ace_area of the
patient, as understoqg,hy those| of 1 in the art.
Adm ni stration is prgf%rablﬁg

a
Eq

E4

i
r

M CH3
(Re)y

Formula V

[0267] In certain embodiments, the substituent(s) R; and Rs may separately include
a hydrogen, a halogen, a mono-substituted, a poly-substituted or unsubstituted variants of the
following residues: saturated C;-Cy alkyi, unsaturated C,-C,4 alkenyl or C,-Cy, alkynyl, acyl, -
acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl,
aminocarboyloxy, nitro, azido, phenyl, oxy, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy,
cyano, thio, sulfoxide, sulfone, sulfonate esters, thiocyano, boronic acids and esters, and
halogenated alkyl including polyhalogenated alkyl. In certain embodiments, each of Ey, E,, B3, By
and Es can be a heteroatom or substituted heteroatom, for example, nitrogen, sulfur or oxygen.

Preferably, m may be, for example, 0, 1, 2,3, 4, 5,6, 7, 8,9, 10, or 11 and if m is more than 1,
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daily or twice daily basis. [0326] The exact

formul ation, route of adm nistration and dosage can be
wohos@asfay t he i ndividual physician in view of PCNAIS2005/014846

patient's condition. See for exanple, Fingl et ah, in

The Phar macol ogi cal Basis of Therapeutics, 1975, which

then Rncorhsothatsade e diéferenbyFmﬁfeancencthe iswbstitusnte Mt innagrt fyl‘m a ring, for

kgrré}\)il, HWE?:&? 2@% v\(ﬁsﬁea%me ng I;crah °3 eﬁap &Ill rdgi %ﬁ%ﬁlb%hc? i e\pfger a single bond
oaddagle adi ni stration due to toxicity, or to organ

dysf ons, Conve ndi n

oul QOERLC KISt Sy et pREETHR Rt 0T G BB iued Oy o C
allfyl.t Rer @damplepabthylesmgn gﬁ)py\? mprrapjel Bégg uabaylg wgaﬁjt}kldarﬂg)entyl are
t oxi Cj ) T magni t ude o n.a ni strate ose in
Hﬁ@%ﬁ%{f élfnePtﬁ’eRld?%%Pd@%S%‘fe Oﬁwﬁé%w% prbrgngass Co alkyl.
OWndpButdier @M@y of the condition to be treated and

to the route of adm nistration. The severity of the

condil®368h na§ome erbadivagai REOVidseeompangdataad) meﬂn%%frprodubkyg a class of
coPRRAL dpRi-ReReRdIE K¥ahital IR TRE I']]Qg-%rug':légttﬂlg fherebf)€wherein the
dose and per haps dose frequency, wll also vary
CQ@E@m@$ﬁg“ﬁ@ﬁﬂﬁ@”a@%mmﬂedg wei ght , and response of the

i ndi vidual patient. A program comgparable to that

di scussed above can be used in veferingsy nedicine.

[ 0327] Dependi ng on the speci ti ons being

treated, such agents cang or mu| at ed’ Rand

adn1n|stered systen1ca||y or Rs A variety of

techni ques for formulation an i ni stration can be

found in Rem ngton's Pharnace 4 Sci ences, 18th

Ed., Mack Publishing Co., Ea8 8 PA(1990), which is
incorporated herei n by reference in its entirety.

Suitable adm nistration routes may include oral,

rectal, transdermal, vagi nglmuis@nsnucosal, or

intestinal adm nistration; parenteral delivery,

i ncl JB79h i nwhersindo wembe sepatstelit seleeist &romi the gxpp @ensistipg of a mono-
shlgytlﬁl‘féd' ﬁ(ﬁ? ﬁtu\./éﬁlo!r uﬁ’s%bétﬁﬁtéﬂé?ﬁﬁt@ Iof thg lf&fo%ng refldues. saturated C;-Cyy
Intrave I cu I ntravenous, | ntraperitonea

alkyt,r wsatyated C,-Cy4 alkenyl or C,-Cps alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,

aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, phenyl, cycloalkylacyl,
alkylthio, arylthio, oxysulfonyl, carboxy, thio, sulfoxide, sulfoneboronic acid esters, and
halogenated alkyl including polyhalogenated alkyl. n is equal to 1 or 2, and if n is equal to 2,
then R, can be the same or different;

[0271] wherein R,, can be selected from the group consisting of hydrogen, a
halogen, mono-substituted, poly-substituted or unsubstituted variants of the following residues:
saturated C,-C,4 alkyl, unsaturated C,-C,; alkenyl or C,-C,; alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy,  cycloalkyl  (including, for  example,
cyclohexylcarbinol), cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl,
alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl,
cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, thio, sulfoxide, sulfone,
sulfonate esters, thiocyano, boronic acids and esters, and halogenated alkyl including

polyhalogenated alkyl;
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or intraocular injections.[0328] For injection, the

agents of the enbodi nent can be fornul ated i n aqueous
weoeabestoegms, preferably in physiol ogically conmpaCirhisen0s/014846

buffers such as Hanks' solution, Ringer's solution, or

physi ol ogi cal saline buffer. For such transnucosal

adm Mo2gey at i Wiereip &3 ebd &6 sdecdqdpii@p theagreud conkikigngdalt & hadsgen, mono-

t.o .be perneated are used in the fo l.ati on. Such
S SR AP P OV O e T lop e oy saturated Cr-Cay

aRpRrimasdicical-ty ARGEPIRLELCE adlkyiT, Sady) Aoty atk@loki@rbonyloxy,
conpounds, herein disclosed for the practice of the
A IRFS AT PRERIOXY- i Blog] b agpeloalignlatlkays excloaliex iy, heteroaryl, arylalkoxy

cAH8yNI 3tdxetdaf®onylfoyM dntihd) &Aﬁ%c%@%@, Shinbdafo§I6RA Alif#8 Nzido, phenyl,
Wth proper choice of carrier and suitable

Y C ) . .
creeplityieyluhy Ry prlidibics arylthineoryBiiond; earkomy. e i S foxide, sulfone,
stf enestcjgg,_ %({yhﬂ‘olﬂ Lil?d'roni& host & fEéﬂeéE daﬁaééééhéﬂed Oflgyl including

can be adm nistered parenterally, such as by ‘
ppiyhalegrerterdislkylnjvberrinonach The, Eorfpoadds cembe beulisgiuiagl aitvagpbstituted
hgt@ﬁ%?{(’b’y usi ng pharnmaceutically acceptable carriers

we nown in the art into dosages suitable for oral

adm 0258} at i nsomSewbodiments, 8 & heyvlobex-Penyd capmohakenane of the Ry
t.he enbodi.nent .1 o he. faorgrul at as tablets, pills,
S‘ébﬁgéuﬁ‘?qgg,el‘lﬁgﬁa‘ﬁl i gfelal leimgl ,ﬂgilrflﬁtpgl; slurries, suspensions

and f¢274] i keln sb@e ebaliménig ptfdarabhy Ryisa spiatituedtor subgituted C; to Cs

re d. [0329]. Agents intended i ni st
o164 e ar P o P RPSPRN Ol s PG e GHA et pent e

pWdrtedknown to those of ordinary skill in the art. For
exanpl e, such agents can be encapsul ated into

| i pod®fek, t Hlesicadn FAnRearlseiod Fomdas piopR gonsistReeof \hglogen, mono-

stillifidd] Soty-RibeSBRY of BnsAPstRAMPRYiENS 6] Mk Ko walg felludsi dARrated C;-Cyy
of liposone formation are incorporated into the

aiejl censatutatedeFi-Op. iyl | grpEsEmatlkawht el s acyiasyp glkploxycarbonyloxy,
8658910k, AT LRy 1C & Bal@hyl MRS, ERYNORTERY, Bl oaryl, arylalk
a@é@%use&gllop%s rres%{ ug% Wit h_y cel I)&rree}rﬂbb_raanes, P%r e Oary_ YRR
carbpiyd, alkaxiyycarhohylgeyt, cadninm tamindserbewil) amipeqapiosilony, nitro, azido, phenyl,
! I u T hel k. hy hCi S : :
e
sulfoxide, sulfone, sulfonate esters, thiocyano, and halogenated alkyl including polyhalogenated

alkyl.

[0276] In some embodiments, preferably R, is an alkylthiol or substituted
alkylthiol, and E; is an oxygen.

[0277] For example, in some embodiments some of the compounds of Formula VI

can have the following structure referred to as Formula VI-1:

VI-1

n(R1>\/

[0278] wherein R; can be separately selected from the group consisting of a mono-

substituted, poly-substituted or unsubstituted variants of the following residues: saturated C;-Cy4
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intracellularly. [0330] Determ nation of the effective
anounts is well within the capability of those skilled
wonodelesaast, especially in Iight of the detail edT/US2005/014846
di scl osure provided herein. In addition to the active
i ngredi ents, these pharmaceutical conpositions my
alegntumkdturstad t @CL q:llmylmc eCitC¢ adlkyyny cacgpt @plogy, C alkylogycgrbonyloxy,
exci.pi.ent s auxiliarie |ch
R Gauerigob S RSE S bl ie o tReliht Bplr il Svranony
catbdrt) atkagy E&bdﬁ?ﬁdylﬁﬁ]ﬂﬁm&ﬁlﬂchrﬁ&iyﬂ )amlﬂ'd&erbpyleml phﬁnlyb ogcloalkylacyl,
fornmul ated for qral ]?ﬁnlsratl e|nthe

syl iz, orvagiRsl ERpsh F Geitgs Pofg 294 Buers, and

hABRNBE B @@1@@@3@3@6@@@&1 AR, Iaas egnRufacbuz.emdiifin & equal to 2,
manner that is itse known, for exanple, by neans of

thep By etbiedheatemapkdiffgrentsi ssol vi ng, granul ati ng,

dr ag@p7opKki r\gheréll?w fcﬁ‘f bl EhlectAUkcth thel Bp &ﬂﬁﬁtﬁ%%f@t hafl$ken, mono-
entrappi ng, or Iyophilizing processes. 31]

s@@htpt@émév tnbste‘u e@umebséwﬁpddaﬁarﬁ%ofébafqblawm resifues: saturated Ci-Cz
1f I!&?E&Xraéﬁ dCt &x aﬁk l ld)?' chzl4<n£ ﬂeefcg}p d&ylo')%?r alkyloxycarbonyloxy,

OXICO a pa ar conpoun
anyfoxambmslety, w&clbﬁbyl,cmm@ﬂmm&, allgixair ¢yetpakkexyt, aryh mtﬁémrﬂaarylalkoxy

C'{[Bonyi at%g’o’xy Cc%rr‘t])o%ﬁacgls a%’? %,cgrgorgr tﬁﬁlmcg{'bggnaf n\{t!r(g ra%ldg phenyl,

cjzlﬂc&ﬂl@zlaajdl, Iyydmmyaaikyltdmul brylthineoxySihfenyl estiok sy, ogénosthuh sulfox1de sulfone,

l§ ggtleegst?émg;c%gn%or roﬁ%);l gtalgv 8 Cf%; tgt)éxismatnﬁ harllchg?f‘:gatgﬁa la%kyl including

pélvhasdRadted/ gkyl; whiteinteacti 6 Ey EQFE; pad H, eaﬂ B¢ a caipimtedds unsubstituted
an anl mal nodel, such as mice,rats, rabbits, dogs or
HEREYs, can be deternined using known net hods. The

ef fi ¢ep8y] Of Whdd@h tR,Cenabe GOYHRMAIN Gheleadd [FRone Stiedploup hsadsmung of a
usi ng several art recogunl zed net hods, such as_in vitr

hydspgrads, halRgsral mapgeEbsiTuiest nolyrstiipied apnsupstisyted Variants of the
fﬁfotzvﬂge&ﬁgﬁgsz%rh@d WIUPalHﬁdﬁﬁs&uﬁ‘a}fédS@z- QlalKRBAT dr YC,%$ ﬁl‘kynyl acyl,
class of condition, including the condi tions abated by

agshiexyc o riolonisrhonyenn s ey peicabany e gulergobangetoalkenyl,  alkoxy,
c%ﬁlé ?ﬁo%/ aﬁﬁ“h&&o%&lsg %ox?%grb&@’l ' %y'cmacyl amino, aminocarbonyl,

unction ect1 ous
amlnocarboyloxy, nitro, azido, phenyl, oxy, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy,

-

cyano, thio, sulfoxide, sulfone, sulfonate esters, thiocyano, boronic acids and esters, and
halogenated alkyl including polyhalogenated alkyl, whereinmis 0, 1,2, 3,4, 5, 6, 7, 8, 9, 10, or
11 and if m is more than 1, then Rs can be the same or different; and where the substituents Rs
can form a ring; and wherein each of E;, E,, E;, E4 and E; is a substituted or unsubstituted
heteroatom.

[0281] In some embodiments, preferably R; is a substituted or unsubstituted C, to Cs
alkyl. For example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, and pentyl are
preferred.

[0282] wherein R4 can be selected from the group consisting of a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated C;-Cypy
alkyl, unsaturated C,-C,4 alkenyl or C,-C,; 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, thio, thioesters,
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di seases. Simlarly, acceptable animal nodel s can be
used to establish efficacy of chemcals to treat such
woaoniicegans. Wien sel ecting a nodel to detern RET/US2005/014846
efficacy, the skilled artisan can be gui ded by the
state of the art to choose an appropriate nodel, dose,
sifadide, Qdutfened ful fod i RbtSis ) tBiok@io, il thaloggiated alk§X inclnding @plyhalogenated
human clinical trials can also be used to determ ne
alkyle efficacy of a conpound in humans. [0332] When used
as af28st i - fos ERRIR, the@bihbouadREShe follbwing structure VI-1A:
anti-inflanmtory agent, the conpounds discl osed
herein can be adm nistéreg by either oral or a
non-oral pathways. We istered orally, it can be
adm ni stered in capsul & &H granul e, spray,
syrup, or other such fori epoadm ni st ered
non-orally, it can be admnist as an aqueous
suspensi on, an oily @regRara |on or the like or as a
drip, suppository, salye ment the |ike, when
adm ni stered via injectl ubcutGeddisl y,
i ntraperitoneally, intravegously, intrbnuscularly,
intradermal ly, or the I|ike. Cbntrolled rel ease
fornulations depot f or mul B#TYR-14nd i nf usi on punp
del i IarI ont e 33] The
corrpx()?%%[ §ons X& ? (:alm"oSter SPE™ "Pan%%%%%;}lh\ggeut i cal
conpositions may al so rise a pharnaceutlcally
acceptabl e carrier. SychHgonpositions can be prepared
for storage and for subseg otdmi ni stration.
Acceptabl e carriers or di u
are well known in the ph acettical art, and are
descri bed, for exanmpbe<i en1ﬁ§to S Pharnaceutlca
Sci ences, Mack Publi shin vl AR nnaro edit.
1985). For exanple, sufh/conpositigfis gan be
formul ated and used as t s, capsul es or sol utions
for oral adm nistration; suppositories for rectal or
vagi nal adm nistration; sterile solutions or

susp ?&%LS]O ns f,(gr eyéa%l%,c taﬁa %l(eqnﬁ'gm c%{n‘fssﬁn%t &foﬁormula VI has the following

structure and stereochemistry VI-1B:

NH,
NH COOH
0]
NH
COOH
Formula VI-1B

[0286] Another example, the compound of Formula VI has the following structure
and stereochemistry VI-1C:
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I nj ectabl es can be prepared in conventional fornms,

either as liquid solutions or suspensions, solid forns
weuabteakéesf or sol ution or suspension in |iqui dPOTiIUSRO05/014846

injection, or as enulsions. Suitable excipients

include, but are not |imted to, saline, dextrose,

manni tol, |actose, |ecj , album n, sodium

gl utamate, cysteine hydréQfl oride, and the like. In

addition, if desired, t i oHabl e pharnmaceutica

conpositions may contain Riner awounts of nontoxic

auxi | i ary substances, N—asuétting ents, pH
buf feri ng agents, and) Pt I reg, absorption
enhanci ng preparations ( exanpl e, ||l i pogonmes), can

be utilized. [0334] The p Noy effective
anount of the conposition ired as dose wi ||
depend on the route of adm nistration, the type of

ani mal being treated, angdyhhR WhAgsi cal characteristics
of the specific aninmal under consideration. The dose
can be tailored to achieve adesired effect, but wl]l

de p enghsop s u@&‘teﬁ@%@dﬁn@iﬁ% AR 9 ide ﬁﬂhﬁﬁace&@ﬂ%c&%ﬁﬁ)le salts and pro-
nmedi cati on and ot her factors which those ski’l

drugecstersdeiche cepnoyndypd Formulee gyl zad pfay8iesietiis op pljginigsnd purifying
Lii nt, as described above,

S@gﬁgg@ usgg&ﬁggﬁgkgém§ﬁ%g%ﬁ%%ﬁgt ion with one another,

or i ri0288hbi n&kd Brm Wptokirgg éwtar, ”telsmcab}e wthewr raferriolg &go psrdrug ester of
tl?eg(go%g%unl%gp ksoerm?lfaold ﬁé’mz%%qagqg {hOdSZgIFCIOSCd ¥1€r?élcr)1 (r)eéers to )# chemical
dadnitine f It canponhd Ithay as yapititp entkiforghed povitoht jagld the compound, for
e\é\%ﬁﬁg&g gl%jrgﬁrglls %o% (%3{15? € tlstE}JQeE f@rttebeﬁ f‘lplgﬁ rdfu%geg 8r regrs to derivatives
o@‘ﬂfépﬂﬁipgﬂlrﬂ@ fd&f;logeﬁfmﬂ:&i foraesbyathe addifbrOyEshy ofReveral esterf— or thioester-
rragnl tude o a ado0s I n ge nt or treat nt or

forning: grpuns|that ags ygrakerd wider F DRRIPRRE FPHiEns rf)f ofpro-drug ester
gdiBs eRNAE tﬁl\%@lolkﬁna?rlt ARk SletBIId phtRalldiE k1€ af methoxymethyl, and

adm ni stration dependi ng on the di sease

thigstrr14s YFYl asodfier Reshrerasey nqvinyin thavart, denksting 3 (SoRr@-axan . dpylioxolen-4-
yﬁ)ﬁ{efﬁrﬂ ghes endr AdEupl ShdeSkpaich b§ fpre%){ﬁﬁgem&ﬁ:lsﬁ&ﬁdﬁﬁg thioester of the

A variety of techniques

compound, for example, by reacting with an approprlate thiol, such as thiophenol, Cysteine or
derivatives thereof, or propanethiol, for example. Other examples of pro-drug ester groups can
be found in, for example, T. Higuchi and V. Stella, in "Pro-drugs as Novel Delivery Systems",
Vol. 14, A.C.S. Symposium Series, American Chemical Society (1975); and "Bioreversible
Carriers in Drug Design: Theory and Application", edited by E. B. Roche, Pergamon Press: New
York, 14-21 (1987) (providing examples of esters useful as prodrugs for compounds containing
carboxyl groups). Each of the above-mentioned references is hereby incorporated by reference in
its entirety.

[0289] The term “pro-drug ester,” as used herein, also refers to a chemical derivative
of the compound that is rapidly transformed in vivo to yield the compound, for example, by
hydrolysis in blood.

[0290] The term “pharmaceutically acceptable salt,” as used herein, and particularly
when referring to a pharmaceutically acceptable salt of a compound, including Formulae I-VI,
and Formula I-VI 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
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formul ati on and adm nistration can be found in

Rem ngton's Pharmaceutical Sciences, 18th ed., Mack
weoeuhleigsizang Co., Easton, PA (1990). [0336] To PoTmsSk@se14846

t he conpounds of Fornmulae I-VI as an anti-m crobial,

an anti cancer, or an anti-inflanmatory agent, known

asdoffpace!. aRrbferted a:gﬁrpues of @Kﬁhﬁ&eﬁﬁéaﬂy ascepablei saly asgiba ikali metal salts

sus enS| a t [, t b
GHERRE P ResiS s 0 R Sl (Gl o SFERUER), G pyranoniu sats
defieedl frds@ar@@Bnib @r B8@chhafiaeduticalyl a)éce@ta@lémtaﬁsuc Beh&[ for example Ci- G

f at ed allph tic alco .and he |.i ke can be
ﬁ@ka&m A E¥ IOty Y78 dHE Eano ‘058 yl@lvﬂs}eag%e ?ractfla?agmxymethw
affiiiebhand: I Wathabdpbt @6l c&hdubldsOsBthesiRA Bl Q) methdbHt thlS embodlment that
anhydrous silicate, magnesi um al um nat e,

n
AebafigAIRcE athe p@ﬁfmﬁdrféﬁ@ple%mha}gmceut&ﬁlwqﬁenﬁgt%? F%“é &feeamd addition

sQl@é SFpHia Lo ztagcepﬁ 'nw?ﬁaﬁfc'oq of3hiP Qﬂ@ ?or eﬁ?nﬁlé lhmirohalhc sulfuric,
drogen phosphate, cal ci um carboxynet hyl | ul Ose,

ﬁwhwreaq @he%@rﬁlc lpparqmetde eaeboylis qsisalifno acrﬁa@#@éﬁm@’rﬁ acetic, succinic,
lacrbttlgarlﬁ?hﬁ ttaﬁélr&’ Ql@f'fcdegs%grbﬂzl | nlg&ﬁuct h hb&%ul?&%égggﬁgﬁgulfonlc or

as snoot hi ng agents; coconlt oi Ive ol
mmmhﬂ@®8m®nw@mﬂ soya can be used as suspension agents

derl UR{dIEant ?fefe(fr%l l g}l())}g ctalat % osﬁlon :: 3}19 ‘?osgd herein  include

car e such s Ce 0S€e
p&mgmcqutlwllymdp;abhcseltmqé mnt dra@esydradifehcccmpmbwmwf Faﬁnlﬂae I-VI obtained

rivative of po A can b ed, a
S i B ol oy Bl D s s OB SRR Bt pgymaceutica
fbﬂﬂﬁldﬁlbﬁfm@cﬂ{?esbﬁtlrﬂﬁe dlfl)aﬁg GﬂatB@ﬁﬁﬁhagﬁut&gleﬁbﬁlenisl’hna tledi deti@ningredient
to the. foregoin eferred ingredjents, . sweet
Y e s
eh&xa&d@%rhamhh@wgﬂﬁgnlstered formul ati on of the
conpound produced by the nethod of the enbodi nent,

par t i 02824y | yitywillnbe Flee aRprssitasathristhe Phie AeRmRonRdseandrompositions

c@ﬁlﬁxllsl,n’{g thé O38polnd P Qr SQTROYRES, @%a&qm%hﬁ Q§mﬁ@ﬂd?ﬁ‘q any suitable
or al y or non-oral y adm ni Stered to a human %atlen

form fon ehasmeeatticad feliispiies dispusedrig frtheddaait kereipo dier eRMpBoin certain
e%é«lﬁg{eﬁ’t@y tﬁ)cf Jo%o@xﬁfs' e compositions comprising the same may include a

pharmaceutically acceptable salt of the compound.

[0293] In one embodiment the compounds can be used to treat microbial diseases,
cancer, and inflammation. Disease is meant to be construed broadly to cover infectious diseases,
and also autoimmune diseases, non-infectious diseases and chronic conditions. In a preferred
embodiment, the disease is caused by a microbe, such as a bacterium, a fungi, and protozoa, for
example. The methods of use may also include the steps of administering a compound or
composition comprising the compound to an individual with an infectious disease or cancer. The
compound or composition can be administered in an amount effective to treat the particular
infectious disease, cancer or inflammatory condition.

[0294] The infectious disease may be, for example, one caused by Bacillus, such as
B. anthracis and B. cereus. The infectious disease can be one caused by a protozoa, for example,
a Leishmania, a Plasmodium or a Trypanosoma. The compound or composition can be
administered with a pharmaceutically acceptable carrier, diluent, excipient, and the like.

[0295] 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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the et e enbo I ment for use as an
sumhtthat mre:fexrs hw ai glkereroupapreferabby of dremi 1 toukPorarhoo pfsmsniepving from 1 to 5

SBERSHBL B, A0Sl R p 0 I o sy,
sibligtutey pikoad, eyeldalkyk dubititeds yadamikyhmycloalkenyl, substituted cycloalkenyl,
acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl, aminoacyloxy, oxyacylamino,
cyano, halogen, hydroxyl, carboxyl, carboxylalkyl, keto, thioketo, thiol, thioalkoxy, substituted
thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino,
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.

~ [0300] 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.
[0301] The term “alkenyl,” as used herein, means any unbranched or branched,
substituted or unsubstituted, unsaturated hydrocarbon including polyunsaturated hydrocarbons,
with C;-Cs unbranched, mono-unsaturated and di-unsaturated, unsubstituted hydrocarbons being

preferred, and mono-unsaturated, di-halogen substituted hydrocarbons being most preferred. The
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the purpose of use, as will be appreciated by persons
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[0304] 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.

[0305] The terms “derivative,” “variant,” or other similar term refers to a compound
that is an analog of the other compound.

[0306] Certain of the compounds of Formula I-VI can be obtained and purified or
can be obtained via semi-synthesis from purified compounds as set forth herein. Generally,
without being limited thereto, the starting compounds, such as Compounds II-16, II-17 and II-18),
below, can be obtained and the various analogs can be synthesized therefrom. Exemplary non-

limiting syntheses are provided herein.
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[0308] The culture (CNB476) was deposited on June 20, 2003 with the American
Type Culture Collection (ATCC) in Rockville, MD and assigned the ATCC patent deposition
number PTA-5275. Strain NPS21184, a natural variant of strain CNB476, was derived from
strain CNB476 as a single colony isolate. Strain NPS21184 has been deposited to ATCC on
April 27, 2005. The ATCC deposit meets all of the requirements of the Budapest treaty. The

can

culture is also maintained at and available from Nereus Pharmaceutical Culture Collection at
10480 Wateridge Circle, San Diego, CA 92121. In addition to the specific microorganism
described herein, it should be understood that mutants, such as those produced by the use of
chemical or physical mutagens including X-rays, etc. and organisms whose genetic makeup has
been modified by molecular biology techniques, may also be cultivated to produce the starting

compounds -7, 0-16, II-17, T-18, II-20, II-24C, I-26 and 1I-28.
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threonine, methionine and the like, ammonium salt, as well as complex sources such as yeast

extracts, corn steep liquors, distiller solubles, soybean meal, cottonseed meal, fish meal, peptone,
and the like. The various sources of nitrogen can be used alone or in combination in amounts
ranging from 0.5 to 25 percent by weight of the medium, for example.

[0312] Among the nutrient inorganic salts, which can be incorporated in the culture
media, are the customary salts capable of yielding sodium, potassium, magnesium, calcium,
phosphate, sulfate, chloride, carbonate, and like ions. Also included are trace metals such as

cobalt, manganese, iron, molybdenum, zinc, cadmium, and the like.

Pharmaceutical Compositions

[0313] In one embodiment, the compounds disclosed herein are used in
pharmaceutical compositions. The compounds optionally and preferably are produced by the
methods disclosed herein. The compounds can be used, for example, in pharmaceutical
compositions comprising a pharmaceutically acceptable carrier prepared for storage and

subsequent administration. Also, embodiments relate to a pharmaceutically effective amount of
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solutions of the active compounds in water-soluble form. Additionally, suspensions of the active

compounds can be prepared as appropriate oily injection suspensions. Suitable lipophilic
solvents or vehicles include fatty oils such as sesame oil, or other organic oils such as soybean,
grapefruit or almond oils, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or
liposomes. Aqueous injection suspensions may contain substances that increase the viscosity of
the suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the
suspension may also contain suitable stabilizers or agents that increase the solubility of the
compounds to allow for the preparation of highly concentrated solutions.

[0316] 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 tablets or dragee
cores. Suitable excipients are, in particular, fillers such as sugars, including lactose, sucrose,
mannitol, or sorbitol; cellulose preparations such as, for example, maize starch, wheat starch, rice
starch, potato starch, gelatin, gum tragacanth, methy! cellulose, hydroxypropylmethyl-cellulose,
sodium carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired, disintegrating
agents can be added, such as the cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt

thereof such as sodium alginate. Dragee cores are provided with suitable coatings. For this
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(1989)), and microspheres (Mordenti, Toxicol. Sci., 52(1):101-6 (1999)); and ocular inserts. All
of the above-mentioned references, are incorporated herein by reference in their entireties. Such
suitable pharmaceutical formulations are most often and preferably formulated to be sterile,
isotonic and buffered for stability and comfort. Pharmaceutical compositions may also include
drops and sprays often prepared to simulate in many respects nasal secretions to ensure
maintenance of normal ciliary action. As disclosed in Remington’s Pharmaceutical Sciences
(Mack Publishing, 18" Edition), which is incorporated herein by reference in its entirety, and
well-known to those skilled in the art, suitable formulations are most often and preferably
isotonic, slightly buffered to maintain a pH of 5.5 to 6.5, and most often and preferably include
anti-microbial preservatives and appropriate drug stabilizers. Pharmaceutical formulations for
intraauricular delivery include suspensions and ointments for topical application in the ear.

Common solvents for such aural formulations include glycerin and water.
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cancer annatory . In an even nore
hpmehe pletinumrioodpaveds 1mmh1eotlwrppmm dant@O@ﬁsﬁ deaellgecpitppes), biological

re%ﬁc?nlsé moclh 1ers§§Rl§[% gnsdo/tT‘lg flket Iﬁaﬂhﬁg 191%&6 I?',[lllg’[%{e Q%ia%neo{/mdesme
Paiael (Texil), Dotmtaxel rqpolsmderas @‘[161&11:& mmpdp]ﬁhyillptomam (Etoposide (VP-16),
Tlerglfoosydeenf\?Mgz%)) Camptothecin, nitrogen mustards (cyclophosphamide), Nitrosoureas,
Carmustine, lomustine, dacarbazine, hydroxymethylmelamine, thiotepa and mitocycin C,
Dactinomycin (Actinomycin D), anthracycline antibiotics (Daunorubicin, Daunomycin,
Cerubidine), Doxorubicin  (Adriamycin), Idarubicin = (Idamycin), Anthracenediones
(Mitoxantrone), Bleomycin (Blenoxane), Plicamycin (Mithramycin, Antifolates (Methotrexate
(Folex, Mexate)), purine antimetabolites (6-mercaptopurine (6-MP, Purinethol) and 6-
thioguanine (6-TG). The two major anticancer drugs in this category are 6-mercaptopurine and 6-
thioguanine, Chlorodeoxyadenosine and Pentostatin, Pentostatin (2'-deoxycoformycin),
pyrimidine antagonists, fluoropyrimidines (5-fluorouracil(Adrucil), 5-fluorodeoxyuridine
(FdUrd) (Floxuridine)), Cytosine Arabinoside (Cytosar, ara-C), Fludarabine, L-
ASPARAGINASE, Hydroxyurea, glucocorticoids, antiestrogens, tamoxifen, nonsteroidal
antiandrogens, flutamide, aromatase inhibitors Anastrozole(Arimidex), Cisplatin, 6-
Mercaptopurine and Thioguanine, Methotrexate, Cytoxan, Cytarabine, L-Asparaginase, Steroids:
Prednisone and Dexamethasone. Also, proteasome inhibitors such as bortezomib can be used in
combination with the instant compounds, for example. Examples of biologics can include agents
such as TRAIL antibodies to TRAIL, integrins such as alpha-V-beta-3 (aV[3) and / or other
cytokine/growth factors that are involved in angiogenesis, VEGF, EGF, FGF and PDGF. In some
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route of administration, the type of animal, including human, being treated, and the physical

characteristics of the specific animal under consideration. The dose can be tailored to achieve a
desired effect, but will depend on such factors as weight, diet, concurrent medication and other
factors which those skilled in the medical arts will recognize.

[0323] In practicing the methods of the embodiment, the products or compositions
can be used alone or in combination with one another, or in combination with other therapeutic or
diagnostic aéents. These products can be utilized in vivo, ordinarily in a mammal, preferably in a
human, or in vitro. In employing them in vivo, the products or compositions can be administered
to the mammal in a variety of ways, including parenterally, intravenously, subcutaneously,
intramuscularly, colonically, rectally, vaginally, nasally or intraperitoneally, employing a variety
of dosage forms. Such methods may also be applied to testing chemical activity in vivo.

[0324] 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
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the 1nd1v1ﬁ%a?¥fﬁ%si}cgad1vlfel ﬁl?%v otatﬁe prﬁlentts concﬁtl Conlgee %gree(;(m%gll tfléngl et al., in The
Pharmacological Basis of Therapeutics, 1975, which is incorporated herein by reference in its
entirety. It should be noted that the attending physician would know how to and when to
terminate, interrupt, or adjust administration due to toxicity, or to organ dysfunctions.
Conversely, the attending physician would also know to adjust treatment to higher levels if the
clinical response were not adequate (precluding toxicity). The magnitude of an administrated
dose in the management of the disorder of interest will vary with the severity of the condition to
be treated and to the route of administration. The severity of the condition may, for 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 can be used in veterinary medicine.

[0327] Depending on the specific conditions being treated, such agents can be
formulated and administered systemically or locally. A variety of techniques for formulation and
administration can be found in Remington's Pharmaceutical Sciences, 18th Ed., Mack Publishing
Co., Easton, PA(1990), which is incorporated herein by reference in its entirety. 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.
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liposomes fuse with cell membranes, are efficiently delivered into the cell cytoplasm.

oo

Additionally, due to their hydrophobicity, small organic molecules can be directly administered
intracellularly.

[0330] Determination of the effective amounts 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 excibients and auxiliaries which facilitate processing of the active
compounds into preparations which can be used pharmaceutically. The preparations formulated
for oral administration can be in the form of tablets, dragees, capsules, or solutions. The
pharmaceutical compositions can 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 Iyophilizing processes.

[0331] 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, can 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 compounds in an animal model, such as mice,
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Sciences, Mack Publishing Co. (A.R. Gennaro edit. 1985). For example, such compositions can
be formulated and used as tablets, capsules or solutions for oral administration; suppositories for
rectal or vaginal administration; 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, such
as wetting agents, pH buffering agents, and the like. If desired, absorption enhancing
preparations (for example, liposomes), can be utilized.

[0334] The pharmaceutically effective amount of the composition required as a dose
will depend on the route of administration, the type of animal being treated, and the physical

characteristics of the specific animal under consideration. The dose can be tailored to achieve a
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RSP RS RaNaoTeEeBt, BP QR A TRAEoNth €XeipiPRg smoothing agents

t
SR, 050 IPRUBEERSR LObDE FOERIERY S coso
a$i_bta11$, ard1the ke «l:atn ®RAGEd. 1I1rei@@bhzml|cobolg,83stegx gﬁ&te@ a:l_;phatlc alcohols, and

the l%fglr {)ealolse ngl‘ffél ! L(g%&%%@ %gél‘o glu%os%n ‘llacggéms@éf&g Srystallized

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 can be used as excipients;
magnesium stearate, talc, hardened oil and the like can be used as smoothing agents; coconut oil,
olive oil, sesame oil, peanut oil, soya can 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 can be used as suspension agents; and
plasticizers such as ester phthalates and the like can be used as suspension agents. In addition to
the foregoing preferred ingredients, sweeteners, fragrances, colorants, preservatives and the like
can be added to the administered formulation of the compound produced by the method of the
embodiment, particularly when the compound is to be administered orally.

[0337] The compounds and compositions can be orally or non-orally administered to
a human patient in the amount of about 0.001 mg/kg/day to about 10,000 mg/kg/day of the active
ingredient, and more preferably about 0.1 mg/kg/day to about 100 mg/kg/day of the active
ingredient at, preferably, one time per day or, less preferably, over two to about ten times per day.
Alternatively and also preferably, the compound produced by the method of the embodiment may
preferably be administered in the stated amounts continuously by, for example, an intravenous

drip. Thus, for the example of a patient weighing 70 kilograms, the preferred daily dose of the
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p-28 3A: Purification of 11-16. 11-20. 11-24C 11-26
and g-28 [0354] The pure Conpound p-16 and conpounds
wohodeonsabae H 20, H 24C, H 26 and H 28 were oBC@RIUS2mS/014846
by flash chronmat ography followed by HPLC. Ei ght grans
crude extract containing 3.8 grans Conpound H 16 and
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developed by the following step gradient: 1. Hexane
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acetate in hexane, second el ution 20% Et hyl

C%E@ﬁat@ﬁﬁhmﬁexane third elution (IL) 6. 25% Et hyl
acet ﬂ}é@»S @D ade! &) s?n t'ﬁF Oélélgtc kr %ﬁﬁtuﬁtaﬁnﬁa% 1€ &4 Hti-microbial

(L) Et hy acetate Ffactions contai ni ng
pOdugsd by dnetiiodd 61 fhn egubedamem app bengherhical dest Oany thaiedmppuipd/produced

HPL%OM\B fifhgg O%c%%n%t hgolfigjth%(:t ! 9ss1|_lﬁggﬁl&i§§£§e%ﬁfeh AT d?%olved in an

Ueser tain
orkAni@ @olaemi loQc&G},ls @gariic aﬁvepuznel ic snieotiydspplied Bﬁéndefe/arlous cultured

cc]:cl{ %8%9{11%3 52 I gxi%aerg(‘élg \éegfrrﬁg C%oﬁ%(]%%(s %dee?lgjﬂ)lb (r:"n%thyggl\f‘(g(;ide, and the
likk. SE@| fugehldtion @@ fe@rRRarh3€) g A PFbyder Adrintilea tos ot@@t%hdl linhibdtbr, or a liquid
in%mit%r 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
ng/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 can be necessary or preferred to persons of ordinary skill in the art to use an
amount outside the foregoing range.

[0339] In one embodiment, the method of using a compound as an anti-microbial,
anti-cancer or anti-inflammatory involves administering an effective amount of any of the
compounds of Formulae I-VI or compositions of those compounds. In a preferred embodiment,
the method involves administering the compound represented by Formula II, to a patient in need
of an anti-microbial, until the need is effectively reduced or more preferably removed.

[0340] As will be understood by one of skill in the art, “need” is not an absolute
term and merely implies that the patient can benefit from the treatment of the anti-microbial, the
anti-cancer, or anti-inflammatory in use. By “patient” what is meant is an organism that can
benefit by the use of an anti-microbial, anti-cancer or anti-inflammatory agent. For example, any
organism with B. anthracis, Plasmodium, Leishmania, Trypanosoma, and the like, may benefit
from the application of an anti-microbial that may in turn reduce the amount of microbes present
in the patient. As another example, any organism with 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 turn reduce the amount of cancer present in the patient.
Furthermore, any organism with an inflammatory conditions, such as, rheumatoid arthritis,

asthma, multiple sclerosis, psoriasis, stroke, reperfusion injury, myocardial infarction, and the
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solution were injected onto a normal - phase HPLC col um
using the conditions described above. Conpound 11-16
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and 11-26 co-eluted as a single peak at 11 m n. Wen
parent sanples containing conpounds 11-17, 11-20 and
likd, Inad enait éromrtb@mpheﬂh,on ebarmunmﬂammy dhatymeyingprmzeduce the amount

d 11-
of 8‘?}{; Iaﬁac%tﬁ@kvbithgl-& 1%1‘%2}11111{121 cgrg o ?r%é; 8\1’%%{:? Ereeel%au@%tngg’oﬂg dMbb&ihent, the
paﬁ@lﬂts dedlth ghafCaiop mqnde Hiat h6 aandmanbnalr apfraregs oneng-inflammatory be

s e PR 3B SRSk Bl SRR B PSRN on 878 et o
miBBROEAEG cells] B flpmarRSScels plestad irpiie pat(énmamh thds bd inlied. In one
as well as separate fractions con

en@g@p@@n% apti- nggoblpll OrEE-CanCeT agentlg &%li%lvﬁ %galei one. type of of microbe or

cahddf, Wiehot BEHihst bﬁgr @5es0BSE b1 BEHg B 8lgh\Fegrb O st]ectDatyiih ehe treatment of
containing Il-24C and 11-26 f<[:1enerated fromthe proce

inipeiont o athabeveocieemE i ahor WA CEHDL TS5 v againdt inflammatory

co%@ﬁgl{s%ﬁgaagﬁg@ by Eﬁf&%@&e‘ﬂy Sssb¥tdifd Wieh $he ki RWSsnatidh EmSAFGRING such an

I ssolved in acetonitrile at a
antigmcrebiak, anti-omeer or @tingflamimatry dgemb dheinetiads Fndads disclggsd in the

EXIZIII’EILFS GO l’t!) 1. d'hﬂ%ﬁ%%&%?m% ¥ Binlent thd ¥ntlRikéBidleRBINR effective

ai ni ng I pSe 8 support. The sol vent

aggihaidd drdadi specrtms ofl nhitmbar piefdrattima1B9ad sescEwnt ¢fj fossighod, more
%.ace Ltrdl

Pr%EaEfyol%arTéR %acrﬁ:r} Eo tli'll Sﬁ dt 'of g%flgxéng}?’ %%%ncglgéﬁsi g% a\%‘g Sf:l(n‘fb‘é{r and/or anti-
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ﬁ%ﬁ@iﬁl&ﬁﬁg > cWe@taﬂQ?&ﬁoY@ad 2 tRAG dahtthosiade Sreastddbotdriffoma, a non-

e I nner vial
small cell lung carcinoma, an ovarian carcinoma, multiple myelomas, a melanoma, and the like.

Exemplary inflammatory conditions against which the agents are effective include rheumatoid
arthritis, asthma, multiple sclerosis, psoriasis, stroke, myocardial infarction, and the like.

[0341] “Therapeutically effective amount,” “pharmaceutically effective amount,” or
similar term, means that amount of drug or pharmaceutical agent that will result in a biological or
medical response of a cell, tissue, system, animal, or human that is being sought. In a preferred
embodiment, the medical response is one sought by a researcher, veterinarian, medical doctor, or
other clinician.

[0342] “Anti-microbial” refers to a compound that reduces the likelihood of survival
of microbes, or blocks or alleviates the deleterious effects of a microbe. In one embodiment, the
likelihood of survival is determined as a function of an individual microbe; thus, the 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
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after 48 hours of incubation at 4 0C. Crystall ography
data was collected on a Bruker SMART APEX CCD X-ray
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similar term.

[0344] A “chemotherapeutic agent” is a chemical compound useful in the treatment
of a neoplastic disease, such as cancer. Examples of chemotherapeutic agents include alkylating
agents, such as a nitrogen mustard, an ethyleneimine and a methylmelamine, an alkyl sulfonate, a
nitrosourea, and a triazene, folic acid antagonists, anti-metabolites of nucleic acid metabolism,
antibiotics, pyrimidine analogs, 5-fluorouracil, cisplatin, purine nucleosides, amines, amino acids,
triazol nucleosides, corticosteroids, a natural product such as a vinca alkaloid, an
epipodophyllotoxin, an antibiotic, an enzyme, a taxane, and a biological response modifier or
antibodies to biological response modifiers or other agents; miscellaneous 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, Vincristine, Vinorelbine,
Carboplatin, Teniposide, Daunomycin, Carminomycin, Aminopterin, Dactinomycin, Mitomycins,

Esperamicins, Melphalan, and other related nitrogen mustards. Also included in this definition

-86-



[0361] Starting Conpound 11-16: UV (Acetonitrile/ H20
225(sh) nm Low Res. Mass: mz 314 (MtH), 336 (MtNa).

wpQeBapsLeNpound of Fornula 11-20: UV (Acet oni PCTIUS2005/014846
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[ ijﬂ 316 fromcrude extracts
U%Efé$%%g&?ggﬁﬁ%ﬁgggp tu roth of NPS21184 The first
st eplB3#7k he 4or Sdlsmmatero curektiondrinelhdeghfis eexﬁnlnﬁlﬁh conditions such as
159}@;192{]’%2{?&%119 yatg&mgr u%ﬁ ﬁlégasgs %)C()t r (é{qae}rt%ip 15, éntfanwt% bowel disease,

mat er'i
sysigmiic Yupus 'Eythem«)weheu{ltlmat eletals, aﬁhlﬁurdsféeirﬂ@iﬂl&l Bdtéﬁﬁo&}fls fibrotic
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Skll’l 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.

[0348] In one embodiment, a described compound, preferably a compound having
the Formulae I-VI, 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 embodiment, the
compound is effective if it can influence 80-95% of the microbes, cancer cells, or inflammatory
cells. In an even more preferred embodiment, the compound is effective if it can influence 95-
99% of the microbes, cancer cells, or inflammatory cells. “Influence” is defined by the
mechanism of action for each compound. Thus, for example, if a compound prevents the
reproduction of microbes, then influence is a measure of prevention of reproduction. Likewise, if
a compound destroys microbes, then influence is a measure of microbe death. Also, for example,

if a compound prevents the division of cancer cells, then influence is a measure of prevention of
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crystalline material of Conpound 11-16 Biotage Flash
Chr omat ogr aphy (Purification Step 1) [0368] The
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and the risks associated with the compound, which in part can be determined as described in the
Examples below.

[0350] The following non-limiting examples are meant to describe the preferred
embodiments of the methods. Variations 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 Starting Compound 1I-16 and Compounds of Formulae I-7, I-17, I-20, and II-
24C, I1-26 and I1-28 using strain CNB476

[0351] Strain CNB476 was grown in a 500-ml flask 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 shaker operating at 250 rpm.
Five ml each of the first seed culture was inoculated into three 500-ml flasks containing of 100
ml of the vegetative medium. The second seed cultures were incubated at 28 degree C and 250
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1. 3 Cv 10%EtQAc in n-Heptane 2. 15 Cv* 25% EtQAc in

n- Heptane 3. 5 CV* 30% Et OAc i n n-Heptane *For 75L
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ipauketed 228 dearpe feand é(h By oreeptasy shekery fornt dagr Appregimately 2 to 3 grams
oERERR WRhedite k@D - FREIRAQWRadhdd %Qhe ﬁ@&cm %ﬁe ﬂeructlon cultures

peaks. Those fractions contal ni ng Conmpoun
weed furthey ircubeiod @ofpdegred Cland 250 aprd or r@%}'@bﬁh@(‘mﬁQUS ﬂaysjaﬁd achieved a

'of CBE +1§1q I?PQ J)%gpf(ﬁ%%/ﬁt %ﬂe QH%MLB%%‘{V%%%?@ ngo@g‘h)chgese cloth to

et ot pool e using a
réé@tf@l\khﬁp)ﬁtnbvvﬂltdﬁimEt?enembaﬂhe twmpmsaﬂxmcmedb\eﬁlv@ elmeQB(ﬁt@methyl acetate
OC T el.l in t
QRS e ool b s Pk bontiese Bt SOt paevo. The
dSledl IeﬂraNaSJaﬂ Ithéﬁ qlraveshed Horathe rexneerant ComPoEidell16 nd theacotpounds of
oncentrated by a rotary
8%“8%? glroztoaﬁryé%d@gﬁ‘b‘{ﬁégghed. The dry aliquot was
anal yzed on LC-MS. The purigkymglé 2t he sanpl e was
Fermentation of Starting Compound I1-16 and compounds of Formulae I-7, II-17, II-20, I-24C, II-
26 and I1-28 using strain NPS21184

[0352] Strain NPS21184 was grown in a 500-ml flask containing 100 ml of

vegetative medium consisting of the following per liter of deionized water: glucose, 8 g; yeast
extract, 6 g; Hy-Soy, 6 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 shaker operating at 250
rpm. Five ml of the first seed culture was inoculated into 500-ml flask containing of 100 ml of
the vegetative medium. The second seed cultures were incubated at 28 degree C and 250 rpm on
a rotary shaker for 2 days. Five ml each of the second seed culture was inoculated into 500-ml
flask containing of 100 ml of the vegetative medium. The third seed cultures were incubated at
28 degree and 250 rpm on a rotary shaker for 2 days. Five ml each of the third seed culture was
inoculated into 500-ml flask containing 100 ml of the Production Medium B consisting of the
following per liter of deionized water: starch, 20 g; yeast extract, 4 g; Hy-Soy, 8 g; ferric sulfate,
40 mg; potassium bromide, 100 mg; calcium carbonate, 1 g; and synthetic sea salt (Instant Ocean,
Aquarium Systems), 30 g. The production cultures were incubated at 28 degree C and 250 rpm
on rotary shakers for 1 day. Approximately 2 to 3 grams of sterile Amberlite XAD-7 resin were
added to the production culture. The production culture was further incubated at 28 degree C and
250 rpm on rotary shaker for 4 days and achieved a titer of 350 — 400 mg/L for Compound II-16.
[0353] Alternatively, the production of the compounds can be achieved in a 421
fermentor system using strain NPS21184. Strain NPS21184 was grown in a 500-ml flask
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greater than 95% (95.7% and the major inpurities were
Compound 11-26 (3.2% and Conpound I1-17 (0.38%. The
we@izadeth2825 Conpound 11-16 was 86% after this stepT/ua3005/014846
cal cul ated fromthe nmass of Conpound 11-16 recovered
fromflash chromatography versus _ the mass of
contpiniig 98 iral P tespiaiize medipmeersiting Af iR LUOPIREPE LT g}g‘ﬁ)‘f“’mzed water:

gl%%%l £ R AkRt N0 GRTROK r(‘jd% bdd lﬁltl’ﬁ%& QedS bW @kbtaAt Ocean, Aquanum

t"hout desi cCatlon un further purification
Systeyrs) &9 g. The ﬁl@hsee@ o8trpg wwewb#m #i28|degrpe tharg?edarya A2 &F?éy shaker

ope%%{% éue ??](S %r @ec‘ %l%aﬁl& 'f{'rétes%ecp fcul@lfr‘!:'I %s QK(gc#Jﬁ@etd %Ebatsoo-ml flask

exce ing capacity of a single colum,
containie @fLiloD fmlwéttheowggammumh omeoﬁeb@déeﬁﬂmuéttl@él wegsrincubated at 28

e ac i.vi dual
SR PN PR R e 02 SRR DR G i
wﬁshﬁoajl@@ismde:sﬁlt IFemtladheflaskvcoritainiog dEA0G wl 9f the degatative imedjum. The

g seed B WP e B Qs o P g o SR et g dove. 10

oflthe X8 aap | caBurd b 1ﬁ@ﬂlafcefd01ﬁt05m apn denfehtas hontaining 26L of Production

chr omat ogr.aphy .t ypi cal | t % -
Megiam Ay Br%gpq%o%ﬁv[ D r étP(rjﬂdln al qYI% urgtcegu gltle[ gﬂ)w%g cormposition,
cano @R $8edl PRoddbtidrt Me@fim NPonSi8ing df the XBITGbiAg ertliter o€ deicieized water:
NPl - 2065 to <1% [0374] Cryst al | Ilé@gt ns were
&0

stiyel.frgraershrtesind Suild-Set-01% f&Efsy {138 PRESY i fyomide, 100 mg;
cdBlih Q%OM% ?yang's%ﬁ’étl‘ﬂs@:g sdin@nstk I0dednd AQBGunt Byslendk), 30 g. The

acetone :n-heptane (910 m) to a final concentratio r;;
feeshergorggulturey Hyeere sPoraite kel SPUANINE BYAPBFAL el BRGRIC, 28 dogree C

%ﬁgbhc &0 Iﬁsééxlﬁﬁ)n( #0Mfn %@bm%éss& &1 N9 pai. r@t @5 Mo 44 hours of the

vapéra 0 vacuum contr ol (Eiuchl R- 2
priductiva pysld, approximaisht @0 ggmwfts@mﬁfem@rh@ Wﬁﬁéi}? wats ggded to the

feunt It(l)r curiglr Solﬂ%n I‘OM\@C?I ec@tﬂlcﬁ% 1o flﬁ‘ﬁﬁgxmmcﬁg‘a@cf 2P We Hove operating
e

Ori'gi-nal Vol ing thi's evaporation process,
pmmettxa ustilviey é ofﬂnmanﬁuarcmwm@le t Fles detatiok rafvhsslowereduisl §L/min. At day
| uti

P EWB\%O& VAR ?’“3‘?1 (%l nréneﬂl nd 8‘?15‘% oellfg.l ize%cd:a{:%%fﬁq :a{ﬁgut 9 mg/L for Compound
II-16. The culture broth was filtered through cheese cloth to recover the Amberhte XAD-7 resin.
The resin was extracted with 2 times 4.5L liters ethyl acetate followed by 1 time 1.5 liters ethyl
acetate. The combined extracts were dried in vacuo. The dried extract was then processed for
the recovery of Compound II-16 and the compounds of Formulae I-7, II-17, 11-20, II-24C, 1I-26
and II-28.

Example 3

Purification of Starting Compound II-16 and Compounds of Formulae II-20, I1-24C, 11-26 and
28

3A: Purification of 1I-16, 1-20, I1-24C, 1I-26 and I1-28

[0354] The pure Compound II-16 and compounds of Formulae [I-20, [I-24C, TI-26

and T1-28 were obtained by flash chromatography followed by HPLC. Eight grams crude extract
containing 3.8 grams Compound II-16 and lesser quantities of II-20, II-24C, 1I-26 and II-28 was
processed by flash chromatography using Biotage Flash40i system and Flash 40M cartridge (KP-
Sil Silica, 32-63 um, 90 grams). The flash chromatography was developed by the following step
gradient:

1. Hexane (1L)

2. 10% Ethyl acetate in hexane (1L)
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500 m Erlennmeyer flask, concentrated by rotary

evaporation and transferred to a 20 ml scintillation
woi2elde/02§528i ssol ving i n acetone. The acet one waBCTRISROWS/14846

under a streamof N2, and the solid was further dried

by hi gh vacuum before it was wei ghed. The mass of the

mat es alovohAiab&ste i Rl BrsbdRmTatant was used to
approxi nate the ampunt of crystalline naterial

r emafni2Qee Ethidacetpty &t hexans seceideluiop (Mpask wer e

di ssol vee, fiilyIacaht tendkARomirh eltifie(isgne vol une of

acetone used for initial crystallization). In order to

det epids& Ethi apeinte inyhexane 31} quot (100 nl) was renoved,
ConC?”_tsroa}’tﬁtﬂ1%&&%11?11&5&?? of N2, redissolved in ACN

to a'final concentration o  mg/ M and anal yzed by

LC- MB. Bthdlaydtate@ll)r esul t s showed a 31% reducti on of

Compound 11-26. n-Heptane (455 ni; the sanme vol une

used for initial crystallization to make a 1:1

acet (0365] nhephi@ioss cmkdidin® Opmpenad ddlbeil grentdr lve e@ual tof TS KTV purity

oS Y5l R, PSR o, o o

CoRguEAd-16) along Hth B2 a6id YUa| dakclz & puen@mpeteisneeded t o
reach this target. [0375] The final crystallization
was performed in Et QAC/ n- hept ane sol ution. The
crystiardi e materi al obf picRgderRR oM Wailicedi ssol ved in
1:1 BtQAc: n-heptane (spne concentration as the first
acet gridimepsionspt ane cryst & ¢ X&liZopnIP e, 5g/L). The
sol verg stowy evappo gd- Under reduced pressure
(aboutFlT% El‘\t‘?rbar) usi ng aifﬁc}tlglrnv evapor at or \Nipth a
wat er| Idad¢chios enper at ure pEL3D OC until the solvent was

r educeg-to—about—30%of LtSs—ortgsnal e Dar g
this éﬁ’é‘ﬁﬁ? ation pr ocesstﬁra at Og?h%h%tbcxfglg}‘agfe;&stlgﬁ ’
sEspenged ip sgl ution apghydiEOAOhexatkher B0$IRtOAglity 1 tnain,
the slides of the flask.| The soJ utio uper nat ant) was
renmovied by si phoni ng undé?n h@lf%]gt%:,}ﬁ‘ﬁﬁnﬁlnto a 500 ni

Erl enmeyer flTask, and then concentrated by rotary

evaporation in a 250 ni
[0356] The fraction enriched in Compound II-16 (described above; ~ 70% pure with

respect to Compound II-16) was dissolved in acetone (60mg/ml). Aliquots (950 ul) of this
solution were injected onto a normal-phase HPLC column using the conditions described above.
Compound II-16 typically eluted after 14 minutes and compounds II-24C and II-26 co-cluted as a
single peak at 11 min. When parent samples containing compounds II-17, II-20 and 1I-28 were
processed, Compound II-17 eluted at 22 minutes, while II-20 and II-28 co-eluted at 23 minutes
during the 100% ethyl acetate wash. Fractions containing Compound II-16 and minor analogs
were pooled based on composition of compounds present, and evaporated under reduced pressure
on a rotary evaporator. This process yielded pure Compound II-16, as well as separate fractions
containing minor compounds II-20, I-24C, II-26 and II-28, which were further purified as
described below.

[0357] Sample containing II-24C and II-26 generated from the process described
above were further separated using reversed-phase preparative HPLC as follows. The sample (70
mg) was dissolved in acetonitrile at a concentration of 10 mg/ml, and 500 pl was loaded on an
HPLC column of dimensions 21 mm i.d. by 15 ¢m length containing Eclipse XDB-C18 support.

The solvent gradient increased linearly from 15% acetonitrile/85% water to 100% acetonitrile
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round bottom fl ask, dried by high vacuum punp and

wei ghed. The crystals in the 2 L flask were also dried
woyodsiogésesacuum f or about 2 hrs, after which t ReTMIS2A06/014846

crystalline material was renoved fromthe flask. A few

crystals were randomy selected fromvarious places in
Vel misestahe Ry raty olérhéﬁysli/rsin THe s@b«mtommoalmomxawasld at 100%

a%%%?lzéjfof‘ § 1?%5%2%%% Igfagrg%ﬁ/otﬁ.%\fﬁ{n?%ﬁ% a%ﬂt i \Q‘RIB a(%ong:?ula;l Ig~26 eluted
ap)7.§ minwfes Mhlde camgonad 1-266 e&tmaag%muitutels rnladzeo Grspdopdiao.
ot 5t (oL L5190 0L LA DY comas

Ieraudé n@}(twraadi‘ssa)lxted iff 1 00eyh] dfhﬂiﬂdiﬁtm Was 11413%0@6% PG \éllaln This vial was
obtained in >

add e a ?unt%l. il'y--]t'6 Wa S) Stl?lntgllo 1 of pentane. Crystals suitable
n? ¥ UROST ?%’Fré rCP’E%% mgiom

f&ﬂeedyfdr)&&lllbgfaphyrmpﬁrirﬁeﬁtsG%F@&ié&decﬂ-glor?gqhwﬁesraﬁg H@tﬁ)qn 5©the inner vial
5% after four rounds of crystallization. Finall
et Saues ofancubpfion hdd G r%mtﬁﬁ(f@rqpaz data s cellected anjagiruker SMART

A%E%Pccﬁgt-fa%ﬂﬁﬁqcthfﬂet@ 0 M 4ePian md{aﬁ%“'x ﬁd%bs A 120.264 mom,

cryst al at were ea nanage~ e S0
TxhePK hatgke H@QE l@?@lbgﬁpwaeﬁlw dngd theanefitkneeat faythod used was full-matrix

IJfEtfh agé,;f%nf‘ g]rta:l]g ﬁ?& 9&%5 ehsg%ggﬁq lﬁgirdSH ‘g’/attelttlﬁgona space group

Péflyx1)al |aa=zmu1ougoe(s)e¢\ of ot e shanp e, sei-9=gur Wvbi=eadiqm) A, z-16,
ound 11-16 described above was dissolved in
p%,efg@g EB0 FRptatsie. 00Ut & 008 ey P yange. +Hi-20.405) 31368 reflections

cHIRERAT B078CHhBG PR ré1ePRY; ga(hmﬁﬁﬁﬁs‘%) 11';3 €9 di0m (5@%33@ R,=0.0369,

the conditions descri be pr evi ous nor mal
WBeQ-§79¢ LEPHT- 0. Conpounds 11- 16, H-24C 11- 26 and

; ;' g%guggnggﬁ{n%g%e% 5%6%8?2 fromgil}%h %fe%t&rgg & ISfCI'?tIG method was
efiplogad. 38@mp1<t]‘669(20m@ cmitsining Gb’otH—E(ﬁi)pohnd&Zxﬁz(sS&ﬁsom ith @¥étonitrile to a
cc%%entra 1011 of 10m mg/rrﬁ and(% ';B was ?oaded onl\?zeverse-phase HPLC column (ACE 5 p
C18-HL, 15 cm X 21 mm ID) per injection. An isocratic solvent system of 27% acetonitrile/
63% water at flow rate of 14.5 ml/min was used to separate compounds II-28 and II-20, which
eluted after 14 and 16 minutes, respectively. Fractions containing compounds of interest were
immediately evaporated under reduced pressure at room temperature on a rotary evaporator.
Samples were then loaded onto a small column of silica and eluted with 10 ml of 70%
hexane/30% acetone to remove additional impurities.

[0360] Samples generated from the preparative normal-phase HPLC method
described above that contained II-20 but were free of II-28 could also be triturated with 100%
EtOAc to remove minor lipophilic impurities.

[0361] Starting Compound I-16: UV (Acetonitrile/ HyO) Amay 225(sh) nm. Low
Res. Mass: m/z 314 (M+H), 336 (M+Na),

[0362] Compound of Formula I-20: UV (Acetonitrile/ HyO) Apax 225(sh) nm. Low
Res. Mass: m/z 266 (M+H); HRMS (ESD), m/z 266.1396 (M+H), A= 1.2 ppm. FIG. 16 depicts
the 1H NMR spectrum of a compound having the structure of Formula I1-20.

[0363] Compound of Formula II-24C: UV (Acetonitrile/ H;0) Apax 225(sh) nm.
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Exanpl e 4 Fernentation of Starting Conpounds 11-17 and

11- 18 and Conpound of Fornula 11-27 [0379] Strain
waRBbnasezas grown in a 500-nm flask contai ni ngPCD@S2405/014846

of the first vegetative medi um consisting of the

followi ng per liter of deionized water: glucose, 4 g;

Bact go3bdly pt oy R3s. (lasBact ezx:aairmpneo (G+)a); BRAMS (ESI), m/z 328.1309

synthetic_sea salt t ant ], t
O o B Bl e 3 38 A S DU & compouna

h%%tﬁ@st@cﬁ%oﬁo%ﬂ@ﬂ%ca rotary shaker operat| ng at
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i noci#34fkd i Gerapaand b iermyle JER6: cAAY a{#\mtﬂgmi@d{z‘ﬁ) dofx 225(sh) nm;
on d f 1
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RS Eﬂpwaé@éﬂla%k (ﬂﬁﬂée& L€1€ ot CLHIRNS. PIG.2d @bRtsythe 'H NMR
shaker oper at i ng at 2 proximately 2 to gram
3

spsctram of ¢ p@npsa% Virtgéhgwwrer%gpwu}ae%f% Ordy)-t he
3pELY rggs&fe% Wl ofoffind ficiend seed cul ture was

I'nc ated at 28 degree C for 2 days on a
r ot af§36Zhakeh topsteatprergssavas2Boelppnc forthgepupficasion tof €ompound 1I-16

fr%%c c%u& e%(%rggi égtlaltt#({ ﬁ'}p%ﬁehﬁ&?e%rg&e& I\'l'frgz(i)lfs@f A% sté]J @stﬁe process

cont ai nin second vegetative ne
iviolved nemaﬁ phask tflaste chvamatogrephyatfetie atud2Sxtiaq rte @rc@u\ﬁ@ matrial highly

rotar Oper. ng at 2 rpm. . - .
eﬂb%?%)?? %HP’@PV%HSIE ésgr/grﬁung's 'ster| ?nnci(rarbré‘fgﬁeﬁlels sikiey purified by
nivdifpile) ciyetaBizatibile dntilond biaglt Hinparitg ee @resedttaire 1.0%é thei firdl colorless

seed. cul ture was fur i ncubated at 28 degree C for
staﬂgvgnﬁﬁﬂ lﬁ%ﬁ’ﬂ’ﬁ}“"éﬁﬂ%r operating at 250 rpm Five
BidtafFldsh €ht dMatdbrapty tmlﬁcmﬁ SteBQgul ated into a 500-n
flask containj ng 100 of the second veget %&‘i v ) )
medi W0ASSIThe TiuPidies eFé%fthH S BC HORE Bty TaL BB-Sil cartridge,
vgﬁgﬁteéﬁl\/lcvfaQ lisell fglaﬁasﬁ RhRAmaREAPYy. SBAKE bn @ReladeRtdophlen&@eriments,

pproxurate to 39ramof sterile Anmberlite

tb@Agadmgr ERAHY WE Fhe sm tag estabhighed fnbet W sefeandeerirast er 8PP of silica.
geﬂ&rrteél)llﬁﬁ)ﬁdof Compound II-16 and Compound II-17 may be obtained by loading 8 g of

crude extract on 800 g of silica; however, the recovery was comparable using either load.

[0369] Crude extract (10.0 g, dried by high vacuum) containing Compound II-16
(5.30 g; estimated from standard plot under HPLC) in a 250 ml Erlenmeyer flask was dissolved to
a concentration of 107 mg/ml in acetone (93.5 ml) by sonicating the sample at 40°C for about 6
minutes. The sample was filtered by gravity using fluted filter paper into another 250 ml
Erlenmeyer flask, and the filter paper was washed with 5 ml of acetone. A 150 pl aliquot of this
solution was transferred into a tared 1 dram vial for purity analysis and mass estimation of
Compound II-16. The filtered crude extract was directly injected onto a new, dry Flash 75L KP-
Sil cartridge using an open 60 ml syringe as a funnel and by transferring the sample from flask to
syringe using a glass volumetric pipette. Due to the low viscosity of the sample, gravity was
sufficient to load the sample onto the column; no additional pressure was required. Once the
entire sample was absorbed onto the column, the flask was washed with 5 ml of acetone, and this

solution was also loaded. Five minutes after loading the sample, the system was pressurized by

-93-



culture was further incubated at 28 degree C for 1 day
on a rotary shaker operating at 250 rpm Five nl each
wofodeles$2ourt h seed cul ture was i nocul at ed i nt BCTAIS2005/014846
500-m flasks containing 100 mM of the second
vegetative nmedium The fifth seed cultures were
howgupat ad tien 28e deljoverg Golvert sterdgyadent avas otartirosglakler column at

at j t. roxiJmately 2 3., aramnms of
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seed lcul30YV&3$0% @At inft-Hesaed cul tures were further
i ncubhat " ree for 3 days on a rotary shaker
oper tiﬁsgcgt zégd;‘qﬁ%?ﬁnnf: 9 each of the fifth seed
cul t gr e 5was* 3090 Bt04d ied-Heptage one hundred and fifty
500- flasks .cont aj ni 00 m of the production
medi u rh%’:? iCﬁGUIH‘?e{ gg{nﬁé&@ fiposition as the second
vegetggroye MR sldnt ARRKORITRELYNs ollc@edadbr®NBaclbn (~2500 ml), after
sterile Anberlite XAD-7 resin were al so added to the

WHiGd 0 b dragtigng (P47 crhempYbanRdt Woh cellactedr & oier & determine which

PG 8RR CRBHEDITA8, factifs vRrdAUE -QNbyRTT O BIK 3B@RTas spotted
oper at i ng atséth y{%m The culture broth was filtered
a

opter gugh Felersdr e o9QPEOAs/ 60 heranps, e apdaDrifualized  using

. s Lo o i .
R B8 B ekt Bl B som
fiactnatogtainiiipeCeoroprving dell 6o dticdawtdsr avstreemchfingtrogen redissobyed in 0.5 ml of

AR 0. SPHLARR . 808y PR, Pl v e

witb-ah#inwa il dnd mllpraice stewtht fam teheeratecovery of the

: le .5 Purif t f . Starti Co un
T A | A R B [D5UB] 2B e aed by only
itegimiigNdempblind T1- 86) Coldpolfll ME6E ab Cainp@shdy-17 peaks. Those fractions
reversed-phase HPLC as described bel ow 381] .Crude
R PiRE Lo Rpe il S d el S FiEblTp obf 2 9 Compound I-17, were
posled &l dohédnBate b @t £6%08D0 mL) of the total pooled volumes using a Buchi R-
220 Rotavapor with water bath temperature between 28°C and 30°C. The yellow liquid in the

flask was slowly siphoned out leaving behind the white solid. The white solid was dissolved in
acetone and transferred to a 2 L round bottom flask and concentrated by a rotary evaporator at
30°C and weighed. The dry aliquot was analyzed on LC-MS. The purity of the sample was
greater than 95% (95.7%) and the major impurities were Compound II-26 (3.2%) and Compound
II-17 (0.38%). The yield of Compound II-16 was 86% after this step, as calculated from the mass
of Compound II-16 recovered from flash chromatography versus the mass of Compound II-16
estimated to be present in the crude extract. Samples containing Compound II-16 were stored at -
20°C without desiccation until further purification by crystallization.

[0372] When multiple Biotage runs are required to process quantities of crude
extract that exceed the loading capacity of a single column, the above purification process should
be completed for each individual Biotage run. Resulting material from each run may then be
combined and crystallized using the steps described below, in order to yield one final lot of

Compound II-16.
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ul) of this solution were injected onto a
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m nut’es, traces of Conpound 11-16 el uted at .
acatonetues] foamﬂtled:otypt@umdlonl I Brdet totdetdrraine 46 porifyi nmlezslot (100 pul) was

I‘%IEOE’F& eco%(l:et !trgtgcé u{lirl;gé a sScream 0 Soneﬁlss%lvedngA&\I 43 I_Fﬂgnaﬁ] Qoncentration of

1O F8 aqueous ven
1sgaaitahd sibpeCbydbC-MS. oA&naﬂ;heﬁeesahmlowsd 08 1%Cordpctiomchf Compéund I1-26.

d. Co 11-18 f d.ta be | ical wth
B o RN e e B e parott ot R el FrufliRpT it mals g4 aceone: o
hegideaditio)eas%dagdl 10 thf 2 TAnPoaHicthd drydt8ilivaion fpeashd wes repeated. This

process was reiterated until Compound II-26 was reduced to < 1%; 3-4 crystallizations were

needed to reach this target.

[0375] The final crystallization was performed in EtOAC/n-heptane solution. The
crystalline material obtained above was redissolved in 1:1 EtOAc: n-heptane (same concentration
as the first acetone: n-heptane crystallization, i.e. 5g/L). The solvent was slowly evaporated
under reduced pressure (about 130 mbar) using a rotary evaporator with a water bath temperature
of 30 °C until the solvent was reduced to about 30% of its original volume. During this
evaporation process, most of the crystals stayed suspended in solution and did not adhere strongly
to the sides of the flask. The solution (supernatant) was removed by siphoning under house
vacuum into a 500 ml Erlenmeyer flask, and then concentrated by rotary evaporation in a 250 ml
round bottom flask, dried by high vacuum pump and weighed. The crystals in the 2 L flask were
also dried by high vacuum for about 2 hrs, after which the white, crystalline material was
removed from the flask. A few crystals were randomly selected from various places in the flask
for purity analysis. The Compound II-26 was reduced from 0.98% to 0.66% (average of two data
points) in this step.
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contain 8% of the |actone hydrolysis product and was

further purified by washing through a nornmal phase
weizbieassabug ( 1 cm di aneter by 2 cm hei ght) aRdT/US2005/014846

eluting using a solvent m xture of 20% Et OAc / 80%

Hexanes (25 m ). The resulting sanple was found to

cont gi3nelpur engormwn@hspaﬂﬁt §70383{x Thefibmactudensxtract to Biotage

cont ai ni_.ng compo 1- 27 descri bed %gove re furt

clspmptpgraRhy A ABOUh é?%é#ﬁ)rfrfa%@l%ﬁfo Py eliralipP\Rasqdenc o otage runs.

ThEBERANFRRX ok HRE o ckilleBxrdAOR firfed ProdudiOyd¥3e4 indIS4900in addition
a sol vent gradient increasing from 100% hexane to 100%

ccmmed Sy Wae consistrntly oRfiaingd An P Ofe rpatils gfithanpingle jmpurity > 1%.
n I H‘}pq?‘%l}ntg Zloﬁ‘lbb{hgql ?@WQS feHiced @@m%@r bt ﬁﬁlnéslof%rystalhzatlon

0.03% 1solated yield fromdried
Fally, dlogt meteiia mbyamep 38y the Sishenystplljzatonsisp.negrfonmerizin KifgAc: n-heptane

oA TS Bl AR g B e oty
c{ﬁﬁ%&sﬂ»y f@oatxoufon the nb&rer liiof.Acet oni tril e/ H20 |
3 1cgt nmI i gh Res. Mass (APClI): miz 358.065 (MtH),

pm C15H2 INO4ABr. IH NVR in DVBO d6 (see

FI G [084)] [ OSH6thataampaeriat oBidin@l frorh/Vhe( obysedllbmation stbediHhe large scale
O 111 225(s n N HR- ES 280. 1556 (Mt .
BomoH R AR S R T ONED BP0 T Alquots
(53)5 ul)EésﬁaﬁﬂsSluﬁoﬂéﬁov&laaﬁﬁ%&Dbht@ﬁ noanphdid HPL CRaiuimd asidglthd Qonditions
rom tartlng npound 11 0387
dessHpRGLmEY iU TiEr ROl RrTC R Cafaéth COBPAF A fo 2. 1226 and 1125,
CORbIHIRR F@(fmu%d? &1ied fdi. Sjﬁln(lteg-as'i_’a ﬂlré fomfdurd.) and t he
resulting mxture stirred f 3/ The sol ution
t hen [0378] Compound of Formula I-7 (FIG 30): uv (Acetonitrile/ HZO) hmax 225(sh)
nm. Low Res. Mass: m/z 298 (M+H), 320 (M+Na),
Example 4
Fermentation of Starting Compounds II-17 and II-18 and Compound of Formula 1-27

[0379] Strain CNB476 was grown in a 500-ml flask containing 100 ml of the first

vegetative medium consisting of the following per liter of deionized water: glucose, 4 g; Bacto
tryptone, 3 g; Bacto casitone, 5 g; and synthetic sea salt (Instant Ocean, Aquarium Systems), 30
g. The first seed culture was incubated at 28 degree C for 3 days on a rotary shaker operating at
250 rpm. Five ml of the first seed culture was inoculated into a 500-ml flask containing 100 ml
of the second vegetative medium consisting of the following per liter of deionized 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 degree
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 degree 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 degree 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 degree 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 degree C for 1 day on a rotary shaker operating at 250 rpm. Approximately 2 to 3
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filtered through a 0.45 mcron syringe filter and

injected directly on a normal phase silica HPLC col um
wORhwresenex Luna 10u Silica, 25 cm x 21.2 nm PCI/US2®5/014846

m aliquots. The HPLCconditions for the separation of

conpound formula 11-19 from unreacted Conpound 11-16

gremplf ayalt Ambdrkie CLAD] aediiPlvererndtidion th@ﬁ:sl'rtb tsé:ng:ubflrezé’f% fourth seed

s PRUPRT L af s il BBl ) Gl it & 250 .

Flﬂzé-ml 6ach@lﬂie\/fah1&n§eecﬁ Eltfikd lenﬁdummdeﬁmhemﬁo%ﬁl flaske adntagmsg 100 ml

|l ed t | d nd 11:-1
B S BRSLEC S el SoTERunt A% IRy
nEa'il\eﬁBgy fﬁaﬁer%g@raﬁlg(av&focnf?:gbﬁirdxﬁfﬂtéli I%I %NZ g oﬁﬁér%e [C?Mbbﬂhte XAD-7
: alc=_- NO4 6
regig greradded fosfjie : a1 ey ety e pulfs D‘%&Hﬁd&"‘@ﬁ“ at 28
déé%rer@”fcﬁ'e_’, helys %n d Ilota:i;y slﬁiﬁ& dperafing BB rpf0 NP el et of the fifth seed

rmulae I1"-2 and I1-4 can be synthesized fro

cubeer weh gloedﬁﬁs@a uﬂasonz thupdred pad ffifty gifymh flasks, ontaining 100 mi of the

HB@&BS& UiV &h hps){ni ahél %He c&ﬂﬁsﬁﬂﬁnﬁ Q. ﬁ&&ﬂplv@éeﬁfatlve medium.
piction o esis 11-16 I1-2: R=C
Apprpkitately 2 ﬁﬂ—gra_ms g_i89terﬂ;:3mbq:ﬂ1te4XAE{:75'psngwgmls§ a'gl;&@d to the production
t al o [ f r
o§a AR Sy (RO i s s s
operatiag et @3€ rpfm. nlhe icwltuae doithn twiab |ftered nthough cheese wlojh t(nrecover the
dded..t he .10%
A KRB PPty v etk bR s ks sy lgea by
tim@ 1alifey thop edetadd. TR Iaemanai extoom weapleedtinvecubor Tlabduisd extract,

A EuSE 3 LIS SO LAY S5 L S B0 15, s

theh plob@tked foete Fdobiey @dha@aipburider ough 0.2 nm Gel man

Acrodi sc to renpbve any tra%xamf1 f5 cat al yst.

Purification of Starting Compound II-17, II-18 and Compound I1-27
[0380] The pure Compounds II-17 and II-18 were obtained by reversed-phase HPLC

as described below:

Column ACE 5 C18-HL

Dimensions I5ecmX 21 mmID

Flow rate 14.5 mi/min

Detection 214 nm

Solvent Gradient of 35% Acetonitrile/65% H,O
to 90% Acetonitrile/10% H,O over 15
min

[0381] 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 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.

[0382] An alternative purification method for Compound II-17 and II-18 was
developed for larger scale purification and involved fractionation of the crude extract on a normal
phase VLC column. Under these conditions, sufficient amounts of several minor metabolites

were identified, including compound II-27. The crude extract (2.4 g) was dissolved in acetone
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The sol vent was evaporated off fromfiltrate under
reduced pressure to yield the conmpound of Formula I1-2
waow/psme white powder. Exanple 7B: Catal yti cPCT/US2005/014846
Hvdr ogenati on of Starting Conpound 11-17 [0390]
Starting Conmpound 11-17 (5 ng) was dissolved in
(Hret) enéthiGsottipn B@OIQDC@ Qitp Eiﬂibd el fl@rcc)/lb)adlryﬁlg @2 wic)o.t The adsorbed crude

d ed t 0% d/, C
CY(\{%C? t)”'ta é"’f%%d?%l r raerr10 asIahe 1p eg“(fcoéum’%fzg? agF élhggéel ?O?W%%‘mensmns
zlinrmdlhxyldlbo‘@elrﬁ ah rmgtb}m:ﬂ@vaahedrvﬂmm dieprgatiait of leexhe/ MOAttincreasing
15 hours. The reaction mxture was filtered. thraough
i DRt AR GtGEoL s FGY SC b Py L R of Compound
I aletnd mas 6@ apoanat e, EOAE mi\n;h \f/linletth@frv\lgj otify \A%ﬂ @ﬁ@oﬁﬁaﬂl 17 eluted
d I1-3 as, a ite powder i ch was
%ﬁﬂﬁ%/ n%e W ﬁlh%%lf%fs V3 gl Sﬁﬁaf%th’é‘ ¥ $hq enpmYnds was achieved
usiag il § HPLE ch@hdﬂ(ﬁgﬂaph? I@QOB rENEX8-HUN 8oL )5'2'1 |n’iiﬁl ID) using an isocratic
Di nensi ons: 25 cmx 21.2 mm|ID Flow rate:

SRRV 9T SHTtRIR SeRsisHAg 0&&@@%811 v Ente: Habhy U@d%c%semdequéxcorrmund 11-27

elb®edit M m@Ritds CokPOHbE- Q%luﬂe@ at112'UO'?mn1§the ﬁaé]ss Hf@orﬁﬁouilxﬁ) 8% eluted at
Et OAc [ 0391 %: Compound of Formula I1-3 eluted at

2345 gnigetesy a@cb gmp}am dlalfoeluted; atrd5i Semingtes. CAharepelfing samples were dried in
vidtd NR9E R o C}Em@%rm@ Hﬁi@o&lsgﬂv%nt[ rP&%; %huz Cﬂ‘ggﬁ&fcopc% data for these

St arti ng Conpound - Issolved in a
grples of gompoundi I ﬂ@tand)ﬁiompalhnd(ﬂm rHere tf@mdmocbv idergticaldwiéll those of

8oty B RO G, O P e v
cattmsfﬁy%] of dlealactmmolnydtcémmepradwtt end oms akm]ut pﬂlﬁid’ddiyl’ ®ashihgahrough a
rrgn%gt 1ase 51?]8 lg%,gl Sc‘hame E}rl S%mt }perlg%%ga d elu%'ng us% g%(l)l{fre%? mixture of
20% EtOAc / 80% Hexanes (25 ml). The resulting sample was found to contain pure Compound
II-18.

[0383] The fractions containing compound II-27 described above were further
purified using normal phase semi preparative HPLC (Phenomenex Luna Si 10 p, 1004; 250 x 10
mm id) using a solvent gradient increasing from 100% hexane to 100% EtOAc over 20 minutes
with a flow rate of 4 ml/min. Compound II-27 eluted as a pure compound after 11.5 minutes (0.8
mg, 0.03% isolated yield from dried extract weight).

[0384] Starting Compound II-17: UV (Acetonitrile/ HyO) Apax 225(sh) nm. High
Res. Mass (APCI): m/z 280.156 (M+H), Acyc=2.2 ppm, C;5H,,NO,,

[0385] Compound II-18: UV (Acetonitrile/ HyO) Apy 225(sh) nm. High Res. Mass
(APCI): m/z 358.065 (M+H), A= -1.9 ppm, C;sH;NO,Br. 1H NMR in DMSO-d6 (see FIG.
14).

[0386] Compound II-27: UV (Acetonitrile/H,0) Ay, 225(sh) nm; MS (HR-ESI),
m/z 280.1556 (M+H) Agye= 2.7 ppm (C15H»NO,); "H NMR (DMSO-ds) see FIG 25.

Example 6
Preparation of Compound of Formula II-19 from Starting Compound I1-16

[0387] A sample of Compound II-16 (250 mg) was added to an acetone solution of
sodium iodide (1.5 g in 10 ml) and the resulting mixture stirred for 6 days. The solution was then
filtered through a 0.45 micron syringe filter and injected directly on a normal phase silica HPLC
column (Phenomenex Luna 10u Silica, 25 ¢cm x 21.2 mm) in 0.95 ml aliquots. The HPLC
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the catal yst. The sol vent was evaporated off from

filtrate to yield the conpound of Formula H4 as a
wohbdem2grander whi ch was further purified by noPaQBIUS2005/014846

phase HPLC using the follow ng conditions: Colum:

Phenonmenex Luna 1Qu Silica Dinensions: 25 cmx 2 1.2
combitibf} Fdrothe rsapatiohdofScdthgolhd) f&aineC Hi-l@nfrOIELISﬁ%aStﬂH V(étﬂﬂlpound -16

. I}?,I;/o ?;eotaﬁ %cgglﬁﬁﬁigexq%ﬁ%gﬁ&éﬁlﬁ&é Of 6%9 gi-h 100 C/A% hexane in which

thE @falBHtPofl donfpo@idut-edlelated 26. hinfiesbedsre @oﬁipbtﬁldd!}l[r@ OBdufivalent fractions
Exanple 8 Structural Characterization

frem cerht Afr1& BIECHORE WESHRIBIEA IS YIEWN SHRE IR e% ﬁmpomd I-19: UV
(Ac@{oh{%ﬁl%/rﬁﬁj Bod&m), Qs“scdsmqinv %sNM?m/zl\/ﬁ)s oaommv}mﬂmsnlm@ 406.0513

provi de spectral data fromthese nethods. UV for
[NoEPoAne -&F pPvr CrslaNOJL; ﬁNWae@%?Q-ﬂNW%HIg By x 225
(sh) nm FIG_1 depicts the NWR spectru f the

compound of la I1-2 in DVMSO d6
the lowre 0|HI n neEss spectrum of the
Fornmula |1 - PNFH), 338 (M+N

compound of
(sh) nm FIG 3 : E
conpound of For ] in DVMS@ap6, FI G 4 /depi

| ow resol ut® u i 1e CcO
Formula 11-3: m ®H), 364 (MeNa) .|

conpound of Far g

II-16
Cl

Example 7
Svynthesis of the Compounds of Formulae II-2, II-3, and I-4

[0388] Compounds of Formulae II-2, I-3 and II-4 can be synthesized from Starting
Compounds II-16, I-17, and II-18, respectively, by catalytic hydrogenation.

-99-



acetonitrile/H 20 1 225 (sh) nm FIG 5 depicts the

NVMR spectrum of the conpound of Fornula Il-4 in
woBGd&25FI G 6 depicts the | ow resol uti on maeeTAR2008014846

compound of Formula p-4: m'z 360 (MrH), 382 (M+Na).
high resolution mass spectronetry

: et e OBt AHEH$Sr conpounds H2, H 3, and I1-4.
Conpoun I-2 FIRVS (ESI), mlz 316. 1305 |\/H—|]+

t he Conp
conmpound oH Forsrrul a ll-5A and Formula 11 -5E}-|can~be
synt hesi zeM<frgm S Oi ng Conpound 11-16 byN (o)

epoxi dation w t BA. {®3%d/cS ngtl ng
(101 0.32 nmol §) was_di ssol v ino
met hyl enedbl o rerem(B0 ) in a 180 m  of
flask gawwfiich was added 74¢%f§n¢ 0. 46 m'r_g“e)'
nmet a- chl or, perbaanzm c acid (nmCPBA) and

bar. The Neaction m xture was stirred at
t enper at ur

m Xture
nd el uted

acetate/ hex@ne and finally with 40 m of 10
acetate. The 1:1 ethyl acetate/hexane fractions y| eld
a m xtlé: BFQli ast er eoners of epoxy derllygtk

For null&k171 R5H and I 1-5B, which were sepﬁn

nor mallI{iBaReBHPLC usi ng the fol | ow ng c

[ 0398] Conpound Fornula I1-5A (major pr Snd
I1-5B (mnor product) eluted at 21.5 and 19 mn

pur e coppounds. Conpound |1-5B was
ﬂ*rgafgl:;ie’% aéltall%lc Haydrogenatlon of Starting Compougg II-16
[0389] Starting Compound I-16 (10 mg) was dissolved in acetone (S 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 pm Gelman Acrodisc to remove any ftraces of catalyst.
The solvent was evaporated off from filtrate under reduced pressure to yield the compound of

Formula II-2 as a pure white powder.

Example 7B: Catalytic Hydrogenation of Starting Compound II-17
[0390] Starting Compound 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 Img) 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 filirate to yield the compound of Formula II-3

as a white powder which was purified by normal phase HPLC using the following conditions:

Column: Phenomenex Luna 10u Silica
Dimensions: 25cmx21.2mmID
Flow rate: 14.5 ml/min
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chr omat ogr aphed on a 3cc silica flash colum to renove
traces of chl orobenzoic acid reagent. Chem cal

weroesmegmes: 11-16 [1-5A (90% 11-5B (109 Str BCTMISA105/014846
Characterization [0399] Fornula I1-5A1 W
(Acetonitrile/H 20 1112x 225 (sh) nm Low Res. Mass:
MZ BabetiorH) , 352 EMedNa). HRMS (ESI), m z 330. 1099

r es E%QY%DEFL aeblzcgst/‘ﬁ@ 0% ﬁﬁ /«H?Og?f larﬁllB’fcgﬁBrlpr@f %tgAc in 1 min,

I1-5A and the mass gRgatkikm @ovaoryl a 11-5A. [ 0400]
Formula 11-5B: WV (Acetonitrile/H 20 | max 225 (sh)

nm [BR1IRes . Compoynd offEorrgln I3\alydyd at385 migpagpure pgypund.

E%E%la 7C: r@&alﬁ%@l@éniﬁ% ¥ C'Iom‘@ fi5g-0- 9 ppm
respectively depict the

| H NiR9%pectdUmgod! $tarting Carourddll-hh ss disedvadiimagétone (3 mL) in a

R, OEED 1 PILES, (1S PRIES.E! g

stitear ibamat il“h{eseac(tﬁomﬁmuae Wit Qheﬁoﬂr@iqromcdtrgospme beroom temperature for

l?ﬂ\{lxrlg ESiZ ?h Pxéur? ivagi” E%g#ﬁ%{((}ﬁl ?t | %n ) Iefglgag%crodlsc to remove
tHéZ:%@t( (j‘ﬂ)e%olv&ﬁ@% eva§oar( ON) frdb filtitd@ &reRl‘lH‘t compound of Formula -4

4- bi s |hdroun|ne thaIaZ|n D m Xx-
of & i N (Ao IES BT T RS oo 5 gy folowing
c&dﬁ{dﬁb_ [, 4-Dbis(9-C di hydroqui ni di ne) pht hal azi ne]
whi ch are commerci ally avai |l abl e fromAl drich. Dol
can GPEENhe synt hesPa@@msyerdcing I Sigise hydrol ysis of

epoxpisepeunds (Forauha dilrmAamnd 11-5B) which can be
different to that of products obt ai ned

Flow rate: 14.5 ml/mi
Detection: ELSD
Solvent: 5% to 80% EtOAc/Hex for 19 min, 80 to 100% EtOAc in 1 min,

then 4 min at 100% EtOAc
[0393] Compound of Formula II-4 eluted at 16.5 min as a pure compound.

Example 8§
Structural Characterization

[0394] The structure of the compounds can be elucidated by various methods,
including NMR, MS, and UV. FIGS. 1-6 provide spectral data from these methods. UV for
compound of Formula II-2 in acetonitrile/H,O: Amax 225 (sh) nm. FIG. 1 depicts the NMR
spectrum of the compound of Formula II-2 in DMSO-d6. FIG. 2 depicts the low resolution mass
spectrum of the compound of Formula II-2: m/z 316 (M+H), 338 (M+Na). UV for compound of
Formula [I-3 in acetonitrile/HyO: Ampa 225 (sh) nm. FIG. 3 depicts the NMR spectrum of the
compound of Formula II-3 in DMSO-d6. FIG. 4 depicts the low resolution mass spectrum of the
compound of Formula II-3: m/z 282 (M+H), 304 (M+Na). UV for compound of Formula in
acetonitrile/H,O: Apax 225 (sh) nm. FIG. 5 depicts the NMR spectrum of the compound of
Formula -4 in DMSO-d6. FIG. 6 depicts the low resolution mass of the compound of Formula
-4: m/z 360 (M+H), 382 (M+Na).

[0395] In addition, high resolution mass spectrometry data were obtained for
compounds II-2, 1I-3, and II-4. Compound II-2: HRMS (ESI), m/z 316.1305 [M+H]", Aw= -3.5
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i n Sharpl ess di hydroxylation in their stereochem stry

at carbons bearing hydroxyl groupsSharpl ess
wOoizmetegsey| at i on of Starting Conmpounds 11-16, BCTAR2@6/d14846

11-18 [0402] The starting conmpounds are dissolved in

t-butanol/water in a round bottomflask to which is

ppid e HAROITK - Eombodildalm-d amgn@sm nﬁ&' |282 bmzs [M*H?] calc 0.3 ppm,
reaction are nmonito

TESlchoRemarnd s REMS DI S6E0THE (M ey S AR, i NOBr

wor kup and purification bygklashgchromat ography or
HPLC. The structures are confirnmed by NWR soectroscopy

and nass sp pithgsieef the Compqundssof Ferpaep IbaAlandildBox y
grou cofl ﬁ'o@%om‘ﬂﬂdlﬁ 5ﬁo§dd"'ll*"(§mlﬂ¥ 1?—515%%‘& %nthesmed from
-5 uc eop i1t ring opening of epoxy conpounds

StartingZJompo@utDIB]l 6 Th eposlattgn withmCPBAopened wi t h vari ous
nucl ﬁ&?gil es tlarltlir(xe dunc’l\la ﬁI%’6 3@ o%neg),( '_l?§2 I%En(dle?M \?/?15 dissolved in

subs e varlo%s groups onc ane ring
nieytgtenzchlorige (Ql{pmb)’lﬁl a10den] dbeaumd! wgomFaskrel whitH whs added 79 mg (0.46

For nul.a | V- The 0 i S ened w th, HC
TR QAR s ol B CasRGPRRIFAE 10 %' Bl Geption mixtuc
v&@@@iﬁfﬁdm@ rédin Eﬁlbﬂﬂﬂuﬂ: fot atfoht (@ho’ﬁrd'fg])he\/l%tldi H5@IrY &ds béured onto a 20

c% t@egn@éyr Lz%rnngagéglugd)mgﬂ@%at%]n%ﬁ-ép | al Sf \Qg:e&gl]-ﬁ:@tate/hexane and

fin@IBCHIIPA0 ¥ WS, ¥asl sbthte! B¢ Bl eﬂhﬂomﬂa@rm%natﬁuaﬁmé Qfeld a mixture
about an hour. The reaction was nonitored

of hazerPenEt PlePoThEerivativet itormu Mrid @ddhsB d’i’}r@b‘f’ﬁ Separated by normal

hﬁb?@t@%vgt}{é%lmanMéﬁoﬂch to obtain conpound of
Formul a | as a pure conpound wi thout any work up.

The HPLC conditions used for the purification were as

21, 2 ) DR b & ol ven TP ar SRy (e o0 ™
Et OAc/ HeRingugipns19 i n, 80| 2Dcrd@AQYR2ENDNR in 1
Flow rate 14.5 ml/min
Detection ELSD
Solvent 25% to 80% EtOAc/Hex over 19 min,
80 to 100% EtOAc in 1 min, then 5 min
at 100% EtOAc

[0398] Compound Formula II-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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mn, then 5 mn at 100% EtOAc at a flow rate of 14.5
m/mn. An ELSD was used to nonitor the purification

wonre@es2s Conpound of Fornula | V-3C el uted at abomiS208/014846
mn (2.2 ng). Conpound of Fornula F/-3C W

Acetonitrile/H 20 x 225 (sh) nm ESMS, ni/z 366
MQ@WM) HRVS (ESI), mz 366.0875 [ MH| +,
Dcai 0= 0.0 ppm C15H22NO6C 2; 1H NMR in DMSO-d6 (FI G
21) The stereochem stry of the conpound of Fornula
ng constants
i} 1 CeD6/ DVBO-d
|ng q_{ epoxi des

at Wit h
& BH3- THF comgweXx to ngkePonpound of
la 11-5 Fornmul a RV-4: Exangle 11

obserjedyin the cycl ohexane rin
\[040@] Reductive ring

met al hydr hdess
Formul a | N-4.F For

Synt hesi Corrpgll&;g of For C and
[1-8 oun (300 solved in ¢
CH2Q 2 : 1N a scigfdy,l ation vi @) to which

a magnetl c stir N
was stirred at
Jhe progress of

Dess- NErtf n Peri odi nane (f22 my) H&lg
bar wer eqadded. The reaction m xtun
room tenpexature for about 2 hours.
the reactign was nonitored by TLC ( : Et CAc, 6:4) and
anal yticgy/ HPLC. Fromthe reaction n¥xture, thesolvent
vol ume was rgdyced to one third, abSrbed on silica Ci
gel, poured on top of a 20 cc silicH¥@EM col utm and 1I-5B (10%)
eluted in 20 mM fractions usi ng a gradient of

stHEXA, ec(hgtac rqurom 10 to 100% The fraction eluted wth

2 LUT
30% EL OAC TN aIt=]|ev<ane contained a m xture of rotaners of

For nioB29]1 | - Fbfulh M-5A: MGV i(Ace¥nithildHL D) I, . PBS (mt)%ﬁﬂ” EoWRes. Mass:
m%ua#ﬂl’)}er rified by normal phase HPLC usin
h > Bethd )-Si HRVES B8 nmm/A 380.£499x [MTLH]Z vt DR.9 ppm,

a 1V t m -
m&ﬁ]Oﬁl:ngﬂéGtﬁgi rgigé%%E %I& Célg \c/%;?lc{"théjlﬁ‘%r@ﬁ ﬁu @% FPfdla I-5A and

thepess spgeigpme! Fpmulal- S& flowrate of 14.5 m /mn. An

ELSQOM@}Z us%gmtuﬂa t[R; (Ace?onﬁ}’l fe/ﬁ b? im 395 ?sh %r%s SLow Res. Mass:
m/z 330 (M+H), 352 (M+Na). HRMS (ESD, m/z 330.1105 [M+H]", A= -0.9 ppm,
C1sHzNOsCL. FIGS. 9 and 10, respectively depict the 1H NMR spectrum of II-5B and the mass
spectrum of II-5B.

(T

Example 10
Synthesis of the Compounds of Formulae IV-1, IV-2. IV-3 and V-4

Synthesis of diol derivatives (Formula IV-2)

[0401] Diols can be synthesized by Sharpless dihydroxylation using AD mix-o and
B: AD mix-a is a premix of four reagents, K>050,(0H),; K,COs; K3Fe(CN)s; (DHQ),-PHAL
[1,4-bis(9-O-dihydroquinine)phthalazine] and AD mix-B is a premix of K,0s0,(OH),; K,COs;
K3Fe(CN)s;  (DHQD),-PHAL [1,4-bis(9-O-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 can be different to that of products obtained
in Sharpless dihydroxylation in their stereochemistry at carbons bearing hydroxyl groups
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of Formula H 13C eluted at 13.0 and 13.2 mns as a

m xture of rotaners with in aratio of 1.5:8.5 (7 ng).
woeanwskes2s| - 13C. UV (Acetonitrile/H 20 | max 2B6T(USE)05814846

300 (sh) nm ESMS, nfz 312 (M+H)+, 334 (M+Na)+; HRMS

(ESI) m z 312 1017 [MH—I]+ Dcal c= 4.5 ppm

— = 2 ! . [0408]
The I xture of For S.
di ss Jﬁ | n aecset i c?m}louﬂﬁrs]; arg HISEOIE% lﬂt(t P‘ﬁng(%lfl’woa CT\in glround bottom
f(aaﬂtomllﬁlcﬁ 8 addddcAD &lrnﬁ-&tc&| ﬁyiddch iU stir Bab "H&)re;w‘tloﬂ- Ql%momtored by

(W ﬁ%\ Pd/ C nd a magnetic stir bar were added,
PSR LCOR Wk o2 PSS oRec Eeiaro e PUEF figtirass ehtalélﬁﬁireg p'ﬁlea# &orkup and

paifi¢a@6iN tye MRGY hidhBto Rh}aQ)@ Lﬁpﬂ@ iméJ lsfuctB€ HEehiMd by NMR
m xture was filtered throu mm Gel man Acr odi sc

SPRSUPEARK AAES TPSEEAYRED - m*rmémé@pd/@ﬁh hysexybgrapesrasg ersame side.
fromthe filtrate to yield ound of Formula Il-8C
[ rther purified by

mempex Luna 1Qu Silic

OAc/ Hex over 1 nng 80 po 100% Et OAc ©
over ho$ldtphgs at 10098 EtNQAE_f 5 m n,HatoHa fl ow

m7 i »n Eb used toﬁm—t—m—th%
atl%n pP‘B’édS%Iamf‘:orrpoun wormula 11-8C ( 1
luted at 13.5 min as a"Ppyreiconpound. Fornmula  H"™7
W (Acetonitrile/H 204 Iraax 225 (sh) nm ESNS,
mz 314 (MH)+, 336 (M:eNa)+ PNRVS (ESI), mz 314.1149
[ MH]/+, Dcal c= 3.3 ppm Cl5H2 ANO4C ; 1H NVR i nDVSO-d
6 (Sge FIG 12). Exanple 12 Synthesis of the Conpound
of Formul ae 11-25 from D-13C [0409] The rot aner ¢

m xt of Formula I1-13C (5 i ssol ved in
di meﬁiﬁéky et hane (nonogl yne; %%g“'iﬁf\]? Formula II-5

Neiclebhilld ratol BBnitg 6l epbRofipburd® (W): ch wat er (15 m (1%
of the final_solution concentration)) and_a nmagnetic
stir (44981 wer EheafRA¥Y. Tinehis AR5BYAe Wil | BHIPUNIYEROPRISS| g NN, NaNs,

NaOAc, HBr, etc. to substitute various groups on cyclohexane ring with hydroxyl group one side.

[T

Examples:

O
0O Nucleophilic ring opening
>
NaCN or NaNj e
Hi)
Cl

¢ R7: CN or N3 if R6 is OH

R6: CN or N3 if R7 is OH

Formula II-5 Formula IV-1
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780C on a dry ice-acetone bath, and a sodi um

borohydride solution (3.7 ng ONaBH 4 in 0.5 m of
wounwghsire (created to allow for sl ow additi onPLTAE2005/014846

added drop-w se. The reaction mxture was stirred at

-780C for about 14 mnutes. The reaction m xture was

aci dilf4%8b usThrerexnis opened 96 tEC] someleiFormuln vt er and

extracted with CH2A 2. The organic | ayer was

nd I1- 16 in a 9.5:0. 5 ratio as a whi
s further purified by normal phas

H e phase was 24% Et OAc/ 7 6% Hexane
socratic for 19 mn, followed by a |HIO’leaH
to 100% Et QAc over 1 min, and hel
3 nmn;_the tlow rate 25 m .
to nonitor the purification process.\
rmula 11-25 (1.5 ng) eluted at 11H'%4
"ure; conpound. Compound of Fornula 11-25: UV
nit¥ile/H 200 1113x 225 (sh) nm ESMS, nz
(MrH)\+, 336 (M+Na) +; HRMB (ESI), niz 314.1154
[ MPFH +y Dcalc= -0.6 ppm C15H2 INO4Q; 1H NWR in
DVBO-d/ 6 (see FIG 20). Exanple 13 Synthesis of the
Compouynds of Fornulae 11-31, 11-32 and 11-49 fromd
I1-13Q¢;, and Conmpounds of Fornulae 11-33, 11-34. H 35

and 11-36 fromll1-3 1 and 11-32 [0410] A rotaner

m xture of the Conpound of Formula I1-13C (20 ng) was
Fckirmwﬁed in acetone (4 M) in a scintillation vi &yrmulaIV-3

|chac al ti nt. (3 n of . 10%
o o) & ey bt af £ Cha P ke BByt i estonitite 0.5 m)
1rr:eaaihhm Mall”tO(thcE waB adddi 3% EIT1 3500 QP Aad @Hﬁ?&eﬁ& WEi€bdrOrThe reaction
ut 15 hours. The reactjon m xture was | tered

&0GhS tired abT0M teRpTTEHre ARt 20Nt hopr. (Tdkeastiethwas monitored by mass
sﬁ@ﬁ‘(ﬂﬁéﬂ@t Thd heucB& Witthre RS GYRRPGLAG b QB Shbie HPBESO obtain

to yield a mxture
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 c¢m 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) Ay 225 (sh) nm; ESMS, m/z 366 (M+H), 388
(M+Na); HRMS (ESD), m/z 366.0875 [M+H]", Age= 0.0 ppm, C;sH,,NOsCly; 'M NMR in
DMSO-ds (FIG. 21) The stereochemistry of the compound of Formula IV-3C was determined
based on coupling constants observed in the cyclohexane ring in 1:1 CsD¢/DMSO-ds (FIG. 22).
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of di astereoners of hydroxy derivatives of Fornul ae

H3 1 and 11-32 (1:1), and a m nor conpound p-49,
wohbwh2slese separated by reversed phase HPLC uBCTSE®S/014846

5u A 8 colum (150 mMmx 22 mMm I D) with a sol vent

gradi ent of 90%to 30% H2Q Acetonitrile over 15 mn,

70 to 100% Acetonitrile over 5 mn, holding at Y
onjtrile for 4 min, at a flowrate of 14.

atipn process. Conpound I1-3 1 (2 2
1p- 4 (0.2 ng) eluted at 10.6, 10.8 and'll 5

tively, as pure conmpounds. p-31: U\Qo H ? 0

(Acetaml t?{'l l e/ J20 1113x 250 (sh) nm ESMs n

( M-H) N 0 (M:Na) +. HEL 32: UV _(Acet oni

& 50 (sh) {nm ESMS, niz 328. T (I + & 350.0

(M- 49: WV (Acetonitrile/H 20 | 250 (i) ane
32Qun ESI\/S mz 326.0 (MrH) +, 343.1 (M+H 20 ) +f&
348. f (M&Na) +. [0411] In an alter nat e net hod,

conpdunds 11-31, 11-32 and 11-49 were separated by
nor mal\ phase HPLC usi ng Phenonenex Luna 1CQu Silica
colum/ (25 cmx 21.2 mmID) with a solvent gradienft of
10% tg 100% Hexane/ Et OAc over 24 min, holding at Ep0%
Et QAcgfor 3 mn, at a flowrate of 14.5 m/mn. ELSD

mesg used to nonitor the purification process. [041‘%]3C
The ketone of the conmpounds of fornmula I1-3 1 and

11- 32 can be reduced by using sodi um borohydride at 0O

to -100C i n nonogl yne sol vent for about 14 m nutes.
0
I {19861 SRR 00 B o Sh s BRI o Fomae i

sol u in
tr@tegamhgnettaygmdcsa]ﬂce B NFponglado tnake/doatpduddd Feinktianes.
of conpounds of fornulae 11-33, 11-34, 11-35 and _II-

36 which can be separated by chronat ographic

HO

BH,-THF o

Huwe

Hby

Cl
Cl

Formula II-5 Formula IV-4

Example 1]
Synthesis of the Compounds of Formulae II-13C and II-8C

[0407] Compound 1I-16 (30 mg) was dissolved in CH,Cl, (6 ml) in a scintillation
vial (20 ml) to which Dess-Martin Periodinane (122 mg) and a magnetic stir bar were added. The
reaction mixture was stirred 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
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Monogl ynme ~ 14mn. 11-33, p-34, 11-35 and 11-36
Exanpl e 14 Synthesis of the Conpound of Fornula 11-21
wonow024s239 [ 0413] Acetone (7.5 m) was vi gor oBETS2005/014846
mxed with 5 N NaOH (3 m) and the resulting mxture
evaporat ed to a minimumvolune in vacuo. A sanple of
sqlygent yplupe veap reduess) taono Hirdeabserbsdeen wlctahgeb m@@u onl tapfof a 20 cc silica

1RO Bkngh dnlr eliﬁec( 829 rﬁ@ach&s%@ﬁ Q ad nﬂ %c AQefroml_rllO to 100%.

resul ti n(IIJ phasi ¢ m xture vo m nut es
The &a¢tionre @Qﬂ Wtﬂi‘ OWORHGAT imBchiang ednyalmdtq mnmed of ®tamers of Formula II-

1€ %PQ é)tﬁ éﬁel[ 98 58 ”hlPL]ﬁ tu@?gg é.\rtg OS/%url%e }/”n IQr[lalli &8 ﬁﬁ?ﬁtﬁL%’]usmg the

i nvol ve I hear gra I en ace
Phgomenaxol @9 %a Sdice nolimn (25 cri @%1\thrlDomeﬁh alsBlwehtgthdént of 25% to

SW EEQA%EIS$?‘896£9 mn% h80§({.§? n‘pﬁﬁﬁ)gk c*ver,:g 1213 agﬂo%e/z ﬁtpg for 5 min,

a1aat ﬂ@v fatmfﬁéﬁenl/rmnd Alh E[BBS.&S @edictb rioile tﬁcOpuYif Chtthn Qr&BssNompound

Formul a 11-21:
%%c Gt %@n@ﬁf‘g&% 1?%5““5 9é§l\7§xmﬁ‘7 %frﬁ@@erf (MR ratiprgf 1.5:8.5
Fbriabzlscml:ﬁ: Acktehitrild M, ERNPI8 ( % BIMS, m/
(Nh@ I pf(ggre(rml N 22@(rg% 11%?9 [ 04 gﬁ% 5, m/z 312

ﬂ‘éﬁ%i Q?MW)@%M&@W /e Bl DT My, allaiech-§ ppra, CisHisNOLCL 'H

N8 VD 8f (s&affgopyd of Fornula 11-19 (5.3 ng) in DVSO
1m) an{jst he mw)xture sontated for 5 mnutes, though

t he E¥B8lum pFhsppiomet mixtirel OﬁEnrmukariI}llﬁf é ylg]jwssdllsmhf.ed in acetone (1

f: I ut | was filtere
mg 151r &' cr:}]ﬁtglgla:ﬁ:oﬁ g%? 0|n§121% ap cl:Ja?aIH }ceayoantr(fggtrp§ o% é{) %gg/w)af’d/c and a
mp{Rlel stttd)ndi’vtrie @dﬂ?df "ﬂ’re reduaommmufre oad dtiord iny Bydv&@n atmosphere at room

0 /90% wat er to 90%
temgne I g%u/% rl% t X arg%tggr{] Iﬂit}){t{lrleewas ﬁlgered through a 0.2 &m Gelman

Acrod1scO try remove the catalyst. The solvent was evaporated from the filtrate to yield compound
of Formula II-8C as a colorless gum which was further purified by normal phase HPLC using a
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 over 1 min, holding at 100% EtOAc for 5 min,
at a flow rate of 14.5 mi/min. An ELSD was used to monitor the purification process.
Compound of Formula I-8C (1 mg) eluted at 13.5 min as a pure compound. Formula II-8C: UV
(Acetonitrile/H,0) Amy 225 (sh) nm; ESMS, m/z 314 (M+H)*, 336 (M+Na)"; HRMS (ESD), m/z

314.1149 [M+H]", A= 3.3 ppm, C;sH,NO,Cl; 'H NMR inDMSO-ds (See FIG. 12).

Dess-Martin
Periodinane

Hw

Hiwney

Hitn

I

[THTITT
Tt

cl Cl Cl

II-16 1I-13C 11-8C
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m nutes using an Ace 5 md 8 HPLC col um of

di mensions 22 mmid by 150 mm | ength. Under these
woanwioesans, conpound of Fornula 11-22 el uted BCTAR2®5/014846

mnutes to yield 0.7 ng conmpound (15% i sol ated yield).

W (Acetonitrile/H 20 225 (sh ESMS, nfz 352.2
(MtH); HRMB (ESI), MZSQJQJEQAMt Dcaic= 0.6
ppm  C18H2 6N esh bR i ol MR i Bulb SR 5 ol 11150 -

-1l Exanpl e 16 Synthesis of the Conpound of Fornmnul a
11- 29040Pbm 1Ihq@tap@nm}wm of Hemiuda X1 RGNS 312) 8@s digyolvedsn dimethoxy

e@ligl?]et Io}élgﬁgh%olq\@@ %?ﬂrr{[t?%tu?rg\%ﬁl %& {/\ﬁr r}h(% vtva%era(lg uﬁ!l% of the final

soiohim)aammtretmbm» 4nd aapqenetici Minba| vyer&ﬁk%eﬂ.‘ﬂl‘hemﬂmﬁ sbltidfd was cooled to -

t am nant nut. es % d) L4
B B g tons o L SPETB HE R Brspharn (gt o PERABHS: i 0.5 mi of
mdﬁibg’lgnﬁdfbateldadﬂ allovClor &oHBH@thlb)’ Aapddaed appyvide Ok 1556‘[1631 Srixture was
ysing an jsocratic_solve

15
S@ff%ﬁt o g?%mé%ttl“ﬁ@m&? SR UTORRT P> FEBO4 g 2 m of 4% HCI

s&IRERY in tvhi@E And entthiclell Wit @Q@Oyﬁhdor%énczﬁy&l wetls %dagﬁ?att&irto 2£1d mixture
m nutes, while Corrzt%ound I1- 16 eluted after 5

ohfemrogad ofrfasmplae {145 aag L il 6988 ismee aya gty sql'ichglhich was further
PR M rrlat pREke MBS C dé&%q Hhefonfelal E‘tﬁ{aq-’bh éﬁﬁ:h 951u1'nﬁ (25 cm x 21.2 mm

bi ol ogi cal assays npound

Ip)ac Eroarobilg P@F?—IWZ@)Z‘[‘%Z@O@@H)? 7o Hows:, vnli@ s melsi igowsaff for 19 min,
f(;lfdw% h ﬂnQV@Qngﬁof(zﬁ@eto f)(ﬁ/ E?g);c g&%@ﬁ'@ll ? 1a]’1§ gé%‘iq{ %‘% BtOAcC for 3

e” Conmpounds of Fornulae 11-3
mlll th@ flp@4ratE] washzs uﬂinpouﬁdsEIcﬂ‘D Fos meddate mMdnitd7 thenulrifizat®8 process.

r f Fornula 11-
08 PGS T HLr BTN 59 BTGRP Bl
Fommeemsv @lW(Ac@xbﬁi]ﬁﬁtVHgb)l?ﬂ,m 95 mmnﬁeEsmsamd m(mhﬂw (M+Na)';
s, SN % FATRPURY 2 E B i, CosHNOLCE: TH NMR in DMSO-d; (see

FIG. 20).

NaBH,, -78°C

Monoglyme/1% water

Cl
11-13C : T1-25 (95%)
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Al'ternatively, Conpound 11-19 can be treated with

NaSCN or KSCN to obtain conmpound 11-38. Synthesis of
woheosmesmaound of Formula 11-38 from 11-19: [ 04e8T/USR®35/014846

compound of formula 11-19 (10.6 ng, .02616 mvl) was

dissolved in 1.5 m of acetone in a scintillation via

(20 m) to which sodi um t hExsapindte (10.0 ng, 0.1234

hekis of the €lothpb@idl BEFdrpuEl 11-31 0839 £nd TR ko1 8. and Compounds of
magnetic stir bar were added. € reactl _
stirred at r%ﬂﬁ@ﬂﬁéﬂ&ﬁﬂrﬁﬁa‘rﬁmﬁ fromlIs31 afidI-32eact i on
s r a yi

L“OEL?;‘E"Eg”?l A SRR B o P BB o Ao g @0 me) was

dismlyed jg Refiong (Phéhmmewemlltttmafldl (B tb mthichcodatiific(a2af (3 mg) of

16%% \% P 'aPé a‘%a‘éﬁeﬁ% s?'g{)afevpetre %dg? l}eit;rfa(%wr? g]‘é)%ursfvga% gtiged at room

Acetonitril e over
temiperaiume fobiaboke lérhoa;s dEieerehddion \WelStuteSesh ﬁl&rémmdugﬁ al0Y® im Gelman
ess und 11- 38 4%

A@I%r isg iocraeﬁqlcj?ent& 'i;ta 18 a“ h?ﬁsoﬂlr) ng%s eﬁapqgateé, ﬁ‘ﬁ%‘dblf‘dﬁltritf t@gield a mixture
OWas(ce@mtem’bfthﬂoﬁf Ji'érﬁr@)veﬂ- 3A%¢maAS (3% I'é)ld s, E—ﬁéﬁi Mfnor ?ompound
3 + & 359.1 (MH Na)+. Exanpl e 18 nt hesi's
‘ﬁ eWéB&'ﬁ’SQnﬁp%?te%gY FﬁXFréedllﬁlaSﬁgH?lio% §Fi08 ArQ 5p 648 9plufhi(df0smm x 22
mﬁﬂﬂ))t witwatdres ghdithierfoasmy O/{HI é%«c%fbﬂ nl?l% Jv%f g?%u? 70 to 100%

deh ation of the conpoun For mul
???i?fgﬁf’iegc(e"%-’?-ﬂmrb apldpg af b@%dcmmtrﬂfe@t fremin, a@ﬁ ﬂ@wrrpn oA th.5 ml/min. A

Loethers
d13>c|1?e'_ %1% %&é}gﬂgﬁéﬁkse(ﬂf %:rrrlrecﬁq?@lg@!a ??réfg%ﬁ& HI%TB&‘]SS C% oun II-31 (2 mg), T-32
(21198)\/9111@%1 -0 Zsmg eluthd of K),6, df) 8a1hd ét.héniiy ebsxoectisvyly, as pure compounds.

H?EZW %o#t% /%QLR' stto{tehg‘s gggﬁﬁ’ /z gﬁ?.%g@%&xérgﬁp.g (Mg Na)". II-
32BYHY lsesitaniteife/H09 ACQ2TOEM G ESHE, md 28l I0Aanf &30 HIARa)". m49:
UV (Acetonitrile/H,O) Apyx 250 (sh) and 320 nm; ESMS, m/z 326.0 (M+H)", 343.1 M+H,0)" &
348.0 (M+Na)".

[0411] In an alternate method, compounds II-31, II-32 and I1-49 were separated by

normal phase HPLC using Phenomenex Luna 10u Silica column (25 cm x 21.2 mm ID) with a
solvent gradient of 10% to 100% Hexane/EtOAc over 24 min, holding at 100% EtOAc for 3 min,
at a flow rate of 14.5 ml/min. ELSD was used to monitor the purification process.

[0412] The ketone of the compounds of formula II-31 and II-32 can be reduced by
using sodium borohydride at 0 to -10°C in monoglyme solvent for about 14 minutes. The reaction
mixture can be acidified using 4% HCI solution in water and extracted with CH,Cl,. The organic
layer can be evaporated to yield the mixtures of compounds of formulae II-33, I-34, I-35 and II-
36 which can be separated by chromatographic methods.
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[ 0420] Sul foxides (n=l) and sul fones (n=2) of the

Fornmula 11-40 can be forned by oxidation of thioethers
wofhodelesEsr mul a 11- 39, for exanple, wth hydr ogemus2005/014846
per oxi de or other oxidizing agents. Exanple 20
Synt hesis of the Conpound of Forrmula 11-41 from 11-21

11-41 can he

ed by treatnment of the corrpund of For
S Rrotgcted derivative of Sl
al cohol Dr | actmiyn, Ne:RL ¢ ™ ot ect ed,

or exaﬁpl e) wths

met hyk,' sl f —eht-or-de~( mesyl cﬁl oride)in pyri difne:
for or bySheusat ment witd n chloride i —(

| f onat @
ynt hesi s @&
Conmp unc of Fornmula 11- 46 froml 19E or 11-41 [04

the e of triethylam nde. he

by hydro-nmesyl oxy elimnation of f{he conpound of
Formudia D 41, for exanple, by tr@atnment with basecl
Exanpl e 22 Synt hesis of theMiampeusdheobtdor mul a |1 g42A
[0423] Synthesis of boronic adidsndi3Z2sters, for

exanpl e, the conmpound of the Forpula Il-42A, can be
achieved as outlined in the retrpgygnthetic schene

bel ow. Hydroboration of the al ke gtﬁoogor mula 11-46

gi ves the correspondi ng al kyl bo AT Whi ch can be
converted to the correspondi ng bproplc cy acid or ester,
for exanple, the conpound of the For il a

I'l-42A. Exanpl e 23 Synthesis of the Conpound of Fornul a
11- 43A

o
I

HO 5

[
N\

O

Hw

llllluu.‘
(@]

Cl
II-33, II-34, II-35 and I1-36

Example 14
Synthesis of the Compound of Formula II-21 from II-19

[0413] 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 solution
was mixed with compound of Formula II-19 (6.2 mg) in acetone (1 ml) and the resulting biphasic
mixture vortexed for 2 minutes. The reaction solution was immediately subjected to preparative
C18 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. Compound of Formula II-21 eluted at 9.1 minutes
under these conditions to yield 0.55 mg compound. Compound of Formula II-21: UV
(Acetonitrile/H,0) 225 (sh), ESMS, m/z 296.1 (M+H); 'H NMR in DMSO-d; (see FIG. 17).
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[0424] The conmpound of the Formula I1-43A can be

prepared by treatnent of the conpound of Fornmula 11-19
wai2ods/02832phenyl phosphi ne to nmake a phosphor usPgriuse0s/014846

whi ch can be treated with various al dehydes, for

exanpl e, glyoxylic acid nmethyl ester, to make Fornul a

I1- 43A. Exanple 24 Synthesis of the Conpound of

Forrmula 11-30 from 11-19 [0425] A portion of Cul (100

ng) was ina 25 m pear bott sk and
flushed W gasi for 30 m nutes [and, Arl gas,flow was
mai ntai n . flask throughout™he gousse of
the reacti ' essel was cool e prior to

addi tion of dry THF (5
dropw se addi t4 o

dry THF (&=
sol uti on of
[1- 19, 1 nfwWT
di al kyl cupr at

) followed by the |armed| ab e
solwdoron of net hy_N'

sol=ut| on and the resultl
stirred at -786,0C for 1 hr. The reactio
by washi ng t he \THF sol uti on through a pl
gel (1 cmdianeter by 2 cmlength) along with further
washi ng usi ng solution of 50% Et OAc / 50% hexanes
(50 m). The conbined silica plug washesjyere dried in
vacuo and subjected to further 8 HPLC purification
in 2 injectiodsl{ ACE 5m C18-HL, 150 nm XIR211 nm | D)
using an isocratic solvent gradient consisting of 35%
ACN / 65% H2O. Conpound 11-30 el uted under these
conditions at 23.5 m nut eExamdleviel ded 2.4 ng materi al

(27% i sol at eg él &l %}t!atc()go 8% %rn 5, T2 _[9ed by
anal yti cal %ﬁ—%ﬁg@ét

pur i {04a4it i oA metiloef Gang belivi pﬂopibﬁﬁe was ilﬂlecato%@mﬁﬁﬁ B ¥ompound
oé%qr}%g%tﬂg él J rlng)ain%ﬁ\lllgml gn Ig]tﬁe mlxture sonlcateg for 5 m?nutes though the

sodium propionate did not completely dissolve. After 45 minutes, the solution was filtered

was quenched
of silica

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,O) 225 (sh), ESMS, m/z 352.2 (M+H); HRMS (ESI),
m/z 352.1762 [M+H]", Acu= 0.6 ppm, C;sH,eNOs; "H NMR in DMSO-d; (see FIG. 18).
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gradi ent consisting of 100% hexanes/ethyl acetate to

0% hexanes over 20 m nutes. Conpound |130 el uted under
wohes®2g8andi tions at 16.5 m nutes and yi el ded BCO/USRN05/014846

material (41%isolated yield) at 97.1% purity measured

by anal ytical HPLC. [0426] Conpound 11-30 W

(Acetontri 20 225 (sh), ESM5, m 2. 294.1 (M+H);
HRVS (ESI 294. 1696 [ M+H] +, 3.2 ppm
Cl6H24NOY; h ad 6 (see Exanpl e 25
Synt hesi und of For mul WE-1TA

from1l1-16. 0427] The conpound of FO
ng, 0.096 mol )Nwas di ggol ved in CH2O 2 (,39 ni) m

scintillation/vial m) to ich triethy (40
n, 0.29 Ao - 3- rgerc*top (tfhi ol ,
250 m) and i I3 0 stl ar. were added

reaction m dtufe Vs stlrlpea at room t®hygerafure for
about 4 hours.{ The sol vent was evapor at fromthe
reaction mxtune to yield a m xture of cqmpounds of
Formul ae 11-44 andpVb-1A (19:1), which wehe separated
by reversed phase HPLC using Ace 5u d 8 ¢ol umm (150
mm x 22 mm | D) W|th a solvent gradient off 35%to 90%
H2QO Acetonitrille over 17 mm 90 to 100% Acetontril e
overl mm hol ding at 100% Acetontrile for \l mgNaat a
flowrate of 14.5 mM/mm D ode array dete s used
to nonitor the purification process. Co unds 11-44
(20 ng) and VI-1A ( 1 ng) eluted at 11.68\and 10. 88
mm respectively, as pure conpounds. Conpound 11-44:
W (Acetontrile/H 20 1113x 240 (sh) nm ESVS ntz
434.0 (MrH) + & 456.0 (I\/H\Ia%&_-ri‘ém‘rpound VIIA uv
(Acetonit r| I wu.u &) of

) 3
Secg&%ﬁg? rs%n)% l QB%N (SEX l & 1525((3)5%)%%[ ﬁgé ml) and transferred to

a vial containing Compound II-19 (6.2 mg) Wthh was contaminated with approximately 10%

Compound II-16 contaminant at 12.5 minutes (4.2 mg, 85% yield). A 2.4 mg portion of
compound I1-29 was further purified using additional C18 HPLC chromatography (ACE 5u C18-
HL, 150 mm X 21 mm ID) using an isocratic solvent gradient consisting of 35% acetonitrile /
65% H,0. Under these conditions compound II-29 eluted after 20 minutes, while Compound II-
16 eluted after 21.5 minutes. The resulting sample consisted of 1.1 mg Compound II-29 was
used for characterization in biological assays.

[0416] Compound II-29: UV (Acetonitrile/H,O) 225 (sh), ESMS, m/z 321.1 (M+H);

"H NMR in DMSO-d; (see FIG. 27).
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and reaction with hydroxy or nethoxy am nes: [0428]

The secondary hydroxyl group in the Starting Conpounds
woOo0wrgi2zed using either of the foll ow ng r eagemus2005/014846

pyri di ni um di chromate (PDC), pyridinium chlorochromate

(PCC), Dess-Martin periodinane or oxalyl chloride

( Swer dation) (Ref: Organic Syntheses.~collective
vol u II)H Preferably, Dess-Martingperi odi

can d asyagpeagent for this react)onl

Fent ey 6. I”.” Sci ence, 1995, 268, H

resul ting Ket& conp
Napi®

anmi nat i on\of oderi vati-ve—efmst arti n@

[ 0429] fhhvejKetio derivatives are treated m%hnw Eamo
cyanobor oigydr Ede (NaBH3CN) in the presence off vati ous
bases to Weld anmine derivatives of the Star{ing
Conpounds, Whi ch are subsequently hydrogenate i Joh
10%Pd/ C, t ar-teduce doubl e bond i n cycl ohexgnée Ti ng.

Exanpl e: anpl e 28 Cycl ohexene ring openi ng’ [0430]

The Starting Conmpounds can be protected, for ’exanple,

at the alcohol and/or at the |actam nitrogen

positions, and treated mﬁtE G4 _and Nal &4 in THF- H20
solution to yield dial der s which are reduced

to the algypihedis ¥thd\CMNaRINAds oFFermlRITEST 41AJT-98 SHRII-BAN

be renpved at the appropriate stage of the reaction
sequé‘ﬁ'&@ to H}eomupqs_qf Eermujae gll-37 and II-38 can be prepared from the

compound of Formula II-19 by cyano-de-halogenation or thiocyanato-de-halogenation,

respectively. Compound II-19 can be treated with NaCN or KCN to obtain compound II-37.
Alternatively, Compound II-19 can be treated with NaSCN or KSCN to obtain compound II-38.
Synthesis of the compound of Formula I1-38 from II-19:

[0418] The compound of formula II-19 (10.6 mg, .02616 mmol) was dissolved in 1.5

ml of acetone in a scintillation vial (20 ml) to which sodium thiocyanate (10.0 mg, 0.1234

mmol), triethylamine (5 pl, .03597 mmol) and a magnetic stir bar were added. The reaction
mixture was stirred at room temperature for 72 hours. The reaction mixture was concentrated in
vacuo to yield the compound II-38, which was purified by normal phase HPLC using a
Phenomenex Luna 10p Silica column (25cm x 21.2 mm ID) with a solvent gradient of 0 to 95%
H,0/Acetonitrile over 21 min, at a flow rate of 14.5 ml/min. Diode array detector was used to
monitor the purification process. Compound II-38 (3.0 mg, 34% yield) eluted at 18.0 min as a
pure compound. II-38: UV (Acetonitrile/H,;O) Apay 203 (sh) nm; ESMS m/z 337.1 (M+H)" &
359.1 (M+Na)*.
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Exanpl e: Starting ConpoundExanpl e 29 Dehydration of
al cohol followed by al dehyde formation at

woaateongs25act am ring i unction [0431] A Starti ngCT/US2005/014846
Compound i s dehydrated, for exanple, by treatnent with
mesyl chloride in the presence of base, or, for
exanpl e, by treatnent wth Burgess reagent or other
dehydrating agents,. The sul ting dehydrated conpound

eated with 0504, f

d/C to pr oduc a Ooh‘exWﬂWé“’>O
e new doubl gnbphdican bécineahi hosi \4\.
ci ohexene ring. Th

with DDQ to aromatifze the ring to a phenyl scn
group.cxsim |l arly, the ketone can be reduced, for

exanpl e, wth sodi um borohydride, to obtain the
correspondi ng secondary al cohol (s).[0433] As an
alternate nethod, the star Xa@led npound, such as the
conpound of Eor rrul a ) or exanpl e
with Tved t Tac

from. Il 2. The
cycl gmgqadl €TtRolél xid mafethvle oes&fé ﬁ@ﬁn&w nt:i@efan bE %Hn%ai by ﬁél{alogenanon

0 arona zether to a phen
o RO BB A T Jhﬁ%ﬁ‘eﬁm OB e REB A Gompound I
with NaSH alsp&:@mpW, twhil@Giddthers (R=alkyl) can be formed by treatment of Compound II-
19 with salts of thiols, or alternatively, by treatment with thiols themselves by running the

reaction in benzene in the presence of DBU.

Example 19
Synthesis of the Compound of Formula II-40 from II-39

[0420] Sulfoxides (n=1) and sulfones (n=2) of the Formula II-40 can be formed by
oxidation of thioethers of the Formula -39, for example, with hydrogen peroxide or other

oxidizing agents.
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or base. Simlarly, the ketone can be reduced, for

exanpl e, wth sodi um borohydride, to obtain the
woantegggrandi ng secondary al cohol (s). Exanpl e 3 BCYAIS2@®8914846

reacti ons on al dehyde derivatives [0434] Wttig

reactions are perfornmed on the al dehyde group of 1-1

usi ng vari ous phosphorus ylides [e.qg.,

(triphenyl phosphoranyl i deng) et hane] to yield an

ol efin. The doubl e bon e side chain is reduced

by catal ytic hydrogenat/i om anple: Wttig Reaction

CH3CHPPh3 [ 0435] Reducty imatioon is performed on

t he al dehyde group usi ng\wet'i ses (e.g., NH3) and

sodi um cyanobor ohydri de to %le_ am ne derivatives.

Al'ternatively, the al dehydeis iredu with NaBH4 to

formal cohols in the side anpl e: [ 0436]

Organonetal lic additi o the al dehyde

car bonyl can be perforned Hetwdovari ous substituted

secondary al cohol s. Exan'&g: Eanpl e 32 Synthesis of

t he conpound of Fornmula 11 47 from 11-17: [0437] The

compound of Forrmula 11-17 5 nmg, 0.0896 mmol) was

di ssolved in CH2A 2 (9 m) i a&?&;ntillation vial (20

m) to which triethylam ne ¢38 , 0.27 mol ),

nmet hyl - 3- nercapto propirmate (thiol, 250 m) and a

magnetic stir bar were added. The reaction m xture was

stirred at roomtenperature for about 4 hours. The

sol vent was evapor at ed fr ggatipR 20eacti on m xture to

ield the co un f Fornul ae 11-47, which wa
%/urt her puri %Mmgomulaﬂ-m fmmH‘21

[0421] The compound of the Formula II-41 can be prepared by treatment of the

compound of Formula II-21 (or a protected derivative of II-21, where the C-5 alcohol or lactam
NH are protected, for example) with methyl sulfonyl chloride (mesyl chloride) in pyridine, for
example, or by treatment with mesyl chloride in the presence of triethylaminde. Other sulfonate

esters can be similarly prepared.

I
ST
O

CH3802C1 O

H pyridine R

II-21 0

HO \,,,o
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HPLC usi ng Phenonenex Luna 1Qu Silica colum (25 cm x

21.2 mmID) wth a solvent gradient of 10%to 100%
wolenmreses OAc over 24 min, holding at 100% Et QACTUS2003/014846

mn, at a flowrate of 14.5 m/mn. ELSD was used to

nmoni tor the purification process. Conpound 11-47 (15

my) eluted at 10.98 nin asEpmple Honpound. Corrpound
1147 LT (et onbt Chbdui 8o brof L FP M

M-H)
synt &2k of Tlﬂer?éke@@ ﬁf)@@l Fernoa 46 rarl @@rdp]arad&yalﬁhiydkﬂlodlﬁtlon of the

C a or f l L9
N S SR S ok o

TAXFPIS, by teceimrent Witlabdson vi al (20 n1) to which
triethylamne (40 m, 0.29 mmol), G utathione (44.2
nmg, 0.144 mmol) and a magnetic stir bar were added.
The_reaction mxture was stirred at roomtenperature

boyt 3 hours. The sol ve as evaporated fro
[ Mixture to yieIdtoHnd of Fornmul a

48, chi ch was purified b N EV8 spcOHhase HPLC usT™QH £

colu emm x

AH&"tonltrlle for 4 min, at a

m:nl tor the
puriXicagfhen process. Conpound -48 (10 ng) eluted as I
a pufe conpound at 8.255 min. Conpodlmdéd 11-48: WV -41
(Acgtonitrile/H 20 x 235 (sh) nm ESMS mz 621.9 SO

(M- +. Conpound 11-48 was unstable in solution %m%z
converted to conmpound VI-IB which appeared as a

m xture of 11-48 and VI-I@X@@&Q\@ ratio of 7:3.

Conpound VI -1 B: Acetonitrile/H 20 | 235 (sh) n
ESnl\/E, SVHU}'{CS(IS of the Compound of Forrm)lla I-42A (sh) m

[0423] Synthesis of boronic acids or esters, for example, the compound of the

Formula II-42A, can be achieved as outlined in the retrosynthetic scheme below. Hydroboration
of the alkene of Formula II-46 gives the corresponding alkyl borane, which can be converted to

the corresponding boronic acid or ester, for example, the compound of the Formula II-42A.
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mz 585.2 (MtH) +.VMB Exanple 34 Synthesis of the

conpound of Formula 11-50 and VI-1C from 11-16: [0439]
woheosmesmaound of Formula 11-16 (10 ng, 0.032 nROTUSHAS/014846

dissolved in CH2A2 (9 M) in scintillation vial (20

m) to which triethylamne (26.5 m, 0.192 mmol),

NAcetyl - L- Cysteine nethyl Eesipdy2 3(17rrg 0. 096 mmmol )

and a magnetic b

m xture was sti

hour ge424pe ST_Dhé/ &Hﬁpo\ﬁﬂf’ oﬁf\ﬁ@m@flﬁﬂ@ﬂ 4f3ﬁoéﬁltﬂé%rérﬁﬂﬁtﬁyotfbatment of the
m xture to yie m xture of conpounds of Fornula

cqpad 2 FoIla @:19 \)Oﬁﬁhdﬂpl%%}‘lé’h?fﬂ?htnﬁ & M3k 3 Plasphosys yhde, Fhich can be
AR evlth'RJagoﬁéSEllMyEég SRP R e, LRy HC%I&IJCH’I??CS@&' {4"Rake ARrmula 11-

cmx 21.2 nmID) " wth a sol vent gradl ent of 10%to
4300% Hexane/ Et OAc over 24 nin, holding at 100% Et OAc

at aflowrate_of 14 5 m/mn.

(
) le 35 Gowth
te. Breast. Lung. Ovaridry
[0440] Human col on
), prostate

, , breast adenocarcino f-asa
( MDA MB- 231, HTB- 26), |4 cell lung carcinona
(NCI - H292, CRL-1848), ovari an adenocar ci nona ( OVCAR-\3,
HTB-161), nultiple nmyeloma (RPM 8226, CCL- 155), COOCH;

mul tiple nyel oma (U266; TDB-196) and nouse nel anoma

Example 24
Synthesis of the Compound of Formula II-30 from II-19

[0425] A portion of Cul (100 mg) was placed in a 25 ml pear bottom flask and
flushed with Ar gas for 30 minutes and Ar gas flow was maintained through the flask throughout
the course of the reaction. The vessel was cooled to -78 °C prior to addition of dry THF (5 ml)
followed by the immediate dropwise addition of a solution of methyllithium in dry THF (5.0 ml,
1.6 M) with vigorous stirring. A solution of Compound II-19 in dry THF (12 mg Compound II-
19, 1 ml THF) was added slowly to the clear dialkylcuprate solution and the resulting mixture
stirred at -78 °C for 1 hr. The reaction was quenched by washing the THF solution through a
plug of silica gel (1 cm diameter by 2 cm length) along with further washing using a solution of
50% EtOAc / 50% hexanes (50 ml). The combined silica plug washes were dried in vacuo and
subjected to further C18 HPLC purification in 2 injections (ACE 5u C18-HL, 150 mm X 21 mm
ID) using an isocratic solvent gradient consisting of 35% ACN / 65% H,0. Compound II-30
eluted under these conditions at 23.5 minutes and yielded 2.4 mg material (27% isolated yield) at
90.8% purity as measured by analytical HPLC. An alternative normal phase purification method
can be utilized using a Phenomenex Luna 10p Silica column (25¢m x 21.2 mm ID) with a solvent

gradient consisting of 100% hexanes/ethyl acetate to 0% hexanes over 20 minutes. Compound II-
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(B16- F10, CRL-6475) cells were all purchased from ATCC

and mai ntai ned m appropriate culture nedia. The cells
worom/oesf2s ured in an i ncubator at 37 0C i n 5% GOR/USDS/014846

95% hum di fied air. [0441] For cell growth inhibition

assays, 29, PC-3, MDA-MB-231, NC-H292, OVCAR-3 and
3@f@tqd1‘€}dfi§éhlqsecqnéﬁ@n%@ééé dnigutesBll @B]ded 108 mbtxiidD(41% isolated yield)
af‘.g(j A htB-cel I's/ well respectively

%““M"%”?‘edm"%’r‘?é?nto 96 wel | (Corning, 3904)
bI acko4zal | edComMad Be}0t &iv ¢Acs$m£rllemz®)122§ () aESMS amE 294.1 (M+H);

Iflﬁ?s ted overni |Iqwcells to

es agﬁf% ﬁ’%%\\g%{ g6n9|t6 Q@g %"’ﬁas:g‘5 %V\i:h" Q%RalﬁcpMso ds (see
Flz@B).cel I s were seeded at 2xO 4 and 2.5x1 0 4

cells/well respectively m90m conplete nedia into 96

wel | plates on the-day of the assay. 20vM stock
s of the conmpounds were prepared in _100% DVSO

di | |ntr|pI|catetothet sty

Con d nging frome6 32nMto 632pM OH
tested fonr 1¥-2 angl 11-4. 11-3 was tested

concentr gi ng frog&lg rg\/“o 6. 32nM FoﬁmJFae 0
11-18_a were teste Cohcentrations/ra

from 2n M For mul d For

wer e ed at final concentratl ons rangi ng fIN ?

to 632pMfandE 20mM to 6.32nM respecti vel y. Tﬂ‘e | ages
were retyrned to the incubator for 48 hours. {he final

concentrati on of DMSO was 0.25% m all sanpl es.
Fol I owi ng/ 48 hgurs of drug exposure, | Om of
resazurny (obtai ned from Si gma- Al drich Chem cal
My2+, Ca2+ free phosphate buffered saline wasCHdded to
each well and the plates were returned to the

i ncubator for 3-6 hours. Since living cells netabolize
Resazurm the fluorescenc&xafpleBé reduction product of

ﬁeagfg:mrr%;er :(sﬁ%% gﬁler Sﬂd B OEMWM%QI eo?iicr:de?la{éh'ngr T %_cggl M and

| em 84540 nrhhe compound of Formula I-16 (30 mg, 0.096 mmol) was dissolved in
CH,Cl, (9 ml) in a scintillation vial (20 ml) to which triethylamine (40 pl, 0.29 mmol), methyl-3-
mercapto propionate (thiol, 250 pl) and a magnetic stir bar were added. The reaction mixture was
stirred at room temperature for about 4 hours. The solvent was evaporated from the reaction
mixture to yield a mixture of compounds of Formulae II-44 and VI-1A (19:1), which were
separated by reversed phase HPLC using Ace 5u C18 column (150 mm x 22 mm ID) with a
solvent gradient of 35% to 90% H,O/Acetonitrile over 17 min, 90 to 100% Acetonitrile overl
min, holding at 100% Acetonitrile for 1 min, at a flow rate of 14.5 ml/min. Diode array detector
was used to monitor the purification process. Compounds II-44 (20 mg) and VI-1A (1 mg) eluted
at 11.68 and 10.88 min, respectively, as pure compounds. Compound 1I-44: UV
(Acetonitrile/H,0) Ay 240 (sh) nm; ESMS m/z 434.0 (M+H)" & 456.0 (M+Na)". Compound VI-
1A: UV (Acetonitrile/H,0) Km; 220 (sh) nm; ESMS, m/z 398.0 (M+H)" & 420.0 (M+Na)".
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filters. Resazurmdye in nmediumw thout cells was used
to determ ne the background, which was subtracted from
woheosthas®asf or all expepnental wells. The data ReTAIS2005/014846
normal i zed to the averagefl uorescence of the cells
treated with nmedia + 0.25% DVMSO (100% cell growth) and
EC50 values (the drug concentration at which 50% of
heymaxi mal observed growth~\phibition is es
dg%;rnlne@Husing a staHdar g si gnoi da
fitting al gowrthhymaHXLfit 3.0, "
'oné Ltdé. V%er% 1 heomaxi mum i nhifpi &
3 by

N & 2t O*val u

D 8rm [0443], The data-+ow Tabl 1 S

thd growt h inhigjgory effedty of Form g,
I'1-5A p-5B, P-18 and p-\19 agaant tﬂthu 0~ "OCHjs

col rﬁqéal carci noma, HT-29, human prostate cargi ona,
PCQ@, human breast adenocarcigpofms MDA-MB-231, hu
non-smal |l cell lung carcinoma, NCl-H292, human ova'1§n
carci noma, OVCAR-3, human nultiple nyel onas, RPM 8226
and U266 and nurine nelanoma B |1 6-F 10 cell lines.
Table 1 EC val ues of For mHxa@pleb62. 11-3. 11-4. I1-5A

i nes

D-5B. 11- %§.qu 11-19 ao.lnst various tunor cell
* \Where n op o segondary ¥ 3% 2

pr esent ed[ 0444] anﬂfh&cﬁﬁﬁ@ﬂ&@ of ﬁgﬂhg a@nlﬁé@at the
For , - and p-19 were
cyt g@éi‘ﬁ c &i‘f* ﬁ%“ton‘?%é ¥‘#°>gb gromcnsthe RtantingE-@@punds is oxidized using

eifNedl OHZIQ:ZfOHRQMg r%gg?eﬁtsl P?xgcgnlﬁﬂddl%gmﬁlQPb@@#;yrmnhm chlorochromate

I']-5A - wer e

(¥ G§$ g@e@% Wﬁab%ﬁrwémaltw eRighF Fide (fraemeaidation) Eﬂmjﬂr@nﬁﬁgyntheses
co%% Pglgﬁh?_d gVﬁLLOﬂeﬁfﬁb!}um I\Z}Hn% Fajéoi nq?{eie !:ag%a uls%(d 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:

0 0 9]
Oxidation HONH,
—_— —
or
Hhe =§ I;fC/Na.()AC Huny g MCONH2 Huun é
= PDC = =
or
Dess-Martin Periodinane _
or R=H, Me
Swern Oxidation
RB RB Re

Starting Compound I-13 -9
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8C. p-i3c. p-18. p-19. p-20, p-21. p-22. p-24c. p-25.

p-26. p-28. p-29. p-30. p-31. p-32. p- 38. |IV-3C
wQ-2406/0288251 A. H 47 and 11-50: RPM 8226 and U286Taskdos/014846

[ 0445] The human multiple nmyeloma cell |ines, RPM

8226 (ATCC, CCL-155) and U266 (ATCC, TIB- 196) were

mai ntai ned in appropriate Exdnpnle2/ media. The cells

e hom G REfkf Andid P O6c, by e S AR O 2N

95% hum dified air. [04 ion
assay8429RPM TB2i&8o dﬂivhisveamé ttdA 30 m&rsedﬁmeﬂad)baﬁoh?dﬂd@%NaBHﬁN)

Onml conp

B PRt 8 Bl vt 3B ol {REBRARI G of e SR ensiesmpouncs, which ae
suhss@uatlchydtageetqal vat}em%fﬂ(aﬂﬂ %4 RekceIOhBIE béHASn BfcldhBLene ring.
Eg(nggounds were prepared in 100% DVMSO, aliquoted and

f67'€d at -800C. The conpounds were serially diluted
added in triplicate to test wells. The finpa
onc ntration range of Fofnulal-7, 11-3, 11-8C,
p 20 p-21, p-22, N_P- 25NH2p 26, p-2§
© p-31, p-32,
20nM to 6.32nM The fH n£ copeentration of

7 HH,en 44 and

i nal—corwent r & f —F‘P'ra'r’al a
The “F1%al

sanpl es.

wer & rom 2nM t
sure, | Or of 0. 2nmg/
drich Chem cal Co.)

il
(®]

I

and the plates werfe returned to the
i ncupator for 3-6 hours. Sincerliving cells netabolize
Resazurin, the fluorescence of the reduction product
of Rgsazurin was neasured usi @gl 2 Fusi on m cropl ate
fl uoroneter (Packard Bioscience) with lex = 535 nmy #nd

lem = 590 nm
Example 28

Cyclohexene ring opening:
[0430] The Starting Compounds can be protected, for example, at the alcohol and/or

at the lactam nitrogen positions, and treated with OsO, and NalO, in THF -H,O solution to yield
dial derivatives which are reduced to the alcohol with NaBH,. The protecting groups can be
removed at the appropriate stage of the reaction sequence to produce II-7 or II-6.

Example:

H HO H
CHO OH Ho OH
OHC 5=' o L
z H S (o]
N
T i e
Hivte é H
Rs

Rg Re
Starting Compound . -7 -6
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filters. Resazurin dye in nediumw thout cells was

used to determ ne the background, which was subtracted
wobnaweéesdata for all experinental wells. ThePdatua2005/014846

were normalized to the average fluorescence of the

cells treated with nmedia + 0.25% DMSO (100% cel |

gr owt h) and EC50 val ues (th@Eml_QEy concentration at

]§$h éxgg{@)rptgf awaﬁol Mﬁlb dg ?ormgtgo% n h hgtla}nl rglrf} ullnsctlon
esta I she wer e

si gm0l doéeStaéslgoﬁerepcmud vig dahydraﬁg airgarahtpl&n by treatment with

or XLfit | D Busi ness
b e s AR N NN s -
othiyed ey dratite dgeit, bTMmgulbﬁfgchE)hﬁataj‘ co'ﬁ@i‘oﬂ%& @@fealtgcg witR 040, followed by

- 20,
I\BI(g‘l oP al%egﬁ&vgﬁzblcozowl%s %d 'ag %% ezgouppa‘gﬁl)e l?j)_t(glf -lactam ring
Lplc@cﬁl, p-38, 1V-3C, p-44, VI -1A, P-47 and H 50 agai nst
human nul tiple nmyeloma cell |ines, RPM 8226 and U266.
Tahl e 2 E nvalues of FornmuiaeNl-7. H2. 11-3. HA4.

[ p-29. p-30, p-31, p-3
I and p- 5( againstH

--ullll%\)

i)

[T

Hue

[T

Hie

Rg
Rs Rs
Starting Compound I-6 I-1
Example 30

Oxidation of the Cyclohexene Ring to Produce Cyclohexadienes or a Phenyl Ring

[0432] A Starting Compound, such as the ketone of Formula II-13C, is treated with
Pd/C to produce a cyclohexadiene derivative. The new double bond can be at any position of the
cyclohexene ring. The ketone can be reduced, for example, with sodium borohydride, to obtain
the corresponding secondary alcohol(s). Alternatively, the cyclohexadiene derivative can be
further treated, for example with DDQ, to aromatize the ring to a phenyl group. Similarly, the
ketone can be reduced, for example, with sodium borohydride, to obtain the corresponding

secondary alcohol(s).
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Formula H-2 45 32 >20000 >20000 Forrmula H 3 >20000
>20000 57 39 Formula H4 5 1 34 36 10 Fornmula H 5A 29

wO 288824528 Fornul a H-5B 328 111 >20000 >20000 PoTMmSkm@ms/014846
H- 8C >20000 >20000 >20000 >20000 Fornula H 13C >20000
>20000

Pd/C, rt, O/N
__—> O
Acetone

NaBH,, ~10°C
.____> +
cl Cl
[0433] As an alternate method, the starting compound, such as the compound of

Formula II-49, can be treated, for example with TMSCI to produce cyclohexadiene derivative.
The cyclohexadiene derivative can be further treated, for example with DDQ, to aromatize the
ring to a phenyl group. The OTMS on the phenyl group can be removed, for example, with acid
or base. Similarly, the ketone can be reduced, for example, with sodium borohydride, to obtain

the corresponding secondary alcohol(s).
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6.3 4.2 Formula - 18 6.3 4.2 5.9 3.2 Formula -19 7.1
3.4 310 Fornmula H 20 8510 + 3260 442 >20000 6090
weoeanwsikes2p- 21 >20000 9670Where n> 3, nmean ECS50PQaius2005/014846
standard deviation is presented;* n = 3, standard
devi ati on not applicable; ND_= not determ ned[ 0449
g ES50 val ues indicate t¢ ormulae 11-2, I1-
[1-5B, 11-18, I1-1 8 0, p-22, 11-24
3 % and 11- 30 #R§ECY Grop agai nst ; @E °
and U%ﬁG‘celbs For mul ae 1-7, 41 38, ol1-44, I A, E

H
N

11- 47 d -5OTMSﬁ@%EytOtOXI t REMb 8226
ced+x<. | a 111@% and | re cytotoxit aga
U266, 0 Exanp 7 Go ; tion of MES-SA..\

10itee

]
gunor cell lines
S-SA; CRL- 1976), it

MVES- SfV k5, HL- 60 and HL-60

977), /human acute pronyelocytlc | eukenia cel l's (HL 60;
CccL- ¢ cl Cl
11-50
Acid/Base Acid/Base
[ :1\ 0
4 Qo
NE P oo 4
e H 2 0
0 N~
0

H\\hu-'

ey

Cl
Cl
NaBH,, -10°C
{ 1 H { 1 OH
J OH J H
H H E 0
N-_% 0 + N~
O O
e [EILLY
1I-14C
Cl Cl
Example 31

Various reactions on aldehyde derivatives

[0434] Wittig reactions are performed on the aldehyde group of I-1 using various
phosphorus ylides [e.g., (triphenylphosphoranylidene)ethane] to yield an olefin. The double bond
in the side chain is reduced by catalytic hydrogenation.

Example:
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240) and its multidrug resistant derivative

(HL- 60/ MX2; CRL-2257) were purchased from ATCC and
worbestiasned i n appropriate culture nmedia. The eerius2005/014846

were cultured in an incubator at 37 Cin 5% CO2 and

95% hum dified air. [0451] For cell growth inhibition

assays, MES-SA and MES-SA/ Dx5 cell g were both seede
at 3x1 0,3 cells/ well in 90n co ete nedia into 9
wel | (@;orgni nge 3904) bl ackwal | ed, &l ear-bottomtiss

gr owtehy) HL- %50 an§HsEHB0L MX2 cel I
5x1 04 célls/ well in 90m conpl
n the day of conmpound addition. 2QrM st oc
s of the conpounds were prepared in 100%
and st8red at -800C. The compouRds were serially .
dilutetiiand added in triplicate tolghe test wellis.
Concentrations ranging from6.32 mMto 2nM were tésted
for I1-2 and I1-4. 11-3 was tested at concentratlons

r ang{oagsif r omedn was te
at cgnce]nt rati O%H;Ae%glggh&gﬁ% ) %m\j11 DS - %E%%lgr MRe {58 ious bases
(6-cdd angbradivmpexanohsephyeridette yickbabag Gaivbives Altehetively, the aldehyde
15_1‘_51:@103& Wil NaRRGe doRBYs B¢ Qas 0.25%in all
nﬁ)l es. [0452] Fol [ owi ng ours’ of drug exposure, |
BRPIGF 0. 2ng/n1 resazurin (obtained from Sigma-Aldrich
Chem cal Co,) in M2+, Ca2+ free phosphate buffered
sal i ne vvas/added to each wel). and the plates were 7
returng e incubator #ors 3- 6°hguf s, Si nce | inving

té nedia into 957/wel |

NHy

cely BDGl | z&“REBazur | | ugresgENce oo/t he
red_uc“tl' : oductz@f Resa uri s—-n=eas—u+e-el usi ‘

12 I-1

[0436] Organometallic addition reactions to the aldehyde carbonyl can be performed

to yield various substituted secondary alcohols. Examples:
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subtracted fromthe data for all experinmental wells.

The data were nornalized to the average fl uorescence
wofodcleseel | s treated with nedia + 0.25% DVSO pa0@%2005/014846

cell growth) and EC50 val ues (the drug concentration

at which 50% of the maxi mal observed growth inhibition

is established) were det mned using a standard
si gnoi dangQ& r&sponse e fidting al gorithm (XLf
t 3.0, | usi ;r@sso Sol uti ons, &fd) ., Where t he™gaxi pgam

i nhi bi tion azS than 50% “gnEC50,
val ue wa he nmul ti drug N~
resi stant w Pine was d 'ved‘f om

ot det er m ned®§% |

ptein (P-gp), an
dependent ef/fl ux punp. The daka in Table 3 su

the growth I'nhibi twey effects|of Formulghe -2,
1-4£ 11- 18 agai n3t_MES- SA| and MI tidrug
resisgt ant_dérivative SA/ 5. Paglitaxel, a knpwn
substratezof rhe P-gp punp wgg included as a cowm
Tabl e 3 E¢—val ues of Fornul &eill-2, 11-3, 11-4 dnd 3

11- £8 agailnst MES- SA and,MZS- SATX5_t unor ige|| | |
Fol d ¥fAnge = iTle ratio OF O=val ues (MES-S

VES- SAN [0454] The EC50 valfies indicate that |Iw9~ ;
_?ctivi ty agai nst b&th
|

31-4 ang H'1 8 have cyt ot oxXKe

MES- SAdand MES- SA/ Dx5 tumor £ell |ines. The mul tiYrug
resi stant phenotype confi rmed by t obser vat/i om
t hat Pacl | was 4800 tines || ess active agai nst the
resi stan -SA/ Dx5 cells. [0455] HL-60/ MR is a

mul tidru i st@ant tunor ce line derivg omthe
human pro a&og:yti@ | eukem gl | |ine, b 60~andeH
expresses_r f t opoi sone gl cactivity. fhe 0

|||||

Hiwe

[T

Hune)

[T

Ra
Rg

Rg

Example 32
Synthesis of the compound of Formula 1-47 from II-17:

[0437] The compound of Formula I-17 (25 mg, 0.0896 mmol) was dissolved in
CH,Cl; (9 ml) in a scintillation vial (20 ml) to which triethylamine (38 pl, 0.27 mmol), methyl-3-
mercapto propionate (thiol, 250 ul) and a magnetic stir bar were added. The reaction mixture was
stirred at room temperature for about 4 hours. The solvent was evaporated from the reaction
mixture4 to yield the compound of Formulae II-47, which was further purified by normal phase
HPLC using Phenomenex Luna 10u Silica column (25 cm x 21.2 mm ID) with a solvent gradient
of 10% to 100% Hexane/EtOAc over 24 min, holding at 100% EtOAc for 3 min, at a flow rate of
14.5 mlU/min. ELSD was used to monitor the purification process. Compound II-47 (15 mg)

eluted at 10.98 min as pure compound. Compound II-47: UV (Acetonitrile/H,O) Amax 240 (sh)
nm; ESMS m/z 400.1 (M+H)* & 422.1 (M+Na)".
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data presented in Table 4 summarize the growh

inhibitory effects of Fornulae I1-2, 11-3, I1-4 and
wo-20/0agsnst HL- 60 and its nultidrug resistanPCT/US2005/014846

derivative HL-60/ MX2. M toxantrone, the topoisonerase

Il targeting agent was included as a control.Table 4
alues of Formulae | l-2. 11-3. I1-4 and 14-1

-60 and HL-60/ MX2 turor cel | Iines\fﬁ d Fon
he ratio (EC 50 val ues (HL-60/ MX2 "H,;-60)
OECH® val ues, i ndi cdt® ¢ 11-2, 11-4 8

ai ned cytotoxic activity agai nst bob

ana\ 0/ MX2 tun® |1 I'ines. Te mul tidrug 4 :

rg 'stant phenot ype was confirned by the observ |én |
that, Mtoxantrone was 730 tines | ess active agaixst

the resistant HL-60/ cells. [0457] The conpounds

di scl psed herein have activity against drug resistantl-47
multiple nyeloma cell lines. For exanple, the

conmpounds are active against MM IR and

Doxor ubi ci nresi stant Dox-40 cell |ines. Furthernore,

the conmpounds are active againsisscell |lines obtained

from human nultlple nyelonE patlents t hat have
rel apsed Shthe g afd rerTh A8 el Wik ihfrom I1-16:

Dexa son Bortez n |

O e, S GAEN N9 L APTAE ol s 1
rs[ﬁbe(beAmBNjDMS(U C{S mg) M Edlmilﬁtum/ablom rﬁil)(lt'b trhich mgethylamine (40 pl, 0.29

) AR R e AT Sl i BPEEB, gt bR

@ng)é) ndi A BRgIeHn S‘%rf beﬂlﬁveree gc?dn d bThe reaction

nhﬁ[ms atiel dtuddh ehpeRuacior ¥iduy3 lamnforﬁaﬁo&entlwas %vaporated from the
I1-3. 11-4. 11-5A. I1-5B. ||8C.

rﬁcw mﬁmgg_ to ﬁeléihe (fj)rrg)ggnd cﬁ' F@gnulb% | nglch -yvas Burzfged kty roggrsed phase
HP1 80usin- A4 suMd 13' DAt 150/m3& 23EK2D3 W KBV HCIE BERSE 10% to 70%
I{Q(e)/gl‘g:g‘}oﬁlrtrﬂg %lvclzr 15 In?n? 70 to 100% Acetonitrile over 5 min, holding at 100% Acetonitrile
for 4 min, at a flow rate of 14.5 ml/min. Diode array detector was used to monitor the purification
process. Compound II-48 (10 mg) eluted as a pure compound at 8.255 min. Compound [I-48:
UV (Acetonitrile/H,0) Agax 235 (sh) nm; ESMS m/z 621.0 (M+H)". Compound II-48 was
unstable in solution and converted to compound VI-1B which appeared as a mixture of II-48 and
VI-1B in the ratio of 7:3. Compound VI-1B: UV (Acetonitrile/H,O) Ay 235 (sh) nm; ESMS,

m/z 585.2 (M+H)".
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[ 0458] The HEK293 NF-kB/ Il uciferase reporter cell |ine
is a derivative of the human enbryonic ki dney cell
wO 2o/ 0¥$seE€C, CRL- 1573) and carries a | uciferaBeT/us2005/014846
reporter gene under the regulation of 5X NF-kB binding
sites. The reporter ceI | line was routinely maintained
conpl ete DI\/E fum (DVEM plus 1 v/ v) Fetal
@g& serum 2 %ut am ne, 10mM oand
Iolln/Stre GHTY& n at 100 11U/l ang:l In, NH,

& i Vel WDOSUpp nt FNPY$P 08D M~ G498 Wi COOH
pel 'ng t he Iu0|f rase assfy, the BNEN Basal I um

wa repI aced with phenol -red free DVEM'basal F“Um

and the (418 was oni ﬂleiz The cells wer cuItureri\éde

anci ncubat or at 3PC in 5% CQ2 and 95% hunf#i fi ed
r.. [0459] For NF-kB-nedi ated |uciferase assays,

ng@% NF- kB/ | uci ferase cells were seeded at 1| g«éll A

cells/well in 90m phenol-red free DVEM conpl

medi uminto Corning 3917 white opaqu Al ottom tji ssue

culture plates. For Fornmula H 2, For Hok- 4, Fornul a

I1-5A, and Fornula 11-18, a 400 nM sta NH

dilution
was nmade in 100% DVBO and this dil utdésh ¥ SSJ}EE{\"-{NCOOH

generate a 8-point half log dilution %"rr@s. T go

dilution series was further diluted 40¥n ap?)ro iate
culture mediumand ten nl aliquots were added to H
test wells in triplicate resulting in finalvitiest
concentrations ranging from1l mMto 320 pM For
Formulae 11-3, 11-5B, 11-8C, 11-13C, p-20, p-21, p-22,
p- 24C, p-25, p-26, p-27, p-28, p-29, p-30, VI-1A and

I V-3C, a 8nmM st artr ng di | Exempledds made in 100% DVSO
and the ] d,as, descrl bed above
resul tin P Y & PR A A

20rrM0t139]6 3rm;re dﬁﬁipoﬁﬂrcsmF@mﬂ;ﬂa 1196 mi 1)4)4;2 rﬁm&@ka@\qlssowed in
]'tgl B“ﬁ ilon was nade in 100% O and the'f

c clérﬁ“}n& fiRs isldRY &) for whick triethilamine €675 pMO. lf%rmmol) N-

AWMﬂteJ;ﬂe@&h 18ester PIM00.09 i t
de L1 10056 GEO D DOPTNPER] £ o AL i Par e adde. The

GBLEIE SYS S repmptemrmRiore ROt Hh@urS e solvent was evaporated

from the reaction mixture to yield the mixture of compounds of Formulae II-50 and VI-1C, which

were further purified by normal phase HPLC using Phenomenex Luna 10u Silica column (25 cem
X 21.2 mm ID) with a solvent gradient of 10% to 100% Hexane/EtOAc over 24 min, holding at
100% EtOAc for 3 min, at a flow rate of 14.5 ml/min. ELSD was used to monitor the purification
process. Compounds II-50 (2 mg) and VI-1C (0.2 mg) were eluted at 10.39 and 10.57 min,
respectively as pure compounds. Compound II-50: UV (Acetonitrile/H,O0) Apax 230 (sh) nmy;

ESMS m/z 491.1 (M+H)" & 513.0 (M+Na)*. Compound VI-1C: UV (Acetonitrile/H,0) Apax 215
(sh) nm; ESMS m/z 455.1 (M+H)" & 577.0 (M+Na)*
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respectively. The plates were returned to the

i ncubator for 1 hour. After 1 hr pretreatnent, 10 m
wohow/08820g/ Ml TNF- a sol ution, prepared in theCcT/uS2005/014846

phenol -red free DVEM nmedi um was added, and the plates

were incubated for an additional 6 hr. The fina

ncentrati on of DVSO was 5% in all sanpl es ] 0460]
Hde end of ﬁhe TNF-a s lation, 100 m of ,Steady

i te HTS erase reagent (M gkprd BIOSCIen
;0

#0 each we Euaﬁd%the M- a
JQtwb & %)mm at © ,.ommma r
asuring the lu0|ferase act Vty. Iative
ciferase units (RLU were asur ed b using al Fusi on®” ¢
icroplate fluoroneter (Packard Bioscience). The
valt¥s (the drug concentration at™#hi ch 50% of the wvc
maxi mal relative luciferase activity is inhibited)
were calculated in Prism (G aphPad Software) using a

si gnoi dal dose response, yvariahl e slope nodel. [0461
NF- kB regul ates the expreé%ﬁ@gggf a |l arge nunbeE of !

GESAE SRR F @Blon] Modtate. | BXEARR Ling) Ovape PMoRipk:, Mveloma and Melanoma
unmor I genesi s, and autoi nmune dj seas
i nade440k f oHmmanrolrBadangsFsaEy Wi - 11”5 P’f?éta‘@y%dsg%ﬁmmoma
& g] 0{143§i IE}:EAS{?“ l1@cark KBk MO MENS 1Y | HTBQ6) non-small cell lung
qurtina subsequently degraded b
carpinotne ABIOHEI29 % HER I Bt R dleitati admoqara riga Y %Rr”h &TB-161), multiple
myﬁf?t | (#P&\ﬁ%ﬁg ?ELH%S)E‘E&HE}I@ mtyElgfﬁl(QQég "IQB 1@9) Eﬁmmouse melanoma

ecfs ormil ae H 2,
(BL-FHOACRILI645B3) cens 8Ce ap piBisepirag AT&Clzgld rrgm;}@neddn gﬁproprlate culture

m%1a4ihe\/$ellf xexgﬁglnfrgfl lé’lén 1nc’u?§012a237 & i%%’% 04 %d %%’?’ﬂlmldlﬁed air.

e activation of F-
evalpa1pd byonctigeithgntibicoiNmsiyB, HEQPabEd, MJRA M&%@eNCI-Hm

activity i NF- kB, I 3 4 3
oLk ot b F Ao s, it ST Sy URANE D Jggo" and 12510
ceﬁ§ leeﬁ rt‘!!p&!ﬂlvg@ rlml,@@oﬂiﬁletg mekida-igko 96 kﬁfeﬂ&COmin-gSEMpbli@{,-walled clear-

9, -21, 24C, . p- % H
bopomznssl@sqylﬂtp]@d)lth éﬁlddb&’sél_a %W@Wd‘@ﬁ’(bated oeemlght t% 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 90pl 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 6.32uM to 632pM were tested for II-2 and II-4. II-3 was tested at concentrations ranging
from 20uM to 6.32nM. Formulae I1-18 and II-19 were tested at concentrations ranging from 2uM
to 200pM. Formula II-5A and Formula II-5B were tested at final concenirations 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.

[0442] Following 48 hours of drug exposure, 10p1 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 A = 535 nm and Aem = 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
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decrease of luciferase activity upon TNF-a
stinmul ation. The EC50 val ues to inhibit NF-kBnedi ated
wouaaisfessrase activity are shown in Table 5 and PCT/US2005/014846
denonstrate that Conpounds of Formul ae p-2, p-4, p-5A
p-5B, P- 18, P-19, p-20, p-21, p-22, p-24C, p-26,
fmo&&;eanb-o? Bheatetls peated witthhdilid €d.2505-BS@C10094 Eall dréwthhar® ECs, values

B R I NN N N,
v@reZdeterﬁinﬁ& usifig Z%daﬂ} Afmoifal 46se rBspdrise cRrvE Bittiry- 2sdritta GOk fit 3.0, ID
1Aad | V-3C from NF- kB-medlated | uci terase

s (g, 05 SRy (e oD G O DT RSB e et then 50%, an

BeXPRkeRRBhSt RfefnigdoWwn. \Were n>3 the nmean ECS0 val ue
standard deviation is represented. **The assay al so

was P& Bbr melhedetnindghls duwamenizope geamdh indibitbryeadferts ofRormulae II-
ZEﬁIBOIIMahLB% ofsBl %Mnd‘@f‘lg:gka}{@! He h\Wﬂ:% ?Jrg(aﬁ %Lﬂdggglg 1{1‘1‘-29 human

the’ calcul ati on of the nean EC50 va
pastateccaraiteintsi PEGnhehanFyreastadsoergreimtriay MDA-MB- Bﬂs hwhaenon-small cell

lLilng cgrc dom%gNH[-Hg%Z hlumgxl ol/elnag?arclno?%,gOVbAﬁg’Jc hur % mu?tlp}%myelomas

Rﬁl\/ﬂ822qgan29126paﬁDmuqmeaﬂelarprrﬁBMWwSell liﬁds 3C. p 44. VI -1A
and 11-47 [0463] Al the conpounds were prepared as 20
nmVl stock solution in DVSO and stored in small aliquots
at -8Q0C. Purified rabblt niskié & ZOS pr ot easone was

% ﬁed {ﬁ om 1Ca

assay buffer (20 m\/l HEPES phﬂeSS 0.5 m\/l EDTA and

0./05%F+i toR— XHOO—was—supplenmented w-th SDS resulting
in a final SDS concentration ofE@, @8H% The substrate
ugeél! line
1I-2 -3 -4 O-5A II-5B II-18 II-19
1070
HT-29 129421 | >20000 | 132436 | 67+17 18+7.8 | 11£1.6
1210
1330
PC-3 284+110| >20000 | 204+49 | 109415 35+5.6 | 29+4.0
1790
1040
MDA-MB-231 | 121423 | >20000 | 114+4 | 61%4.6 16£2.8 | 14+3.2
957
322 >20000 192 992 29
NCI-H292 102+19 27+3.8
395 >20000 213 1250 41
188 >6320 80 >2000 24
OVCAR-3 >20000 1320
251 >6320 64 >2000 20
49 >20000 57 36 326 6.3 5.9
RPMI 8226
45 >20000 51 29 328 6.3 7.1
39 >20000 39 10 118 4.2 32
U266
32 >20000 34 9 111 4.2 34
194 | >20000 163 1270 19
B16-F10 78+11 13+1.9
180 >20000 175 1140 36

* Where n> 3, mean + standard deviation is presented
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was suc-LLVY-AMC, a fluorogenic peptide substrate
specifically cleaved by the chynotrypsinlike activity
wofhodelesyas ot easone. Assays were perfornmed at aPCT/US2005/014846
pr ot easonme concentration of 1 ng/m in a final volune
of 200 M in 96-well Costar mcrotiter plates.
For mjo4ad] | | - Phe E%O 4alués]mdl&te tllltﬂl@goﬂrﬂui’a% J1-p- 122, R34, II 5B I1-18 and
44 were tested as_e oi nt dose response cur
I et PR SRS AT B Cr AP AR P ShP G OB RO, 266 and

BOYAF1 @i ca lides! 11-2) [=52A1-9B R 1-19 wRR alsbleyfoxicldeiQt @ @)VCAR 3
11-38 were tested at concentrations ranging from1l
tpreeonM  Fornulae 11-3 and VI-1A were tested as an
ei ght - dose response cur vegyhifprEiggal concentrations
ranglno fron110 nwlto 3.2 nM Fornul a p-47 was tested

B g pafihyn shiglemayetomarby Forpnlaed-71 IR2. FMA. M:il]]-.‘e& 1I-5B, 1I-

e t a’ﬂ&ﬂ ‘

concen r 4 e i

sanpl r t OC f

tenp ?%?neeeg%ﬂ% gﬁ% 07 08 anlﬁgcéﬁ?ﬂg%ﬂéggTéa 8CL15®and

U2be ff‘om(ét"léBﬂ@é)iWre (n'aYimemrIm irEppedpriota , cul\zﬂgé ’fnhatm THeREls were cultured in
at i.Qn, e substrate was

ann$u¥gﬁ g§7ﬁ% @%#9 ggéﬁwgﬁhfﬁgiassay buffer. After

t he ;{xms]nc U bRdr iceln gro@ e iaRlibitioh ssh BARPMO B2 VR I1€aid U 1663¢cedseeded at
addition of 10 ml of the dlluted substrate and

by ,t
2t e aﬁ& 2830 esllg/ well respprtirely dnt 98! Goraplete taggie futo Flegning 3904 black-
Wfallé'l@cléé{flﬂ&%m Figduk Q1R Iﬁé’c@sSt PR isfdck REGGRCS BBScoBSunds were

mM  Fl uorescence of the cleaved peptide substrat
Pwa%redr@ahQQiVeBMaﬁO labgueg0 ané stored it 18814 80e mmpq&t;ﬂSd\mra serially diluted
arﬁg{ldge Jh@?%\t%q% go[:ss¥ Ex{g]llls %hé‘l‘ A fggrféelgtpaﬁlon g orml:lﬂa %—7, 1I-3, II-8C,
Ipds, B SC, llIFﬂ@ BCHOI22 ] Iire4C, (It 2ﬁe 26, - ZSOH@QnIIJBa,tIT[eh, 1882, 1I-38, IV-3C,

N T T I TINAT e N

443@1{d B0 @)ngds 106 326MgR0GHM. THe TRl Q@BP9REEen MAsd FHofmula 112, 114
%go pe nodel. To _evaluate the activity of the conpounds

IrAs tverehiom b de o7nde Heq finaltspnesniretins ofGBMSO was 0.25% in all

Aseasones, reactions were perforned as described
above except that Z-LLE-AMC was used as the peptide
subsi{0447le. Fllawinget8ho@s of Hrug exposure, 10pl of 0.2mg/ml resazurin (obtained

from Sigma-Aldrich Chemical Co.) in Mg®*, Ca*" free phosphate buffered saline was added to
cach 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 Ae, = 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 ECs, 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 (generated by
XLfit 3.0 or XLfit 4.0, ID Business Solutions Ltd).

[0448] The data in Table 2 summarize the growth inhibitory effects of Formulae I-7,
-2, -3, II-4, II-5A, I-5B, II-8C, II-13C, II-18, 1I-19, [1-20, II-21, I1-22, II-24C, 1I-25, II-26, 1128,
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p- 5A, p-5B, p-8C, p-i3C, p-is, p-20, p-21, p-22,

p-24C, p-25, p-26, p-27, p-28, p-29, p-30, IV-3C, H44
wanweksNA were tested at concentrations rangi RQTAUSZIVS/014846
20mMto 6.3nM Fornula H 2 was tested at

concentrations ranging froml OMto 3.2nM while

=5 st U-35 a3, Hégx B4361t Deldny@nfr at470msl Na0Giga@st Kugihh multiple
n3eM Qeit imlnibvFenchhpysya! uat on of the compounds

agai nst the trypsin Ee activity of the proteasone,

the SDS was omtted fromthe assay buffer and

Boc- LRRAMC was used as the tide substrate. Formul a

H 20 was tested at concentr s ranging from1l.6 nM

E&OMLFFonmwa;la 28 [-3H8ICII- ﬂHng%B nltk&?- 3151613& B, irh%f‘fzo -21,
26 S 29 - and Vi -

R2231.04¢ 2005 1o okh 7 13238 AV 3 B i b, 47 and IL.
6 3nM For For nul &8 _qgla_tammiézﬁﬁnhmsgeaf‘sen”at' ons

anged—froml—OvM to 3 2nM Wil Fornul ae p-4,

ad v
l CDl eo— armgcou—T1o1 HV+

ChtnpAmat 1 8 and H- 19 wer e REMk&A6 at condent r at i ob266

act ol

ranging froml nMtfo 0.32 ot a p-#4—was—t
at—concentrations rlangi no%o@nﬁﬂ to 632pM [CFK%%?:‘M)

Res It (EC50 valugs) are shzsen in Table 6 and
gtrate that among the te 0ed conmpounds, For mNRe
H-5A H 18, H 19, TL-20, H H 22, H 29, H 38 and
H-44 are the nost potent |nh14§>|tors of the
Fampladk2 ypsin-1i ke activity of the 20S pfoteasone vath
EC50 val ues ranging from 2 nf%to 11 nM | For nul ae -7,
H 2, B4, H58; H—uU and—+ ahbit—the prot easomal
Fehyraotsy ypsi n-1i ke activity \L/%()?dr(? EC50 val ues rang?@f§o

from 13 nMto 88 nM while>pbeoECS0 val ues of Fosgpghae
H-3—H-26—and—V—1A ranged from 207 nMto 964 nM

o, TTz9

E‘ﬂ Q’ﬁlh H-13CII-24C [1-27,511-28 and | V-3C i nhidgi ted
ynmotrypsin-like activity with EC50 val ues
ranging fromi1.4nmMto 10.6 " EC50 valjues for 3%
Formul ae 11-8C, 11125, 11-313and 11-32 were greatgr
Forula I5\ v . Under |t he conditions tested, Fornul ae

H2, 11-3, 11-4, |]|-5A E-SB2 II-13C 11 18, 11-19,
[1- 20, p-21, p-2ZZ] T1=-24C é P30 —p-44
Foamda WI5Bl A were abl e to inhi b| the tryp3| n-1ike !18
328 111
Formula II-8C ~20000 >20000
>20000 >20000
Formula I-13C >20000 >20000
>20000 >20000
Formula II-18 6.3 4.2
6.3 42
Formula I1I-19 39 3.2
7.1 3.4
Formula II-20 8510 + 3260 310
442
Formula I1-21 >20000 6090

>20000 9670
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activity of the 20S proteasone. Formnmul ae E-4,

I'l-5A

11-18, 11-19 and 11-29 inhibited the caspaselike
waaebiexszsw t h EC50 val ues rangi ng from 213 nMPCO/USED5/014846

nM while Formulae I1-2,

I1-5B, 11-20,

p-21, p-22,

p-30, p-44 and VI-I1A had EC50 val ues ranging from 956

nMto 8 7 nmM Tabl

ForpowB. [I-p2 4. H 5A. p-

p-21. H 22. p-24C

5B. p-8

%30 H 1
p- 25. p

e 6 EffecmSOof For nul

p-27. p:

ae 1-7. R8GO

3. p-19. Hy30.
28. p-29.” p-30.

{

p=81.p-327p-38.
For¥@fld @ysCc enzymat 1 C
pr ot e_asorres* EC50

Fo%‘tg%nli?ﬁ on not appl

40 The effects of

d devi ati on

activities of purifi

Y,

. >
IS pres

Formula 11-16,

rv-3C. p- 203% VI - 1A al
val ues ofl6dbe or two

* n:
i cabl e. MNiyomot det ern

nd p-47 onishe
2d rabbit 20S
i ndepende

6

ram EC50 ]
3, st anda%égbdbe
m ned BEx20900e

a-11-17

Formul a 11-20 and
Fomatld IH26y of 20S pr

RPM 8226 (ATCC, C

ot easones

CL- 1 55),“?ﬁe

hunan

ot

Ovur al i de228A t he chyr
RPM 822

fot r ypsi nIPR%
6 cells [§465]

mul tiple nvel oma

celT T1ne, was cul

Fofstppiiesent ed with
peni cillin,

100 ny

2 mM L- gl ut am ne,

m strept®Wcin, 1

tured i n>Righh 1640 nE
10d

di um >20000
uni ts/ n120000

mv sodi um

yl tvate allu J.U/OI

Fo%tnﬁ EI go% CO2 and

tory effects
the 20S proteasone

Teat

I macCtl
D5% humi dllﬂ'%@ed air.

ted retal

on the ch34dot rypsi nl

[a¥aYaaa¥al inde _nro

DOVi Neé Sgfum
To eval uate the
i ke acti vi4§ of

[ Y lr‘f'\

wer e
FOﬁwlzﬂéﬁ
final test concent

propriately
O 5/ M RW

test

di luted #9P0Cul ture

fati ons ranged from

\= =] HI A>3

8226 cel{g. For For

=Y
aICUIIIngl

edi um and®added

mul a 11- 1/40t he
nMto 100 _nM

n

For Formula 11-17,

Foftaialh Bk dchem San Di

concentrations ran

ego, e final

ged fro )>20 to 10

For nul a>2d6020 and On

ur al i de
t est ND

nM DMSO was

used—as the vehi Ci

b cont r0|>2@6ooa final

concentration

i Fol lowi ng|1 hr ND
Fo%ulg 1F % 20000
2600
- ND
Formula II-38 1800
7760
*
Formula IV-3C >20000 £290
12
Formula II-44 ND
8.8
8400
- ND
Formula VI-1A 2800
Formula II-47 8000 + 3400 ND
Formula II-50 10 ND

Where n> 3, mean ECso value * standard deviation is presented;* n

applicable; ND = not determined
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i ncubation of RMPI 8226 cells with the conpounds, the

cells were pelleted by centrifugation at 2,000 rpm for
waQos@esas roomt enperature and washed 3X w t hPCTtasembd14846

| X Dul becco' s Phosphat e- Buf fered Sal i ne (DPBS,

Medi at ech, Herndon, VA). DPBS washed cells were |ysed

on i de44br 1Bhai@ro Veriudsymdusitetxhitheﬁm(lﬁsm HNII HARES, HGBEJHIIM 0-19, II-

T t
zgﬁ%ag‘ equ%hot%ll r t[g‘gfb COCg[%gI ﬁer(: Fﬁé’g%f’é‘ ggﬁ\’ﬁs&% and U266 cells.
anmﬂ@nh’poﬂﬁs TH4M) VIQal IIT-4fe bid H-soaﬁerp&Jy{oﬁix&da@)hst RPMI 8226 cells.

[ 00 rpmfor 10 mn, 4C and
@ﬁ%éarga Cihpébg"gﬁelcyﬁogg‘ﬁ’ta@ st 266 cillsansferred to a new
tube. Protein concentrat| omxa@ﬁggjeterm ned by the BCA

Pi erce Bi ot echnol ogy, Rockford
pr%r%' inhib ol SA, MBS-SA/DxS .\ HIs-60 _zg tumor cell lines

pr ot G[B(BISO]TE V\Hlﬁmd'ﬂ?@ﬁ:ﬁﬁ@ GhaR¥mbl S(MEL-§ e Cﬁi(cl'd?k) Vi¥s %ldmg resistant
fl ugrogeni c ptlde substrate (Boston Bi ochém

desiativs SMR; GREART Dy bimsn seriepramwelycsio ﬂtfuécmléizellsﬂdlL 60; CCL-
2485 RESits Qﬂ%dﬁy&é@% d&%@e&hL%@ﬂgﬁ% S Iﬁ?Zﬁé gl efe purchased from ATCC

concentration of 0.035% S I on
andyppipigingd) inpppropaty geliure omdief The@eld wat c@lfutediivlan incubator at 37 °C in

red by diluting a 10 mM sol uti on of
5?%7E:¥?%%%%DN%% 1: 25 with assay buffer) to 190 nL

of t HéSHel | Hoyseli gmovdhdnhibitohatseg, MES-$we a'lﬁﬁ WLBS’-FIA&B{S cells were
d at .370C. The rel ease

O S e o AR S il Sl PR R it 2411 (S9mes Agos) back:

whided, cle330ttormtiasnd chi@it plaft@nd1ie pl pﬂ?&é ﬁ@ﬁgu%%%alog%%@f {-ffow cells

PR T i A

cellbrweliiA®0f10dotplcf RS it 9040l Blafds Uﬁg‘% d%ﬁéf W%ﬁﬁ)a 20mM

was 20 ng. The final concentration
Sf@r&s&l%gs oD thevomneunds xozre pl@sqzmbtn @l% DMR3 ahd stosedeat -80°C. The

th : .
rpgt&gg é&%?reeéglﬁﬁ cﬁlupe%ragllg %El(iled lcrg) 1{;ateo [2) tg ];eétl vge(l‘%v oncgntrafions ranging

vt
frgdivB 2 eMdrto 2ol were tested for II-2 and II-4. [I-3 was tested at concentrations ranging from

20pM to 6.32nM. Compound II-18 was tested at concentrations ranging from 2pM to 632pM.
The plates were returned to the incubator for 48 hours. The final concentration of DMSO was
0.25% in all samples.

[0452] Following 48 hours of drug exposure, 10p] of 0.2mg/ml resazurin (obtained
from Sigma-Aldrich Chemical Co.) in Mg®, Ca®* free phosphate buffered saline was added to
cach well and the plates were returned to the incubator for 3-6 hours. Since living cells
metabolize Resazurin, the fluorescence of the reduction product of Resazurin was measured using
a Fusion microplate fluorometer (Packard Bioscience) with A = 535 nm and A., = 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 ECs, 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). Where the maximum inhibition of cell growth was less than 50%, an

ECs5, value was not determined.
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[0466] Results in Table 7 show that exposure of RPM

8226 cells to Fornmula 11-16, Fornula 11-17, Fornul a
wae@P28em8 Onuralide resulted in inhibition of PCNAIS2005/014846

chynotrypsin-like activity of the 20S proteasones.

Anong them Fornula 11-16 inhibits 85+7 % of the

chy [mas3]y ps i The lnikibirar tesisiantyMBS-Stiex Dogop et begswiredegiyedsfrom the

nM At 100 n la 11-16 i 1 in (P-gp),
e oL RRE Pt M b PR upomRb e 20
an mpu%@@ie effik plip. T daFoinrfiable 3l sumnibfize o grpwitiainhibitory effects of
and

ral ide ar nly. a tQ 1 nhibit... : ivative MES-
Forgmipdt Pys ik 0 BoearpR YRR hNg rogistems deyagie
SAMxST BEARSE], ¥ Rhdwvnlabltatelof BRiFegghungl wasrindddet hea control.
chynotrypsin-like activity_qf 20S proteasones derived

fromRWI 8226 cells treat th Formula 11-16,
0 3¢ Flihdac TSRS dkr 1298 anichsOMBS A ahel NIBRLS AIDxSumor cell
EEI%R’ 5 rm neae anple 4 1 The effects of Formula

11-16, Formula 11-17, For mAZs11-20 and Onural i de on

t he chynotrypstTiTKE activggj %;Mgﬁ prot easones in
PC-3 ceglls [0468] PC- 3 (ATCE:* 1435), | t h&olfuman
, .

pr ost at|eComgoesr cel |tH-nre—was—eut-tured— ?}.}a%g%neji um
suppl erented wi th 2| mMMESglAut ?Jml\m@-SAMSU ni ©'s
penicil{lin, 100 no/m streptonycin and 10% heat

i nactivated fetal bovinel98erum at F2€, 5% CO2. and 95%
hum di f{iled air. To eval te the inhiQitory ef?'gcts on
the chymotrypsin-like activityl of the 20S|prot easone,
test canmpounds prepar ed-20000DVS0 wer280@ppr opri at el y
diluted A culture di %%Oabnd addg(i 5 1. 25x1 5/ mi
PC-3 celI's. For Formul a284%16, [t he P Nal fest
concentfations ranged Trggh 1 nMto B@ nM |[For Formyl a
11-17, Fosnmula 11-20 and Qmuraji de gg:al bi achef? San
Di ego, CA), the fina 140

22 32
II-18 1.2
17 14
5.6 2930
i 798
Paclitaxel 6 5210

* Fold change = the ratio of ECs, values (MES-SA/Dx5 : MES-SA)

[0454] The ECs, values indicate that II-2, II-4 and II-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/DxS cells.
[0455] HL-60/MX2 is a multidrug resistant tumor cell line derived from the human

promyelocytic leukemia cell line, HI-60 and expresses reduced topoisomerase II activity. The
data presented in Table 4 summarize the growth inhibitory effects of Formulae 1I-2, I-3, I-4 and
[-18 against HL-60 and its multidrug resistant derivative HL-60/MX2. Mitoxantrone, the

topoisomerase II targeting agent was included as a control.
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test concentrations ranged from1l nMto 10 MM DNMSO

was used as the vehicle control at a fina
woamm@snat i on of 0.1% Following 1 hr incubat POWUS2005/014846

PC-3 cells with the conpounds, the cells were washed

3X with ice-cold I X Dul becco's Phosphat e-Buf f er ed

Sallne (DPBS Nbdlatech Herliabled, VA). DPBS washed

sy frak 11-1 Saguirnt HD-6D wsd BT B0MET tuaiddcell lines

nmM HEPES 0. 5 rrM EDTA 0.05% Triton X-100, pH 7.3)
suppl enented wi fh protease inhibitor cocktail }(Roche
Di agnosti cs, IndlanapoIE§$(WW®. Cel | debgi§ was
pel QF@ﬂﬂﬁy centrifugation at 14,090 pg),Lar. 10 min
40C and super naft anttH.-§6=cel|l HIiy6@MB®) MWer e “ransf erred
t o ahew-tube—Pretein—conc tion mas deterim ned by
t he %FA protein assay7 kit |(Pieqge Biohechnology,
Ro¢ ord IL). [The ghynotrypsifpsdike [actiWity |of the
203_p_pg_t_eag_g_n:e was nmeasured hy US| ng t he Suc- |[LLVY- AMC
fIJorogenlc pept i deypbpst nat es{fBgst on Bi ochem
CaTgrldge MA) |in ;ﬁﬁkproteasgﬂﬁ o@ssay bNA er |[(20 MM
HEPES, 0.5 nM BDTA, p 0) containing a fina
concentration of O. 9&?@68[ reactlons werje
i n| Hi4at ed by the addpition of 1% 0. 4.87M
Suc-LLVY-ANC(prepared‘by dllutlﬁg a 10 mM sol Uti on of
the peptide in |[DMSO % 25 Wth assay HQuffer) Ta 190 nL

of | The cel | |ydatesand i ncubatlédd in thegkherno Lab
Syt ens Fl uor ogkan ate feadert8at 37C. The rgl eased
coumari n (AMC) [was neasur ¢d fluoronetfricarfy by using
| eXMitod@8omm and | edit= 460 nmi3dhe assayyyys perfor med
in amcrotiter plat (Cblnind13904) and foII wed
*gblﬁ%hén%@L'tﬂe Mﬁ@ameg P! gbvc mttes for

hr. The tota ?eln us }or each assay

DS o T et e I?aget% o uR S L etedneg iotonie sciviy
aggrfe‘s@‘ﬁh & - @QsartthéL-pQ/ﬁ\rﬁ?éhtumon laé1biihdsO MTHRf milh@ug @Bistant phenotype was

eda%'o{lrng oﬁ e%tr% é?? Mgtg%%nlgrgnqa}%{gslry t%mé?ellgﬁgﬁ\{?q]iﬁgmtsthtﬁe resistant

be@@&&zaﬂbf PC-3 cells to Fornula 11-16,

[0457] The compounds disclosed herein have activity against drug resistant multiple
myeloma cell lines. For example, the compounds are active against MM.1R and Doxorubicin-
resistant Dox-40 cell lines. Furthermore, the compounds are active against cell lines obtained
from human multiple myeloma patients that have relapsed after multiple prior therapies with
Dexamethasone, Bortezomib, and thalidomide. Thus, the compounds are active against drug

resistant multiple myeloma including multiple myeloma exhibiting resistance to doxorubicin,

dexamethasone, bortezomib, and thalidomide.
Example 38
Inhibition of NF-kB-mediated luciferase activity by Formulae II-2, II-3, II-4, II-5A. II-5B, II8C,
I-13C, I1-18, I1-19, 11-20, I-21, 1122, U-24C, [-25, 11-26, [1-27, 1128, 11-29, 11-30, [I-44. VI-1A

and TV-3C; HEK293 NF-kB/luciferase reporter cell line
[0458] 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-xB binding sites. The reporter cell line was routinely maintained in

complete DMEM medium (DMEM plus 10%(v/v) Fetal bovine serum, 2mM L-glutamine, 10
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Fornula 11-17, Fornula 11-20 and Omwralide resulted in

inhibition of the chynotrypsin-like activity of the
waBeprg2easones simlar to results obtai ned f POMURERNE/014846

8226 cell-based experinments. Forrmula 11-16 inhibits

69% of the chymotrypsin-like actjvity of

th
I@E]é%%@ﬁé’eamﬂlgl/ $iraptomycmat A% Ukt and| 1903gmb, Gesp%ctlgﬂy)esumaemented
0 et e hi | t t
R BL BRI B ey B MBSO, 2i i v
refliecdOvithnghefwhredfrecd DMEM biiat mediem ahy ﬂthﬁyl@swaa nlmﬂik@ The cells were

VIt 26%.,-37% 6% Ly Tabl e 8
“%a’ieéi‘iﬁfii‘a%‘itbs r tf37 ﬁ %ﬁ&i@tarn% 9%?218 c{<e dgaéI%/i vity of 208
pr ot pasnes FENF®ImédiAea IR6Gfedase edshys, HERA9ENFwBilhciferase cells were
Fornula 11-16. Fornmula 11-17, Fornula 11-20 and
seeprdraa | pEE" palle/reril INBPRL phenolEnddierDNIBM EQmpl5icameameiR,opning 3917

wiélgla]hégﬁh&é o tlslé‘i&énamumﬂlétéspl I%r Wﬁﬁt@ﬁﬁ& FEMu1BR26 ForltiBIL5 A, and

adenocar cl noma, HI- and muri ne mel anona.
F@fbGlaFL 08, iaeii)i)ig\/lismtnecﬂulatlcumsamadﬁ gyl 00% IBM SOOI Sy difution was used to

g%i%%‘%él SIpI:%)?IE ?twf ifl]lpli) blsér? Iglgtdll\ﬁjn&y sées F\Qe{snfﬁ gr dl}uted 40x in

or nul a al'nst human mu
aﬂpy(ﬁir@iﬂ&uluﬁ?PMedlﬁﬂi%d tdayIahquol vadle ﬁxtiﬂedi octhe Gistoeth,in HithaQe resulting

g glies SomPRERATS B B b iahicehayl fegrombles AT 887 sc, msc,

n9st gL mes d%721125RHM6 8226166029l 155) VIhA-229 IV-3C, a 8mM starting
HTB- 38) , 6- E10 ( CRL-6475) cells were purch

S e RO ISR ard S PRI P IO pRASscabed above
reﬁlﬁgﬁg%l Ellacesﬁ @Wﬂfﬁ%ﬁﬁs%%ﬁﬁ il;]on:l' Q%M /té/ 63508 For 28Mula 11-19 and TI- 44, a

! am ne, I um uvat € and
1 PejVI GiattingriliBioneypdsanade i1 (996 DRISO 4o itke farabtekt(c@mgnmtlons ranged from

O.rleﬁ\f?o Vl%/IyForl_lg;)rmulac[F% E il\?mls[ or{Bg lca@t ng so{]utlon was made in 100%

DMSO and the final test concentrations ranged from 6.3uM to 2.0nM or 20uM to 6.3nM,

respectively. The plates were returned to the incubator for 1 hour. After 1 hr pretreatment, 10 pl
of a 50 ng/ml TNF-o, 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

[0460] At the end of the TNF-a stimulation, 100 ul 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 relative luciferase units
(RLU) were measured by using a Fusion microplate fluorometer (Packard Bioscience). The ECs
values (the drug concentration at which 50% of the maximal relative luciferase activity is
inhibited) were calculated in Prism (GraphPad Software) using a sigmoidal dose response,
variable slope model.

[0461] NF-kB regulates the expression of a large number of genes important in
inflammation, apoptosis, tumorigenesis, and autoimmune diseases. 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 to the activation of
NF-«B and its translocation to the nucleus. The effects of Formulae II-2, II-3, II-4, II-5A, II-3B,
0-8C, I-13C, [I-18, T-19, 11-20, II-21, 122, [I-24C, [I-25, I-26, [1-27, 1-28, 1I-29, 1I-30, I-44,
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McCoys 5A supplenmented with 10% v/v) FBS, 2nmM

L- gl ut am ne,
waamearsent i al

I MM sodi um pyruvat e,
am no aci ds,

| 94 v/ V)
10nM HEPES and

PCT/US2005/014846

Penicillin/Streptonycin at 100 U mM and | COng/ m
respectively. B16-F10 cells were naintained i n DVEM

BIIRP bR dn \tet deti il \of WF-dEBSere 20dWhdiebyUdsadthing the MATMB-mediated
HEPES and Penicillin/Streptomycin at 100 I1Wnl and
Inoticrrg? #AtYity @SRRI W98/ Luheells bpqns Niee stiewlptiair ed in an

i ncug?ziéégr at P ee%eﬂtrb %u@f@s c%ﬁ{%ﬂi{'ﬁoﬂ{a_ﬁi 218 2ahr4 T-5A, II-5B,

[ 047 gr ovvt I't1ron assays,
IB1%1F19D 124, |I1321W§FE ﬂe?él@eﬂ 25X ]I—QQSH 3andd II-425ednled ic eldbs/—dependent

d\é%?ssr&%@?{ t|ve?_té[§yn 90 %g cont aj

ooy nFlul(\ n:rﬂe'g %%gé%ﬁe‘s’ [ nibit NFxB-
niddiaedd-lueifetasel activltp ate-showt MMTdblesSatd dethbhsitar thdt&oaPoundd f Formulae

Iﬁéaﬁ Pﬁg‘ﬁéﬂcﬁ&@tﬁd I‘ﬁfgs[g% to allowcells to

rGe-h-2fpnT-280 362% d1-§%  and T-44
1ﬂ!ﬁE&d$@eﬂ§£’ctﬁiy #xhiPcdl %Edﬁé in 90mM RPM nedia
containing 10%v/v) FBS or

I/c(v/v) FBS into 96 well
bl ack-wal | ed, clear-bottomtissue culture plates. 20TM
stock solutions of Formul aeppl8, p-17 and Formul a
11- 18 ver e prepared in 100% ) aI [ quot ed and stored

p | ] d. A 983 )

concentration of For mldlﬁrai&reﬂ@tetgmaﬁbafzrom 2mv to

2000 M— The fi Nntrati nn rannn Af Enrmdln 11

17

al
Ra

LUWIVI IIIU LI C\JIICCIIt T u.Ll \UAN| T ullyb OT T O 1T Tt
was from 20 Guidpoan®. 3nM The fijnal concentrmﬁlga’n of
Fornul a I1- 15 ruganl? d—from zmvitfo 630CpMm |ne |at eS
wer e ret ur nBorm fe incubator |for 4 8 houfk
final concentration of DMSO was 0. 25% i n aI Ies
[0474] Fol | bowruip B8 hours of drug exposure, %‘p
0.2ng/ M resazurin_ (obtained from Si gma-Al dr Oc
Chem cal Co.) in My2+, Ca2+ free phosphate hyffered
sal i ne was Hetgwth H4 each wel |l and the pl at 6388 e
returned to the incubator for 3-6 hours. Since 1iving
cells 33 nM
Formula II-5A 30 oM
279 nM
Formula II-5B 261 nM
Formula TI-8C >20 pM
>20 uM
>20 uM
F la II-13C
ormula >20},LM
9 nM
Formula II-18 11 0M
7 nM
Formula II-19 10 1M
Formula II-20 849 + 225 nM**
Formula II-21 3.2pM
2.7 M
Formula I1-22 7; 8”11;4M
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nmet abol i ze Resazurin, the fluorescence of the

reduction product of Resazurin was neasured using a
weéusiconsirs cr opl at e fl uoronet er (Packard Bi osci eATA)R2005/014846

with lex = 535 nmand lem= 590 nmfilters. Resazurin

dye in nediumw thout cells was used to determ ne the

background, which was subtractied fromthe dgfgvf or all
exper i ment Bormuil [1-24C The data were normal i zed EM t he
average fluorescence of the cells treated wt

0. 25% DMBO (100% cel | growth) and EC50 val ues M he
drug conceRemalbd> at which 5006 of the nmaxizpalm

observed growt h inhibition-is lestabli chonl\ \Anro

—oTTCT

det er mi ned_usi n st andard si gnoi dal dose 4.2pglonse
curve flttF g% |thm(generated by XLfit4.Bul |D

BuLci neacc in utioens—Ltd) [LAA7ZEL  The
L=4A > = | T\ IJ I

=t 6105 O Fhe—data—+n—TFablte—9
sunmari ze %W&ﬁadﬁ h inhibitory effects of >ROmMil ae
- 16, p- rmula 11-18| agai nst t he >20mh

A—8226 T media
cont ai ni ng 31][%% %Q% EBS. Tabl | 9 ECsn val ueg0sM
For mul ae 1f ]1 -17 and Fornul a 11-18 agaiZd$tM RPM

8226 —certs Tm media {0476] The[ EC50 val ues | ndj cat e
that Formulgg din3§, 11-17 and| Fornula 11-18°#¥e
cytot oxi ¢ agai nst RPM 8226 ce|ls in media k6#Mi ni ng

T9% or 1I0% FBS. There was a | esk than three 58
decr ease i Ipotrhigs NBaN EC50 of Fprnul ae 11-16 17 and
Formul a 11-18 when tested in nedia contai m%@;“%% FBS

refative to nedia containing 1% FBS. [0477] The data
in Tabl e 1@oswmaBM4dze the grow h inhi bitory7efhdtts of
Fornmula Il- 16 against the human col on adenocarci noma

HT-29 and the nurine mel anoma, | B16- F10 cel Il jyiags in
medi a contBirmuhg/Il% or 10% FBS| Table 10 .54 1y

>20 pM

Formula IV-3C >20 uM

* ECs, values of two independent experiments are shown. Where n>3 the mean ECs value £
standard deviation is represented. **The assay also was performed with compound 1I-20, and
resulted in an ECs, value of 154nM, which value was not included in the calculation of the mean

ECs; value.

Example 39
In vitro Inhibition of Proteasome Activity by Formulae 1-7, -2, I1-3, I-4, II-5A, II-5B, 1I-8C, 1I-

13C, I1-18, 1119, I1-20, 121, T1-22, I1-24C, T1-25, 11-26, I1-27, T-28, 11-29, 11-30, 11-31, [1-32, II-38,
IV-3C, 144, VI-1A and [I-47
[0463] All the compounds were prepared as 20 mM stock solution in DMSO and

stored in small aliquots at -80°C. Purified rabbit muscle 20S proteasome was obtained, from
CalBiochem or Boston Biochem. To enhance the chymotrypsin-like activity of the proteasome,
the assay buffer (20 mM HEPES, pH7.3, 0.5 mM EDTA, and 0.05% Triton X100) was
supplemented with SDS resulting in a final SDS concentration of 0.035%. The substrate used
was suc-LLVY-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 200pl in 96-well Costar microtiter plates. Formulae II-2, IT-4, II-18, TI-19, II-
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Mean EC nval ues of Fornula 11-16 agai nst HT-29 and

B16- F10 cells in nmedia containing 1% or 10% FBS [ 0478]
wOoheoeroees2s EC50 val ues indicate that Fornula 11p@®/Usa85/014846

cytotoxic agai nst HT- 29 and B16-F10 cells in nmedia

contai ning 1% or 10% FBS. There was a | ess than two

2l o HeP2dandr 244 overaq testae asreight—ﬁﬁﬁOdo@é rdsporiytl lcarvadsl with fiefoncentrations

AT 0T B ERRE LRGP EER DLEYHE LS I B0 o v

téshedtat whrichniragisie@hgih®frbd (M t D B2AM CHdrRLRX IC3 ﬁfatVIVIA Were tested as

t tunor cell lines, Formulae 11-16, 11-17 and
a?%’rg:%‘i? 95 19FPABE RV h Andi cmqeaﬁrat@pmae@n& EPmAHMitq §:2inM. Formula

TLIEw R 1ESENE BorREntr Yol ranks fFo%% Eiréﬁtﬂfﬁe 2 Y%{ iR utae m-8C, I-13C, II-

Anthrax toxin is resp onS|
245 sl5e5 486 Ini% H- %nﬂﬁﬂa&-ﬂ bl W&Wdlemmd&athﬂinammbﬂn&m&s ranging

d | od s_where they
R R ST L
copwiled F@tmrmka&atAscent epJWenamrop[aees atlérN@heinK Elekirét) Whitham, MA).

. f h er |nfected
Dturlng ﬁ-ﬁﬁ)éedlé #&S&Pethf: Slﬂjgﬁgtg %rﬁaﬂ.\ oLt -co&ﬁgﬁng assay buffer.

AdeathB prdiltalatiof eRe the hQlchiors QRtERLtBied Bl Itl@’ﬂ'd@lgoﬁ BFIO ul of the diluted
anismto enter the bloodstream further replicate
‘g’ﬁgatg & e glafes e reged s the phtpgsgderwbhafingt ednqentietion dcbubstrate in

tlﬁﬁ@icﬁ&ﬁs' W 2@ rle gﬁﬁ‘oré? érce 8Bnk Pﬁlveﬂgg% dgts&%{ratg %v%% r%easg ed at Aex=390

kDa), play a key role in ogenesi
nmrﬁnﬁﬂaf%ﬂfh@s eAlpdat eiens cdleged eifdrﬁ ditve Vlﬁiu;teskmﬁ\fﬁbrélﬂlan 1.5 hour and

o When. co d, PA LF cause .
oloBECR Gk Bt of BB ool PRon Bt o velveh fecae coigeRippion at which
5@%xdfrthé snaainso relativevuorddcdhcd @MnBBitbd)Ckdre WABulhie®S 8fsm (GraphPad
death within a_few hours.

ha el |
S e R TR, GO FOEP STl o BptebaT e pdhesestiviy of the
cdmmuﬁxlsh@@lﬁsﬂthd(@sm%cﬁw@ﬁif ke 20BPotéRothdst Felctions were performed as

descr?bedngove except that Z-LLE-AMC was used as the peptide substrate. Formulae II-3, -4,
I-5A, 1I-5B, I-8C, II-13C, [I-18, 1120, I-21, [I-22, I-24C, I-25, 1126, II-27, 11-28, 1I-29, O-30,
IV-3C, II-44 and VI-1A were tested at concentrations ranging from 20 puM to 6.3nM. Formula II-2

was tested at concentrations ranging from 10uM to 3.2nM, while Formula II-19 was tested at
concentrations ranging from 5uM to 1.58nM. For the evaluation of the compounds against the
trypsin-like activity of the proteasome, the SDS was omitted from the assay buffer and Boc-LRR-
AMC was used as the peptide substrate. Formula II-20 was tested at concentrations ranging from
1.6 nM to 5 pM. Formulae II-3, II-8C, 1I-13C, II-21, [I-22, T1-24C, 1I-25, 1-26, [I-27, 1I-28, 11-29,
I-30, IV-3C and VI-1A were tested at concentrations ranging from 20uM to 6.3nM. For
Formulae II-2 and II-5B the concentrations tested ranged from 10pM to 3.2nM, while Formulae
-4, II-5A, 1I-18 and II-19 were tested at concentrations ranging from 1uM to 0.32nM. Formula
II-44 was tested at concentrations ranging from 2uM to 632pM.

[0464] Results (ECso values) are shown in Table 6 and illustrate that among the
tested compounds, Formulae II-5A, TI-18, 1I-19, II-20, II-21, II-22, 11-29, 11-38 and I1-44 are the
most potent inhibitors of the chymotrypsin-like activity of the 208 proteasome with ECs, values
ranging from 2 nM to 11 nM. Formulae I-7, II-2, II-4, II-5B, II-30 and II-47 inhibit the
proteasomal chymotrypsin-like activity with ECs, values ranging from 13 nM to 88 nM, while the
ECs, values of Formulae II-3, II-26 and VI-1A ranged from 207 nM to 964 nM. Formula II-13C,
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In Vitro Cell-Based Assay for Inhibitors of Lethal
Toxi n- Medi ated Cytotoxicity [0481] RAWRG4.7 cells
woOabhicansesd fromthe Anerican Type Cul ture Col | eCTius2)05/014846
wer e adapted to and maintained in RPM - 1640 medi um
lenmented with 10% fetal bovine serum 2nmM

» Wi aafdY 46 ipkiRited the Phymstmegn-Bky TN ¥8hpiCed wlues ranging
f{()ﬁ‘gi H}ml t&40. 3119(:}?@0 \Qald%yrﬂé xgﬁﬁgi 1:?%/@ 5 'Iﬁﬁjgﬂlt 87 wER, greater than

assay, were p overnight i n conp ete
26rpM. Uindat tha comtittens tas@t, konmdée BH4Q, IDODIIGe]HSﬁ/ WeB, I 13Call-18, 11-19, 1-

SR8l AT B B, B A g i

WiVt O the\2BB Ypr d€h s 6:0¢) Gl At IH-@HS—SAT HE@I md agd [P-28 inHibifdd the caspase-

lf%%esﬁwvf’w&h&qs&%}wg raégl% ffgnw %Snﬁl @’gﬁ&%};é‘ ke S @to% JESB, 1-20,

DS G=268.80/18.84 aftfl VETA Bad0C;HVdhitk @anpin@ iffde 38tV 8.1 uM.
ng/m LF and | ng/ M PA al one or in conbination

(LF: PA, also ternmed lethal ta8lef (LeTx)) were added to
£8LdtSof Foamai N, s med) ¢ 20 v B-sebiraboe 18 11em In &f 121, 22

aoratorles |t|ona pates W t
,,,,, 57, il -3 H138. ¥ [1-4d V- M“

in C u b at ed ht: ggr,lo?l's )én%ldﬁéacfnwn .,é-’(‘ﬁ'%quﬁé’d 1@5’19{ idS%OtQJSOIQCSO 2

ng/ M resazurin dye (Nblecul ar "Probes, Eugene

prepared in My++, |Ca++ free PBS (I\/EdE(aJOU@hes*-lerndon

VA) . Phadles were then incubated ap addi tionat 1.J5 )
hours prior to the dsyEQEMmSHIsE tel | THypsibiks ty.| Si f@gpaselike

resazurin is netabolized by living cells, cytotgxicity

or cdlolmwuakbility|can B2iasdessed| by meadgr | ng ND
fluorescence using 530 excitation|and 590 emni ssilon
filters. Data are|expresgggias the per viabillity q3,m

as cOomalald2t o a DVBO al cont r pl and tthe ;147 M
leTx al one contraoll (I nm@lg:i}g/{ ng the fnl I|Zn\/\/| ng equyation: s

Percent viability|=100*§44¥pasur ed (J}I 9W uM >20 uM
cont Femula¥idgh control - geyypgont rol)) . I phi lg,[tl on |of  >20uM

Ant hrax lethal Toxin-nediated Cytpt nyl ci t\/ i-n—RAW

264. %0%145_4 13 nM 107 1M 850 nM
15nM 110 nM 637 nM
Formula II-5A ’? % gg % 45132 %
Formula II-5B 22 % 7/?2 % gg tﬁ
Formula IT-8C i ;8 ﬂl\l\z i gg tﬁ i gg ﬁi/lll
Formula II-13C gg ﬁl\l\z 1268 l:tl\I:I/I >>22(()) lﬁ\’}[
Formula II-18 2é3n111\/[M }j % ;fg %
Formula II-19 g ﬁ }g nnﬁ %3 %
Formula T-20 7.7 +3.0 M g;? ﬁ }:Z %
Formula II-21 Z % ;38 nnﬁ ;g uullt/l/[
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[0482] Data in FIG 11 summarize the effects of
Formula TL-2, Formula I1-3 and Fornula I1-4 agai nst
waoedoe/neds at ed cytotoxicity of the RAW 264. 7 nBCTMS2005/014846

macr ophage-li ke cell line. Treatnment of RAW 264.7
cells with Fornula 11-2 and Fornula H 4 resulted in an
increase in the V|ab|I|ty LeTxtreag ells vvith13M
EC50Fataiulads2df  14nM (FI 3 é ggues flor K
Formula 11-3 for leTx pr ctlon has n det dr mi ned* *M
at the concentrations tg (EC50>330nM n he maxi mum 54
condentlalli2dq eval|uat edél tain TabI 1‘\:?( show the _ 5, “M
effects of Formilde 11- R [-5B d 1-18 |land mhil
| V-3C agai nst LeTx- nmediasgghcyt ot JXI m;yo aM the RAW 54 .m
264. Formileilhd macr gphages by kgy cel | |11 ne. 5 El gatment of S50,
RAW. 264. 7 cells wilth Formila |I1-5A_and p-18 showed __an
i ncrease he vijabi | ity g1 LeTx treag@om\ﬁeAW 264.7 >20uM
cel | OrWlu{aH] 0 val ues ofg@aM and| 4nM g¢ ctivegly. >20um
Freatrept—w-th—erratH—-5Bresul-ted—in—-an—incriease
in tmeulaeth ity of LeTxidtuMated cel |l s>2 M an ECS50 >20uM
—ECS50 val uesfor Fornmutae H=33Cand
| V- BembiRrm e Tx priot ect P@iMoul d pot be2@eMer i red at>20 kM
the concentrationsg testéd WMEC50>380nM>2heMmaxi mum >20pM
concentration evalluated), Tlable I[T EC nval Ues f|or
i nhi Rirkuan.ef RAW|264. 7 @%MI cyt ot oxi cti di atjed by>351M
anthrax lethal toXin Exa e 44 Struct &EMActi ity 520nM
Rel ati onship of the Rl Chai n [048§ A
struEdrtmnla-Ia:invity rel ati hip fpr théSFi?Msi de |chai n?20 1M
of the disclosed corrpour%c‘j nd specifi é&IW t he 1.3 uM
conpounds of Formylas (1), (Il), (D), (1V), and (V)
was Farfeladkdl by anal yzirg iMie rel ptive amivity |of ND
various conpounds |having the fornul a: [0484] Thege
conpounds were assayed for cytotoxicity of RPM |cells
and Faymula II-32 >20 uM ND ND
Formula II-38 34+£0.2nM ND ND
4.9 yM >20 pM >20 uM
Formula [V-3C 10.6 pM >20 M > 20 uM
11 nM 55 nM 1.4 uyM
Formula I1-44 8.7 nM 54nM 1.4 uM
274 M 3.1 uM 7.9 UM
Formula VI-1A 207 1M 3.0 uM 8.7 pM
Formula II-47 50+ 10 nM ND ND

* ECso values of one or two independent experiments are shown. Where n>3 the mean ECs, value
+ standard deviation is presented, ** n=3, standard deviation not applicable.
ND= not determined

Example 40

The effects of Formula I1-16, Formula I1-17, Formula I1-20 and Omuralide on the chymotrypsin-
like activity of 208 proteasomes in RPMI 8226 cells

[0465] RPMI 8226 (ATCC, CCL-155), the human multiple myeloma cell line, was
cultured in RPMI 1640 medium supplemented with 2 mM L-glutamine, 100 units/m] penicillin,

100 pg/ml streptomycin, 1 mM sodium pyruvate and 10% heat inactivated fetal bovine serum at
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i nhi bition of NF-kB and the chynotrypsin-, trypsin-,

and caspase-like activities of the 20S proteasone. The
woesusless2sf 6 representative conmpounds are preBemuS2005/M14846

Tabl e 12. Table 12: EC n val ues for conpounds havi ng

varyin groups[ 0485] The results of the above
3HEs é% Qaaamd 56%; hymadifiedeindTe evaéia@gtb% nhibitery &l5pt 60 Higschymotrypsin-

hfgea étﬁg}(‘%:f i 98P roQéas&Hél 0[5 J)und%) E)%?B@& hy lpv&H were appropriately

oet are p tent |ﬁh| |to S 0 teasone and
drh)tehi 1b|ct11ture mypdipmtaed eddey twd. B0 tint RMPI 81226@9119( dor Formula II-16, the final

teﬁt C n%el:’lnr‘gr% har\émn I%n{led refa%o ';[F/lt h)flor FS % I{Pf Forr{mla II-20 and

I oXye yI tively 'ower cy
O(niirdhdg ((d&hlbcﬂﬁﬁle SimDiegd,60k)y Jhe finaliest chifeckBationhrdngtd qum 1 nM to 10

s DYREOFRg FeiE ROt ERD) AT Frg SaEFTRE E30 FoFSipvine 1

ifc@alioh 6SRMPOREIH Jel1P fvth @RS oUrL] thé tdlIoRverd 195418@]1 by centrifugation at
Wt hout being bound to any partjcul ar theaqry

2R0pIrpafet d Ontse et tRam EHETEBVE BATR S SpoRE: bl Dulbeceors
PRYPRIdIBR IS ed Sithe tﬂ)@S mferdﬁi%ﬁﬁ q{eﬁﬁ‘foh WAY 5B SRQ&EH@dJMé’a were lysed on

containing G, Br, rou can be d
erier iy B PGSRy EBES ng S U A dhih r o 00, PH 7.3)
su}:?le?neﬁ%@ Qkd gﬁi(gesasé §1h§ﬂ&pc%51&%g he Bt Rfds, fnlaﬁhaﬂoﬁg tTRNECell debris

ng openin conpound 11- I's observed to forma
wagl pd:lletrddiyhnentritﬁkgatwght mwpeplpffplt ilQ:nEtublé*,ClatldltSuwmaWn@r(ecell lysates)
accordln

wrerg atl‘ca{lffglﬁcd ‘rfél L{)g\}f]pru aec %Q‘Otelﬁ )98% eS Z & &E ?f%erim?thed%y gﬂgBCA &)roteln assay
kin amemg B&)t@:bmﬂogyeﬂwklﬁ(gd JLpuPhd dhymbEyIRln-IQQedtetl‘Ofyalf fhe 298 pinoteasome

11-19,
GRTFETER O i Hehrbp Lo ED Dueeeg i BB o (FgiopgBiochen
CamBidpe] M/Ot ethe ipfotésérhd B8y Sufférl @0 nidd HEEsabm/mM EDTA, pH 8.0)
cqifg%gl%%ggipilggrexqeg %{#?&fﬁb@hg o as\]/)%r é&e&%léq%%e}ﬁgggt%?ed by tﬁe addition of
10101 GasPHR1 shQf B8 A Hatpar}E@ b Qi10R4ENA 10 @V RWlution of the peptide in
partl cul ar theory, the plicants note that the above

DMS([1 28 veithsassayUpmilen) tto tL A& phlof drerestlilysatel ppbingelates! ip Hlg Thermo Lab
S?s%gng)sn glugr%%ll(a% ﬁgtlel réadel att Ig%(?r OtI%gsr(e)lrerEsed coumarin (AMC) was measured
fluorometrically by using A, = 390 nm and Ae, = 460 nm. The assay was performed in a
microtiter plate (Corning 3904) and followed kinetically with measurements every five minutes
for 2hr. The total amount of protein used for each assay was 20 pg. The final concentration of
" Suc-LLVY-AMC and DMSO was 20 pM and 0.2%, respectively. Results are presented as the
percent inhibition of the 20S proteasome chymotrypsin-like activity relative to the DMSO
control.

[0466] Results in Table 7 show that exposure of RPMI 8226 cells to Formula II-16,
Formula II-17, Formula II-20 and Omuralide resulted in inhibition of the chymotrypsin-like
activity of the 20S proteasomes. Among them, Formula II-16 inhibits 85+7 % of the
chymotrypsin-like activity of the 20S proteasome at 5 nM. At 100 nM, Formula II-16 is able to
completely inhibit the chymotrypsin-like activity of the 20S proteasome. At 100 nM, Formula II-
17, Formula II-20 and Omuralide are only able to inhibit the chymotrypsin-like activity at 30+4

%, 6613 % and 3218 %, respectively.
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di spl aces the | eaving group, thus formng a 2-point
coval ent adduct between the conpound and the enzyne.

wonowieées case, |eaving group functionality oRCThsS2M@5/014846

side chain pronpotes increased interaction between the
conpound and the enzyme and thus pronotes increased
activity. Therefore, conpourdsleltavi ng ot her | eaving

gDeamsnation bhibe Biviitretgsirchled 40ti¢iaoeS gropasingd dérdve@ fldRMPI 8226
hi gh ac LL 0489 /t hout be bou d to an
arti C%héh—@%#%wu %I ua?ﬁﬁ:lg &HFZO" %
es4H E%'tﬁh%@th%'é%ﬂ GG MROHNES0S RJt Qorﬁé %??M@@iﬁt 11 ysat +
eavﬁhglgroup gﬁglexéﬁp éthp% é?éncé 0 cell lysates (mean £
Compound |rat-ogemon—other—treaving—group—t+H—iHe—Ri —stge—ehain
Drior00 sl {f hieoodedM \esyo a¥t t|hewomppund stoemts tagget, | 5nM 1nM
such as an intracellular gr other bhiologic target
. hergRy emhanging |it herlap LIC ef f ct An a |
t-16 Df éﬁgingle g§¢nt Ie§$$ng grggp is|il us?rateg% ﬁp 8547 30+7
di agr am shown bel ow. Slngle ol nt coval ent [Single
O-17 poi it éoval efort ﬁrug ¥riuy- ¢nz %é4adjuéﬁiéhzynefhdduct 10+5 66
vt T it Tamotecutar 2= por nt—covatent—C—disptacenent
0-20 drugzenzyme Baduct [0490] |"LeeyBng| graaups” |as3psed 31+9 3+10
herein reflers to rn\J/ atomlor noiety that ig capablelof
Omuralide P€! 8 i SPI ageds by %g%tlﬁ‘er BPION TR EY N Fao 849 | 59

chem cal reaction. re specifically, in sd

enbodo4eant s, NDt aadkgnigédoup” refers to the atom or
noi ety that is displaced in a nucleophilic
substitution reaction. In sone enbodi nents, "l eaving
groups” are any atoms or npi&ipies that are conjugate

bases of a strono aC|d hbn- |n1t|no characterlstlcs
—eife il E 3 3 sulide ap the chymotrypsin-

exanpl e I n 0ganik‘éa%ﬂﬁﬁidg%ot&goﬁgsmPErBa&ﬁhS Car ey
(199 éﬁ ages - ntroduction gani c
Tedes])

Chemi 2BCBAATCRNEREWASDr i huiners prostain darCeaselldine, was cultured
MRS Ciﬁ)telﬁm{ ll%%ile)nented with 2 mM L-glutamine, 100 units/ml penicillin, 100 ug/ml

streptomycin and 10% heat inactivated fetal bovine serum at 37°C, 5% CO, and 95% humidified
air. To evaluate the inhibitory effects on the chymotrypsin-like activity of the 208 proteasome,
test compounds prepared in DMSO were appropriately diluted in culture medium and added to
1.25x10°/ml PC-3 cells. For Formula II-16, the final test concentrations ranged from 1 nM to 50
nM. For Formula II-17, Formula II-20 and Omuralide (Calbiochem, San Diego, CA), the final
test concentrations ranged from 1 nM to 10 uM. DMSO was used as the vehicle control at a final
concentration of 0.1%. Following 1 hr incubation of PC-3 cells with the compounds, the cells
were washed 3X with ice-cold 1X Dulbecco’s Phosphate-Buffered Saline (DPBS, Mediatech,
Herndon, VA). DPBS washed cells were lysed on ice for 15 min in lysis buffer (20 mM HEPES,
0.5 mM EDTA, 0.05% Triton X-100, pH 7.3) supplemented with protease inhibitor cocktail
(Roche Diagnostics, Indianapolis, IN). Cell debris was pelleted by centrifugation at 14,000 rpm
for 10 min, 4°C and supernatants (=cell lysates) were transferred to a new tube. Protein
concentration was determined by the BCA protein assay kit (Pierce Biotechnology, Rockford,
IL). The chymotrypsin-like activity of the 20S proteasome was measured by using the Suc-
LLVY-AMC fluorogenic peptide substrate (Boston Biochem, Cambridge, MA) in the proteasome
assay buffer (20 mM HEPES, 0.5 mM EDTA, pH 8.0) containing a final concentration of 0.035%
SDS. The reactions were initiated by the addition of 10 pL of 0.4 mM Suc-LLVY-AMC
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pages 169-171; and Organic Chem stry, 5th ed., John

McMirry (2000), pages 398 and 408; all of which are
wonoewropgmat ed herein by reference in their entPCEWE2005/014846

Exanpl e 45 Structure Activity Rel ationships [0491] The

data set forth in the above-listed Tables illustra
(preparoe by dﬂutmgeff 1=9r mthSOétﬁlbo oF therpeptide\ip DMY@ 4P v lthoassay buffer) to 190
u]g{){ tgéJ ceﬂl lgmates a e}nrc% gi?eéiﬁlg YHS?U I%’loh]%bc%gtgég gfrélgﬁ)glgaﬁfgllz{tﬁ%%er at 37°C.
Tl&Qﬂélfe@@ﬁ eﬂﬁmﬁﬁr(m)ﬁc)t\b@ radasnret ﬂﬁﬁ'o‘rhd:tbaﬂﬂyaﬂsxamg Aex¥D320 nm and Ay =

referred are n- an enated eth 4 .
400 rgn, TRt rEmEH a3 %m&swﬁ%mﬁﬁ% Charte 39945 a?dg@"wed kinetically

wilh SleRuftimcER a8y fivh triitds I BE, TAE RN anBurtf Bfoteth used for each assay
configuration (conpounds havin 9 t he stereochem stry of
wesodpoendlbe| final goncpriatierk afrpel LV BAMGt a8 PYPGrYa 20 M and 0.2%,

re%%gﬁw 9ROLRs t'%%apggs%h‘t@@ Eas %hel Pereelt! ehditioRd of [H4 93K bﬂ)teasome

ne preferre Iment, the preferred substituent at
chigthoirgpseyldhealigwbmelativerto HedIVMSP contol-er r ed enbodi nent,

the ohe di t
oo BAUE" S50, B P BuaBRR B0 462 i Rormuia 1t

Fetowhl B-1BpRotnoda 11k6 an_\yloﬂ)mhmkckness@trldsmlmhlbmbn [ 4184 phymotrypsin-like

Furthr r one enbo .ments,. pr i
tlirlg\n ﬁ)ﬁ BEHIOM5Ri Sﬁrﬁl etsosreﬁtrﬂtesf 8&?18%‘9l%‘g¥<danp I %26 cell-based

e)ipBlhmEhti | Fotmolh m@nmgﬁr@% of tb@ék@ﬁiotrﬁsm ldgentatyof |th§: 2408 proteasome

R TN TR I M —
the %Brproﬂé@ébﬁl\é.erAt SN axs IRéEM@E T1-17, Formula II-20 and Omuralide inhibit the
chymotrypsin-like activity at 26%, 57% and 36%, respectively.

Table 8

Determination of the ch sin-like activity of 208 proteasomes derived from PC-3 cells

treated with Formula II-16, Formula II-17, Formula [1-20 and Omuralide

% inhibition of the chymotrypsin-like activity of 20S proteasomes in PC-3 cell lysates
Compound
10,000nM | 1,000 nM 100 nM 50 nM 10 nM 5nM 1 nM
-16 ND ND ND 98 ND 69 19
o-17 79 49 26 ND 16 ND ND
-20 90 71 57 ND 38 ND ND
Omuralide 90 80 36 ND 18 ND ND
[0470] ND: not determined
Example 42

Growth inhibition of human multiple myeloma, RPMI 8226, human colon adenocarcinoma, HT-

29 and murine melanoma, B16-F10 cells in media containing 1% or 10% serum
[0471] The growth inhibitory activity of Formulae II-16, II-17 and Formula II-18

against human multiple myeloma, RPMI 8226, human colon adenocarcinoma, HT-29 and mouse
melanoma, B16-F10 cells in the presence of 1% or 10% fetal bovine serum (FBS) was

determined.
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I nappropri ate angi ogenesis is associated wth a nunber
of di seases, conditions, and adverse treatnent
woesusless2s Exanpl es of di sease types and condi t PONAIS2005/014846
associ ated with excessive angi ogenesi s include
i nfl ammat ory di sorders such as i mmune and non-i nmune
i nf | 04731 | on RPMIES32@(OCIdH155)1 HTH29i GITBs38) paidcB 86-F i (C(URAI-6475) cells

rheumati s nd i ash s, odi sorders associ.ated w )
1R R ERRRICC, FEAR: s BrGoafion ram e Sebfloposo media
sapplehanbdt ivaith e10%@pat FRS, nBeMagcguamigl aue®NBsodium pyruvate and

l{? gl::C #@g?g%?oéygfnragﬁ (g(knﬁ/%{]%n%ﬁQQ };‘%‘iﬁ lfﬂ%éffcg%gg P}gléga Qtdéq(l)lg :Were maintained in

M9 HAS suppiichledr Wit 1 8B B, OnNINL RIREHIRS CHEVIO¢oifim pyruvate,
| aques and osteoporosis; and cancer associated
15@(%} eRIressentiglamieg aeiflss HimMPERES and Bentigillin{Sirepiomycin ghif)0 IU/ml and
. r rs. . | i . o
554754 AP b g b R SRS By 0o
Hsn2mbl loghgymize 0lrsMi KERESUId PasicillingStrepfontyc@nm$00 [U/ml and 100pg/ml,

RS B B BB BRI R Yo S 3 i i
t uno104y8pWt hForAgktli growihainhibXidPkR$s, TT-29 and B16-F10 cells were seeded

angi ogenesi sdependent di seases i nclude, for exanple,
ST etV MF ool el fespeatiyeie 4t A Mo FongBRESIONYE) B 1%(7%)

FBSOMBSEL A ((@athineNioolPbaAdk At asikA:boR&HARMe! duftGre] p@elt&t §he plates
and wound granul ation. Furthernore, excessive
Wi eryated ayesniply teplicy eedls tcdstablisth apdl etferdpg phiasagroytho IRPAHES226 cells

AR R0 205 Bk QLRG58 9@,!?1%1&‘3@9&1& {Q,(?At ihiﬁg'ﬁ%fv?@ EBS, or 1%(v/v) FBS
(tissue/organ 1 nplants, stents, e 0.3. he 't nstant
o A vsil blackhwaliain clbe-boged tiswe icuhirdpltean2indg atvels sslytical df Formulae

1% Bt o S tgreorenme o i DVBRS gigoredrppd spred ac s0°c.
Fohhintde -6, M-N3 taid FoeiPIL B dferd Bilialp aN@Sd b AB&a ¢aMlailiflg 1% or 10%

d, known by those of skill in the art. [0496
Fégfaflfl 83‘5%1“&1 tca@‘\épélﬁ 57t vallgi Dyetined cencepfraiion ghfemugs II-16 ranged

fiRE 1P By S00BMO Gh& fhal GO thakiBN SinSLEH T oRBul& ACAKas from 20 UM to 6.3nM.
rheumatoid arthritis, diabetic retinopathy, age

The fingl ¢dngenizationrof Formula II-18 ranged from 2uM to 630pM. The plates were returned

to the incubator for 48 hours. The final concentration of DMSO was 0.25% in all samples.

[0474] Following 48 hours of drug exposure, 10ul of 0.2mg/ml resazurin (obtained
from Sigma-Aldrich Chemical Co.) in Mg, Ca®" free phosphate buffered saline was added to
cach 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 Aex = 535 nm and Ae, = 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 ECs, 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 (generated by
XLfit 3.0, ID Business Solutions Ltd).

[0475] The data in Table 9 summarize the growth inhibitory effects of Formulae II-
16, 1I-17 and Formula II-18 against the human multiple myeloma cell line, RPMI 8226 in media
containing 1% or 10% FBS.
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degeneration, endonetriosis and obesity is found in

Fol kman J. (1985) Tunor angi ogenesis. Adv Cancer Res.
wQ28m04852175- 203. ; Fol knman, J. (2001). PCT/US2005/014846

Angi ogenesi s- dependent di seases. Sem n Oncol, 28,

536-42.; Gosios, K, Wod, J., Esser, R,

Raychaudhuri, A & Dawson, J. (2004). Angi ogenesis

i nhibition by the novel VEGT fg9€eptor tyrosine kinase

i nhi bitor, PTK787/2ZK222584, causes signifi cant

anELsw yplues qf Foanuylacs [:46.d1-1 TandFgm 18 apainpt RPMIL 8226 cells in media

G G §BNnga b
arthritis. Inflam Regyninding 133z 4@ Fag! |+ MX.,
Charnock-Jones, D.S Chan, CT Bruner-Tran, K. L.,

Gogpeerd, K. G, Tom PB.D. 1%%BS, ECsoRME Snilt h, 18%EBS, ECs (M)

VAP - WV

(2003)—Antiangrogenic agent e—effective+nht bil*bors
Pfe endonetriosis. J|din Endo¢ri nol Metab, 88,
2889-99; Liu, L. & Meydani, M8 (2003). Angiogenesbs

hi-bitors—ayfregurate—adiposity—Nut+—Rev—61;
384-7: Mousa, SN kabusa, A (2004) . |Angi ogenedls

inhibitors: current| & futureiprections.] Curr Phapm
IP¥s, 10, 1-9. Each pf the above-described references
i s incorporated hergin by ref¥Pence in ifts entiredfo

[0497] The conpgEqfds di scrospgfoherein innibit 0
ngi ogenesis. The ofher conpounds disclaosed herein are

ﬂfﬂeSSted in atranswell mgratildn assay and i nhibit 20
nigration. The conppunds bl ock vascul ar jendot hel i %
growt h-factor (VEGF)-induced nigration of nultiplé

nyel oma cells iMean franswel | i gration assay. [0496]

N Py ol
T

Tia = I d_h i h
me—CopPotnasS—aStrosea—erLern—SnowanRgrogenests

inhibitory activity in any of various other
angi QUEEESi STHeeB(t s vallieh iadisay that Farsule NG, 00 B FeBh@a 1118 were
of the fol lﬁ%m}% [0499] The conpounds di scl osed
CHEtE RedRd R At 224 fgfisdp arite carieininet o Phl(PakBsudhese e a less than
thrée fold de@re@dttn itht MEMOE@S SRYTMURO MEL 6E NATRLE FotnlEd HAR: wHeR tested in
vitro assays for the evaluation of anti-angiogenesis
megimseurase il feiidaclatiye to mediasentiaipiag 1 BdfRfen chanber
assayp4ahi Ch ARSEESETab129 0 Wlh@lide A Q'Fwﬁﬂgﬂf)#&b eficts of Formula I

cells in response to pro-angiogenic factors
16 Apainss dhedpumag;, cofrmj agepgearcinoma, HT-29 and the murine melanoma, B16-F10 cell

lines in media containing 1% or 10% FBS.

Table 10
Mean ECs, values of Formula I1-16 against HT-29 and B16-F10 cells in media containing 1% or
10% FBS
HT-29, ECs, (nM) mean + SD B16-F10, ECso (nM) mean + SD
Compound
1% FBS 10% FBS 1% FBS 10% FBS
II-16 165 23+10 1819 13+1

[0478] The mean ECs, values indicate that Formula II-16 was cytotoxic against HT-
29 and B16-F10 cells in media containing 1% or 10% FBS. There was a less than two fold
decrease in the mean ECs, of Formula IT-16 when tested in media containing 10% FBS relative to
media containing 1% FBS. Taken together, these data show that with respect to the in vitro
cytotoxic activity against tumor cell lines, Formulae II-16, II-17 and Formula II-18 maintain

similar biological activity in the presence of 1% or 10% FBS.
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@Qullino PM (1983) "Mbilization of capillary

endotheliumin vitro i nduced by effectors of

wangicogenesi s in vivo" Cancer Res. 43(4): 1790PTTNUS20¥/014846

differentiati on assays such as the Matrigel assay in

whi ch the attachnment, mgration and differentiation of

endot helial cells into tubules is analyzed (Lawl ey TJ,

Kubota Y. (1989). Induction of nprphol ogic

differentiation of endotheE¥&Pl&d) |s in culture. J

| nvegda7opr mahfthraRUE:iR 3( %Sﬁk‘l@l@ e) foP the- sﬁ&x&nﬁ@gsogl)ate@rvﬁﬁﬂanthrax In

culture assays in which t out grow h of endot hel i al

ﬂelaﬁ’éeaéf He endisqciss3pores arppihalest @ lodgedn dheqlurgs Whorg thee piej ingested by
{o%ﬁa%gg WitHiPWe tPnaglfopﬂlg‘é T Pyfes ?éﬂnﬁ] a{enreﬁﬁéa%écsﬁlﬁﬁg BT of the cell.

ure of rat aorta. uantitative assay o

B&ﬁgﬁz b@lmecyptgs,uh@wvetrr @fec@gmapwb@es miggate GB(hIe)lYmph nodes where, upon

d!]:a;,ltﬁ 1.%5}7 )relea§9 rﬁla’el n\fén\fso a@lﬁ@fh}és hg Q)rr tnﬁ?n RV éllrtéia{heoﬁo&gstream further

angi ogenesi s |n iDitors are 15 ngelnp antation

raésaygnd@hgrqtﬂgth@MTmm sponges cont aining cells and/or

angl C Ctor and..t he G (& )
o S0l s PhA G Pl SRl aB] RIS Fp 0 gttt cor
90ikiDa), alag Ia(kgjerhdzesmshe( Iﬁthﬂgkmablb oMnthrh-ialTIhegp pddkeing &0 800 ectivay known as

l%ge}l Vcéx\{lg ﬁ]ﬂﬁﬁ%ﬂé\&hg{ %;]cyngqnéﬁr&g 28 ngﬁ_}'bg’a]u%%) e‘?{h %ﬁ%‘ggljg&gegggtravenously in

aﬁiﬁ(a%h) L&R4) toXin isZ)sotdogveciniactew cbIDcilmed li bDmecrofabdsaansing cell death

%#v&? %}thé ICEre )ﬁzéneglagﬁou dgeﬁ?fgleq aégslg%él:trtgsgs #215181:1'15 hma%rophage-llke
W&M§ﬁ}ﬁﬂ\zhﬁﬂ{)%a%e§t day ol d chick enbryo allows
fcI)/r t he B§tUd tum)r-l nduct%d angl oger][e3| s (Fol krran

175- %&?31? anﬂAWZ@( arcbl%L{%tEng@ﬁorHﬁQ%l%ﬂcﬁh ’yﬂe @ﬁlture Coll;ectlon) were

specific histological analyses can be used to exam ne
afl4néedetp fapd magyipinsidon REMIsEP sediyoctyrplsmeniedcwithd 0°%4efpig] bayine serum,

23 - MR 4 aﬁé onlbe‘ﬁ@um/%{r%iﬂ |\ifé P oﬁlpl‘éte‘%ﬂ | 13R4C in a humidified
tunor- necrosi s/ apopt osi s ni ng I'n vitro
Seis 8 iexubatot.esFor rthé askey.eerdlotwrat ipddtedc evdrnlglégnsc%nﬂﬂWE@edium at a
. € | | |
cg&ggwloﬁl%% g(ﬁ)gpl I%f/l% ]5]1 J‘gé) val? hfra%[ gl? g%als 6%90(;{%% \gl’e following day and
repiated vith |sa‘hmEfEEIelcoiﬁNAte medlum with or without varying concentrations of Formulae

-2, I-3, I-4, II-5A, 1I-5B, II-13C, II-18 and IV-3C starting at 330nM and diluting at % log

intervals for an 8-point dose-response. After a 45 minute preincubation, 1pug/ml LF and 1pg/ml
PA alone or in combination (LF:PA, also termed lethal toxin (LeTx)) were added to cells.
Recombinant LF and PA were obtained from List Biological Laboratories. Additional plates with
no LeTx added were included as a control. Cells were then incubated for six hours followed by
addition of 0.02 mg/ml resazurin dye (Molecular Probes, Eugene, OR) prepared in Mg++, Cat++
free PBS (Mediatech, Herndon, VA). Plates were then incubated an additional 1.5 hours prior to
the assessment of cell viability. Since resazurin is metabolized by living cells, cytotoxicity or cell
viability can be assessed by measuring fluorescence using 530 excitation and 590 emission
filters. Data are expressed as the percent viability as compared to a DMSO alone control (high)
and the LeTx alone control (low) using the following equation: Percent viability

=100*((Measured OD-low control)/(high control-low control)).
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synt hesi s assays; endothelial cell outgrowth assays
(Aortic ring); endothelial cell migration assays
woOneestoegmed above; chenoki nesis (col |l oi dal gol #8T/US2005/014846
chenot axi s (Boyden chanber)); endothelial cell tube
formati on assays; endothelial apoptosis assays;
IrﬁiﬂﬂtflﬁnhﬂAinﬂira)@If&Jtﬂal Yoahiediaed &5 oeoxseity in RAW dal U@dlls
nesi s_fact

T helPRARG TReshat FIfk i BrUTEAG e R oEh ARG A dipgule 113 and

Fé&aflh 24 abhisst 'L@'f}@fr@cﬂl@t@@ cytbrokibityPotBE RAMAREL. 7 Surine macrophage-hke cell
i ncorporated herein by reference in its entlret

i@ SO oA BT GeRS Vit Boreely3 andicarmiele 11-$ Eavlisd i increase in
tlﬁhﬂéﬁﬂ?c? off q,%tl“}% tleSted cells' RRPEE oe@[ues RaRiNg(FENE8K. The ECs, values for

crani al wi ndow, and dorsal sSkin); matrix inplants
Forenugp  11-3 uffor &ﬁﬁeﬁ@@ctlm aas ot b%ld@@if@@él‘i WA B gomegnizations  tested

(1%15%% BM e&llé S&n&'ﬂﬁlﬁn (c rc %’dﬁr&{ | evglgﬁéﬁ ﬂpéa ah t’l?(abler At sH{lW éx@l effects of

ai’r ‘sac, sponge inp . cornea cro ocket assays,
Fémmlaeﬂhﬁﬂfsl IéSBnIIfl aeum& athiy -3t heainst bd@hmsdlatafh G}é@tpmplty of the RAW
&V ‘? m|u¥1neS m%cbrg rﬁ%g‘! hke%ileﬂ% ﬁ%gu%}(( of EQ(A)% 2@&19 cglﬁ%lg B ula II-5A and
constriction ea
Hrlzﬁb&hnWe&amﬁhbneaﬁa in geheatiliaty bEEEEK trseafsld{AWr 26367t dedn Mﬂutﬁﬁiso values of

t | SS%II 3 ns‘éprﬁc ﬁlgn:grﬁ?tlmgotcﬁlg} I o &ﬁﬁ'{é resﬁge?l 1, §1(rg S eas% in the viability
of BN the@ted BEIGewie an BXsS val[mD&fO%}lMArFBOEC@XIaMBS/fOr E&ﬁﬁlﬂ/&& [Ht?xE and IV-

d usin | osed  conpounds.

P i CRIS TR R PR Dt ST FoiTe CHEAETATe HRELJIC oM, te
mmamdmxﬂmégwﬁdmaimagbyner gel . I munoassays such as

serum assays, urine assays cerebrospinal fluid assays

and tissue |nnunoh|stochenlcal assays. 0502] Sone of

t he abovéda S ot RAW26¢. A

papers, each of \Ahl %dia?ﬁed'b@%ﬁﬁlﬁﬁﬁéﬁa@%xhﬁr ein by
reference in its enfire Gant et al _ In Vitro Cell
Dev. Biol. 271Ao3RpuBi36 (1991) MCow @M al ., Cancel Res.
56: 2428- 2433 @%ﬁ&ﬁan4§chnaper eu al., J . Cell

Physi ol . 165:307=1 1995)—Schmaper—et—=at— 3| Cel | .
Physi ol . 165: Fégm#a@ Q95): QO I:}n\/\p et al .

Formula II-5B 7 45

Formula II-13C >330nM

Formula IV-3C >330nM
Example 44

Structure-Activity Relationship of the R; Side Chain
[0483] A structure-activity relationship for the R; side chain of the disclosed
compounds and specifically the compounds of Formulas (I), (I), (II), (IV), and (V) was inferred

by analyzing the relative activity of various compounds having the formula:
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can be prepared by known nethods. For exanple,

angi ogenic inhibitors include integrin inhibitory
woanpoastds such as . al pha-V-beta-3 (aVb3) i nt egCTMwS2005/014846

i nhi bitory anti bodi es, cell adhesion proteins or
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[0487] It is hypothesized that in compounds having a good leaving group in the R,
side chain, such as compounds II-16, II-18, and 1I-19, nucleophilic addition of the proteasome to
the B-lactone ring forms a cyclic ether in a manner similar to the above reaction. The cyclic
ether, or formation thereof, is hypothesized to interact favorably with the proteasome.

[0488] Without being bound to any particular theory, the Applicants note that the
above results also support the alternative hypothesis that a second nucleophile on the proteasome
displaces the leaving group, thus formiﬁg a 2-point covalent adduct between the compound and
the enzyme. In either case, leaving group functionality on the R; side chain promotes increased
interaction between the compound and the enzyme and thus promotes increased activity.
Therefore, compounds having other leaving groups on the R; side chain can be expected to
exhibit high activity.

[0489] Without being bound to any particular theory, the Applicants note that the
above results also support the hypothesis of a single-point leaving group. As one example, the

presence of a halogen or other leaving group in the R; side chain promotes the delivery of the
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in Ml ecular Medicine) by J. difford Mirray, Humana

Press (March 15, 2001) | SBN. 0896036987; Tunour
wéngicogenesi s, by R J. Bicknell. Caire E LeRCS/US2005/014846

Napol eone Fe, Oxford University Press (Septenber 1,

1997) 1SBN:. 0198549377; and Angi ogenesis in Health and
chbinp@ms eo itBasget, shiciraam atricehuist &l othiet dRloghpblatgeq ttheddts,enhancing its

AT T R .

pelverence in its entirety. In particular the protocols
and nethods are incorporated herein. Exanple 47
F | ation to be Adm ni ed Oally or the

[ t hor oughl y bl endi
J idgd by the net
angd 1 g of g 5 P

gignd obt ai ned
inent, 98 g of

hydrixypr ofyl geltul ose is gorﬁedylntgmﬁlgnules éz\‘/Nmb&z
ent[i ohatofet hod. The gyanuie$—as€ t hor ou 0
si fliadyto obtain a graklul el.preparati on suita T OH
ackaging in bottles or [by\¥Weat sealing. The B
resultant granul e preparati qns Are orally adnini stered
at bethween approximately 100 m/day toapproxi mat el y~——Nuc2-Enz

1000 m /day, depending on the synptons, as deened
apprd?riate by those of ordinary skill in the art of

point covalent

tr edfulgcdiiicer ous tumors i HEHUMENET EARAR] The  zpoimcowen
exanpl es descri bed above ar@disgetmeforth solely to “H&eameatte

assi st in the understandi ng of the enbodi nents. Thus,
those skilled in the art will appreciate that the

et hogimoey AleaVih *laY Beli W82 indEfeRAUBRHAS or b3 t is capabl
e S0 oy TRRNnE By ot Bl M A0 108 o bt s capable

of hringdignleast by Anathariatom eranaigly In aehspicebirepssionaMaye sngeifieally, in some
a 2 e oy

Aok 204, BRI, 155 A0 AR MBER, IR oo

sphstititioureadtioge die santreaintiodimsis, ‘deaning ieoyipsitarg/any atoms or moieties that are

c[)ﬁl?éa‘?es@agésa&f' a/ ?crong acid. Non-limiting characteristics and examples of leaving groups
can be found, for example in Organic Chemistry, 2d ed., Francis Carey (1992), pages 328-331;
Introduction to Organic Chemistry, 2d ed., Andrew Streitwieser and Clayton Heathcock (1981),
pages 169-171; and Organic Chemistry, 5™ ed., John McMurry (2000), pages 398 and 408; all of
which are incorporated herein by reference in their entirety.

Example 45

Structure Activity Relationships
[0491] The data set forth in the above-listed Tables illustrate a number of preferred

embodiments. With regard to Formula II, compounds having a halogenated substituent at R; are
preferred and such compounds are generally equipotent across the above-described assays. Most
preferred are n-halogenated ethyl at R;.

[0492] ;dso, most preferred are compounds with a hydroxy group at Es and the
attached carbon is in an S configuration (compounds having the stereochemistry of compound II-
18, for example). Oxidation from a hydroxy group to a ketone is less preferred.

[0493] In one preferred embodiment, the preferred substituent at R, is cyclohexene.
In another preferred embodiment, the cyclohexene is oxidized to an epoxide. Less preferred are

compounds with hydrogenation of the double bond of the cyclohexene substituent.

-151-



of preferred enbodi nents and are exenplary and are not

intended as |[imtations on the scope of the invention.
wGChersgess2s herei n and ot her uses will occur to PODAS2005/014846

skilled in the art which are enconpassed within the

spirit of the invention. [0511] It wll be readily
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substitutions and nodifications can be nmade to the
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t [ I I
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angf °§%§%‘% téllac c% 1n{f :%%r%gcfisqr ers fucPaars]ylmg‘ Wﬁ?@ﬁ& Iné)x{-irr]rg{lune inflammation,
rheaeatoifl | :ﬁﬂmlrlhy, chrﬁrﬁd: astixdlah ehmm’atlsrﬂ' hemd t mﬁmisardisorders associated with

ressi ons whi ch have been e ar. sed..as r s
OGRPRIERRr P IOBRP A TRBRoBT | R Patichrt SRS HEP PPy vasclar
glhdbbfhﬁ]tﬂeﬁxﬁbpbﬂhﬁtof ipfentahi@ity Seacaibr Sdgéﬂbrzttﬁhmrlaﬂﬂ graft rejection, retrolental

expressi ons_ I ndi_cates the excl of. eQU|vaIe ts

AERBRT B HESS SRR BHESEN T HOABRCRER FIGHE PHoPagPoross: and

cahberiaSsob80 UorISf, tnbRHinY 6 xbSplaDehlill iveradrb, aiSoBmetastases, blood born
possi bl e within t he scope of the invention. Thus

It
tugEs pueh ﬁéé:tﬂ(ﬁg@s,sqn@@gbrpﬁla% Kopesh SR, h@l%t@gl@ﬁtsuch as hemanglomas

ac'oﬁ‘éﬁ@ rﬁEL'lrQBash ﬁ&r&ﬂﬁ&n&?@&hﬁh&aﬁﬂﬂpy@g&l@ RHRIRY, RRA1QE bRk cancers
mbodi nent $" and optional features, nodi fi cation and

Wblah featiroreowdscylarizationio spRpSTtHEReigrovih s Alditens! expiss of angiogenesis-
defgox'gi:a?’tt gigeagég 1Q¥lu&é1 Q&eeﬁmphel Qﬁle& vdob& Sa)rntlrorrﬁn %y()affi‘@lalsé{fgtbgenesm

ications and variations are consi dered t
plaguie| inagvagdulanizationh etebopipetastd; thmomtisedijeipist smdnf “@h@i granulation.

Fdrﬁl\él%g})tré, o&c%l zlngiogéﬁe:‘gigfip 413%: associated with clinical problems as part of

biological and mechanical implants (tissue/organ implants, stents, etc.). The instant compositions

can be used to inhibit angiogenesis, and thus in the treatment of such conditions. Other diseases
in which angiogenesis plays a role, and to which the instant compounds and compositions can be
used, are known by those of skill in the art.

[0496] Particular discussion of angiogenesis in a number of pathophysiological
conditions such as cancer, rheumatoid arthritis, diabetic retinopathy, age related macular
degeneration, endometriosis and obesity is found in Folkman J.(1985) Tumor angiogenesis. Adv
Cancer Res. 1985;43:175-203.; Folkman, J. (2001). Angiogenesis-dependent diseases. Semin
Oncol, 28, 536-42.; Grosios, K., Wood, I., Esser, R., Raychaudhuri, A. & Dawson, J. (2004).
Angiogenesis inhibition by the novel VEGF receptor tyrosine kinase inhibitor,
PTK787/ZK222584, causes significant anti-arthritic effects in models of rheumatoid arthritis.
Inflamm Res, 53, 133-42; Hull, M.L., Charnock-Jones, D.S., Chan, C.L., Bruner-Tran, K.L.,
Osteen, K.G., Tom, B.D., Fan, T.P. & Smith, S.K. (2003). Antiangiogenic agents are effective
inhibitors of endometriosis. J Clin Endocrinol Metab, 88, 2889-99; Liu, L. & Meydani, M.
(2003). Angiogenesis inhibitors may regulate adiposity. Nutr Rev, 61, 384-7; Mousa, S.A. &
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1. A conpound having the structure of Forrmula |, and
phar maceutical ly acceptable salts and pro-drug esters
wohevemags2s Formul a | wherein the dashed |ine i nBCTASE®S5/014846
that the designated bond is either a single bond or a
doubl e bond, and wherein Rl is separately sel ected
Mousen ARe(29Dupngogesesst inhiyitas: arraytdt dgers, dictivab.agen Pharm Des, 10,
bst.i t ut ed

- [ .pol vz substituted or, uns . )
o UEE b B B R MBS g B Y Bl e i e
al kyl[p497hs at ThatwepoGitis GAclbddeiadin @hibEan&agknedik Y lother compounds

cyl ,.,acyl ox |.kyl oxycar bonyl oxy, P
SR BoMrRy  vagel APy on Sy Bd fnbihiypieratioroRye compounds
blaek velilsoenidothalial browie facto A BGE)-iaduy b Binkeetidn 6 BmEMIBK myeloma cells in
al koxy car bonyl acyl, am no, am nocar bonyl,
a&ﬁ?ﬂﬂ%ﬂ?ﬁﬁ?P%%?@‘nitro, azi do, phenyl, cycloal kylacyl,

hydr qu3o8] al kyhd &inthourdits MistBica heityshby hRNYdenes&ARROXHy activity in any
cyano, and hal ogenat ed al kyl incl udi ng pol yhal ogenat ed
oh VatiAus othEreangiogeniess tsgfe and asenys, irpluding ong gr mprerf the felipydne.
to 2,10499¢N Rirne ih& hBfeind i LRty in vari
R2, ”gsgglecteda??%ﬁ?ﬁhemg%gﬁp ggh%%&f%ﬁb 5t f%?&gé ﬁIWkus
ofhen &l wennd frovivs eisaysi Same ¢xammi¢syingludss 7 vitp egsapy for the evaluation of

e R S
n@Zra@M ofi ekdothelial cedlylin respyrisoxy prahigydgoniy cactire r(plessayidri G, Raju K,
BT GgS SE O aFYPARBL S B B s o
aAgisgenysicanbarnyCaace [Res.a3(407908T), 120 difeh@tiytion assays such as the Matrigel
SSRGSt 5 s R YL B e
afigladea (Loviey 8 Kgeat. ¢thsa). kyductidhCldfuslirpieblogic differentiation of endothelial
cells in culture. J Invest Dermatol.Aug;93(2 Suppl):59S-61S) and 3) organ culture assays in
which the outgrowth of endothelial (and other cells) is monitored (Nicosia RF, Ottinetti
A.(1990). Growth of microvessels in serum-free matrix culture of rat aorta. A quantitative assay
of angiogenesis in vitro. Lab Invest. Jul;63(1):115-22.). Some in vivo assays for the evaluation of
angiogenesis inhibitors are 1) sponge implantation assays, during which sponges containing cells
and/or angiogenic factors and the test substance are implanted subcutaneously in animals for
study of in vivo angiogenesis (Plunkett ML, Hailey JA. (1990). An in vivo quantitative
angiogenesis model using tumor cells entrapped in alginate. Lab Invest. 1990 Apr;62(4):510-7),
2) the chick chorioallantoic membrane assay in which test compounds are inserted through a
window, cut in the eggshell. The lack of a mature, immune system in the 7-8 day old chick
embryo allows for the study of tumor-induced angiogenesis (Folkman J.(1985) Tumor
angiogenesis. Adv Cancer Res. 1985;43:175-203.) and 3) various tumor models in which
specific histological analyses can be used to examine the effect on blood vessels, such as vascular
density (CD31/CD34 staining), blood flow and concomitant tumor necrosis/apoptosis (TUNEL
staining). In vitro assay examples include endothelial cell tests (HUVEC (human umbilical vein
endothelial cell), aortic, capillary); endothelial cell proliferation assays; endothelial cell DNA
synthesis assays; endothelial cell outgrowth assays (Aortic ring); endothelial cell migration
assays (mentioned above; chemokinesis (colloidal gold), chemotaxis (Boyden chamber));
endothelial cell tube formation assays; endothelial apoptosis assays; endothelial cell viability

assays (irypan blue); angiogenesis factor-transfected endothelial cell lines; and magnetized
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pol yhal ogenated al kyl; wherein R3 is selected fromthe
group consisting of a hal ogen, nobno-substituted,
weoabos/28fast i t ut ed or unsubstituted variants of PCIAIS2005/014846
foll ow ng residues: saturated C -C24 al kyl,
uns rated C2- C24 al kenyl or C2-C24 alkynyl acy
?%a;%/ on g egggytelésr bF(f’t‘iy’ pf)‘sby refgrlequeé %y@ﬁrm&ggﬁpb ksylncorporated herein

tﬁygggﬁkkyhsaﬁy oal kenyl , al koxy, cycl oal koxy, aryl,
eteroaryl, arylal koxy carbonyl al koxy carbonylacyl

ami nd95%hi noExsimbenal in vive aseryainslygle Banpparetichamben testd . g., rabbit ear,
hQHl@tQIyJ:heelg %%n% l\x}f% oRC ¥hd dJ}Xa@' rsﬁﬁy énal?{]u{( Xllxd;lzmtso%e .,a%h{}.l]mngous injection

oxysul fonyl, OXy, cyano, enat
using |soditm plgiedtss Wa‘bquglecrals @ebe dpMWIanemllmplemQ; hratoflorgal air sac, sponge

Tant Scoﬂ{ég nE'ATo ta%s%?% tfJ)r eg(td ?le in {E}l‘]logffé'l bSdt otﬁ l“rltr&?ents anter%or eye/iris

te oatom an prov or nmu 5
ﬁ?onlpmunpiaﬁl; hSSlﬁS, Uﬂce@oﬁbmck{(buﬂ.a'bsal/? an®roid btmstrmt’rpm(haait)oﬁ pig and dog;

ol T R < e Sy o, Bisur (B SEpaftigy peronca

chvigmohleatugrvatin RS heidr igpladts, br ekamglk in Iasbltsﬁﬁﬂe br rafd. .

The und f Caim1, wherein the conpo
wher dPIRe | &l%e s bty PR A P YPBFS e%?&.tg% |4’ﬁ51°6?d [gempounds.

Hramfles inBlude @AM (chick ShorifalfAfBROMEHLrARVAsHY) hlieyefilchUCAMIWith polymer
of Formula p, and pharnaceutically acceptable salts

8 dh"E)‘FW"a?SEﬁ@ wek @ §ertuﬁears%%’f, Yrie Astexs FereRipwinel fuidnssays and tissue

ﬂﬁﬁﬂﬁ@ukhaﬁ§dh %gates that the designated bond is
either a sin ond or a double bond, and wherein Ri

i s sdPr¥Rht el nsfe pEthecltote s ee desstprdcioribe sellomdneopapars, cach of
WA OURB o?atﬁr&q{e%f?gy rdfQ8Re 3 Q§ Eﬁtg'%e(hrant et al., In Vitro Cell Dev. Biol.

on-substltuted or’ unsubstituted variants of
27A:327-336 (1991); Min et al., Cancer Res. 56:2428-2433 (1996); Schnaper et al., J. Cell.
Physiol. 165:107-118 (1995); Schnaper et al., J. Cell. Physiol. 165:107-118 (1995); Oikawa et al.,
Cancer Lett. 59:57-66 (1991).

[0503] Embodiments relate to methods of using the compounds and compositions
described herein, alone or in combination with other agents, to inhibit angiogenesis and to treat or
alleviate diseases and conditions associated with excessive or inappropriate angiogenesis.
Preferably, the inhibition occurs in connection with vascularization in connection with a disease
associated with angiogenesis, such as cancer or any of the other diseases described above, and
those that are known by those of skill in the art. The compounds and compositions can be
delivered in an appropriate inhibitory amount. Inhibitory amount is intended to mean an amount
of a compound or composition required to effect a decrease in the extent, amount or rate of
neovascularization when administered to a tissue, animal or individual. The dosage of compound
or composition required to be therapeutically effective will depend, for example, on the
angiogenesis-dependent disease to be treated, the route and form of administration, the potency
and big-active half-life of the molecule being administered, the weight and condition of the
tissue, animal or individual, and previous or concurrent therapies. The appropriate amount
application of the method can be determined by those skilled in the art, using the guidance
provided herein. For example, the amount can be extrapolated from in vitro or in vivo
angiogenesis assays described above. One skilled in the art will recognize that the condition of
the patient needs to be monitored throughout the course of therapy and that the amount of the

composition administered can be adjusted accordingly.
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the follow ng residues: saturated Q C 24 al kyl,
unsaturated C2-C24 al kenyl or C2-C24 al kynyl, acyl,
wacydomzgs2s al kyl oxycar bonyl oxy, aryl oxycar bonyl 8&Y/US2005/014846

cycl oal kyl, cycl oal kenyl , al koxy, cycl oal koxy, aryl,
heteroaryl, arylal koxy carbonyl, al koxy carbonyl acyl,
am n@s Aﬂm nm@r&&eﬁkl Gon@%d'dl@%ﬁd B&M dé?fly)ns Bl bOandk dl@ed as well in
phen %droxy, al kyl thio, arylt oxysul f ony
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acﬁlgquﬂ 3)!}(%5? or i d;!?%heﬁ 96 bR nﬁ’ler%b'tb %ic%u&ﬁlgam cel{1 adhesion binding
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B, UEh BRI ORI i O E By xS PO o dreromaph
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carboxy ano, and Io en ted al kyl includi o
#h gpgag%a& eEfO}leWw ﬁln@motﬁ% 0 llngp%lqgr the inhibition of

m@gi cdsgd fromthe group conS|st|ng of a hydrogen, a
halo%§p nono- substi t ut ed, poly-substituted, or
unsubI50Fl ut Shug.aihr apathedgcar Frslude thesiem §f eéwinifsing 2 compound or

C@"%&g‘t‘ dﬁ<y n ;ﬁéluf?eln}ﬂé’ k’romlé%ﬁ&ﬁ'&ﬂaatsﬁgm% v@&f‘ex@ésgﬁ@ ¥lgiddEnesis. The

acy acyl ox al kyl oxycar bonyl oxy,
mathydsoxa)ncﬁlrtb@nyllcl@dg/ adroipisteong K ﬁq insteyic¢azzopech g comgpqeisivy along with
qYl‘E 911?1]1 lél%(%’enf%[sydr% QF ngﬂ%?glm{ lothela{hya?tb?&%h& %rﬁg{‘b\ﬁlbe treated (e.g.,

am no
wahnnhwaﬂhmgkmxyn1mmmmmhﬂamWMUpﬁphemyh? hydroxy,

al kykotsﬁk]o’ af}}é compoﬁnds or compositions can be delivered in any disease and/or

patient appropriate manner. Examples include, intravenous, oral, intramuscular, intraocular,
intranasal, intraperatoneal, and the like.

[0507] The following references provide additional teaching regarding methods of
using, administering and assaying for angiogenesis inhibition: Angiogenesis Protocols (Methods
in Molecular Medicine) by J. Clifford Murray, Humana Press (March 15, 2001) ISBN:
0896036987; Tumour Angiogenesis, by R. J. Bicknell, Claire E. Lewis, Napoleone Fe, Oxford
University Press (September 1, 1997) ISBN: 0198549377; and Angiogenesis in Health and

Disease: Basic Mechanisms and Clinical Applications, by Gabor M. Rubanyi, Marcel Dekker
(November 1, 1999) ISBN: 0824781023. Each book is incorporated herein by reference in its

entirety. In particular the protocols and methods are incorporated herein.

Example 47
Formulation to be Administered Orally or the Like
‘ [0508] A mixture obtained by thoroughly blending 1 g of a compound obtained and
purified by the method of the embodiment, 98 g of lactose and 1 g of hydroxypropyl cellulose is
formed into granules by any conventional method. The granules are thoroughly dried and sifted
to obtain a granule preparation suitable for packaging in bottles or by heat sealing. The resultant

granule preparations are orally administered at between approximately 100 ml/day to
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oxysul fonyl, carboxy, cyano, and hal ogenated al kyl
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284 BRbif MRS cdnsbe(;h%"f@ ﬁle émn%ﬁﬁ{eﬂts )&1sbﬁ>se%1q4e‘r3e(fﬁ @Iﬁh&ﬁ QEBaPtH% from the

group consisting of H, F, Br, . wher el
SW§5§@d%W@*ﬁﬁwﬂ@m@9%1ohexane mhereln E5 is OH; whereln

an d 22 : ShKllHAH %gfént%lﬁg& @%ﬁc%ﬂ)ﬁg % E%{F %g&: &h%atjlo% a@e indicative of

thehlevelds ofildse slallgdsin the art to whlch the invention pertalns All patents and publications
are herein incorporated by reference to the same extent as if each individual publication was
specifically and individually indicated to be incorporated by reference.

[0513] The invention illustratively described herein suitably can be practiced in the
absence of any element or elements, limitation or limitations which is not specifically disclosed
herein. The terms and expressions which have been employed are used as terms of description
and not of limitation, and there is no intention that in the use of such terms and expressions
indicates the exclusion of equivalents of the features shown and described or portions thereof. It
is recognized that various modifications are possible within the scope of the invention. Thus, it
should be understood that although the present invention has been specifically disclosed by
preferred embodiments and optional features, modification and variation of the concepts herein
disclosed can be resorted to by those skilled in the art, and that such modifications and variations

are considered to be falling within the scope of the embodiments of the invention.

-156-



wherein R8 is selected fromthe group consisting of H,

F, d, Br and |I. 14. The conpound of Caimb5, wherein
woOheregegust ure i s:wherein R 5 is sel ected fronmPCaS2005/014846

group consisting of nethyl, propyl, fluoroethyl,

bronoet hyl , iodoethyl, hydroxyethyl, azidoethyl, and
V\&M’DIS/@IMMEW[S 15. The conpound of Claim5, where the

compound i,s wherein R8.is selec :

consi stlnﬁ"8fI1 %ﬁmWE¥ﬂwéFuﬁwa &%mT%”iﬂh%Pégﬁﬁﬁ ﬁﬁmgﬁamEPMbk
sdlls @hdPro-drupteees fidawrconpound is wherein R8 is sel ect ed
fromthe group consisting of H., F. ad, Br and |I. 17.

The conpound of C aim5, where|the ¢enpound i swherein

R8 is selected fromthe gr ysting of H F, O,

Br and | . 18. The co imb5, wherein at

| east one R4 is a di- cl ohexane. 19. The
compound of C aim 5, mherei | edst one R4 is a

7- oxa-bi cycl o[ 4. 1. 0] hept - yl4 20. The conpound of

C aim 19, wherein the con@ép %is: wherein R8 is

sel ected fromthe group condisting of H F, O, Br

and 1. 21. The conpound of Fomalad 5, wherein at | east

one R4 is

al kyl . w%ﬁrﬁllé*%%% éatsfgefjlﬁgx Qr;du%% %%EHQ%E %} %8%012{ i@:gglgé?q single bond
one Bda ldsuba: tond) @il \klydrelaﬁd IE&parstelarrBebxty@ énm tRG gropeonsisting of a
Eggﬁgjgcl}g%eg{ e%l(gent %br&su%ftﬁ‘utiid poly- subs%tu%ecp dnts,lﬂots&t%eﬁ aftihts of the

following residues: saturated C;-C,4 alkyl, unsaturated C,-C,, 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 alkyl, where n is equal to 1 or 2, and if n is equal to 2, then R, can be the
same or different;

wherein R,, is selected from the group consisting of hydrogen, a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated
C-Cas alkyl, unsaturated C,-Cyy alkenyl or C,-Cy 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 R; is selected from the group consisting of a halogen, mono-substituted,
poly-substituted or unsubstituted variants of the following residues: saturated C;-Cy
alkyl, unsaturated C,-C,4 alkenyl or C,-C,4 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;
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24. The conpound of C aim 23, wherein the alkyl is

sel ected fromthe group consisting of nethyl, ethyl,
wonraoeykss2s sopropyl, butyl, isobutyl, tert-butyPCTAIS2005/014846

pentyl. 25. A conpound having the structure of Fornula

DI, and pharmaceutically acceptable salts and pro-drug

est er s t helicesf ekobir oflH, AES, Bl amh &) &i ansubbtduteh shegubstings! heteroatom;

indicates that the designated bond is either a single

bondmgr a doubl e bond, and wherein Ri is separately

sel eCt ed WHIOM: bRRisg ERtPoré R iiSidt Cgmpdund TR aipampoural I-17.

hal o nono- subst i t ut ed, substlt ted or

uns stltﬁvéﬂnngiéﬁF§mBﬂ Wﬁ% %8?56%? T esi dues:

sat uf at edrfe co%éurﬁlokmlaﬂmanﬁ@ér&ﬁ qfe@dm@m@m al kenyl or

C2- C24 al kynyl, acyl, acyl ox al kyl oxycar bonyl oxy,

aryloxycarbonyloxy cycloal#éﬁ cycl pal kenyl , al koxy,

cycl oal koxy, aryl, heteroaer*\ary | koxy carbonyl,

al koxy carbonylacyl am n mjnocfar bonyl ,

am nocar boyl oxy, nitro, a 'do,_g_pnyl hydroxy,

al kylthio, arylthio, ox yl, arboxy, cyano, and

hal ogenat ed al kyl i ncludi ng polyhal ogenated al kyl, and

nis equal to 1 or 2, and {(f nis equal to 2, then Ri

can be the sane or different; wherein R4 is separately

sel ected fromthe group congisting of hydrogen, a

hal ogen, nono-substituted, poly-substituted or

unsubstituted variants of the follow ng residues:

saturated Q C 24 al kyl, unddturated C2-C24 al kenyl or

C2-C24 al Kf%&&h’Rg ?scs\éiecte@ﬁ&ln ou'?i‘J %Mdl eRHbR Y] Bi()éndl

aryl oxycar bonyl oxy, cl oal y cycl oa keny , al koxy,

cycl #al koXbe comppimd (ﬁ %mdawwreméhqﬂoalu) car bonyl ,

al koxy carbonyl acyl, am no, --ocarbonyl

am nocar boyl oxy, nitro, azi enyl , hydroxy,

al kyl thio, arylthio,

Rg

wherein Ry is selected from the group consisting of H, F, Cl, Br, and L.

5. A compound having the structure of Formula II, and pharmaceutically acceptable

salts and pro-drug esters thereof:
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oxysul fonyl, carboxy, cyano, and hal ogenated al kyl
i ncl udi ng pol yhal ogenated al kyl, and mis equal to 1
wonro@2ens if mis equal to 2, then R4 can be PO®US2008/014846
or different; and wherein each of E E2, E3, E4 and E5
IS a substituted or unsubstituted heteroatom wth the
proviso that Fornula IH's RS und 11-16 or
Compound 11-17. 26. The cén&hw of C aim25, wherein
Ri is a substituted or an unsul ed G to C5
al kyl . 27. The conpound of wherei n the al kyl
is selected fromthe g consi stfi ng of nethyl,
et hyl, propyl, isopropyl, —Lggobutyl, tert-butyl,
and pentyl. 28. A conpound jng the structure of
Formul a 1V, and phar nmaceuj i acceptable salts and
pro-drug esters thereof: la I'V wherein the dashed
lines indicate that the designated bond is either a
singl e bond or a doubl e boRgF™Y wherein Rl is

separ at el yhsRleht adsHed Mitd RBicBEO AL BRNEkighdtHIb&Hd i@ either a single
hydr ogen, a hal ogen, nono-substituted,

pol y bensesta ‘iqylbléd’ob‘i‘ and aherem R jt eepatpisly setcted drom fhe group consisting

foll [ [ .
. ng\% g?dﬁég%ﬁ éjh’ﬁ§gen Srﬁ&ﬂé ﬁg%slt% p&H s?%sl’ﬁbhgeg c{t‘ﬁlﬁﬁﬂ)%ft@%&%nams of

al kylﬂt?xgﬂd:lawmwwlé@@ﬁ SWW@))@&M BHFMS/IU@WUWQ G-Sab Rienyl or Cr-Cy

cycl ny al ryl
arylg Xy (%c lbo%;g/’wy’ {lﬁily car rlﬁl a)é)a}llry,l&%ﬂ&woxi’ cycloalkyl,

ﬁmdnomward@nyll , alleyn wdptlbgzdyowyl metqr@arylazarﬂ@lkom esasppnyl, alkoxy

ydr gx | kyl th X

cyan 8a1%(’)nl¥gac% @ D“é gha{men&Xar%(Eﬁ/F axr?ﬁ&%égxﬁl)% 5 (1)1]1’:9(1;] %Flgge enyl hydroxy,

aI ky la],kyhlﬁd, Bryllthloeqlx&dulfbnyll cmbo@, yauwb, |a‘ndn halegeaqtﬂél alk}(b 1nclud1ng
2, n, Rl ¢ t i ffer wher.

el eBERIREEHF 1D gPE R Eve] Stidhgr BR ko RARSEE o8 . Ban be e

Mono sghdGtdiffatéd,

wherein R; is selected from the group consisting of a halogen, mono-substituted,

poly-substituted or unsubstituted variants of the following residues: saturated C;-Cy
alkyl, unsaturated C,-C,, alkenyl or C,-C,4 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl,
arylalkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy,
nitro, azido, phenyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and
halogenated alkyl including polyhalogenated alkyl;

wherein R, is separately selected from the group consisting of a hydrogen, a
halogen, mono-substituted, poly-substituted or unsubstituted variants of the following
residues: saturated C;-C,4 alkyl, unsaturated C,-Cys alkenyl or C,-C,4 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, carbc;xy, cyano, and halogenated alkyl including polyhalogenated alkyl, and
m is equal to 1 or 2, and if m is equal to 2, then R4 can be the same or different;

wherein each of E;, E,, Es, E4 and E; is a substituted or unsubstituted heteroatom;
and

with the proviso that Formula II is not Compound II-16 or Compound II-17.
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pol y-substituted or unsubstituted variants of the
follow ng residues: saturated Cl-C24 al kyl,
wanswioasased C2- C24 al kenyl or C2- C24 al kynyl , PaTqiS2005/014846
acyl oxy, al kyl oxycar bonyl oxy, aryl oxycarbonyl oxy,
cycl oal kyl, cycl oal kenyl, al koxy, cycl oal koxy, aryl,
het erfoar y| Thegogipeuridoy\Claiar b oviytein B ik aalyctebfrbanyd @ey) consisting of

. : P y i.nocarb 0X itro,  azido,
et N R R RO R DRI G Kb 33 WROKG g 0o Ko R and
Roartrbxy sepyaiely, scroidd Hahothe ngsedcaakikidg bMBydaslieAdand a substituted or

ated al kyl: wherein R5 is separately
l@%#égﬁéggggbﬁy’ﬁ@mﬁﬁghﬁmeﬂﬁ%isting of a hydrogen, a
hal ogen, rithaeempdhimtiiof Olagdl 5, PRdrdin HUPEGuaL 1ot 188} 28 bnd where n is equal to
ues:

unsubst i tut.e i@ants of the foll owmng residues

% %flﬁarsg%eo#ldﬁ %E%Qﬁg? R¥herein & ds selficted depmohe gpowp spieistipg obH, F, CL, Br,
afilPE. C24 al kynyl, acyl, acyl oxy, al kyl oxycarbonyl oxy,

aryl gxycarbonyl oxy, cycl oal kyl, cycl oal kenyl, al koxy,
cyclgalkoQ@?C%WVWPdH%%%Pb%ﬂ?ﬁ@#d&yﬁaﬁ%%ky car bonyl ,

al koxy carripe Byhsem of@gﬁrpﬂzwhéllarn%ng onyl,

anlnocarb%xloxy, nitro, azido, phenyl, oxy, hydroxy,

al kyPhi o Theegmrayndof Gnipsl whesipl cacteefiihokyend By arbandah ds NH.

hal ogenat 6¢c alkytund HEC LU I nated al kyl

wherein mis 6%y1, geég@*%?”@@h%gﬁﬁggﬁ?ﬁg?afﬁ?“ﬁVmil

and i3 m iT5e gemeounthaf Claim tlhewhdRSn oas elpal th2 as@aElesst one of the R,

i.f : stitu an _.farm
oAbhbeACR R0 HROEAPS, SURRL NP RS s fom
gup senststimgef WrF, GhBuhsd I;tviteeth hédaermaRo s 3Blohekage; wherein Es is OH;

- Claim?28 erein Ri, is substituted or
R My b e 585y R s SitEritHound of
d ai 13.29, Thhemgionnd sfeClainkip| wheseis Begfti@6tefig: om t he group
consi sting of nethyl, propyl, isopropyl, butyl,
i sobutyl, tert-butyl, sentyl . 31. A conpound
havi ng the structure of Forpul ayV, and

phar maceutical ly acce OH
H o]
N
o}
—O0
H
Re

wherein R is selected from the group consisting of H, F, Cl, Br and L.
14, The compound of Claim 5, wherein the structure is:
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salts and pro-drug esters thereof: Formula V wherein

the dashed line indicates that the designated bond is
weiibdeasassi ngl e bond or a doubl e bond, and wheceius2d5/014846
is selected fromthe group consisting of a hydrogen, a

hal ogen, nono-substituted, poly-substituted or

unsubstituted vari ant he foll ow ng residues:
saturated Cl-C2 al kyl ated C2-C24 al kenyl or
C2-C24 al kynyl , acyl, aldty! oxycar bonyl oxy,

aryl oxycar bonyl oxy, cykgoa cycl oal kenyl , al koxy,
cycl oal koxy, aryl, heteroanyl aryl gd koxy car bonyl ,

al koxy carbonylacyl rbonyl ,

am nocar boyl oxy, nitr phenyl, hydroxy,

al kyl thio, arylthio, vyl . scarboxy, cyano, and

hal ogenat ed al kyl i ncl ugi yhal ogenat ed al kyl, and
nis equal to 1 or 2, [ is equal to 2, then Ri

can be the sane or dlffer [; wherein RS |s separately
sel ected fromthe rou |st|n of .a h

hal ogen, YHSF&! By 6% 8 FPYR u‘B’S?{S 1?%? tgﬁ “blops}, fluoroethyl,

uns lﬂ?&héefmﬁ %homml H;Hir&cy%ylt Hedokmll, v thigcysasdthldes:

sat ur at ed & unsat urated C2- C24 al kenyl or
C2- 324 aVﬂVﬁ?@Pmﬁéyf MH%§ gIele e PAROBN Bar bony! oxy,
aryl oxycar bonyl oxy, cycl oal k cycl oal kenyl , al koxy,
cycl oal koxy, aryl, heteroa ar yl al koxy carbonyl,

al koxy carbonyl acyl, am no ocar ony! .

am nocar boyl oxy, nitro, azrd 7 OXxy, hydroxy,
al kyl thio, arylthio, oxysulfonyl, carboxyo cyano, and
hal ogenat ed al kyl incl uding ponMangggfféd al kyl ,
wherein mis 0, 1, 2, 3, 4, 5 , 74 8,19, 10, or 11,
and if mis nore than 1, tRén ®5 canp bel the sane or

di fferent; and where the subi}i is can forma

ring; and
N

Re

wherein Ry is selected from the group consisting of H, F, Cl, Brand I.

16. The compound of Claim 5, where the compound is

H
L/OH

o OCHs;

Re
wherein Ry is selected from the group consisting of H, F, Cl, Br and L.

17. The compound of Claim 5, where the compound is
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wherein each of Ei, E2, E3, E4 and E5 is a substituted
or unsubstituted heteroatom 32. The conpound of C aim
wORpoomhenein R is a substituted or an unsubst PCUUSZ00S014846
to C5 al kyl.33. The conpound of C aim 32, wherein the
al kyl is selected fromthe group consisting of nethyl,
et hyl, propyl, isopropy jQut yl , isobutyl, tert-butyl,
and pentyl. 34. A conpd haygi ng the structure of
Formula VI, and pharmac Oyl acceptable salts and
pro-drug esters thereof: whergin Ris
separately selected fro Si-Btj of a
nonosubstituted, poly- : @ﬁ or upsubsitituted
variants of the follow nyTesli dues: saturated Cr C24
al kyl , unsaturated C2-C2 alkenyl or -d? al kynyl ,
acyl, acyl oxy, al kyl oxycar bpnyl oxy,
aryl oxycar bonyl oxy, cycl oal/kyl, cycl oal kenyl, al koxy,
cycl oal koxy, aryl, heteroaRyl, arylal koxy carbonyl,
al koxy car acy
am nocar bo§ rel 8 '’ Sﬁlet&ﬁr&g theag%up ?sg%%w%yd Gy nd L
al kylg hi oTheak:yrhpdmmb ofo¥estal §,0mpereinc alr Beasty ong Hﬁu;ols a di-substituted
gLfOX|de sul fone, boronic acid esters, and
CYRRPE§Rhat ed al kyl includi ng pol yhal ogenated al kyl :
wher 8. n NThecogpoadld df €ldimay; whereiaradlehdt one Rsis@ueda-biqycld[4.1.0]hept-
then Ri can be the sane or different; wherein R2, is
2¥el ected fromthe group consi sting of hydr ogen, a
hal ogen, TRNRSpbSId Jf dlee 19 paleyeis tho sbhpdihe t: or
unsubstituted variants of _the foll ow ng residues:
saturated G -C24 al kyl, at urated C2- C24 al kenyl or
C2-C24 al kynyl, acyl, ¢

Rs
wherein Rg is selected from the group consisting of H, F, Cl, Br, and L

21. The compound of Claim 5, wherein at least one Ry is a substituted or an
unsubstituted branched alkyl.
22. The compound of Claim 5, wherein at least one Ry is a cycloalkyl and Es is an

oxygen.
23. The compound of Claim 5, wherein R, is a substituted or an unsubstituted C; to

C; alkyl.

24, The compound of Claim 23, wherein the alkyl is selected from the group
consisting of methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, and pentyl.

25. A compound having the structure of Formula III, and pharmaceutically

acceptable salts and pro-drug esters thereof:
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al kyl oxycar bonyl oxy, aryl oxycarbonyl oxy, cycl oal kyl
(i ncluding, for exanple, cyclohexylcarbinol),
woyalegaskenyl , al koxy, cycl oal koxy, aryl, hetePOafgkg05/014846
aryl al koxy carbonyl, al koxy carbonyl acyl, am no,
am nocar bonyl , am nocar boyl oxy, nitro, azido, phenyl,
cycl oal kyl acyl, hydr oxy, <yl t biep, arylthio,
oxysul fonyl, carboxy, cyangm<thio, sul foxide, sulfone,
sul fonate esters, thiocyano, is£saci ds and esters,
and hal ogenat ed al kyl i ncl G yhal ogenat ed al kyl ;
wherein R3 is sel ect d e glfoup consisting of a
hal ogen, nono-substitute ly- spgbstituted or
unsubstituted variants of fol |l owi ng residues:
saturated G -C24 al kyl, unsaggrated C2-C24 al kenyl or
C2- C24 al kynyl, acyl, acﬁR y, al kyl oxycar bonyl oxy,
aryl oxycar bonyl oxy, cycl oal kyl, cycl oal kenyl , al koxy,
cycl oal koxy, aryl, heterodfglalky| al koxy carbonyl,

al koxy Cav(d%?&‘ﬁ’ lyRCYshedAfHe $adi B NOA AR 8 WPhated bond is either a single
am nocar boyl oxy, nitro, azido, phenyl, cycl oal kyl acyl,

hy drtoxrg or gﬂkthq rind, a.mdrvgheteﬁﬂ By isepesaifly @ﬁwte,d fEorp B‘rgzxg,oup consisting
Cy‘rjmo(%’aaht Erlog%néﬁ %Llfogéll s o-ﬁf’élstgﬂt@@,’poMugﬁﬁ&E@oﬁ%@Jsﬁmted variants of

t hi ocyano, ronic acids and esters, andhal ogenat ed
al kythe ifoltiwiel reyidpes: yshiatategeGate callgll.kytisatuggkedy Ci-ne edleRyl or Cr-Coy

O El,. E2. E3.and E4 can I ut

uns ISP} ueH hé‘fyg?xgat glrlr?%g 3%\%2@%J8{’n a@ﬁgfcgrbg%}il%xgt eyeloation
f r ongytlosikgiyhu pikeons tygtoatkgxyof agl, hhttogenl, arylalkoxy carbonyl, alkoxy
mono-substituted, paly-substituted or unsubst ] tu

var icémogylﬁcfyﬁ’t ’ﬁ’ém?’o”?u&% g red ﬁ‘@gl?oy{soﬁ’u%g ’eadélcg’ tpg%ﬁ’l hydroxy,
al kl)’dlkyltﬂibl? adrilthad, ledxyﬁﬁfcﬁylér @atborpy kyap, GRE GRbgerakednylkyl including
acyl, ~acyl oxy, yl oxycar honyl oxy, ... .

ar v RofeloeHs |a§‘~)(t; ,an‘g’illgsl WBQI@IX ot éyécﬂddg]il Bsautl o & gy can be the
cycl Qakkpsivrereat Yl ., heteroaryl, arylal koxy carbonyl,

al koxy carbonyl acyl, am no, am

am nocar bonyl , .
am nocar bearaRyRs Hi epgeteliziclsied gHn e gl)ég}mCB%ﬁlﬁ?yg £b Jpydrogen, a
hy dr X d6en, Bl duBétRute @ byt JibsRitutX ¥S Uhdubilted O@faRX0f, the following
residues: saturated C;-C,s alkyl, unsaturated C,-Cys alkenyl or Cp-Cyy alkynyl, acyl,

acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,

—t

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, and
m s equal to 1 or 2, and if m is equal to 2, then R4 can be the same or different; and
wherein each of E;, B, Es, E4 and Es is a substituted or unsubstituted heteroatom;
with the proviso that Formula II is not Compound II-16 or Compound II-17.
26. The compound of Claim 25, wherein R; is a substituted or an unsubstituted C; to
Cs alkyl.
27. The compound of Claim 26, wherein the alkyl is selected from the group
consisting of methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, and pentyl.
28. A compound having the structure of Formula IV, and pharmaceutically

acceptable salts and pro-drug esters thereof:
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cyano, thio, thioesters, sulfoxide, sulfone, sulfonate
esters, thiocyano, and hal ogenated al kyl including
woabosiiassagenat ed al kyl . 35. The conpound of C aCWUS2105/014846
wherein the conmpound is: wherein Ri can be separately

sel ected fromthe group consisting of a

nmonosubstituted, poly- tituted or unsubstituted
variants of the foll o sidues: saturated G -C24

al kyl, unsaturated C2r C24 al] kenyl _or C2-C24 al kynyl ,

acyl, acyloxy, alkylo Syl XY,

aryl oxycar bonyl oxy, cycloal kyl] cycl eal kenyl, al koxy,
cycl oal koxy, aryl, h&P8roarml, |ary koxy carbonyl,
al koxy carbonyl acyl, am ng/ aminocfar bonyl ,

ani nocar boyl oxy, phenyt cl oal kyl acyl, al kyl thi o,
t hi‘o, sul f oxi de,

aryl thi o, oxysulfonyl, car )
sul fone, sulfonate esters, xhi$cyano, boronic acid
| Tncl udi ng

esters, and hal ogenated al(i
pol yhal ogenated alkyl. n i's"equal to 1 or 2, and if n
is equal to 2, then Rl caBotmldalYe sane or different;

wherein R3 can _be sel ected.from.the,ar i Ski .

of a hal o\&léeﬁefln %ﬁa@'ﬁ% Eleeistlrtﬂu@ae’ tﬁ% (_‘)c ey c_leglggegc?cll ?ogltﬁzgda%f?lnzgsmgle bond

u nf Ucﬁsa: do:ijlgf&_etﬂléazl, %Ihh l&ElEll‘iinORl ik Repafandly ealéatg! fr@s itlebugzeup consisting of a

saturate - al kyl ,. unsat ur.at ed.C2-C24

- g ipIoE T B sty Ry PO PR GIE) O By Ty viants of the

?;Z: fgg?/\ﬁlﬁé P@ﬂﬂllﬁsol)ééturﬁféiﬁ ¢, o5/ a{ﬂ'&&ll,, ur@aytlﬁﬂa?mds@ayilken&l §O3YC,, alkynyl,
oxy, ar eteroaryl, ar k

al k(ﬁ@yl, cawy M,y|aﬁ<g’£pp(},/cag)ﬁpﬂe§y¥ a?ﬁ’ﬁg}é&%ggﬁg%f’, ngrcE)%H(w, ' cycloalkenyl,

ani NGGAL A @ikkxy, B MRter@&)1 IRy1aRBANYbon§Y Glkery karbasiatyl, ami

hydr OXV?” %‘?W thr O%}H’ar ik ﬁ}{ ’oé,gygxys u?/froor;@?{ cg* ab@agieey, amino,

( : boxy, . . .
cy arainedaitonyls @minegirbeyloxyy nfteon zidgy Phesph ¢ Rydroxy, aflgthio, arylthio,
est erSshihC P W FraSels 1 &SRS poBRBlogenated alkyl, and
hal ogxgﬁ&a{bégl’ gﬂqﬁc&y %gc(f’)gﬁl n"‘g&éém ?/dﬁdgig]ogenat%(f ogyliﬂkg%inae alloyl, an
whereisrqedohl of2, Eid if £ cqEd tahdhaaR, canboibe game g differgpted

or unsu bsév. érgi% %‘3 ish s%{egtre(? %erﬁle group consisting of a halogen, mono-substituted,
poly-substituted or unsubstituted variants of the following residues: saturated C;-Cyy
alkyl, unsaturated C,-Cs4 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, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and
halogenated alkyl including polyhalogenated alkyl;

wherein Rs is separately selected from the group consisting of a hydrogen, a
halogen, mono-substituted, poly-substituted or unsubstituted variants of the following
residues: saturated C;-Cy4 alkyl, unsaturated C,-C,4 alkenyl or C,-C,; alkynyl, acyl,
acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy -carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, oxy, hydroxy, alkylthio, arylthio,
oxysulfonyl, carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl,
whereinmis 0, 1,2, 3, 4,5, 6,7, 8,9, 10, or 11 and if m is more than 1, then Rs can be
the same or different; and where the substituents Rs can form a ring; and

wherein each of Ey, E,, Es, E, and Es is a substituted or unsubstituted heteroatom.
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wherein RS can be separately selected fromthe group

consi sting of a hydrogen, a hal ogen, nono-substituted,
weoabos/28fast i t ut ed or unsubstituted variants of PCIAIS2005/014846

foll owi ng residues: saturated G -C24 al kyl,

unsaturated C2-C24 al kenyl or C2-C24 al kynyl, acyl,

acylzmxy, Eekphpayndarf Kt 28xwheram Ri Beysobatiboerdren ynsubstituted C; to
Céigjoalkyl, cycl oal kenyl , al koxy, cycl oal koxy, aryl,

_éroary!, aryl al koxy carbonyl, al koxy carbonyl acyl

ahm nml anrmoecﬁﬁﬂgom lof G#tinN 0%; awhdsth akey alkyl tiy eclecaii from the group

pheny oxy, hydroxy,. alk hi o, arylthio
copsistigiof BRERYL, cthiy HBR%, 15 “ﬁ%(L ],i’u?'g ?58]?“%1076?33‘3]5’&?@?(1 Bi¥one,

sul fpnat ea @shfduRd hiviOEY aRRurdETFoRhEa ¢ hittisphantheasicallysaceeptable

and hal ogenated al kyl including pol yhal ogenated al kyl ,
salfhendgirordmgiegerg theyeof? 3 4 5 76, 7, 8, 9, 10, or 11

and if mis nore than 1 hen R5 can be the sane or

different; and where stituents R5 can forma

ring; and wherein eac i, E2, E3, E4 and E5 is a

substituted or unsubst hetgfoatom 36. The

compound of C ai m 49, e coqgound is: 37. A

pharmaceutical conmpogsn on eongri si a conpound of

Cains 1, 5, 25, 28, 46 ang 49 The pharmaceuti ca

conposition of Caim 3 —Rurthdr cpnprising an anti

m crobi al agent. 39. A net

conprising adm nistering a gongound of any of C ains

1, 5, 25, 28, 46 or 49, a }phéﬁﬁaceutically

acceptable salts and pro-gr esters thereof. 40. The

met hod of O aim 39, furthegom@RPrising the steps of:

identifying a subject that would benefit from.

admi ni st r wherein thst dasheddine indigatea that the designated bond is either a single bond

or a double bond, and wherein R, is selected from the group consisting of a hydrogen, a

f—tFeati ng cancer,

halogen, mono-substituted, poly-substituted or unsubstituted variants of the following
residues: saturated C;-C,s alkyl, unsaturated C,-Cp4 alkenyl or C,-C,4 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, and
nis equal to 1 or 2, and if n is equal to 2, then R, can be the same or different;

wherein Rs is separately selected from the group consisting of a hydrogen, a
halogen, mono-substituted, poly-substituted or unsubstituted variants of the following
residues: saturated C;-Cys alkyl, unsaturated C,-Cps alkenyl or Cp-Cys alkynyl, acyl,
acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, oxy, hydroxy, alkylthio, arylthio,
oxysulfonyl, carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl,
whereinmis 0, 1,2, 3,4, 5, 6,7, 8,9, 10, or 11, and if m is more than 1, then Rs can be
the same or different; and where the substituents Rs can form a ring; and

wherein each of E,, E,, Es, B, and E;s is a substituted or unsubstituted heteroatom.

32. The compound of Claim 31, wherein R, is a substituted or an unsubstituted C; to
C; alkyl.
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agent; performng the nmethod on the subject. 41. The

nmet hod of Claim 39, wherein the cancer is a nmultiple
wopealegngs2sa col orectal carcinoma, a prostate CRCTIUSZIVE/)14846

a breast adenocarci noma, a non-small cell [ung

carci noma, an ovarian carcinoma or a nelanoma. 42. The

met héd of Ta apmp@ad ethelean 32t mbersantheralky ig selected from the group

- . |
o{ipiif] SR P ERRERE opd R0 S b, Rabnr
one 64. t hd fcolnp@miinbavirgl ¢heatedtirevefl Fomfuld 8, and pharmaceutically
P-gl.ycoprotein .ef fl ux punp, increased expression of
a?ﬁ@mﬁﬁﬁ€$8? I9f%1f§?§ﬁ@%&§Ssociated protein 1 encoded
by MRPI, reduced drug uptake,lﬁlteraéion of the drug's
target or increasing repairgof}dru *nduced DNA
damage, alteration of the i at hway and the
activation of cytochré nz n€§1 44. A net hod of
inhibiting the growth of a\c er cell, conprising
i onmpound of any of
Caims 1, 5 25, 28, 46 amgk)49,/ and pharnaceutically
acceptabl e salts and pro-drug esters thereof. 45. The
met hod of O ai m 44, wher eilprmhle Vdancer cell is a
mul ti ple %gxle%wﬁ’ i? SeQirfke Cge?écteﬁafrgﬂln@lga o RE 1%’?&1%% &f a mono-
carci noma, 4 breast ‘adenocarci nond, a Rom- mal’l ce
| ung subatitwiedgrody-substitaed pi wsutstiued ivanmntsoof tize foldwing naidues: saturated

46. t hod.of i nhipbi.ti pr ot easone Aact,i vi

con‘pé"gg“n ga%fyllre l%?%ﬁra%gntd;'g:ﬁ‘l né}(%{lyge?rl %{J% gh%no}ﬁ‘poﬁcﬁld acyloxy,
of ankylokycaibanyiexyl, &ryloRfcartdBylod oryd@lkydnd cycloalkenyl, alkoxy,
phar maceuti cal | ccept abl e |ts and pro;drug esters .

{ her E670aIkeY. Ao PEEERBE RITKIY] RYOREDK BRSSY | PRgRcY, amino
CONPbinfobGbdnRE aSii@Rarbey1b:a4 phéil, ay€lodlkylacyl, hydroxy, alkylthio, arylthio,

oxysulfonyl, carboxy, thio, sulfoxide, sulfone, boronic acid esters, and halogenated alkyl

including polyhalogenated alkyl;

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

wherein R,, is selected from the group consisting of hydrogen, a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturéted
Ci-Cys alkyl, unsaturated C,-C,; alkenyl or C,-C, alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl (including, for example,
cyclohexylearbinol), cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido,
phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, thio,
sulfoxide, sulfone, sulfonate esters, thiocyano, boronic acids and esters, and halogenated
alkyl including polyhalogenated alkyl;

wherein R; 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,-C,4 alkenyl or C,-C,4 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, thio, sulfoxide, sulfone, sulfonate esters, thiocyano, boronic acids and esters, and
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with a conmpound of any of Clainms 1, 5, 25, 28, 46 or

49, and pharmaceutically acceptable salts and pro-drug
wesbteresher eof . 48. A nethod for treating an PCT/US2005/014846

i nflammat ory condition, conprising admnistering an

effective anmount of a conmpound of any of Clains 1, 5,

25, abgerthfdalkyfRcluaing pplyad oRased Alkd] Wheréin eaptodBl, &,, E; and E, can
salts and pro-drug esters thereof, to a patient in

needeafapstigied o ynsupHHutELHI RO B ai m 48, wherein the

i nf | ammat QleYeif RHQ& fel QR A I®mSiBE BGhEEbnbk@HY of Bﬂhal@g@lumono—substltuted
consi sting of eumatoid arthritis, asthma

scl enobsiubstingsdor agsubstityted dﬁ%ant%ﬂﬁth?y%}}%\‘mg gpoucs: tfated €1y
i nf ae{l llﬁgatué&d (ﬁd}?&l@gl 8,k SRYdyN glcﬁ 9y $ox9, balll@Jloxycarbonyloxy,

i | I ness conpri si gamnlsterlng an effective anou

of aarﬂoxm@@nwl@q‘y avsloadtyl.Ceydloptkenyl, glkopy cyshpalkayy, fyl4éﬁe’fef°ar-‘/1
and I C S r

ot TORRP SR MoBPCRNARLA, Siod ARORLARE! Mlnocarboyloxy
met hotlo,ofzide) phemyls @yclomﬁezﬂaeyln hydvexyhrie by ho.arylfhig, Wég%ﬂfp&vl carboxy,
g?“%%%éog i i atgl]logegtgrb %szgn% tsﬁﬁlor[%e BQLQ e&Erg ulﬁlg)%%%,' é{d' lﬁzgogenated
Tr y pdkyd seimdingpalyhdlbgenetedpiyind - of Cl a| m i6 wherein the

stru ure_is:wher elec ed fr he rou
cons?cstl N O?él:éumég tha"“? he C%%p&@e ofgonepor

nore conpounds of For I, p, HI, IV, V, or VI, and
pharmaceutically acceptable|salts and pro-drug esters

thereof in the treat of |a caneger, an inflammtory

condition, or a m croby iMfecifoh. 54. The use of

Cl ai m 53, wherein the/one or ounds is one or

nore of a conpound ofRS)g‘ny (o) 1, 5 25, 28, 31

IMe salts and

wherein R; can be separately selected from the group consisting of a mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated
C;-C,s alkyl, unsaturated C,-C,; alkenyl or Cy-Cy alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyl, aminocarboyloxy, phenyl, cycloalkylacyl, alkylthio, arylthio,
oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate esters, thiocyano, boronic acid
esters, and halogenated alkyl including polyhalogenated alkyl. n is equal to 1 or 2, and if
n is equal to 2, then R; can be the same or different;

wherein R, can be selected from the group consisting of a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated
C-Cyy alkyl, unsaturated C,-Cp alkenyl or C,-Cp 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, thio, sulfoxide, sulfone, sulfonate esters,
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55. The use of Caim53 or Claimb54, wherein the
cancer is a multiple nyeloma, a colorectal carcinom,

waea piegesRs e carci noma, a breast adenocarci nomapPC&US2005/014846
non-smal |l cell lung carcinoma, an ovarian carcinom or
a mel anoma. 56. The use of Claim53 or C aimb54,
wheriobydnbebaadic tids sndaestkiry gand éfalo:gerami aligi denlyditg7 polyadogenated

use Qf Claim53 0 ai.m 5 wh

dru gaqlfyé,swlgefeéxh ?ach 8&@3}5 4%;9:%11 § t{llte% (ﬁreung SEl%lth heteroatom.

f ol | ow ngwhe@dif Ratalhel sepedtsly @éledté&i‘frd?n Qie)g&ﬁlprcoﬂiﬂtmg of a hydrogen, a
ef fl ux punp, increased

mul (eGPt SbGE: SSGoRPIRGE B rebT e isas e floving

MRPI pesifig@dU %&a@ﬁ ug- A&ptake ,unéﬁtﬁr@ﬂé@tGZQIL @fketisheor dmzungm Slkynyl, acyl,
target or increasing repair of dru% I nduce

dammtelora HEYIARPEROBION h IR IV B p At e rfdelppenst, alkoxy,
act i f t 5 h

d ai ?’%@fé’%ﬁg’?y Clarg?/ mﬁgtg}{)%\;\,ﬁe;ag?ﬁmt ﬂe i nf 1a ni%lz;(t)x-{} SabSeyIRY],  amino,
condirhingsartiosyly sraiupesrteli9xsmitre. jazile, PhenstlHrk, hyﬁ{ﬂxt’ i Podthio, arylthio,
|S?]|f Zé)%?l;ll% nylp gagﬁdx?sé no, Zﬁ'l% ?aﬁl%xg%r mSLﬂ%H& @ﬁl@dngﬂle I%stgrdsf thiocyano, boronic
wher giids anth esters.cand bilagenpted elkyl ineludisg g@ﬂ@&ﬁel@}ed@lkyl wherein m is 0,
ant hgafg ?l6a§n§)dd ‘fﬁ“ orl‘ﬁI 31 Ell 'move hIﬁ Xpﬁl@ﬁ)ﬁo% l@eothe same or

he nore’ conpounds Semulae
V, odiffeflent; aﬂitﬂwhﬂwthmulsutuemale yaraoue p trabi :mdydietesn aqbl of E, Ey, B3,

pro-dru ster eof hi bi tion of
ang!gﬁﬁﬁé§F§1 E%ﬁ?%*?“8ﬁmm9“%ég$% %ggone activity, or

i nhi f4.t i oThfordyburlddf @tdinvia) wissein Gk coip@mdse of C aim
60, wherein the one or nore conpounds is one or nore
of a compound of any ¢f Chainms 1, 5, 25, 28, 3 1 and
34, and pharnmaceuti cal «cgpptable salts and pro-drug
esters thereof.62. Use Smound of Fornula I, p,
IH 1V, V, or VI, and phHr pce @ically acceptable
salts and pro-drug ester i ,

of medi canent for tHe

37. A pharmaceutical composition comprising a compound of Claims 1, 5, 25, 28, 46
and 49.
38. The pharmaceutical composition of Claim 37, further comprising an anti-
rﬂicrobial agent.
39. A method of treating cancer, comprising administering a compound of any of
Claims 1, 5, 25, 28, 46 or 49, and pharmaceutically acceptable salts and pro-drug esters thereof.
40.  The method of Claim 39, further comprising the steps of:
identifying a subject that would benefit from administration of an anticancer
agent;
performing the method on the subject.
41. The method of Claim 39, wherein the cancer 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.

42, The method of Claim 39, wherein the cancer is a drug-resistant cancer.

-168-



a cancer, an inflammatory condition, or a mcrobial

infection or for the inhibition of angi ogenesis, a
wonraaicasafe activity, or NF-kB activation. 63. PCHAIS2®E/014846

of Claim#62, wherein the one or nore conmpounds is one

or nore of a conmpound of any of Clains 1, 5, 25, 28, 3

1 angd. 34, Tienaetipldaof gimul eadrkiy tikcdregptealstant @atdr slisplags at least one

of %%?%ﬂc?v%%&%ﬁ%vg{ea &%V%Eh?@{enlag]srfﬁog;r%gg lé%fux%fum%,n %cr%:fisegj e;@grgggion of the
mAR@IRIRRRaRCAdclatcligRBtkin BEhcadudi byaiRP hgeduced dge npiakagnlteration of

anti-inflammtory agent, or a i nhi
the drug’s target or increasi¥1g rgpalr} of drug—indLExreé) bmsga%gé,nal?tleghgg bf the apoptotic

pathway and the activation of cytochrome P450 enzymes.

44, A method of inhibiting the growth of a cancer cell, comprising contacting a
cancer cell with a compound of any of Claims 1, 5, 25, 28, 46 and 49, and pharmaceutically
acceptable salts and pro-drug esters thereof.

45. The method of Claim 44, wherein the cancer cell 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.

46. A method of inhibiting proteasome activity comprising the step contacting a cell
with a compound of any of Claims 1, 5, 25, 28, 46 or 49, and pharmaceutically acceptable salts
and pro-drug esters thereof.

47. A method of inhibiting NF-xB activation comprising the step contacting a cell
with a compound of any of Claims 1, 5, 25, 28, 46 or 49, and pharmaceutically acceptable salts
and pro-drug esters thereof.

48. A method for treating an inflammatory condition, comprising administering an
effective amount of a compound of any of Claims 1, 5, 25, 28, 46 or 49, and pharmaceutically
acceptable salts and pro-drug esters thereof, to a patient in need thereof.

49. The method of Claim 48, wherein the inflammatory condition is selected from
the group consisting of rheumatoid arthritis, asthma, multiple sclerosis, psoriasis, stroke, and
myocardial infarction.

50. A method for treating a microbial illness comprising administering an effective
amount of a compound of any of Claims 1, 5, 25, 28, 46 or 49, and pharmaceutically acceptable
salts and pro-drug esters thereof to a patient in need thereof.

51. The method of Claim 50, wherein the microbial illness is caused by a microbe
selected from the group consisting of B. anthracis, Plasmodium, Leishmania, and Trypanosoma.

52. The compound of Claim 16, wherein the structure is:
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OH

ZT

Rs
wherein Ry is selected from the group consisting of H, F, Cl, Br and L.

53. Use of one or more compounds of Formulae I, I, I, IV, V, or VI, and
pharmaceutically acceptable salts and pro-drug esters thereof in the treatment of a cancer, an
inflammatory condition, or a microbial infection.

54. The use of Claim 53, wherein the one or more compounds is one or more of a
compound of any of Claims 1, 5, 25, 28, 31 and 34, and pharmaceutically acceptable salts and
pro-drug esters thereof.

55. The use of Claim 53 or Claim 54, wherein the cancer 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.

56. The use of Claim 53 or Claim 54, wherein the cancer is a drug-resistant cancer.

57. The use of Claim 53 or Claim 54, 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 MRPI, reduced drug
uptake, alteration of the drug’s target or increasing repair of drug-induced DNA damage,
alteration of the apoptotic pathway and the activation of cytochrome P450 enzymes.

58. The use of Claim 53 or Claim 54, wherein the inflammatory condition is
rheumatoid arthritis, asthma, multiple sclerosis, psoriasis, stroke, or myocardial infarction.

59. The use of Claim 53 or Claim 54, wherein the microbial infection is caused by B.
anthracis, Plasmodium, Leishmania, or Trypanosoma

60. Use of one or more compounds of Formulae I, II, I, IV, V, or VI, and
pharmaceutically acceptable salts and pro-drug esters thereof, for the inhibition of angiogenesis,
inhibition of a proteasome activity, or inhibition of NF-xB activation.

61. The use of Claim 60, wherein the one or more compounds is one or more of a
compound of any of Claims 1, 5, 25, 28, 31 and 34, and pharmaceutically acceptable salts and

pro-drug esters thereof.
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62. Use of a compound of Formula I, I, I, IV, V, or VI, and pharmaceutically
acceptable salts and pro-drug esters thereof, in the preparation of medicament for the treatment of
a cancer, an inflammatory condition, or a microbial infection or for the inhibition of
angiogenesis, a proteasome activity, or NF-kB activation.

63. The use of Claim 62, wherein the one or more compounds is one or more of a
compound of any of Claims 1, 5, 25, 28, 31 and 34, and pharmaceutically acceptable salts and
pro-drug esters thereof.

64. The use of any of Claims 53-64, further comprising the use of a
chemotherapeutic agent, an anti-angiogenic agent, an anti-inflammatory agent, or a proteasome

inhibitor.
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