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%}Qgplrggwagfgg%gg ag'enerally 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 freating 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
Tkelihood of cancer cells becoming resistant to a chemotherapeutic agent, such agents are
commonly used in combination to treat patients.

[00G4] Simnilarly, 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.

FO005] Furthermore, a growing number of diseases and medical conditions are

classified as inflammatory discases. Such diseases include conditions such as asthma to
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[0005] Furthermore, a growing number of diseases and medical conditions
are classified as inflammatory diseases. Such diseases include

wongsipnsauch as asthmato -1 WO 2006/028525 PCT/US20@aiSiSéGsss
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the Invention
0008] Disclosed herein are compounds, pharmaceutical compositions comprising
such compounds, uses of such compounds and compositions, and methods for the preparation of
such compounds, having the structurs of Formulae I-VE '
[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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[00091 Some embodiments relate to compounds having the structure of
Formula I, and pharmaceutically acceptable salts and pro-drug esters
thereof: RZ _ 2 E, ((E4 Il Formula | 100101 why the dashed It= 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-substifigied,pply-substituted or unsubstituted
variants of the following residues: saturated Cl C24 alkyl, unsatura

C2-C I keny PErED B0 ashed e Micait W nﬁllg%ﬁ & single
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TibyE Rbeatkdnaiilylacy lis acyio Xy, 1wkylamﬁcémm9&w0a’rym%a%@hylwmﬂﬁ or
kyl (including, for example, cyclohexylcarbinol), cycloalkenyl,
a oxy cycloalkoxy, aryl, heteroaryl, ar IaIIcoxy carbonyl, alkoxy

carborfHey!, arﬁih%c’ﬁn%nc?éarﬁoﬁeg ge5t y|§5&}mnﬁ?851§‘f?§ of hydrogen, &
Bh6Ry, nﬁﬁ@lﬁﬁyf&w|?w¢mﬁm&yﬁmwwyﬁimé Wmlﬁér@d feﬁobmg/;emdues
cyano,.thin, sul e, sul at S, id
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?ﬁm HI?QWQB C’is tC 1-1- %Hllﬁk | it d C2 Oiﬁjlzﬁkoxy seroany:
ollowin idues: saturate yl, unsaturate nyi
RS R e ROREH, C3i62 1 BB ey
mmwmﬁw @w@aﬂiwé*?@dﬁm WWWM@@ Selfgpide, sulfone,
helRRa Vi @R, boronic acids and esters, and halogenared alkyl mciuding
polyhalogenated alicyl; ‘ '

- j8a12) wherein R; can be selected from the group consisting of 2 halogen, mono-

cmumg

substituted, poly-substinmed or unsubstituted variants of the followmng residues: sanrated Cilos
alkyl, unsatmated Cp-Cpe alkenyl or Cp-Co allgmyl, acyl. acyloxy, alkyloxvearbonylaxy,
aryloxycarbonyloxy, eycloaliyl, cycloalienyl, alkoxy, cycloalkoxy, aryl, heteroeryl, arvialkoxy
" carbonyl, alkoxy carbonyiacyl, amine, sminocarbonyl, aminocarboylexy, nitro, azide, phenyl,
cycloalicylacyl, nydroxy, alicylthio, arylthio, exysulfonyl, carboxy, cyano, thie, sulfoxide, sulfone,
sulfonate esiers, thiocvamo, boromic acids and esters, and hslogenated slkyl inciuding
polyhzlogenated alkyl; wherein each of B, E;, E; and E; can be 2 substinated or umsubstituted
heteroaton; and with the proviso that Formula [ is not Compound II-16 or Compound I-17.



carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy,

nitro, amdo, phenyl, cycloal'xylacyl, hydroxy, a]lyltnio, arylthio,

oxysulfonyl, carboxy, cyano, trio, sulfoxide, sulfone, sulfonate esters,

thiocyano, boronic acids and esters, and halogenated alkyl including
polyhalogenated alkyl; wherein each of E,, E2, E3 and E4 can be a

substituted or unsubstinrted heteroatom; and with the proviso that .

Formula | is not Compound 11-16 or Compound 11-17. 3 [0012a] In a first
aspecl0Mint is proWide dE cARHsURERAFIRG AHE SR GERPOTnE %e structure of
R RRArmRAGRItisAlM Areapalietalls and Mo migastatsthaceaf. R2 C3

E2 E~ ~t 1 RI% Formula | wherein the dashed line indicates that the

designated bond is either a single bon§zor a dogble bond, and wherein R,

is seearately selected from the greyl cbn5|s ofa hydrogen, a halogen,
mono-substituted, poly-substitutgd or upsubstitnted variants of the

following residues: saturate@C-"C24 alkyl unsaturated C2-C24 alkenyl,
UMSBXMVled C7-C24 alkynyL aeyt; a ylo><2" alkyloxyearbonyioxy,
aryloxycarhonyloxy, -cycloalkyl, ¢ cloa enyl alkoxy, cycloalkoxy, aryL
heteroaryl, arylalkoxy carbonyl, fﬁl’agxy carbonylaccyl, amino,

aminocarbonyl, aminocarboyloxy, wapdo, phenyL cycloalkylacyi

hydroxy, alkyitnie, aryithie, oxvsu lfonyl carboxy, cyan, and halogenated

alkyl incKRSTRg %l%ﬁ?ﬁé’éﬂ%ﬁ“’&ﬁ%?‘@sﬁmt’é BT 9 SRR RepFgT & double
e Gpokd, tend v wnmmlmmmhasm m&fﬁt@bwh@mmnﬁ&m@ $otected = balogen,

p%subsﬂhned%%ubstltuted var g{]ts %{ﬁh‘%%g%om%s%{ﬁ &Ei% L -
SaturdtEE E‘:rcﬁ YIRS
AlRHEYRtoOn y kelcalivg osriellsery sl Gy crupiptasioxry. syl
C?’%&?&@nb)ﬁl}@ﬁgﬁl Ieﬁ%@iﬁ' ﬁ'ﬁﬁéﬁk& Mbﬁﬁiﬁwﬁﬁzﬁg,’ ﬂiﬂ@&&%&ﬂymﬂm&oﬁmf, niwe,
alkoxy carbonylacyl amino, arainocargo arg!ggcar |tro% %5
phen‘%l’ %ﬁoalﬁvfaﬂ}flﬁmd’rox éﬂ(aﬁgil%' artillthlc oxysu %%%%%’{ar Syanc, mid
cyBozsRRIR Al SFEASHY Y HeRTRHE &I%ﬁ‘éﬁé%éﬂ‘%i@l‘ﬁhe?é’iﬁ‘ﬁ%‘s o 02
is gricries: fomm taegrodifieansisting of a halogen, mono-substittted, poiy-
substituted Qr iRsubsoued: variaptsaf thedllowing: igaiduas - SalbgatStbnc-substimed.

C!-C,4 alkyl unsaturated C-
. poly- i a unsubsimuted  variams  of the following resiguss: samrared C.-Cp alkyl

wnsaturated C--Cp, alkenyl umssworesed Co-C,. alkvmyl, acyl, sacyvioxy, alkvioxycarponvioxy,

ervioxvearbonyvloxy, cvcloalkyl, cvcloalkemyl, alkoxy, cycioalkoxy, ary. heterearyl, arylalkoxy

carbony!, alkoxy carponyiacyl, aminc, arminocarpomyl, aminocarvoyioxy, mitre, azido, phenyi,
cycioalkylacyl, bydroxy, alkylthic, aryithic, exysulfonyl, carboxy, cvanc, and halogemared alkyl
inciuding polvhalogenated glkyt, '
wherein R is selected from the group consisting of z halogen, momno-substitared, poiv-
substituted or ymsubsineed variants of the following residues: senwated C,-Cy, alkyl, vmserurared Co-
Cos alkenyl, unsanmated C-Coe aliynyl, acyl acyioxy, alkyloxycarbonvioxy, sryioXycarbonyioxs,
cvcioaliyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl beteroaryl, arvialkoxy carbomyl alkoxy
carponyiecyl, amino, aminocarbonyl, aminocarboyloxy, nite, azido, phenyl, cycicalkyiacyl, hydroxy,
~aliylthio, arvithic, oxysulfonyl, carboxy, oyapo, and haiogensted alkyl meinding poivhalogenated
alkyl;

wherein each of B, and E; 15 & substinmed or unsubstinmed heteroaior selected from the
eroup consisiing of O and 8, E, 15 2 substituted or unsubstituted N, and B 15 2 substinned or
unsubstinned heteroaiom selected from the group consisting of O, S, and N; and
with the proviso that Formuia I 15 not Compound II-16 or Compound I-17.



C2a alkensi unsetunaed C-C21 aikynyl acyL acyloxy,

alkyloxycarbonyioxy, arvioxycaroonyloxy, cycloalkyL cycloalkenyl, alkoxy,
cycloalkoxy, aryl heteroarvL arytalkoxy carton’: alkoxy carbonylacyl

amino, aminocarbonyL aminocarbovloxy, nitro, azide, phenyl

cycloalkylacyi hydroxy, alkyithi~arylthic, oxysulfonyl Carboxy, cvanc, and
halogenated alkyl includng poiyhalogenated alkyl: wherein each of E: and

B3 is a substitured or unsubstinned heteroarom selected from the group
consistj f0and S, E2 is a substjtuted or unsubstituted N. and B4 is a
substitﬁtegdﬂw tr%ﬁ%%%i%ﬁe@e% cfﬁf]g%fg%qt%ﬁ PR} grhen one of the R,
eensisang o By shldrpetimhehdRiithesindviso that Formula | is not
Compaupiki -10 prGarenghithdat) s, 1 SABBEIDOURANSRPC, wc,

IS, N tgyglohex-,iz-glrl%l1 arbinol when on e R; substituents is ethyl or
EBRBrobthyTARR R PHHhTHYh FECR 1 ARCORYe BTRbSRShSPuTE By TepL &
eesubsftutec: omboEnbstit Rtad 61 ate-Gsinatd/br bauesmmdleniiaithd: C; aliyl.
ethyl, propyl, isopropyl, butyl, isobutyl, tent-butyl, and pentyl are

preferred. In some embodiments, Rl is not a substituted or unsubstituted,
unbranched Cb alkyl. 3b WO 2006/028525 PCT/US2005/014846 [0015]

Rz can be a formyl. For example, the compound may be: OHC HO NO

O H Re [0016] wherein R8 is selected from the group consisting of H, F,

Cl, Br, and I. [00171 As another example, the compound may be: HO N

OO0 H

3b



Re [00181 wherein Rs is selected from the group consisting of H. F, Cl,
Br, and 1. [00191 As a further example, the compound may be: NH, H O

N O O HRe [0020[ wherein R$ is selected from the group consisting of
“f—?, %90(&112%%’ and l. 100211 Also, R2 can be a cyclohexenylrlrjlé?k/ﬁ]/%(r)r1ae9/(c})lr4846

3-methylenecyclohexene. [00221 For example, the compound may be: -4

WO 2036(028523 REI {USRP0FR HBASic HhOcbhfudd HaiRE: [00231
wherein R8 is selected from the groyp consisting of H, F, Cl, By, and I.

[0024] R2 can be a cyclohexylalkylamlqe, a ,°
C-Cyclohexyl-methyleneamine, or/d™cye anecarbaldehyde O-oxime.
[0025] For example, the com dmay be:fR90 /NHO NOO H
—"
H
Ra

0016} wherein Ry is selected from the group consisting of H, ¥, Cl, Br, and I,

[0017} As another example, the compound may be:

\

H Q
N\
o
e
H
Re

{6018} wherein Rq is selected from the group consisting of I, F, C1, Br, and L

{0619 As a further example, the compound may be:

i’\

RB
{0020} wherein R; is selected from the group consisting of H, F, Cl, Br, and L
{6021} Alse, R; can be a cyclohexenylmethylene or 3-methylenecyclobexene.

[0022] For example, the compound may be:



RB [0026] wherein Rs is selected from the group consisting of H, F, ClI,

Br, and I; and wherein R9 is selected from the group consisting of
hydrogen, substituted or unsubstituted variants of the following: alkyl,

a ﬁ\{ﬁéfyf‘%d heteroaryl. 100271 Furthermore, R2 can be a' IB%ﬂ}(y{ﬁ’é{éﬁfm
[0028] As an example, the compound may be: -5 WO 2006/028525
PCT/US2005/014846 H O N_O-A0O RE 10024] wherein Rs is selected
from the group consisting of b, 1, and Br. 10030] Further
embodiments relate to compg aving the structure of Formula Il, and

<

R1 can be separately selected fr oUp consisting of a hydrogen, a
halogen, mono-substituted, Poty- ituted lor unsubstituted variants of
the following residues: saturatg 4 alkyl, unsaturated C2-C24
alkenyl or G-C24 aliyny-, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloallcoxy, ayl,
heteroaryl, arylalkoxy carbonyl, allcoxy carbonylacyl, amino,
aminocarbonyll, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkyltnio,
arylthic, oxysulfonyl, carbony, cyan/ thin, sulfoxide, sulfone, sulfonate
esters, tniocyano, botanic acids antfesters, and halogenated alkyl

inC|Udli;ﬂlf@ﬂ0|yh%}9Q@ﬁai§Q alikvlowhenetdseapiabiasios 2 i diyBis egial

to 2, then R1 can be the same.or different: 100321 wherein R.3 canbe .. .
selectéBHtom tHé é?‘&% dorsis: ﬁ}g%ao, i zialll%g&eﬁ?-é Coong}-%,su sl?ibtruted, o OE

cpabresubstitbtbidtydufsuistituted variants of the following residues:
Satur%%?% ’ 'ng’r example, the compound may be:

ReO

designated bond is either a single {ﬁ) or a gduble bond, and wherein
‘—ITgr

/N

Ra
[0026] wherein Ry is selected from the group consisting of H, ¥, CL, Br, and [; and
wherein Ry is selected from the group consisting of hydrogen, substituted or unsubstituted
variants of the following: alkyl, acyl, aryl and heteroaryl.
18027 Furthermore, R, can be a cycloalkylacyl.
[0028] As an example, the compound may be:



alkyl, unsaturated C2-C2A alkenyl or C2-C24 alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyioxy, cycloalkyl, cycloalkenyl, alkoxy,
wyolpslikexys aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carenylasi e ssas
aming, aminocarbonyl, anunocarboyloxy, nitro, azido, phenyl, WO
2006/028525 PCT/US2005/014846 hydmxy, alkylthio, arylthio,
oxysulfonyl, carboxy, cyan, thih, sulfoxide, sulfone, sulfonate esters,
taiocyaao, boronic acids and s, and halogenated alkyl including
) einQ:an be separately selected
¥, a hslogea, mono-substituted,

poly-substituted or amsubstituted véiti@ts of following residues:
CzZ-C lkenyl or C2-C24 alkynyl,
aryl, acyloxy, aIkonxycarbogy oxy, arylaxycartaonyloxy, cyoloal kyl,
cycloalkznyl, alkoxy, eycioalko ! f]neteroaryl, arylalkoxy carbonyl,
alkoxy caraonylacyl, amino, aminogarbonyl, aminoaarboyloxy, nitro,
ando, phenyl, uydroxy, alkylthic, arylthic, oxysulfony , carbon,, cyano,

thin, sulfoxide, sulfone, sulf=ate estexs, thiocyan, botanic acids and esters,
and halogenated alkyl including polynalagenated alley and m is equal to |
or ., and if m is equal to 2, then Pa can be the same or different; [0034)
wherein each of Ey B2, E3, Ea and 5 can be a substituted or uhsubsti
utad heisspatorhass ROA3Ekmthiithe heqvisy thatifmgoeli FI @ hend Br.
Comp lI-16.0r.Compound Lt-12 0[@%;%%9 ' Jaghide.
provis%g& onSB i %E(%%c%am%%wée%%?gﬁyl, If the o%%}g Igrt,ﬁis hydrog;gomu}a .
addhmaeticriy st ecHs 478 TORETE AFETRCERE if one of the
substiuzents Ri is ethyl or chioroeg |. whileghe other R, is hydrogen.
[0035a] In a second aspect, there is f#o¢iled a compound having the
structure of Formula Il, and pharma.tceeut cally ptable salts and
pro-drug esters thereof: Sa 1-_ tr4in E wherein the dashed
lines indicates that the desig bond is either a singleoond or a double
bond, and wherein Rl is seoarately e Trem the group consisting of a
hydrogen,-a halogen, mono-subst sedRpoiy-substitued. or unsubsbuned
variants of the following rsidues: sgygated C-

Formuiza I

[o0313 whersin the dashed lines indicates that the designated bond is either a smgle
boné or & double bond, and wherem R, can be separately selecied from the group consisting ol 2
hydrogen, & helogen, mono-substituted, poly-substitmed or unsubstituted variants of the
foliowing resiGues: saturated Ci-Cp alkyl, wnsaturated Cp-Ce alkenyl or Co-Co alkynyl, soyl,
acyloxy, aikyloxycarpomyloxy, aryiexysarbonyioxy, —cyoloalkyl, cyoloalkenyl, alkoxy,
oyeloalkoxy, aryl, heteroaryl, erylalicoxy carbonyl, alkexy carbonylacyl, amino, aminocarbonyl,
aminocarboyioxy, nitro, azido, phenyl, hydroi:y, alkvlthio, arylthic, oxysulfonyl, carboxy, cyano,
firie, sulfoxide, sulfone, sulfonate esters, thiocyanoc, boronic scids and esters, and halogenated
elkyl including polyhalogenated alicy! where 1 is equal 1o 1 or 2, and if n is equal o 2, then Ry
can be the same or &ifferent;

T0B3E] T Whirein K, 6ar be selected from the group consisting of w halogen; mono-
substituted, poly-substituted or unsubstituted veriants of the following residues: saturated C;-Cu
alkyl, umsaturated CnCp alkenyl or CrCy alkymyl, acyl, acyloxy, alkyioxgvearbonyiory,
aryloxycarbonyloxy, cycloaliyl, ovcloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arviallkoxy

ceroonyl, alkoxy carbonylacyl, amine, aminocarbonyl, aminocarboyioxy, mitro, gzide, phenyl,



ze -a&kryii _ -0- -r4 - - y?s - tx="za aikyioxycarbonyloxy, aryloxy,

(3%% ycloalkyl, cycloalkeny alkoxy, cycloaikaxy, ary
aryla E?lgzcgzarbonyl alkoxy carbonyiacyl, amine, am|nocarb8))5%['982'}65’6MM6

aminocarboyioxy, azidn, phenyl, hydroxy, altylthie, aryltbio, oxysulfonyL c

nbRRYY, SRGe, mmowl%bwlwpﬁwawemw sulfonate
where n is equal to.i or, ifnise o th %‘ﬁ‘g% ﬁ%m EE :
e BN SPER R AR ePct(g%:Fbm con5| ting o gen;

aliyino-substitured, poly- substituted or unsubstlnaed variants of the

foIIowi&%§FS|d%§§tLﬂ4at§g I @@@@Mﬂgw%}ﬁm of &

unsaturated C2-C24 alkynyl‘ac ac on alkyloxycarbanylox
R B B O, RO TR PR oy EEIGHTRR, TSR o
ﬁm%wimwamymmm@mwmm Ca-Cos alicynyl, acyl,

aminocar xlq aminog ydr IO gTicoxy
nl] io é%{;u onyl, carboxy, cyan, and halogenated kyI %Sdlngg >
wgﬁmgméxmmwm@w BT IR I e TORE O
Qgﬁma@&angwﬁrwpafehﬁmﬁmf | m@h%dbﬁwmﬁdpmgfmm&mw@l oyEno,
nsy variants of the followi ues: s d
ﬁ%ﬁgﬁéﬁ fﬁ%@ﬁl UnSaturate %DC% Co4 aﬁ%yn%fa%% a%%é%?ﬁmm
loRipS g iskop @l@féaﬁééhwﬁyawcldﬁ&ywémm@@@%%h ean
g{og&ﬁgwaﬁfwﬁeteroarw arylalkoxy carbonyl. alkoxy carbonylacyL
amino, analnocarbonyl aminpgcarpo nth,, azido, ph ro
alkylth?@ Wyinic? V@Lﬂfﬁﬁﬂi taﬁﬁoﬁgf% a’hdaﬁa[fbger?g%é‘%m%; G bsed
inetecding; mlyhalogenated alkyl, and m is equal tolor2, andifmis
equa't en Réca0 heihesame-a.diferantoyherein 8achethlndass 17,

E;, E4 S is a substitured or unsubstituted heteroatom; and W|th the ,
&Ws@hﬁ%ﬁﬁﬁ%uéﬁﬁmﬁﬁbﬁm%%wéﬁﬁ?ﬁ%ﬁﬁ 17 ooy ® &
%ﬁg@@mﬁlm 85 £afbquspiecleddiom, thengtayipandrisisting ok @RsyBrs K 1
N NIL ORNHO i0,9RU, NR12, and NHOR13, wherein

eaé’h 01‘c f’ dﬁiﬁl i3 gg%ﬁmseparately selected from the

group ﬁmmmg of hydrsmgenql aspbel. shibstita e odedrisoostitited Rakylg the structure of
qu I}e SIS0y, 1[:919? Zitl{:@pcﬁﬁet%%i?sqé’xﬁi 101aPf LeRd WyhieEe: N is

equa ast one R1 can be CH2CH2X, wherein X can be selected
from the group consisting of H, F, %L Br, and |. [00381 As another
example, K3 can be methyl. Furtk< W/Eﬁ can be OR. Each of Ei, E3
and E4 can be 0 and B2 can be NH. At I‘east o?eR4 can be a cycloalkane

or cycloaikene, for example. In an le, nis equal to 2 and at
least one of the R, substltueacs:</_l_
; ¥

wheretn the dashed iimes indicarss that the Gesignated bond is sither & single bond or a double
bond, and wherein R, is separately seiecied from the group comsisiing of 2 hydrogen. a nalogen,

mono-subsiituted, polv-substituted or ensubstitured varianrs of the fbllowing residues; sanraied C.-
alicyioxycarbonyioxy, arvloxycarbonyioxy, cycloalkyl, cvcloalkenvl, alkoxy, cveicalkoxy, aryl
herroaryl, aryiaikoxy carbonyl, alkoxy carbomyiacyl, amino, aminocarbonyl, aminosarbovioxy, nitc,
azido, phenyl, bydroxy, alkylthio, aryithio, oxvsulfomyl, carboxy, cvanc, and halogenarsd alky!
inciuding polyhalogensted alkyl where 1 is equal to 1 or 2, and ¥ 1 is equal to 2, then R, can be toe
sams or different



hydrogen and the other R1 substituent is CH2CR2X, wherein X is
selected from the group consisting of H, F, CI Br, and L wherein at least
one R4 is cyclohexane or cyclohexene; wherein B5 is OR; wherein R3 is
methyl; and wherein each of Ei, B3 and B4 is 0 and B2 is NH. [0039] In
some embodiments, preferably R1 is a substituted or unsubstituted C, to
C; a~y'l.sii exaTe; aieyT e yt; prowv , m, isoprogyl> tuty-t, tso urn- rc
preferred. In some embodiments, R1 is not a substituted or unsubstituted, -

.wbrano /0285ﬁ %Jkgg%%%ﬂﬁ%g 6 HO HéFC;%CNHAg%éEa%%—SOO41
ere “m’%g TSR Wtﬁé g:%é%ﬁ SVt

[@@4%@@&@%@@:&&::1 ﬂ@@muﬁwbm@m elctionesesay o ea@aﬂmr@;%onymy
HetdioRigy O bb&a&‘&fzﬁ QiR MWG%BR%@%%&@@W&@ tBfbonyl, alkoxy
?O%ngt]'%ﬁiast onoea%?g;an ng’ra%#%é -bic g} ' n%%]hz% tnfnﬁn BXFR alkyltie,
e R BHRRY- 5508 R PRSRSle m&émgpoly ogenated alicy;
wherein R, 15 sepmtcky selected fromn the group consisting of a hydrogen, & halogen, mono-
substituted, poly-substituted or unsubstituted variants of the foliowing residues; saturated Cr-Co, alikyl,
upsaturated Co-Cyp alkenyl, unsaturated C,-Cp, alkynyl, acyl, acyioxy, alkyloxyearbonyioxy,
arvloxyearbonyloxy, cycloalkyl, cvcloalkenyl alkoxy, cycloalkoxy, aryl, heteroarvl, arvialkoxy
carbonyl, alkoxy carbomyiacyl amine, aminocarbonyl, aminocarboyioxy, mitro, azido, phenyl,
hydroxy, alicylthio, aryltiic, oxysuifonyl, carboxy, cvane, and halogemated alkyl inciuding
polvhaiogensted alkyl, and m is egual w0 | or 2, and if m is egual to 2, then R¢ can be the same or
different;

wherein each of £, &;, Es, E, and Es s 2 substinmed or unsubstinied heteroatom; and
with the proviso that Formuia II is not Compound I-16 or Compound II-17.

[0036] As an example, Bs can be selected from the group consisting of OE, O, §, N,
NE, NH,, NOE, NHOE, ORy, SRy, NRy;, and NHOR,,, whersin each of Rap, Ry, Ri, 80d Ry
can be separately selected from the group consisting of hydrogen, end 2 subsiifuted or
unsubstinted atkyl, acyl, arvl, and heteroaryl.

18637 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 B, F, CL, Br,and L

[0038] As enother exampie, R; can be methyl Furthermore, Es can be OH. Each of
E,, F; and B, can be O and B, can be NEL At least one Ry can be a cycloalkane or cycioalkene,
for exsmple. In another example, 1 is equal to 2 and at least one of the R; substituents 1s
hydrogen md the other R, subsiituent is CH,CH,X, wherein X is sclected from the group
consisting of K, ¥, Cl Br, and I wherein at 1éast one R, is cyclohexane or cyciohexene; whersin
E; is OF; wherein B is metivl; and wherein each of By, By and B is O and B 1s NEL

0039 In some embodiments, preferably R, is & substituted or unsubstinred G, to Cs

alkyl, For example, methyl, ethyl, propyl, 1SOpropy., butyl, is0butyl, ter-butyl, and pentylars~
preferred. In some embodiments, R, is not a substituted or unsubstinmed, unbranched Cgq alkyl.

[0048] As an exanmple, the structure may be:



HHOH OHO NOO HRa [0046] wherein Rg is selected from the group
consisting of H, F, CI, Br, and I. [0047] Also, at least one R4 can be a
@8%&%}6&%‘1 or an unsubstituted branched alkyl, for example the following
COMPBURATHO HOH HOHO N 0O H Ra [0048] wherein'RE/[§2005/014846
selected from the group consisting of H, F, CI, Br and I. [0049]
Furthermore, at least one R4 can be a cycloalkyl and Es can be an

oxygen. [0050] As an example, theicompound may be: -9 WO

2006/028525 PCT/US2005/014846| 0HO M0 O

L

Rg
[06411 wherein Ry 18 selected from the group consisting of H, F, C1, Brand L
10042] At least one R, can be a di-substituted cyclohexane, for example,

Ry OH

Rs

[6043] wherein R; 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[4.1.0Thept-2-yl, for example:



H R8 [00511 wherein R8 is selected from the group consisting of H, F, Cl,
I, and Br. [00521 As a further example, the compound may be: R90 H 0
TN N O O HRB [00531 wherein R8 is selected from the :

VRS |%8§23f H, F, Cl, Br, and I; and wherein R9 can be se%ég}[ﬂe%s r‘g}rsr{ﬁt 4246
group consisting of H, substituted and unsubstituted alkyl, substituted and
unsubstituted aryl, and substjiutethand unsubstituted heteroaryl. [00541 In
still a further example, the cqmpgund may be: -10 WO 2006/028525
PCT/US2005/014846 OH HQ N80 HiRe [00551 wherein RS is
selected from the group consistirgoiNd,/E, @41, Br, and 1. [0056] Also, at
least one R4 can be a eycl&alkyl and E% can bg,N}12. For example, the

compound may be: NH2 HN 0 R //

o

[ R

Rs

{0646} wherein Ry is selected from the group consisting of H, F, C1, Br, and L
0047 Also, at least one Ry can be a substituted or an unsubstituted branched alkyl,

for example the following compound:

HO

OH
HO

By
[0048] wherein Ry is selected from the group consisting of 1, F, Cl,Brand L
16049} Furthermore, at least one Ry can be a eycioalkyl and Es can be an oxygen.
[0054] As an example, the compound may be!



0 H Re [00571 wherein RR is selected from the group consisting of H, F,
Cl, Br, and I. [00581 In still a further example, the compound can be a.
prodrug ester or thioester, for example, the compound may be: -ti WO

895 PCT/US2005/014846 HOH O rtos H 0 OO REISI14846
[00591 wherein Rs is selected from the group consisting of H, F, Cl, Br,
and |. [00601 Other embodiments relate to compounds having the
smsctttre of Formula Ill, arfd pharmaceutically acceptable salts and
pro-drug esters thereof: E3{ tp~ ~~\t C4 | ~ynH3~ Fora tnt Il [0061]
wherein the dashed lines indisates thatthe designated bond is either a
single bond or a double bond, and the ein R}.£an be separately selected
from the group consisting of a hy o@err‘aﬂﬁ, logen, mono-substituted,
poly-substituted or unsubsti ariants of the following residues:
saturated C;-C24 alkyl, unsaturate C224%llenyi or C2-C34 alkynyl,
acyl, acyloxy, aIkonxycarbony'f*oxy aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, ‘aryl, heteeroaryl, arylalkoxy carbonyl,
alkoxy carbonylacyl, amno, aminocaroonyl, aminocarboyloxy, nitro, azido,
phenyl, hydroxy, alkyltnio, arylthic, oxysulfonyl, carbony, cyan, thio,
sulfoxide, sulfone, sulfonate esters, thiocyano, boroni.c acids and esters,
and halogenated Rq

10051} wherein R; is selected from the group consisting of IL F, CL L and Br.
{0052z} As a further example, the compound may be:

R

[0053] wherein Ry is selected from the group consisting of K, F, Cl, By, and §; and
wherein Re can be selected from the group consisting of H, substituted and unsubstituted alkyl,
substituted and unsubstitated aryl, and substituted and unsubstituted heteroaryl.

{6054] In still a further example, the compound may be:



alkyl including polyhalogenated alkyl, and nis equal to 1 or 2, and if n is
equal to 2, then Ri can be the same or different, [0062] wherein R4 can
eParateiv seiectcd froan3 t'ne group nfhY a halogen, mono-substituted,
W&wi)égﬁﬁsgﬁ?uted or unsubstituted variants of the following rdd(fegIus014846

saturated C-C24 alkyl, unsaturated CZ-C24 alkenyl or C2-C24 alkynyl,
acYl, acyloxy, aikyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, aryl, het%[{oaryl, arylaikaxy carbonyl,
alkoxy carbonylacyl, amino, amipeCarQofyl, aminocarboyloxy, -12 WO

equal to 2, then R4 can be the'samje Cr different; and wherein each of Ek,
En, E3, E4 and Es is a substituted or unsubstituted heteroatom; and with
the proviso that Formula M is not Compound 11-16 or Compound 11-17.
Some embodiments include the prgviso that one R4 is not
cyclohex-2-enyl, if the other R4 is hydrogen and if m and n are equal to 2
and if one of the sdostit-uents R, issgthyl or chloroethyl while the otase R,
is uydmgeu. [0062a] In a third aspect, there is provided %m&ognd i1
havinf A8l structhresBRes AitHsd b A SREEN aceepabIe Salts
and prashug estess thareotnPRy carsui/#eyclddlicd AlE;(eade NEEoHMUtgample,
IE wherein the dashed lines indicates that the designated bond is either a
selﬁ(étl‘ﬂé)%{gﬁdng}r 4 double bond and whereas R, is s=aramlY selected from

),

the group consisting of a hydredgemy,a halogen,
NH,
o)
N'-\
e!

Rs
[6057] wherein Ry is selected from the group consisting of 1, F, Cl, Br, and L.
[0058] In still a further example, the compound can be a prodrug ester or thioester,

for example, the compound may be:



mono-substiuaed, poly-substiuaed or uns d variants of the following

residues: saturated C7- C24 alxyi, unsaturated C2-C21 alk=yl,
vemsaisroatest C-C24 aikynyi, acyL acyloxy, alkyloxycabonyiopgg/is2005/614846

aryioxycrbonyloxy, cycioalkyL cycloalkenyL alkoxy, cycioalkoxy, aryl
“heteroaryL arylall oxy carbonyl, alkoxy carootsyia y amino,

smanocarbonyL aminocafboyioxy, niun. azido, phenyl bydroxy, alkylttda,

the group consisting of hydroge iogeh, mono- subsututed,
poly-substituted or unsuostiwred vafiafisef th lowing residues:
saturated C.-C24 alkyl, Fsaturated C -C24 alkenyytmsansated Cr-C24
“alkymyl, aryl, acyioxy, alky roonyioxy, aryioxyoaroonyloxy,
cycloalky:, cyclodikenyl, alkoxy, cvcloalkoxy, aryl , arvlalxoxy c
onyl xy -aaroonytacyl, amino, ansanot honyi, ai ir?Srboonxy‘"j nnro, audo,
phenyl, hydroxy, ailyhhio, arylthjo, oxysulfonyl, carboxy, cystic, and
halogenated allcyl including polyhalogenated.alkyL and in is equal to 1 or
2, and if m is equal to 2, then R4 can be the same or dif eren ; and
wherein each ofEu, E2, E;, E, afid Es is a substituted or unsubstiramd
heterastss): withiheReksaditat Formidgriinsemsistumpbuhdlh Baewr-
Compaiiath -1 7ok3 000 LB RO LRRAHIREISHRER{FARN S o Formle I
e

substi or unsubstitu ed C, to Cs alkyl. For example, methyl, ethyl,
propyEseminell Bem RSBl EFPHENIcSFE PERY are preferred. In
some embodiments, R, is not a syhstituted.g; unsubstituted, unbranched
C6 alkyl. [0064] Still further embodinféntsfelate to compounds having the
structure of Formula 1V, and pharmaceutically acteptable salts and
pro-chug esters thereof- E5 (ROM Formula W [0065] wherein
the dashed Imes indicate thak- ated jpond is either a single bond
or a double bond, and wherein R; ¢ n-be Separately selected from the
group consisting of a hydrogen, a halggen, mono-substituted,
poly-substituted or unsubstituted V&kants of the following residues:
saturated Cr-C24 alkyl, unsaturated C2 C24 alkenyl or CZ-C24 alkynyl,
acy|’. Formuls L] )

[0061]  wherein the dashed lines indicates that fhe designated bond is either & singie

bond or 2 double bond, and whersin R, can be separately selected from the group consisting of e

' hydrogen, = hsjogen, mono-substituted, poly-substituted or unsubstituted variants of -the
foliowing residues: saturated Ci-Co alkyl, unsaturated C-Cae alkenyi or Co-Cye alkymyl, 2oy,
acyloxy, alkyloxyvcarbonyloxy, aryloxycarbonyloxy, ovclealiyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbomyl, alkoxy carbonmylacyl, aimme, a:ﬁinocm’bsnyi,
aminocarboyloxy, nitre, azido, phenyl, hydroxy, alkylthio, aryithic, oxysulfonyl, carboxy, cyano,
thie, sulfoxide, sulfone, sulfonate esters, fiviocyano, boronic acids and esters, and halogenated
alkyl including polyhalogenated alkyl, and 1 is equal o 1 or 2, and if n is equal to 2, then R; cam
be the same or different;

[006Z] wherein Re can be scparaisly seiected from i group consistng of hydroger-
2 halogen, mono-substituted, poty-substituted or unsubsiituted variants of the following residues:
saturated C-Cos alkyl, upsaturated Cp-Cye alkemyl or CoCa allynyl, acyl, acyloxy,
dkylcxyém*bonyicxy, aryloxycarbenyloxy, cycloalkyl, eycloalkenyl, alkoxy, cvcloalkoxy, aryl,

hetercaryl, aryialkoxy carbonyl, alkexy carbonylacyl, amino, aminocarbonyl, Eminocarooyloxy,

1o



acyloxy, alkyloxycarbonyloxy, aryloxycarbonyioxy, cycloalkyl, cycloalkenyl,

“@%wmﬁgloalkoxy aryl, heteroaryl, arylalkoxy carbonyl, algei%s 5014846
carbonylacyl, amino, aminocazoonyl, aminocarboyloxy, nitro, a2|d200

phenyl, hydroxy, alkylthio, arylthic, oxysulfonyl, carbony, cyan, thic,
fdlf wﬁﬁepmliﬁam@ﬁmﬂﬂoﬁktﬁmtmﬁhhm@mm&obﬂrmmm@fm& -
e_L%ﬁ;gﬂ aldingldingnolbalogenated Al
and If n is equa

l'to'2, then R, can be the same or dlgereréﬁé%66jmw

Poirhelesrre] kY- BRI GBI M Tie GROHFLERE
dﬁi&@@; WM@Y§UB§mumﬂmﬁmawbsﬁMmmﬁmd heterostors;

owi re5|due at C24 t | i
m@z ﬁﬁllcymf acyl, 3@%@(}% ﬁox%ua}l%géjnyi%},% g‘éjyloxycarb‘grl#“f/l@;y?gmﬂc
expormiy, ojdo Sk armiisa Bk pre Felbuled Ryciahet-Hemvtol e SRRk pvarogen
3% WR2006/020625 RET {152 005{0 kibditraarponykialkexyhioroety while the

carbon acyl, ar=c, yl, mninocarboyloxy, nitro, azido, Phenyl, hydroxy,
0, oxysulfonyl, carboxy, cyan, talc, sulfoxide, sulfone,
sulfonate ester thioaysnn, boronic acids and esters, and halogenated
alkyl imompg polyhadogiaaaiestcalkitd Q0 GravideereindRpoant heving the structure of

separajely selected fromt rou nsi tln fa h dr gen,
O QLT B SO Tl A b T e
following residues: saturated Cl-C14 alkyl, unsaturated C -Cu allcenyl or
02 C24 al'tcynyl, acyi, acylox P&Wéffbonyloxy, aryloxycarixonyloxy,
cycloalkyl, cycloalkcnyt aikox3', cycloa}lkoxy yl, heteroaryl, arylekoxy
carbonyl, alkoxy car'oonylacyl, a ma,.@m_u%;rbonyl aimnocarboyloxy,
nitro, azidn, pheny, , oxy, B) y, atkyltme| erylthie, oxysulfonyl, carooxy,
cyana; trio, sutfoxid , suifone, suifon _ 1S, thio yano, boronic acids
and carers, and halogenated alky lnclydlng polyhalogenated ally-,
whereinmis 0, 3, 4, 5, 6, 7, d, 9¢40ef I! 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 Et, E2Fksa&iadlid Es is a substituted or

unsubstjpded Jcffiroamm. {006 7akin.g,i¢ &U&%@  PSICIS, Fm%‘ﬁy 698 ¢ oubie

com ound having the structure of Formula | armaceuti
b I WRSE Bintf STORRY EtErs PR 1 PR EBRP o B h FAREOESS « o
dasireshinesdnphoatestiinrth er desiyrdtedibomdns eitherialiswigiedsinet Ofsarated C,-
- deyblepkond,apcwhereindy, |smatems§ﬁﬁg@d &Q@z}healg{,gyp acyl  eovioxy.
Cgﬁg IStIr:‘wg-boL%orgdr %Q#caargg Iolg Xy,  oveloalkyl, cycioalkenyl, alkoxy, cvcioalkoxy, ervl
heteroary., arvialkoxy carbonyl, alkoxy carboryylacyl, amino, aminocarbonyl, aminecarsovioxy, nwe
azidc, phenyl bydroxy, alkyithic, aryltme, oxysulfonyl carboxy, oyene, snd haiogensred alicyl
including polvhalogenated alicvl, and n 15 egual to ! or 2, and if n &s egual 1o 2, fhen R, can be the

smrms or differens

wherein R, is separately seiected fromn the group consisting of hydrogen, a balogen, monc~
subsiinmted, poly-substinured or unsubstituted variants of the following residues: sanurated C,-C,, alicyl,
msanrated Cr-Cy alkenyl, wmsamwated CoCp alkynyl, acyl acyioxy, alkvioxycarbonyioxy,
arvioxycarbonyioxy, cyelealiyl, cvcioalkenyl, slikoxy, cvcloalkoxy, vl hetsroaryl, arvialkoxy
EaTPOnyV., AKOXy GaIDONVIACY], BMInG, ANINOCAIDONY., AMINOCArDOVIOXY, Mo, mzide, phenyl

hydroxy, aliylthio, erylthio, oxysulfonyl carboxy, cysmo, and halogemsred aliyl nciuding

polybalogenared alikyl, and m 15 egual to.! or 2, and if m is egual w 2, then R, can be the same or
dgifferent; and
wherein each of B, B, Bs Ee and E: s a substinned or unsubstitnred heteroatom

with the proviso that Formula I1I is not Compound I-16 or Commpound II-17.

et

[



mono-substiuned, poly-substituted or unsubstituted variants of the
following residues: saturated CI- C24 alkyl unsaturated C-C24 aikenyl,
unsaturated 0.-C24 alkynyl, aryl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyioxy, cycioaJkyl, cycloalkeny, alkoxy, cvcloalkoxy, aryl,
heterpgey) asylalsaxepsshanyt, pltagpioRbpryasyinmdimepsubstiared C, 1o Cs
amingcarbonyl, aminocrboyloxy. nin Zi e d Kyithi

2l n RS, BRI ,?bﬁ%%’ g;ﬁ?{%ﬁ%&%ﬁ%@#ﬁﬁ%ﬁ% igr%\ﬁlé%’ Ui lfonty e

bl Hogeme tetbediyngn 811559 & SEbTERISE CDURFHESHIARS. SGRTARGETA Co allol
then Rlygan bedhs same andifierents Hunheseididiadeclactes fioracivere of
group consisting of a halo%en, m P'§1Ubsgt“t§_gh{)04¥é,§ bstituted or

Farath it Re AR ST B A ST i R S G RS S Faned G T1-C24 alkyl,
unsiminsted C- C24 alkenyl, u rated C2-C24 alkynyl aryl, acyloxy,
alkyloxycarbonyloxy, a yloxy¢arbonyloxy, cycloalkyl, cycloalkkenyl,

halogenated alkyl including poIWgeﬁ' yl; wherein K5 is

separately selected from the dr consisting of a hydrogen, a halogen.

mono- substituted, poly-substituted Of SUBstituted variants of the

following residues: saturated C;-C24falkyl, unsaturated C2-C24 alkenyL
unsaturated C2-C24 akYnYI, aCYL{&gyioxy, alkyloxycarbonyloxy,
aryioxycarbonyioxy, cycloalkyL cycloalken If alkoxy, cycloalkoxy, aryl
heteroaryL aryialkoxy carbonyl, alk8 %onylaeyl, amino, amino
carbongbedminocarheylebe inited, inzidndipheriyl theydekiguroiypoatiipitifes 2 single
arylthic, oxysujfonyL carboxy. ¢y pclidi istine of &
A SRR ST e O Mg BEL e B o onns o
amitobem is URSThamenerFERFTRRE AR U TRILERITTe B ATURSHT!Hh TiRTe Of e
theaHbstituents REcABIQNTA ERY, anskwbareDSachloiit oE 2:-Es, Bllynyl, 2oy,

phenyl, hydroxy, alkylthio, #ythio, %ysqlfonyl?e%?rboxy, cyan, and

and E5'is a substityted or unsubstituted heteroatom, [ 1 105QME 1 atkoxy,
é*ﬁ’(ﬁﬁéﬁm@%?’ﬁ’ﬁf%’%}?’ﬁ’l i?g?gﬁﬁﬁl tted ot ur?gélbstl uted C, to C5 >

alfojba oy xayin phesmrethy At PERYRS BRIy IRy bR C. ammocarbonyl
terRuIL AR, PG| 3180 RIGIST @ik s QRO DeHIE iy Rfify)Odatboxy, cyano,
substituted or imsubstituted unbran@t—:-dwagG g{l}@/}lnc[oag%g] @) he%:lér and halocenated
etﬁﬁbo%‘#ﬁ%ﬁ?s%fﬁ?&tmﬁ%ofﬁ%ss AViNg the structure 0 prmuﬁ’a V, an
phiaTeeheitionlyakeepsaielsgiterandspanalrng esterpdiérdspapals Eahen R can
(RSBt Gmdr B rerent
[0066] whersin Rs can be sslectsd from the group consisting of & halogen, mono-
substituted, poiy-substituted or umsubstitmed variants of the foliowing residnes: saturated Cr-Cu
alkyl, unsatrated Co-Ca alkemyl or 5-Cy alicymyl, acyl, acyiexy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, elkoxy, oycloalkoxy, arvl, heteroaryl, erylalkoxy

o)
(93]
fat)



C4 OHS \~j~Il Formula v [0070] wherein the dashed line indicates that
WWWfted bond is either a single - b ond oraou le Goyndsisssitilsas
erem

can oe selectedfromegroupcoasisng o afiydrogen,
a halogen, mono-substituted, poly-substituted or unsubstituted varlants of
Ohgin

ERRIes), Mcammkmm% @Tey 2o, poemyl,

alkeny rC24l%H<0an Yy 2 VAQXY SR GtaxdL, sulfone, sulfonate
hy@?ﬁbxégéfgnohﬁgxy cycloalkyl, cycloalkenyl alko y cio XV. genzted
estatchoamphtayamEe 87 En BE AFEIERS Bﬁ‘f’ﬁﬁﬂ%’?a‘r AR oo

mino,
ninocarbonyl, aminocarboyloxy, nitro, azidc, phenyl hydroxy, alkylthio,

arylthic, oxysulfonyl, carboxy cyan s&q%geﬁgﬁqﬁygagomg&f 2
PCTl%Ebosud‘f%féﬁ% o

ulfone, sulfonaté€ esters, thiocyano, bonnie acnds
Wterwm@malﬂ%ﬁhﬁwyﬁél i?gﬁ‘n’glkyi e o e

§#‘%§ b0 ZarRELAT B, I8, caudl, @aRaihendRCoan hﬁcﬁhﬁ safelor eliynyl, 2oyl
nt,

0711Where|n R5 s se arate sele { SQRny!,  alkoxy,
BEOEisti aﬁé Kt

& mono: éubstltut pon -substituted . :
oPEISHEHD, tﬁsedzwmns a{vwbaml lersiPryRe SHRTE s RTARIERY (CHES, BRI
unsat ratiad Ct- zaﬁl‘lﬁgn%&g,(:g%zmml Wﬁy@ﬁﬁm mcvsuhunyl, CERTDOXY,

oxy arﬂ’é oxy, aryloxycarbonylox

loallcyl,. Qe em
oyutodhioxglinsine hetbBan RS *%goa i bd&aﬁ%ylﬂé@y ©

aifcoxy carbonyla%y ¢ )
%@&Wﬁﬁ&@aﬁh@mmém whATER A6, prieryfhoxg; 7 & % 16

roy aIkyIthle ar ylfonyl. ORY :@had: 1R, waktoxidebstiments R
%Uﬁ?ﬁ%’%ﬁlfgﬁate est‘é%ﬂ}%(})/évano b(()‘st%)%llic acid

d
baldgenatenzabod. Wmmghp@ﬁqa%g&a Gt an estgrsmgg § I msnbsumted

efein m is
, 7,8,9.10, or I1, and if m is more than 1 then R5 can be the
same or dlfferent and where the stiostituents R5 can form P. zing; and

i‘ﬁlg rich of £t 121Gy Bé-and ﬁéﬁ&@ﬁ@bﬁiﬂw@dmwwdbmﬂa@dm structure of
hetzroatom. [0071al In a fifth aspec t, there | rovi m%d a sompQidad
Fomavmﬁvtra@%wém?é“&ﬁlqﬂlﬁrﬁ&?ﬁﬁ?i%ﬁa F]armg

ceutlc?a ly acceptable salts
and pro-drug esters thereW)nt E2 ~R~rF*a In

Formuia TV
wherein the dashed Hnes indicare that the designated bond is either 2 single bond or a double
bond, znd wherein R, is separately selecred from the group consisting of & bydroger, e halogen,

mone-substinted, poly-substinmed or unsubstituted variants of the following residuss: sarurated C

Ca: alkyl. msanmaed Gy BS.KGDYI., msgmrated  Co-Co B:IKYH}’., acyL acyioxy,

alcyioxyearbonyloxy, arvloxycarbomyloxy, cycioalkyl cycloalkenyl, alkoxy, cycloalkoxy, aryl
heteroaryl, arvialikoxy carbonyl, alkoxy carbonyiacyl, amine, aminocerbonyl, arpinecarboyloxy, muc
azide, phenyl, hydroxy, alkyithic, aryithic, oxysulfonyl
imnciuding polynalogenated alkyl, and n i egual 10 1 or 2
same or differenr;

carboxy, cveno, and balogensted aliyl
,and if & is egual 1o 2, then K, can be the



Formula V wherein the dashed line indicates that the designated bond is
eifoer a single band or a double bon& and wherein R1 is selected from
the group consisting of a hydrogen, a halogen, monc- subsiiuned,
poly-substituted or unsubstitured variants of the following residues:
sanrased CI-C24 alkyl, unsaturated C-C24 alkenyl unsatu ate G-C24 all
vnyl, azvL acyloxy, alkyloxycsroonyloxy, aryloxycar"oonyioxy, cycloalkyl

cyCIoalkmdgqumyﬁm&H@wa @&ﬂmﬁﬂw oAryladispey, etbioRybstined, poly-

(4
e %%‘éﬁ%ﬁ?&“ “%”%9 Sy @3&“&%%*8?@ {5l i -
h%roﬁ%m%e L AL Wﬁ%”éﬂﬁa%‘?’%ﬁmﬂms
a:ryddﬁihyﬂs %FJM tﬂkﬂﬁfil caobiading, sanyle bewdiifel-canidbowyhersimyl, alkoxy

ra&&éﬁé%ﬁ%ﬁﬁ t%&%&@é@ ting, %@ygﬁ&gﬁnhﬁmw alicylthic,

haI en, mopno- tuted déi{ystltuteg nsu stltut %¥arlant
bw’%sg resi uesxga%anat% ia‘(j?l(yunsam eie g@% &yl

alkeuyl heesin FrolferarE D Ackiriph omcis | %ﬂ%%ﬁmggﬁyp@abgm mono-
%Wb@wmmﬁyamwﬁwwkmybﬂumwgm&mmﬁca C1-Ca alyl,

hﬂ&m éryéa' k%ﬁa'mg@&k %@ﬂﬁcﬂc}%n’]ﬁgﬁ alkviexvcarbonyioxy,

aminocar- bonylzdamlnocarboylo ﬁa |tro a2|do phen 1, 0Xy, hydrox

Y RREAP5R0TS, G98 AR B smlkoxy
irvetbreting aboiqm;tbgam»échaikyl mm:awomfs @mﬁq@fu@ywxﬁ 168yd,, 8idd, phenyl, oxy,

19yd9(5xé*1 , ARG M Alsymfare&éaﬂ%@e@aﬁwncpséh%ﬁamﬁ@%@r; frgﬁgﬂ inchuding
an ere tituents Rs can form a ring; erein 0

q’é/ﬁl E%%br?cfﬁﬁys |s£a S eubst tsatgdn)omrfs%égtlfug oezla maicfad% ﬁm‘l then
SW%W@%F&%}‘W@% é%mﬁ%d%% @ﬁ@mm cl to

Cs alkylsikemseaampls, Basthy, fihyl, proppstisogefukubitiyth-isebyton.

tart-butyl, and phetyl are preferred. In some embodiments, R1 is not a

su bstitums@f unsgihehidiedosaRER) M&%@«ﬁm 2[R E3HRE tmeubstinted C, to Cs
r%y nts rejate t unds th tructure of Formula V?,
i R T o T T b oA i TR (RS BB o e
EQ;Em‘FQiAId%gmé mfRejiments, R, is note subsmuted or unsubstituted, unbranched C; alkyl.
Eﬂ%g}' Other embodiments relste io compounds having the siructure of Formnla V,
and pharmaceutically acceptabie salts and pro-drug esters thereoT:

196706) wherein the dashed line indicates that the designated bond is either a single

“bond or a double bond, #ad wherein R, can be sclected from The group consISHng of 4 Hyaropen,
a halogen, mono-substituted, poly-substituted or unsubstinted variants of the following residues:
saturzted C-Cpy alkyl, umsaturated C-Co.  alkenyl or Cp-Cy alkynmyl, =oyl, acyloxy,
alkyloxyearbonvioxy, aryloxyearbonyloxy, cveloalkyl, sveioalkenyl, alkoxy, cycloalkoxy, aryl,
heteroaryl, aryialkoxy carbonyl, alkoxy carbonvlacyl, amine, ammocarbonyl, aminocarboyloxy,
Titre; azi&o, phenyl, hydroxy, alkylthio, arylithic, oxysulfonyl, carboxy, cvane, thio, sulfoxids,

l4a



Formula VI [0074] whereln R, can be separately selected from the group
,9f @ mono- substituted, poly-substituted or unsub, 14846
variants of the following residues: saturated CI-C24 alkyl, unhsatura A _
C,-C. alkenyi or C2-CZ4 alkynyl, acyl, acyloxy, alkylloxycarbonyioxy,
suBp0 Xyaie Rylexy foysina| kyraycpsiemd, alleaxyndimiogiand sy linciuding

oaryl Ik %5?9 iko do 8MUBOR  van be the
E%ﬁ car oaéj%'ﬁ ?n?ﬁtoca %il()% ph%ilﬁrqug%%lacyl alléy?'tatllllc sme o
dGigiepinio, oxysulfonyl, carbony, two, sulfoxide, sulfoneboronic acid esters,

gnd tgﬁ#ﬁgena@&fyml m@%ataﬂgﬁmteg ﬁlﬁéﬂ}#@:ﬁ&ﬂﬂ@@f@k@@égﬂ 2
,and If n is equa then.R1 can be same or different;
Aot RSB SN €: ST i P

reln , can ese
mthe:gfeummismgmwdﬁég”m albeivlerr, rﬁeﬁmsammewh acvluxsf

W&ﬁ,@%%g &fdﬂ%&&%@ v?emv@f 1n9ne§ade§§oam &y,
saturated G 4a|ky unsaturated C7-C alk en%l or C2- Caallgn%l é -

nfﬁﬁ exaﬁdlepmyﬁlohexylf;dmmoutw&ualhanwoalmxwwm arykpe, thic,
s&? 18 %awlw M%o&%%xys%@&’ QXJ&C&LQ&J&Q?Q and helopenated alkyl

SULVNG onyI snunocarboyloxy, nitro, am do, phenyl cycIoaIkyIacyI
el PORRYRETER AR IR0 BRTSU FORY P carbony: cy&n  1hic): duiBkite 2md © m s
mufene,: S@@R@&r@ﬁﬁ@i@ﬁ@ﬁiﬁa&ﬁtﬂﬁnﬁ&d&%&uﬂﬁﬂm@% kg form & ring;

alogenated.alky [Q076 erein R3 ca roup
Behac 59 =Ly s s s

rﬁany sUbstitte ysu sttuted£1

m'Sd d varign ‘F ﬁﬁﬁhﬁs EPVYH?:QJ%S'S%%%&@QJE%tﬂgo@nc@l%v%wthe structure of
unsatu rate CrCt, al or C:-C24 alkynyl, acyl, aeyloxy,

Fw@xyeamw@@eeta%w@a%aﬁ%&ysé%t@étkwuaféts‘&tﬁé%%falkoxy,
cycloalkoxy, ary, heteroaryl,.arylalkoxy carbonyl, alkoxy caroonylacyl,
amino, ammocarbonyl, apimoc ooyloxy nitro, azido, phenyl, cycioal
ylacyl, hydroxy, ailylthio, ythlo oxysulfonyl, carboxy, cyan, thin,
sulfoxide,salone, sulfonate/est 0 0, boronic acids and esters,
and halogenated alkyl inc ngenatgd alkyl; wherein each of
B. E2, Es and E4 can b&asubst or up#stiostimted heteroatom
[00764a] in a sixth aspect, is provtded a compound having the

structure of Formula VI, and pharma ically acceptable salts and
pro-drug esters thereof: F'i2 i |

whersin the dashed line indicatss that the designared bond is efther & single bond or a double
bond, and whoersin R, is selected from the group comsisting of & hyarogen, & haloger., monc~
substinred, poly-substinmed or unsubstinged variamts of the following residues: sanaramed C.-Co, alikyl,
unsanrated  Cr-Coo Blkemyl umsmwrated Cr=Cop, alkynyl acyl aoyloxy, alkyioxycarbomyiexy,
arvioxycarnonyloxy, cvcloalkyl, cvcicalkenyl, alkkoxy, cyclealkoxy, aryl, heteroaryl, arvisikoxy
carponyl, alkoxy carbonmyiacyl, smine, aminocarbonyl, sminocarbovioxy, mitre, azido, phenyvl,
bydroxy, salkyitiic, eryithio, oxysulfomy., carboxy, cyane, and baiogensred alky! inciuding
pe;;ttai——c;m;ﬁ—d—aikyl,andnisequalm { or 2, and i © is equal 1 2, then Ry can be the same o
differens;



/G2 RIA R5 nv(R~ )~~~' Formula VI wherein R, is separately selected
from the group consisting of a mono-substituted, poip- subsduued or

umsitestitiRedd sspsiants efethal mmwmmsﬂﬁg- 71 kﬂ&cygem nsalugeietionc
bt foR KRR ol AR B 8o X YRR MSAIRODMIRNA . .C,y alicrL

s
aryloxycarbonyiox}', cycloalkyl, ¢ C|oal i alkox cloalkox aryl
oS o Sy CPRERG). ey GOy BB e IS By o
arylpAirarppoykeyyi ccyapylkMe cmﬁyﬁ&#@hylaammqumﬁmmlfmb getmbfoyie aryialkoxy
mﬁ%@,‘ M @S .Wdﬂ%ﬁleﬁm{m,mmtml JerbiRhid Bﬁﬁf‘o azide, pthyI oXy,
nate 16 in gquallo to 1 or n |§ to
By , a&%%i%ah gv%%gsa (}aﬁ or ﬁifferent uherein Rafglshé]e ected fro tﬁmm
mi&ée&%mhMMdéﬁ, B Breflogef, Mbrio Supsh ARt Boifmsre tha 1, then
R; tauhinditatedr\Gfieets af e-fotlewitgitesidt RseadiuradendCa6i24 alkyl,
onSgiuated & 24 alkeny). au@ﬁ%;yaa;egs&;&e@%ﬂé&ywmoxy,

aicyloxycatbonyloxy, aryloxycarbonyloxy, cycloalkyl (including, for

example cyC|ohexy|caern 1), c cloa lkox alkoXvaaYles ¢ to C
heter 39% myldKETF g%‘ﬁ%lﬁy 25 ﬁhﬁaﬁ%ﬁ%o% e

awlln@ealﬂmvk, arsimb oo prory:, mmiummwéﬁréamam pentyl are
:‘l%n% XY salkylthies andibio, 0y SklfoRilsEREaQNmEYRRG:hISnEuaeTie, alkyl
on

e, sulfonate ester thlocyane boronic acid ronl ester and ]
hangé?ﬁ’t@d al@ﬁ%ﬂéﬁﬁﬂ%ﬁﬁﬁ?ggt? Wl%?ﬁ %‘55@ SRS of frogmle V5
Qf@;&k@xﬁ%ﬁlﬁbﬂﬁra&c@ﬂmgﬂa aorTo-duigstiteiediesofy- substituted or

unsubstituted variants of the following reS|dues saturated C;-C24 alkyl,
“unsaturated G- C24 alkenyl, unsaturated CrC24 alkYnYI, acyl: acyloxy,
allyloxycarbonyloxy, aryloxycarbonyleyy, cycloalkyl, cycloaikenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carb , alkoxy carbonylacyl,
amine, aminocarbonyl, aminoc ~a#(0, azido, phenyl,
cycloalkylacyl, bydrox p al i0, arylthio, Rg)xyf%'ulfonyl, carboxy, cyan,
thie, sulfoxide, sulfone, sulfonats, e loéyano, boronic acid, boronic
ester, and halogenated alkyl including Ba_yhalogenarted alkyl; wherein
each of E;, E2, E3 and E4 can hga._sybstituted or unsubstituted

heteroaxom; and wherein R14 is selected from the group consisting of a
halogen, mono-substituted, poly-

Formulas VI

8074) wherein R, can be separately selected from the group consisting of a mono-
substituted, poly-substituted or wmsubstituted variants of the following residues: seturated Ci-Cos
alkyl, umsaturated Cp-Cy alkemyl or C-Cos alkynyl, acyl, acyloxy,- aliyloxycarbonyiosy,
aryloxycerbonyloxy, cyecloaliyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arvialkoxy
earbonyl, alkoxy cerbonyiacyl, aming, aminocarbonyl, apmnocarboyloxy, phenyl, cycioalkylacyl,
alkylthio, arylthio, oxysulfonyl, carboxy, thie, sulioxide, sulfoneboronic acid esters, snd
halogenated alkyl including polyhalogenated alkyl. nis equal 10 1 or 2, and if n is equal 0 2,
then R, can be the sawme or differsnt;

ib5a



substituted or unsubstituted variants of the following residues: saturated
wébdegthalkyl, unsaturated C-- C24 alkenyl, unsaturated Cr@2rathysybiasdc

acy, | acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyi,

cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryi, arylalkoxy carbonyl

alkoieg78arbonstercid, Bmaso, eavitientath STep. ﬁ?ﬁlﬁ%ﬁrﬁﬁ%ﬁ%g (fitrgydrogen, &
ag%m%m%w@%w@xwm adilihieciony Slfowiyle residuss

cyan thin, thioester, sulfoxide sulfone nate. es .
a¥1 f%‘tlug‘}ﬁmpol%sﬁ%'%‘ %ﬂn‘gﬁyﬂE} VR
ﬂl{ﬂw&?ﬁm‘? GWWMYRQSIS notysyerBiex- dewbmcfﬁ/vheﬁmmi—’

the. R ﬁgﬁ{}ggt RSS! AYitoA0 G 8dny.,
%1:00 em%gdyﬁ%znts preféﬁlg%%};cg& 9 e g

| is a substituted or imsubstituted Ci to
al@xy aMam°mmybromeuWSoﬁm # taEr‘tmy
cyRidbuly B¢, BheRY ad:&ymfemﬁe @a?a;mhewrwm mbeksmedmmwm

the group consisting of a halg PRlV=substitiied Sbisdme
“@W‘ﬁ% da’gv FARLS of the fol owmg re5|dues saturated C7 C24 alkyl,
palysinmatskBysC24 alkenyl or CS-C24 a YL, acYl, acyloxy,

a|k>|/l<{afl?:§‘@rb0 na%@eﬁxm @tyé%xe@dwlafﬂ%mogﬁl@ﬂli&yl E@mwmwwgwwc"
CyCloalkoxy, aryl, roa car y X yég@g“j Cone
‘&Wﬁ‘fﬁda?ﬁlhﬁ‘éﬁ%ﬁg 'ﬁ%ﬁoca 03‘/1%2)4(?/1,1 ni rigmém mgn%éeny@'@él Crts

aByClanteyteoyd reydzaxy;kawm&e@yﬁh@mwsmyﬁcﬂamo@méwmm>

|c thi %; 595“ wumge SRl8ERdRIOSYANGadE, szvxalxom’
aﬁ’aﬁogenat k ncludlng polyhal genateq0 alkyl. 100801 In_some, .

w'% PRSTSHABTy RRPfs ATPRNRHRRT SO a1kyFtrP1|(§3I'ZI Nt
ﬁﬁo@@wmmﬂﬂ%@wmmmpmmmWaWJM,@mmc sulfon,

com ounds of Formula VIM hays. the dollowing Sisuclise.and WiHEh RHfuding
ﬁ*&ﬁged S Formuta VI-1: 16b. WO 2006/028525 PCT/US2005/014846
ESHRERIEZ e EVRRGOIES B Sa. 51 S0 S o o & SUOSIIRd G o

heteroatorm.

[60764] In a sixth aspect, there is provided a compound having the structure of

Formuia VI, and pharmaceutically acceptable salts and pro-drug esters thereof:

Ry -
\ ,{/’“
Bl
E.—/ } Ry
: : .

i o
"
n{s’-i{;\/ =
Formua VI
whersin R; is seperasiv seiected from the group comsisiing of a monc-substinmed, poiv-
substituted of unsubstitoted variams. of the following resicues: sanwrated C,-Cy. alicyl, insanrased Ca
Cy alkeny!, unsanurared Cr-C,. alkynyl, acyl, acyioxy, alkvioxycarbonyioxy, aryloxycarbonyioxy,
evcloalicyl, cyeloalkenyl, alkoxy, cycioalkoxy, aryl, neweroaryl, aryialicoxy carbonyl alkoxy
aryithic, oxysulfonyl, carpoxy, fhic, sulfoxide, suifone, boronic acid. boromic ester, and halogenated
alky! including poiyhalogenated alicyl;

BTTIiT " SRTiN ATeT gAY

HRNOCATOVION, DHSHyL, CVCIDBLYIEcy., NYLRORy, MEVROc,



''E n(R,) Formula VI-1 [0082] wherein R, can be separately selected from
the group consisting of a mono- substituted, poly-substituted or
unsubstituted variants of the following residues: saturated CI-C24 alkyl,
unsaturated C2-C24 alkenyl or C2-C24 alkynyl, acyl, acyloxy,

a'h{'%ﬁﬂ&@ﬁb&ﬁ)&{@ﬁ)’m awlgwafb@a@wmlk %{@@@M&a@ﬁ@k@@&kﬁeﬂm

cycloa ry r oxy_carbon

amino, %ﬁ%arboﬁ%%%ﬁa% G\‘imsatﬁiéngllhc%g %%Id%k fﬁlo

paermms@ﬂf@nwmxme &filf d’@ﬂgmﬂq stargieth §i-Ca:

' WOC-@QI owdmarmszgﬂhﬁtﬁd aﬂﬂll mlmdm@]ky}oxymbonvioxy
(& (@t U en ) LIE RS OHBNED, v, alkoxy,

Mb
ag’gn be the same or dlfi:ere Eﬂl‘j‘h’%’ %bherem R3 can be el ctea from the
o)

A n SRty B s HlEEY, FEIE |tﬁf&§’ opFimocarbonyl,
amiserpstitiEy mmsd@f Mlmﬁg&e@%e@y@@ma@d@%&ﬁmuﬁwm
&m;u%ai b G%ﬁ&ewk&mmmae&@w,ma boronic ester, and

g\ég%gﬁg i ysarbonylo , cycloalkyl, cycloalkenyl, alkoxy,
Cycroalkoxy;, aryl, y carbonyl alkoxy carbonylacyl,

amino PafiifoBa %é%ﬁ%%ﬁ’@égﬁﬁﬁ’}&)?"!ﬁ%n&ﬂﬁ% hﬁﬁ?&?fylmmo"smm poly-
sysinabsdaesutioxywralieyithine Anitieg exjtifonyk0ardORY, Myanmsenrared Cr-
io )éf’%& sulfone, su!fgg@ e.ester, CYRD da%%l!} ,
g]steris,ﬂfégg&r)\ a ogenated alky1 miclﬁnga%g%%alogenate kyl; wherelﬁarb TS
SER Y R e P BRI St (i te PO GRS SRRy caroony, alkory
betergatyhen60S4hindrerisiny Rentsnrdiecseps atety memeqmmlﬂﬁé@md{ﬁ XY,
Q&Qﬁt&é%ﬁr&e SHAERESN, ABAPILEE1NE- ShbstittasliRe) Vustdpstiteded thocyans,
gﬂuns%égéed varlantg of the following residues: saturated Cl C24 alkyl,
oylid: cenyl or C2-C24 alkynyl, acyl, acyloxy,

alkylox3parnee R %mm%w&e&mw@maﬂé@ BrlRpid canbe 8
ayrsteabdax ynahghtheitmatgtyaryalkoxy carbonyl, alkoxy carbonylacyl

am|noMgl@églogar@pggm@gb@é@gywﬂg%ﬁﬁgg % | QY ssubstined, pois-

Xy aIkyIthlo arylthio, ox sulfonyl carboxy, cyano, thin squOX|de
e S SR TBL e R SRR e - et C
ﬁal@@@nﬁ{mﬁ@u@m%mgemﬂew alﬂ%ﬁwhmbmwmxns &rvigx@eaBronyioxy,

fychoatky! %f(&aﬂ&ﬂﬁrdﬂggd %mgﬂ?remngﬁé%ﬁvs Ahhe ﬂa&'bonvl, alkoxy
erent; and where the su %tt ents Rs

E’%@?ﬁ%ﬁr F% can Form aring; e:{nés\ivﬁlerelar?cei%&]gmf% Cl‘gf'&% Wll—_'fydmm’

Ay, @g{t@&bgm@g%lf msm thic, fioester, sulfoxide, sulfone, sulfonate ester,

thiocyane, and halogenated alkyl including polvhalopenated alkyl.

b
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heteroatom. [0085] In some embodiments, preferably R, is a substituted or
unsubstituted C, to C5 alkyl. For example, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, tert-butyl, and pentyl are preferred. [0086] wherein R34
can be selected from the group consisting of a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following
residues: saturated Ci-C24 alkyl, unsaturated C2-C24 alkenyl or C2-C24

alkynwﬁﬁ: aGYIXN Ak HIMEAT RO IVIRX Yy ARG RERIAENWhen one of the Ry
cycloalkyl, cycloalkenyl alkox}%ﬁﬁ H{;&lﬁ’ﬁﬁxy’ aryl, heteroaryl, arylalkoxy
SRS S SIRON CRABRRY: i

inocarbonyl, aminocarboyloxy,

nitro, m@p phm&xﬁlﬁﬂhyiacmmm& mlkym@ammmbsﬁmd CioGCs
sulfonyl, ¢ Sulfongy, Sulaneie e
B:g%'i/er% thlocyaho %ﬁ? éﬁggﬁ'ed alkyl |nclud|ng pg&% i R e

alogenated alkyl.
887 In some embodiments, preferably R,4 is an alkylthiol or substituted

a;lky]!tl?]@bg?nd E&@e&ﬂi&/}?ﬁ@l&:‘ [él&ﬁﬁidlﬁnnewma; W;m meno-
t e OWI ur
%Fﬁts“ %ereogﬁsemlstry cgﬂ]aegag%%(l%ow QW'E% RIS Cr-Cu

~\'HO
dlkﬁ, mﬁhﬁx&a@% alkenvi or Cs-Cos alkynyl acyl, acyloxy, alxylaxycarbonyloxs,

arvioxycarbonyloxy, cycloalkyl, oy roloalkenyl, alkoxy, cyclealkoxy, aryl, heterosryl, aryialkoxy
carbonyl, alkoxy carbonylacyl, amine, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl,
cycloalkylecyl, hydroxy, aliylfhio, arvifio, oxysulfonyl, carboxy, cyamo, thic, thiossters,
sulfoxide, gulfone, sulfonate esters, thiocyano, and halogenated alkyl including polyhalogenated
iyl

[008] In some embodimems, preferably Ry, s an alkylthiol o substitited
alkylthiol, and E; 1s an oxygen.

fo081)] Some exemplery embodiments relate to compounds of Forpuize VI that have
.t’m: following stuchure, and which are referred to as Formula VI-1:




V O 2006/028525 PCTIUS20051014846 [0090] For example, an
exemplary compound of Formula VI has the following structure and
V&tezreocheqmistry VI-1B: CI "SOH NH2 0 ~N S---NHY~~COQOH H ~O
Q2B BBOH Forrruuia \A-1B [0091] Another examnle, tHe SOMBBUHES ¢
of Formula VI has the following strucurre and stereochemistrv VT-IC:
\~"~OH HH ~o0 FormulaV-1C 21 In a seventh aspect, there is
provided a pharmaceutical composition comprising a compound as
described herein. The pharmaggutical compgsitjons may further include
ighti aspect, there is provided use

and pro-drug esters thereof in the m

treating cancer. [0093] Other erf entsirelatg t0'methods of treating

cancer. The methods may incluude, f nie, administering a

compound or composition as described hereif; and pnrmaeeuncally

acceptable salts and pro-drug estersih . The methods may fuurther

include the steps of: identit g a subject {hat would benefit from a istration

of an anticancer agent and performing the method on The subject. The

cancdb#szlybe, foersicalashs. e reuiERY PRjeTSAECTA Ro IRUBLSISHEIR Ghigmone-
RO SALCINNMN & higastiadenasaneinoma fdipefsraateelsunged C.-Cs.

carcinoma, an ovarian ¢arcinom melanarna, and the Bice
<Gy B A Goart e, G nd g S Cancal By
Alldegstionelofthedolbwing ckidivatsd divers eciipkopygRtbBrOtEF B Hiakoxy

091%@181, Iﬁ%%lég‘goﬁzﬂgﬁlﬁ %.%@,famﬁmgﬂ;' gﬁﬁﬁi@éﬂi@?&@@%@ﬁ@t@@cloaﬁkyﬁcﬂ,
rotein 1 encoded RPI, reduced dr uptake falteratign of the drug's
) Q&)@Poﬁrﬁ}%agméu fonyl, carboxy, thic, sulfoxide, sutfo ona dcyano,

boronic acid esters, and halogenated alkyl including polyhalogenated alkyl. n is equal to I or 2,

nie, Su £ oslers,
and if n is equal to 2, then R, can be the same or different;

[0083] 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,-Coy
alkyl, unsaturated Cp-Cos alkenyl or Cp-Cy gilynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cyeloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azide, phenyl,
cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, thio, sutfoxide, sulfone,
sulfonate esters, thiocyano, boromic acids and esters, and halogenated alkyl including
polyhalogenated alkyl, wherein each of E;, B, E; and E, can be a substituted or unsubstitnted
heteroator.

[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 Ci-Cos alkyl, unsaturated Cp-Cas alkenyl or C;-Cos alkynyl, acyl,
acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
eycloalkoxy, ary!, heteroaryl, arylalicoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl,
aminocarboyloxy, nitro, azido, phenyl, oxy, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy,
cyano, thio, sulfoxide, sulfone, suifonate esters, thiocyane, boronic acids and esters, and
halogenated alky! including polyhalogenated alkyl, wherein m is 0, 1, 2, 3,4,56,7,8 910, 0r

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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repar of drug-induced DNA damage, &--=anon of the apoptonc pathway or
the activation of cytochrome P450 enzymes. As an example, the
drug-resistant cancer can be a sarcoma. 19 WO 2006/028525
W??@%@ﬁS/OMMG [0094] In a ninth aspect, there is prov%‘éﬂ%?ﬂ‘&%ﬁ%
of inhibiting the growth of a cancer cell in culture, comprising, contacting
2 GancerGel InCulitrenitbhace mpQuURg 8; saNpasiicbasdeseribebstitted
herein, and pharmaceutically acceptable salts and pro-drug esters
beiEBT- The cancer cell may be, for example, a multiple myeloma, a
coloré@nasicarcimone; animdeete, oxatmbing; & breEstHeorareRBINa Cate Cs
2RON-$Ral SN UG A CREMEoRH, QYRGS GIGINABHA BRIBROMaaRE ! are
the like. [0095] In a tenth aspect, there is provided a method of inhibiting
PTﬁfB‘P'égsome activity comprising the step contacting a cell with a
compges) or cemmposifiorasaesbyibddrdre thingravmophfsina cd atiapgen, mono-

s&%ﬁgﬁégb'gg%%%@&gdpgpaqga@@ﬁmm{m 0096} aneaianenitiurated C,-C

aspect, there Is provided a method of inhibiting NF-kB activaﬂﬁ bomviox
alampristgetek &E;e%fc@H{t%ﬂifﬂin@‘ aledtriniishe With A¥EMbRIRI By careomyiony,

aSARPASitioNaas, desalibedhaselrnahdipharmadeuticallratdepalte 15_@!@11@{3/
cg}‘%gnQ{% E)%ﬁ ggl'to%r%flta %’,egéml;gp gﬁﬂ]ok'ﬂr@o& 7 l%@&ﬁ%&l& & $oP @wg,eﬂienyl,
use of'a compound-as defined above, an %h%fhgrmaceutlca ly acc%‘otab{'? ;
celitel s ironiisgve stBra iR réb i th & Lo B8Ry Fidflcdment T8
stheating aminflammatenseanditien:]0097 hbifibotheé pémicodidientsivhelagenated
#&ﬁnethods for rating an inlammaton’ condition The methods may include,

%6 example, adnnnietering an effective amount of a comveund or

compdRiithn as HeserbeelMerslTLs.a SSATENY R nedd thefdfityel or substituted
gmﬁmf%@s sonditiesnmay be, for exartle, rheumatoid arthritis, asthma,

multiple scLilero IS, psoriasis, stroke ocardial miarctio | the hl--.
(0097414 thirSFé)é AR At “Hhe r%ﬁxllsgypﬁ%%ﬁgo(? ?J“gggascocr%i E‘%ﬁé%s
defined above, and pharmaceu v, acceptable salts and pro-drug
esters thereof in the manufacturg_ot-a rwedicament for treating a microbial
illness. [0098] Some embodiments-relatet8'hethods for ireatg a microbial
iliness wbi.ch can include administéting an&tfective amount o a
compound or composition as de 8 patient in need
thereof. The microbial illness maybe catsed, fc;r(ae}mpie 'by E. anthrac
Plasmodium, Leishmania, and Tr{fana nw. 25" 0

Formula Vi-1A

[6089] Exemplary stereochernistry can be as follows:

H
e NG on

i 0

et
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10099] Other embodiments relate to uses of one or more comnounds of
Rooroederezészit, IF?, 1V, V, or VI, and pharmaceutically acceptaiie/gadmondss;
pro-drug esters thereof in the teatment of a cancer, an inflammatory
condition, or a microbial infection. The one or more compounds is one or
more dfE88bmp&enerereiny 5 treRirAp cuRReRs gbdirrig Nardps, thp dotiowme
RRssMase EeALImaGseptalle salts and pro-drug esters thereof. The

tatter can be, for exanmle a multiple myeloma , a colorectal carcinoma, a
prostat carcinoma a breast adenocarcinanna a non- small cell lung

carcinoma, an ovarian c {inoma or a melanoma. Also, the cancer can be

a drug- resistant cancer,a@émple, one that displays at least one of the

following: elevated levels of k‘pe P-glyycoprotrin efflu E?Jmp, increased

exgnression of the multid@ig-érne’iﬁ e ate roteid encoded by
e

ARP', reduced drug uptakey tion of,ﬁ]\e drig's target or increasing
repair of drug-induced DNA damage, a@eraﬂ’éﬁ of the apontotic pathway
and the activation of cytochrome P450 enzymeggqdhe infiatmnatorv
condition can be, for example, rheumatoid arthritis, asthma, multiple
sclerosis., psoriasis, stoat:, or mydeandisg Wifegction. The tcrobiai infection

can be,ér xample, caused by E. anthraces, Plasmodiym, Leishmania, .
or Tryp %%%oma%lf 5 502’5%‘35‘?]6%%%%;%&” T@f T S
Sl fartbrenemgn diiénts relate to uses of one or more compounds of
Formulae I, 11, I, IV, V, or VI ag~described herein, and pharmaceutically

acceptable salts and pro-drug e ﬁ§ thereof, for the inhibition of
anngiogenesis, inhibition of a p SlA@:%’ié(;@:ﬂ«:tivity, or inhibition of Idr cB
activation. [0100a] In a fourteenth &ispett, there is prqoyided use of one or
more compounds as defined abo f ceutically-acceptable

salts and pro-drug esters th ~in the manufacture ofia medicament for
the inhibition of angiogenesis, inhi

jon.of'a protegisomeR activity, or

inhibition of NF-kB activation. [010Qb] Inca fifteetith aspect, there is

provided a method of inhibiting angiogensis comprising the step of

contacting a cell in clutlure with a ggmpeundas defined above, and

pharmaceutically acceptable salts and pro-drug esters thereof. 101011

Some ditsadimentsirelatestenrbesspbet.compoimdrofidedmulaphdfniltedlical composition

:é%r%% lmgnag P @%@egg@gxrﬂg&%%@@ig %ﬁgﬂ%ﬁgéﬁﬂieg'cgﬁ{ﬁositions may further

' I'the preparation of medicament for the tmatrnent of a cancer,
anchadapraaiorcEoraltiésor a microbial infection or for the inhibition of

angioggpesis] a pProteagomehactivie: iR 1B astivatiene dhe dsesotal as defined above,
and pharmaceutically acceptable salts and pro-drug esters thereof in the manufacture of a
medicament for treating cancetr.
jopes) Other embodiments relate 1o methods of weating concer, The methods may
mciods, for example, admimistering z coImpound or composibion as described bersm, End
pharmaceuncally acceptable salts and pro-aTug esiers thereol. The methods mey forther nchuge
toe steps of identifying 2 subiect that woulkd benef® Trom edyinistation of an anbisancer agent
and performing the method on the sublest. The cancer may be, for exampls, z muliiple myelome,
‘& coloresial carcinome, & proswmte carcinorme, & preast adenocarcmome, @ non-small cell lung
CArcINOIDR, AN Ovarian CErgInOm:, & melanoimea, and the like.. The cencer can be z damg-resistan:
cencer, and the drog-resistant cancer may dxsplay af ieast one of the foliowing: etevaied levels of
the P-giycoprotein effiux pump, Inersasecd expression of the mmifidrug-resistance associated
protem 1 encoded by MRPI, reduced drug uptake, alteration of the dreg’s target or increasing
reparr of drug-induced DNA damage, alteration of the apoptotic pathway or the activetion of
cyiochrome P450 enzymes. As an sxample, the drug-resisten: cancer can be & saTcoIne.
19



W(t rther J de the use of a chemotheraneuii.e agent, an anli-aNGiofRRIGs4
agent, an ant- inflammatory agent, or a proteasome inhibitor. [01012] In a

Si h aspect, there is provided a compaund havi e.structure of

P oL 2t PSRBT e BB Sate AU o dP i i e grown of o
cancéhereldfir(fielaurell nompri@8g EcRivadditiy Rocangka iceVheéreimitbe daghet compound or
comphgadndicates thatithedesianatedLand ds.fither 2 singiadngl ok daublfis esters

ond and wherein R is senara e}y selected from the group consisting of a _
theraggfidigleFRNAS 571D b BEin FE L SR BB K- siBRHERE e KrRad et @k gprcinoma, a
prositengasihgiinuedo ety -sybsuiicBR @l Upsshsenatedalananisafdi@ema, an ovarian
followin r?sidues: uga]atllui?ted 0r024 allcynyl, azyi, aeeviox}.
ARGV CaroonY oy a Vioxy=roonyloxy, tvoloalkyi, tvcioalkeny:, cycioal
ox}v, aryl. hetemary, arylalkoxy carbonyl, alkoxy carbonvlacvl,

aminocarbonyi, aminocarbonvloxv, nitro, azido, phenyl, cvcioalkviacyl.
anfithfs] oxysulfonyl teattbesygaty dmrant hadogématechethogl iriclollimigng proteasome

acmagt'mk denated alkyl, 2k wherein the monozsubstitited or palyssubstituediescrived

P
saturated C7-C2, alkyl in k, is Substituted with one or more substituents

hereige R @B BRI HB GO HT CORO KNS AR FO-SMstGEa draTRBXy, cycloalkyl,

sulpgtivgted eycloalkyl coyeianliksepadt, suhstititesocyioalkerModay, inhibiting NF-kB

. acylamino, amin&, substituted amino, amino inoac
actlvg.ti COMPrising S
Xyacyla

| I .
D soigacne s Cefl in L%%er:a?%}h g Sompald or %Rmﬁ?smon as

mo,ccyaen, ogen. carboxyl, carboxy eto, e eto, thio
desctitiodioxy). substitoegdhicaliiossseatphianploxdyd hetetoarghiers thereof.
heteroaryioxy, heterocyclic, heterocyclooxy, hydroxyamino, alkoxyarnino,

nit@?ﬁ%:alkyl’ v %@%@%ﬂiﬁgta{h&éé&ﬁ%d §Q'&e§ecr&ﬂ&lmd as defined above,

-S -S02-su yl, -SO:-aryl and -SO-- heteroarvl: wherein
and thhaharsgeiealyl anegpiabie, Reks Cing A Rmgrpe [ stfo gesratedivily fRAsyRetre of 2

medWANERC S RIOHRE of indingmatdRe:-hidngenated alkyl is methyl or

Cr24-alkyl mono-or poly-halogenated with fluorine, bromine, or iodine;
[o857] Still other embodiments re=late to methods for iresung an inflzmmarory

sonditior. The methods mey include, for exmmmie, sdministering an effective amount of 2
compound or composifion as described herein to & patient mn need thereol The mflammarery
condition may be, for exarmple, Thenmatoid arfnrifis, astimmz, mmltple sclerosis, psoriass, stroke,

myocardial misretion, and the e,

j0097a] In a thirteenth aspect, there is provided use a compound as defined above,
and pharmaceutically accepiable salts and pro-drug esters thereof in the manufacture of a
medicament for treating a microbial iliness.

10098 Some embodiments relate 1o methods for tresung a mmerebial iliness wiich
can include administering an effective emount ¢f 2 compound or cornposition as deseribed berem
0 .'a j:a"tisn‘t in peed theres?, The microbial illness mavbe caused, for exammis by E. enthracis,

Pigsmodium, Leishmanic, and Trypanosoma.
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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 a halogen,

mono-substittued, pol - substituted or unsubstituted variants of the

following residues: saturated C7-C24 alkyl, unsaturated C-- C2A alkenyl,

unséffiited QT smhedmsarERcRoRys aileno By EaptscipAgRds of Formulas L
L, BIYIOXKCasbanylexypnayeleakkinCicleatknn Waal l%aym%lsgatis@evf@fyéf in fhe

heteroarvi, Fi%ylalkox carbonyl alégh carbon\érﬁ Qfm Th
TIe%’ﬁf'ﬁ’ﬁocalrbonyclf amfzrél)ﬂc%rnc?%{oxy, ro el P eny cyc alkylézoﬁ” oF more
compelmeikyis ek yitisranfhrempsgrsuiforyt, oatbo xypmopanisan ditrativgé matsd. and
ruaiyibincluding nolybalggehairdalodiwharein R4is separalphe splesiads:: -

from the group consisting of a hydrogen, a halogen, mono- substituted,

W%@%@@&?ﬁ%mﬁmﬁmﬁm rASRGpfEEDom, & nor-
sal irdibler Glemddaatkyyyatinsatuiaied GraCdaatkenyhism satoratect@ e 4rug-

| y l y P J QI svated levels of
T"&’icy% Oaﬁg%%bg%%ﬁy -, WMl eXY GRALARNYIONN GHC oKD Nevared 1ovel

eteroaryl, aryialkoxy aryloxy arbonyioxy, cycloalky,

mcﬁ@@ﬁ%%%rﬁ&%d&ﬁ%%%ﬁcﬁfb@nﬂmmﬁmw“

TS | Whemhmuhewmmw@w 1edi aitficiaaglthigcreasing
oxysulfon I ca ano, a aloge ted | includin .
p%él/y%aloﬁ%nate(? al y an m%%%ﬁa% r%m &é |f‘r2r%1£l|vs’ q%}glt%o%t é’“‘rﬁ’n ’

CYssRRE DB e S or T PARTTHHRITE PPRASRTOPE) . T2 FE ; SEappinrEapioid

arénfib slitnied-antns WeRitke dsbalaroatark, %%ym&&&eﬁfe&m thete mcrobial
Foglmula I |s not Com oupd 11- 1@ Qr C%mpound fl- 17 bl Ina
seventeenth aspect ere’is prowdeﬁ a co’fznnp'guﬁzéf havmg stru&ﬁnfgn G @

Teperestzndl, and pharmacedutically acceptable salts and pro-drug esters
thereof: 21a mY-I" E2, t3 e7 (R'1 3 Formula E wherein the dashed Imes
indicates that the designated bond is either a single bond or a double
bond, and wherein Ri is separately selected from the group consisting of a
hydrogen. a halogen, mono-substinrted, poly-substituted or unsuostituted
variants of the following residues: saturated C:- 024 alkyl, unsaturated
C2-C24 alk=yl, unsatuated C-C24 alkynyl, acyl. acvloxy,

20a



~ alkylox carbonyioxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl., alkox
Weig%ﬁl%%/, aryl, heteroaryl, arvialkoxy carbonyl, alkoxy carbol ?&%011&6
amino, aninocarbonyl, aminoearbonvloxy, nitre, azide, phenyl,

cveigaliiacy Loy e AlkiibiReREy IHRigrOKy 1Oy  ogarbomore yompamts of

halogenated alkyl including polyhaiggenated alkyl, where i is e 10 JaQloms
FomRph T QAo T RS ED BT SR Bt YEAAbIE e
prSaigg el orrdbls foraupisovisistinigm ki ik ATEHOR S b STREITNIVS,
_ substitug _%qnwg%{s}%ﬁuted variants of the following residues: saturated C
npipl gfky, unsaturated G- C24 alkenyi, unsaturated C-C24 alkynyl, acyb

acy ﬁ?’ﬂﬂltcyloxwgrﬁgww AGFHOXYCREDRPARN MedCYI @AY or more compounds as
cycloalkenyl, alkoxy, cycloalkoxy, aryl. heteroarvi, aryialk%f% carlgé)rrgvjdh@]reof o the
defigggn,aposar oy RR3TATAIIG Bin ASERBBIY P tifBE PR Sxy R

y, nitro,

mardZiderphemy | aycioatiedadyt, thy dubiyitaikydthio @ogknisisoxysiifoeylof a proteasome
.carnoxy, cyan. a alogen Ikyl including polynalogenated alkyl;

actiyihe il R G5 Iggﬁgﬁg?@?&g%ﬁﬁ%%%om the soup ponsisting@?f aphyd%%%en, , ,
a h&dgehla mon- siibsenteasprpofsansminsdshramiprdd faNting angiogensis

coriBRiHeShE kP drsatmatad alkybicuelealltke cyripalkempamd asydeined above, and

mono-substituted, poly-substituted or unstios’ﬂgne variants of the

PhafgRRRGE He RN SAR ARIL BTE5 88 AR VT Ohisaturated C--024

alkvngds@tly!. agyiexaralksdanrcaibenyaxts afylexysaiho nyibaynadkoRy [l IV, V,
cycloalkoxy, heteroaryl, arvialkoxy carbonyl, alico aﬁgg% iaCW,. QRO of
c"’a)rl\zﬁnﬁ’@a? egﬂ?%%/ %cr%cg%%f%mni rgcf gé?_d%? \E%‘:gs_x& al ik Bt

. ithie, arylthio,
edypufonit; tranisaxyent phn SEIeh A B PRt aGAT AR iy TioTobial mischon of

ojyha ted glky lg,ﬁ ini 2 % QRO B 188G A0 Pae uses oan
fﬁ%gf éﬁ%%&%’sam%}%%ﬁ%ﬁ%ﬁéﬁ%em the mono-substituted_ .
Tortisolyosims itbe B8 abh rat SHFRRE Ry | 280 SRk a8 aREn I o afyl =
imRsrissHhsitued mih-aneomhisite substiments selected from the group
consisting of alkoxy, substituted alkoxy, cycloalicyl, substituted cycloalkyl,
cycloilEm)l, subshitateidiesioamesy|EEy 1S BROIIH o RENERY, Iaiolie structure of
raibgtituted AMING:ANINAAsH: amingaclaxh OxyRaiansings ayaed;

halogen, carboxyl, carboxvial Iﬂketo, thioketo, tniol, thioalkoxy,
substituted thioalkoxy, aryl, ar %m@g\\?ﬁﬁbaryl, heteroarvioxy,

heterocyclic, heterocvciooxy, hydroxvaminc, alkoxyamine. nitro,
-SO-alkyl, -SO-substituted alkyl,~5Q- O-heteroary'., -SO-alkyl-

-So-- substituted alkyl, -S§ yl and } SO, theteeroaryl; wherein each of
Bs, B, and E5 is a substituted or un imed heteroatom; and with the
proviso that. Formula | is not, Cqmpodmd [1-16 or Compound P-17.
l,n:\ FE.
G
Formuia I

whereln the dashed lines indicates that the cesignated bond is either a single bond or a double
bond, and wherein R; 1s separately selected from the group comsisting of z bydrogen, = mome-
substimmed o1 poly-substivoted samwmied Cq-Cy:  alkyl, mopo-substinmed,  pobv-substimmed o
unsubsiinmed variants of the following residuss:  wosamwaed Co-Cop alimyl, acyl, acvioxs,
alkyioxvearbonyioxy, arvioxysarbonyioxy, cyvcloalkyl, cvoioalkenyl cycioalkoxy, aryl, nersroaryl,
aryiaikoxy carbonyl, alkoxy carbonviacyl, amimocarbonyl, aminocarbonyvioxy, miro, azido, phenyi,
cycloalicyiacyl aryithio, oxysulfonyl carboxy, ovano,

and nalogenated aliyl  including
polvhalogenated allcyl,



Brief Description of the Drawmes [0102] Tice accompanying drawings,
which are incorporated in and form par of the specification, merely

illustrate gre@in R eferteshambed R epis-oliiaupie sarkisy enion akagethe s

with. the remajnder of the specification, they.are meant to serve to explain
orSYETVRE BB 51 1 2T S AT e B o E TR TR S (oo™
of siidaniéd thikery, IreyReaicswiriybstioed3 cRicliyide picioalivenys Nywiwrmmed
SPeRlaHR-a)12 LAMRRYIRABAYIRESI U SR MHRL - amidd] facayioxy,
depicts the mass spectrum ('%%}?é:ompound vipge%tr%gn%e I%%rrp%ag.-z.:
[OTBEFRIC % u T NRARSh Y 6 d compotn Rigy OO

having T
Strevsiater 0tokigr 06 AT G FapicREWIEFN A s SPEFEFRIATOf geterocyche,
CORRRURLIHRING GHiiMIR, RoioRyant, 2] OFDFRICH 5 dopistsithedhliyl, -
N spectrym. of a compauind having surefire E 114, 19308 FIG,.
6d |8$§’th—eg %%%%r%%vepgtr%ﬁ%a}%véor?}%%dusﬁgsﬁgﬁ%rg st Gctfjsrée}’%r mala
D-Aeford@8). FIG. 7 depicts the 'A NNM spectnmi of a compound having

stmcnre  Rgealadd-5AcR4A: ki 8idepicis the massyspeetnamseh@sd with
compound having éﬁructyrg.oﬁor@gja L*-5A. [0111] FIG. 9 depicts the 'F
NMEPLHE IRt S ObRiSIRT Haling structure Formula 11-5%. [01121

FIG. 10 demidisebmsmdssishéemetndf & corptian dnnaviny RFreplgeenaed with
FOfMQ;M&W@@QOG/OZSSZS PCT/1JS2005/014846 [01131 FIG.
11 depigts,the effect of Formulae 11-2, U:;Stha 11-.4e Hainset Dlﬁ_ed]'%mi
medTatEd &ABBHCS. '[Oafi[ll‘lnll—slég 2 depicts the "H spectrum of the
conyperin of F ottt TIm80e EIPSTIHSRE Hepitt e FOMMRSITISC, poly-
subSResl vhamithaeo mpeuner ef-Honawitagi=3idtzs: [ldkil E1G,. bkdepistisithel C.-
Cu"ﬁk@n“ﬁlségg%%%?%ﬁ%@?wg&%ﬁ%%l&gﬁﬁmﬂm-, aryioxycarbonyioky,
cvcloalikyl, cvcloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl aryialkoxy carponvi, alkoxy
carbonylacyl, amino, aminccarbonyl, aminocarboyloxy, mitro, azido, phenyl, cvcioalicviaey], hydroxy,
alkyithic, arvithic, oxysuifonyl, carboxy, cyanc, znd halogenated aiky! inciuding poivhalogenated
alkyl:
whersin R, is separately selected from the group consisting of 2 hydroger. & balegen, mone-
substinmed, poiy-substinted or unsubstitured variazs of the following residues: saturated Cq-Co, alikyl,
unsamrated Cr-Co, alicenyl, umsanrated Ca-Cos alkynyl acyl, acvioxy, alicvioxvearbonyioxy,
aryioxvearbonyioxy, cycloalkyl, cvcioalkenyl, alkoxy, cycloalkoxy, aryl beteroaryl, arvialkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyioxy, niwe, azide, phenyl, phenyl
cvcloalkylacyl, hydroxy, alkyithie, aryithic, exwsulfonyl, carboxy. cvane, and halopenared alikyl
including polyhaiogenated alicyl, and m is equal To 1 or 2, and if m is equal to 2. then R, can be the
same or different;
wherein each of B, Bz, Es Esand Es 152 substinned or unsubstinged heteroatom: and

with the proviso that Formula I is not Comnpound Ii-16 or Compound E-17.

16101b] In a seventeenth aspect, there is provided a compound having the structure

of Formula IL and pharmaceutically acceptable salts and pro-drug esters thereof:
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101171 FIG. 15 depicts the '11 NMR spectrum of the compound of
Formula 11-19. [0118] FIG. 16 icts the€*H NMR spectrum of the
compound of Formula I1-20. [0119T°FIG. 17 depicts the 'H NMR spectrum
of the compound of Formula I1-21%[01201 F . 18 depicts the 'H NMR
spectrum of the compound& rmula 11-22. [01211 FIG. 19 depicts the
'"H NMR spectrum of the compound of frormiila 11-24C. [0122] FIG. 20
depicts the 'H NMR spectrum of thy mpound of Formula 11-25. [0123]
FIG. 21 depicts the 'H NMR spegc#um &f the compound of Formula 1V-3C
in DMSO-d6. [01241 FIG. 22 deplets the 'H NTMR spectrum of the
compound of Formula 1V-3C in GGReiRMSO-d6. [01251 FIG. 23 depicts
the '"H NMR spectrum of the compound of Formula E-26 in DMSO-d6.

[01261 F&gﬁ%@%ﬁ@ Hﬁ%@ﬁ&]&%&%ﬁ %%ISQ}:@%&E Ffs Efﬂr:rog ﬂﬂ;ﬁe bond or a double
compound of Formula 11-26. [01271 FIG.2

: ' :dg%cﬁ;s the HNMR . . halogen.
spRBfr it JFETCBimip SEREPBT STt T2 i DS To - [0126] TG 26
depintsstihgititf MR-spetired GIutRosEpo YA FOfMHNRE Tppiduss: samraed C:-
DMSO-8, [01LQdnle . 2 ¢ depictaiths,H NdddiRaspectrum, of Hiemyl, acyl, acyloxy.
compound of Formula U-29 in DMSO-d6. [0130], depigls, the Haikox:. arvt
Nl\%’?ﬁ%ﬁ‘r’ﬂ?ﬁ‘%‘f’th%’%}é %%%r?@%’? Fo??ﬁﬁ%é%?-f@’%%%%éb%ﬁ 'oi?:f%,lh]l ko By
Fl Qe ot pieisire KRR SHKRT AATBPTRESK o B BN PSR PpRgeRRpomyioxy
DM&Q - [GhaR], EiGoaBdepicteitie; HINMR speithunnobittierforporndyans, and
of Earmulad: fin-BMRO:80niRadlE 531 depicts the 'H NMR spectrum
of the tcompound of Formula 11-47 in DMSO-d6. 101341 FIG. 32 depicts
the "H NMBEJLEEA Br 1R cBMBSURdBP A mitTa R RES. G
-22 WO 2086/02R525CHIUSR00E/eIo84@msisting of & halogen, mono-substinned, poiy-

substinmed or unsubstinmed variams of the following residues: sapurated C;-Cyp alkyl, unsarurared Co-

wlli,

C,; alkenyl, unsamrared Co-Coy alkyoyl, acyl. acyioxy, alkvioxycarbonyioxy, ArvIOXYCAFDONVIORY,
cycloalkyl, cvcioalkenyl alkoxy, cycloalkoxy, aryl heteroaryl, arvialkoxy carbonyl alkoxy
carbonviacyl, aminc, aminocarbomyl, aminocaroonvioxy, mime. azdc, phenyl, cvcioalkviacyl,
hvdroxy, alkylthic, arvitbio, oxysulfonyl, carboxy. cvame, and batogenated alkyl including
polvhalogenaed alkyl;

wherein R is separately selected from the group consisting of 2 hydrogen, & balogen. 2 monc-
substiouted or poly-substituted vasiant of the foliowing residues: Ci-C,. saturated allovl, cveloakicyl,
cvcloalkeny! and aryl, 2 mono-substinued, poly-substimmed or meebstinred vanants of the foliowing
residues: onsanrated Co-Cog alkenyl, unsarurated Ca-Co, alikynyl, acyl, acyloxy, alkyioxycarbonyioxy,
aryloxycarponyloxy. alkoxy, cycloalkoxy, heeroarvl, arvialkoxy carbonyl, alkoxy carbonyiacyl,
aminc. aminocarbonyl, aminocarbonylexy, niwe, azido, hydroxy, alkyltme, aryhihio, oxysutfonyl,
carboxy. cyanc, and halogenated alkyl including poiybalogenated alicyl, and m is egual o 1 or Z, and

if m is equal to 2, then R. cao be the same or different;
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[0135] FIG, 33 depicts the 'H NMR spectrum of the compound of Formula
[1-50 in DMSO-d6. Detailed Description of the Preferred Embodiment

[0136] Numerous references are cited herein. The references cited herein,
including %%%‘at%&éﬁgﬁlﬁ% i arRPb AP ER  SHEHE e §rC allh
incornpiraiat tyylreferevice dryitiei.entrbtinixovitisspecifications 8y diected
Embodiments.ghihedayepioningiids, bylRirnat URERd Q. RERM0ING Rrinred
method for the preparation of compounds, including novel compounds, for
exafpIRALeI SRR SRR scRbeRFavei PR d SHATDES thratesy, amine
and sepiowit sgj@ netivoecfor gsescingp hayaraten ticathaac capigdn|ecarboxyl,
ant'ﬂ%ﬂ@@ﬂ?%ﬁaﬁﬁgﬁeﬁn %B@tlﬂﬂﬁama,‘t%&ﬁ%éﬁ’ Qﬁiﬂ%foﬁyl, arvioxy,

example. The methods can include the comipositions in relatively high .
yieId{Win‘ﬁ’i’é’“@é’?ﬂﬁbLﬁfﬂ? SAEIGr (T USROSt e BYSTR by fifexyamine,
activenngr8dielitd, inShesbtiompoditidns.SOther eRibbesments +Blatelitg, —SO--
prov;qmgkgggmygq%tpl @t:ﬁ@@@g@y currently available

methods. Furthermare, embodiments relaté to methods of treating cancer,
inflalffFERGH: M iffetticnddiSe ST Tt PaPR P IRtEE A freeig™ 2
humenis itk e thadsmuay irckadesriorexdihpier Toersteg Bl 7.
administering an effective amount of a member of a class of new
compounds. Preferred erapbiiimnanisraiate-tDva-rempounds and
menqgie] mlho A using suchCompaunds. degoasd NG DS Bl .
necessarily in all embodiments of the present invention, these o jectives
SEPELGARICT ORI DR R EHATD IS ERS tfe SEREERFErcInthe FEHBIEIEBRENIC ogsther
ﬁﬂf@@r@ﬁﬁ!ﬂ&*l_r il lﬁff%g%?&ﬁéﬁﬁ@ﬂ@i@&éﬂﬁhﬁﬁgb §%§ﬂ9§i{fﬁjﬁ%&ﬁ%¥éﬁl%c&es of
exemplified in this application can be,.depicted.in.a particular. . .

B D RIB I E AR SR TE SEHELRe i Ere e R RIS,

any giil3f3hirafenterdspimixtore S thSrEof mremisocs v isiomethd/ \taeng strucne
£hiral.centers are found in the derivatives of this invention, it is to be
understood that the compounds encompasses all possible stereoisomers.
Comp&MEs of Frmua ¥ A3 IS JRE e METT e fits riRBE RO B EHR JEreenre
anewireliiods of producing a class of compounds, pharmaceutically
acceptghig saltsgnd pro-diig.estars hgregfuhereint the SamReUNIR A G ucrre
%epresentpd by Formula I: 2 E3 Ep

-
LN Aafn Y

R

6166 FIG. 4 depicts the mas:s specomn of ¢ compound heving stucwrs
Formuls B-3.

(3167 FIG. 5 depicts the 'H MNMR spectnm of ¢ commpound heving swucmrs
Foronute T4,

[0108] FIG. 6 depierz the mass specwum of @ compound having stuomre
Formula Ti-4.

10305 FIG. 7 depicts fhe 'E NME spectmn of @ compound having struomme
Formuia I-54.

16116] FIG. 8 depiers fne mass spectum of 2 compound having sirucure
Formula T-54.

fe1iy] FIG. 0 depicts the ‘H NMR spectrum of a compound having soucmrs
Formule II-5B.

[0112] FIG. 10 depicts fhe mass spectrm of @ compound hAVIRG STuCmrs

Formmiz H-5E.
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E E4 R'), R3 Formula | -23 WO 2006/028525 PCT/US2005/014846
[0140] In certain embodiments the substituent(s) Ri, R2, and R3
separately may include a hydrogen, a halogen, a mono-substituted, a
%'% ftuted or an unsubstituted variant of the foIIowingPr‘é?lH%?é’g.sm“w’

saturated C1-C24 alkyl, unsaturated C2-C24 alkenyl or C2-C24 alkynyl,
acyl, peylqxy, atikyloxyeaskeniesri-endoxyeathenyioxy; Tyclodiidlagainst LeTx-
(in‘clugé?rgg}for, example, cyclohexylcarbinol), cycloalkenyl, alkoxy,
m89‘5’1t8 ff,“glr% heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl

amind)Hrinoc&fboly fieaistiribe HBOYId Rpeaivm caieien Ryt Formula 1-8C.
cyclogdiykgcyl, pyeroxyetvithior ARdthio oxwslinnynpataexy Foyaie 1-13C.
thin, sulfoxide, sulfone, sulfongte esters, thioc%?%o, bOVOQi%(gfjﬂ%r?@Qﬁ-lg_
esterdOH8H halsTErad®sikIn Iﬁ&/i[%gspﬁcoWa Ogenatad aikyl. Further, in
certaipEIMbodimients, deachs GfeEB NB2R Hcamadh Bfiwagvirecnnhed Epsatdil-dp-
Substggﬁtﬁj hetgroatoms, for RXxamplfe SBalGIOA A\ SRRsIAlY SRIRakat 0.

e

from roup consisting of nitrogen, sulfur and oxygen. The dashed li
indicalféd that tlfécdé%i@?ﬁ%@dh%q%%%éeﬁﬁ%“éﬂﬁfﬁFecB’Bﬁ%‘?%f %%%1% 2

bond.jtnmeme emboslimesishptafeablyRiisacSubstityptechor! Formula 1-22.
unsubgiiyied G o G5 Ayl Eor QUamBle, A MRIBRY s(SABARYLC.
o} u

butyl, utyl, tert-butyl, and pentyl are preferred. In some embodiments
Rl is 0t 225ubstiGtal eriein i SHyEH SRR R e aNRs O 6 DIy ' -25-
some gmRpdimenisn ganchardualiglspreaual 2o benioiFeguad f-3C in
2, the substituents can be the same or can be different. Also, some

sdiments include the proviso that R2 is not cyclohex-2-enyl-carbinol
or subgtitdted eytlohexieienyikcEiBING!. sisovseie ermpeeifrierminge’C
gwﬁﬁﬁéiégdthat Formula | is not Compound 1I-16 or Compound 11-17.

H

Gttier embodiments include the provisg that R2 is.not .

: : 26
cyclon@k2leny G i STPiRH e RS M SRR R s £35t ound of Fegmule [1-26 10
embodiments R3 is not hydrogen. [0142] Preferably, R2 can be a formyl.

Eocgeg%%%&e’ thecompaund may DRy e fellaning St Glidieot the Giafpound of

Formula H-26.
0127} FIG.25 depicts the "H NMR spectrum of the compound of Formula 0-27 in

DMSO-ds.
10128] FIG.26 depicts the 'H NMR spectrum of the compound of Formula I-28 in

DMS0-ds.

(6129} FIG.27 depicts the 'H NMR spectrum of the compound of Formula II-29 in
DMSO-dg.

[6136} FIG.28 depicts the YT NMR. spectrum of the compound of Formula I-30 m
DMSBO-ds.

0131} FIG, 29 depicts the "H NMR spectrum of the compotnd of Formula [[-44 in
DMSO-ds.

[0132] FIG. 30 depicts the 'H NMR spectrum of the compound of Formula I-7 in
DMSO-ds.

(0133 FIG. 31 depicts the "H NMR spectrurs of the compound of Formula [-47 in
DMSG-ds.

16134] FIG, 32 depicts the ' NMR. spectrum of the compound of Formula E-38 in
DMSO-ds.



H Re Formula 1-1 [0143] R, may include, for example, hydrogen, fluorine,
chlorine, bromine and iodine. -24 WO 2006/028525 PCT/US2005/014846
vé 1441 Preferably, the structure of Formula I-1 may have the following

etlsdi&fistry: OHC H=0 N =00 HWt Re [0145] R8 PR {546
for example, hydrogen, fluorine, chlorine, bromine and iodine. [0146]

Prefey ? ¥ R2 a0 ke @eﬁé‘;@%'ﬁﬁvﬁ%ﬁ@@!& the:6QBRRMATMEY-RAYET-50 in
the following structure 1-2: OH HO N O Re Formula 1-2 [0147] R8 may
DM&tde, for example, hydrogen, fluorine, chlorine, bromine and iodine. -25
WO 2006/028525 P4aiAd 520605104 4846 HefA8d Rubadimsmmple, the

structyye, of Formula 1.2, mavDave.bg-lllowiner Rt R eRAPEBISH Yerein, including

the U.S. patents cited herein, are each to be considered incorporated by reference in their entirety

into thig specification.

{0137 Embodiments of the invention include, but are not Limited to, providing a
method for the preparation of compounds, including novel compounds, for example, including
compounds described herein and analogs thereof, and to providing 2 method for producing
pharmaceutically acceptable anti-microbial, anti-cancer, and anti-inflammatory compositions, for
example. The methods can include the compositions in relatively high yield, wherein the
compounds and/or their derivatives are among the active ingredients in these compositions.
Other embodiments relate to providing novel compounds not obtainable by currently available
methods., Furfhermore, embodiments relate to methods of treating cancer, mflarmmation, 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 Telate to the compounds and methods of meking and using such
compounds disclosed heretn, but not necessarily in all embodiments of the present invention,
these objectives are met.

[6138] 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, compouﬁds having either the opposite stereochemisiry at
any given chiral center or mixfures 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.

Commnounds of Formula T

{01391 Some embodiments provide compounds, and methods of producing 2 class of.
compounds, pharmaceuticelly acceptable salts and pro-drug esters thereof, wherein the

compounds are represented by Formula [

Rz £y
Epe |
By
Eq
,P
Ry,

Formula I
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OH HN O O HI... Re [0149] Rd may include, for example, hydrogen,
fluorine, chlorine, bromine and iodine. [01501 As exemplary compound of
WFormuIa I czzan be the compound having the following structure 1-3: H
@ B BB Formula 1-3 [01511 R8 may include, for examplg iﬁ@}%’&%ﬁ“‘"“"
* fluorine, chlorine, bromine and iodine. -26 WO 2006/028525

PCTINEAI0S/GLARAR: OB TBRComaouac,af Epmuka gy pawecly may
the following stereochemical structure I—éo(p Bi? @éﬁ%
A T mwé%mm%“%%%‘a‘éﬁ% HRGH ‘S“b“ql’te L omine and e

ne C orine, promine and
ofQEiN@Ilowing residues: saturated C;-Cy, alkyl, unsaturated CyCny alkeny} or Cp-Csy 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,
oycloallylacyl, hydroxy, alicylthio, arylthio, oxysutfonyl, carboxy, cyano, thio, sulfoxide, sutfone,
sulfonate esters, thiocyano, boronic acids and esters, and halogenated alkyl including
polyhalogenated alkyl. Further, in certain embodiments, each of E;, B, E; and E, can be 2
hetercatom or substituted heteroatoms, for example, a beteroatom 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 Ry is &
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 Cq alkyl.

jo141} In some embodiments 1 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 eyclohex-2-enyl-carbinol. Alsc,
some embodiments include the proviso that Formula I is not Compound II-16 or Compound H-17.
Other embodiments include the proviso that Ry 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:

Rg
Formmla I-1

[0143] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.

DA



[0154] Another exemplary compound Formula | can be the compound
having the following structure 1-4: HO N OO H RB Formula 1-4 [0155]

R8 may include, for example, hydrogen, fluorine, chlorine, bromine and

WEAEB52v0 2006/028525 PCT/US2005/014846 [0156] BFSHEr2BR/04 846
compound of Formula 1-4 may have the following stereochemical

structyigyH N pQeQdibPte RE[Q1o 7 bR &spaxanaludendor exampie, following

hydrogen, fluorine, chlorine, bromine and iodine. [01581 Still a further

sterpethpTaifycompound of Formula | is the compound having the following
structure 1-5: NHZ HO NOO HOH 2L o
N

il

FilEEness

Hune

Rg

Rs may include, for example, hydrogen, fluorine, chlorine, bromine and

[3145]
1odine.
[0146] Preferably, R, can be a carbinol. For example, the compound may have the
following structure I-2:
OH
H o
N
0

Formula I-2
Ry may inclade, for example, hydrogen, f{luorine, chlorine, bromine and

[0147]

jodine.

25



Formula 1-5 [0154] R8 may include, for example, hydrogen, fluorine,
chlorine, bromine and iodine. -28 WO 2006/028525 PCT/US2005/014846
[0160] For example, the compound of Formula 1-5 may have the following
WOIWEERERistry: NH2 HO N O O R8 [0161] Rg may inclufEeTfp2005/814846
- example, hydrogen, fluorine, chlorine, bromine and iodine. [0162] In some
emb% %Tnts R of, F&m&ﬂ 2 limay.he. for example. a-eyeighexve-the following
enylide eth)ﬁ For example, the compound may have the following
SRS Formula 1-6: HO N O O H R8 Formula 1-6 [0163] R8 may
include, for example, hydrogen, fluorin&’chlorine, bromine and iodine. -29
WO 20061028525 PCT/U82005/91%46 ©164] Preferably, the

compound of Formula 1-6 may ollowing stereochemistry: H N =
o

Ra
101491 R; may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.
{0150} As exemplary compound of Formula I can be the compound having the
following structure I-3:
H @]
N\
c
fomerrer ()
H
Rg
Formula I-3
[0151] Rg may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
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O H{tulP'c R, [0165] R8 may include, for example, hydrogen, fluorine,
chlorine, bromine and iodine. [0166] In further embodiments, R2 of
Formula | can be, for example, a cyclohex-2- enylmethyl. For example, the
Ve BelHE%hay have the following structure of Formula 1-7:B§ T 50¢5/04846
- Formula 1-7 [0167] R8 may include, for example, hydrogen, fluorine,
chlori romine and_iodine referably GRIME! fstereochemmical
Form&%sgﬂ mgé%ég‘é”ﬁ%l‘aoﬁﬁ?g‘g‘h ge?rgéeo%%rﬁ%gsy: -30 %ﬁté)
stpEOBF028525 PCT/11S2005/014846 Qo",( O O Hiwn,. c RB [01691 R8
may include, for example, hydrogen, flyorine, chlorine, bromine and
iodine. [01701 In other embodiments,/R2 can be a cyclohexylalkylamine.
[0171] Also, in other embodiments, R&can be a
C-Cyclohexyl-methyleneamine. In %thea_:-;s, R2 can be a
cyclohexanecarbaldehyde O-oximeN[Q172] Eyfthermore, in some
embodiments, R2 can be a g ylacyl. Cbmpounds of Formula Il
[01731 Other embodiments provide uds, and methods of
producing a class of W

ISITEITIn

Ra

[0153] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.
[6154] Another exemplary compound Formula I can be the compound having the
following structure I-4:

Rg
: Formula I-4
[G155] Re may include, for example, hydrogen, fluorine, chlorine, bronune and

iodine.



compounds, pharmaceutically acceptable salts and pro-drug esters

thereof, wherein the compounds are represented by Formula Il: R4 E E3

EZ -, --f E E4 R% R3 Formula Il [0174] In certain embodiments the
EHBLHIEHGS) R1, R3, and R4 separately may include a hydrol&iz45/014846

halogen, a mono-substituted, a poly-substituted or an unsubstituted

variap, g the fllowing regiduss 3atdraedeeraGR 41l ke nsatiraie dollowing

Cc2-C 4<a}kenyl or C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
StERABIETISHLBRGTBRY, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,

heteroaryl, arylalkoxy carbonyl, alkoxy £arbonylacyl, amino,

aminocarbonyl, aminocarboyloxy, nitto, azido, phenyl, cycloalkylacyl,

hydroxy, allylthio, arylthio, oxysulfonyl\ carboxy, cyano, thio, sulfoxide,

sulfone, sulfonate esters, thiocya\noH bogonic acigls and esters, and -31

WO 2006/028525 PCT/US2005/014846 hglogenated alkyl including

polyhalogenated alkyl. Further, in/Certai odiments, each of Et, E,, E3

and E4 can be a substituted or unsubstitutadhheteroatom. For example,

the heteroatom can be nitrogery8ififur and oxygen. The dashed line

indicates that the designated bondfis eiffier a single bond or a double

bond. [0175] In some .embodiments\n or m can be equal to 1, while in

others it can be equal to 2, When n br m is equal to 2, the substituents

can be the same or can be different/Also, some embodiments include the

proviso that Formula 11 is not Compound I1-16 or Compound 11- 17.

Further embodiments include the proviso that R4 is not cycl rfex-Z-%n | or d
substitht&d cyclonBRy2iivieAlLo S5ERE WEBEfe ?grfﬁt’lu%‘eo N provies =
itaakR4 is not cyclohex-2-enyl, when R3 is methyl. Furthermore, in some
embod] ts R3.is nptah : ine the
o ORITY R N S e
falversgsRietrsimay separately include, for example, hydrogen, alkyl,
substituted alkyl, aryl, heteroaryl and the liké¥HAlso, R3 can be CH2CH, X,
wherein X may be, for Hﬁ o

N

~ 1

@

Re
Formuta [-5
[0155] Ry may include, for example, hiydrogen, fluorine, chiorine, bromine and

iodine.
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example, H, F, Cl, Br, and I. R3 can be methyl. Furthermore, R4 can be
cyclohexyl. Also, each of E1, E3 and E4 can be 0 and E, can be NH.
Preferably, R, can be CH2CH2X, wherein X is selected from the group
VEBREHIREST H, F, CI Br, and I; wherein R4 may include a cyRIGHERPNS/014846
wherein R3 can be methyl; and wherein each of El, E3 and E4 can be 0
and Eﬁﬁ%@é‘ be NIL [0444L Inssome smbodimepts.praferably Biis e following
substituted or unsubstituted C, to alkyl. For example, methyl, ethyl,
steresPENEEPopyl, butyl, isobutyl, tert-butyl, and pentyl are preferred. In
some embodiments, Rr is not a substituted-8raunsubstituted, unbranched
C6 alkyl. [0178] For example, an exgmp#ary compound of Formula If has
the following structure 11-1: H OH HQ_N 00-H R8 Formula Il-1 [0179]
. fine, chlorine, bromine and
iodine. -32 WO 2006/028525 PC 054114846 [0180] Exemplary
stereochemistry can be as follows:'¢ @H HN OO0 Re[0181]In
preferred embodiments, the compgund &f Formula Il has any of the
following structures 11-2,11-3 or lI-4\respectively:

Rg
[0161] R; may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.
10162} In some embodiments, Rs of Formula I may be, for example, a cyclohex-2-

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

N\

Ry

Formula I-6
10163} Ry may inciude, for example, hydrogen, fluorine, chlorine, bromine and

1odine.
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HOH OHOH CDONO NCDHOOHOOH-pO0 HPU,,. =N Hiotn~
00 Htirkl)m.. Cl Br CH3 [0182] It should be noted that the stereochemist_ry
gve structures can be changed to the opposite stereqgchemistry at
v@égagﬁr%r%ﬁg\r% of the chiral centers. For example, sgme embopé%rrlr‘{g%%gﬂs’“x““’
include the following structures shown without stereochemistry: -33 WO
2006926625 Pedild§2008/014846umki HfOFbHda HIG Hdy Nk OH Olowing
HOO NO Haer CH3 [01831 in other embodiments wherein R4 can be

SO ABIETCi04.1.0]hept-2-yI. An

N

vt t§i
Q

H
N

FUTY

1T

Rs

[4165] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.

{0166} In further embodiments, R, of Formula I can be, for example, a cyclohex-2-

enylmethyl. For example, the compound may have the following structure of Formule I-7:

H O
N {
O
e 3
Ct
Formula :-7
[6167} Ry may include, for example, hydrogen, fluorine, chlorine, bromine and
iodine.
[0168] Preferably, the compound of Formula I-7 may have the following
stereochemistry:

230~



exemplary compound of Formula 11 is the following structure 11-5: H H
OH OHO NOO HRB Formula 11-5[01841 R8 may include, for
example, hydrogen, fluorine, chlorine, bromine and iodine. -34 WO

%6%’/%%%’55 PCTIUS2005/014846 [0185] The following arBEXErpIELig+6
compounds having the structure of Formula R-5:HHOH OHO NOO
Hill".... Cl Formulae 11-5A and B [0186] In still further embodiments,
Ra may include a substituted/or an upnsubstituted branched alkyl. For

example, a compound of Fo an be the following structure 11-6:
HO

Y

fHinany

Rg

[6169] Ry may include, for example, hydrogen, fiuorine, chlorine, bromine and
iodine.

161701 Tn other embodiments, R, can be a cyclohexylallcylamine.

16171} Also, in other embodiments, R, can be a C-Cyclohexyl-methyleneamine. In
others, R, can be a cyciohexanecarbaldehyde O-oxime,

[6172] Furthermore, in some embodiments, Ry can be a cycloalicylacyl.
Compounds of Formula I

f0173] Other embodiments provide compounds, and methods of producing a class of

compounds, pharmaceutically acceptable saits and pro-drug esters thereof, wherein the

compounds are represented by Formula IL

Formula II
[0174] In certain embodiments the substituent(s) Ry, R, and Ry separately may
include a hydrogen, a halogen, a mono-substituted, a poly-substituted or an unsubstituted variant
of the following residues: saturated C;-Cyq alkyl, unsaturated Cp-Cpy alkenyl or C;-Ca alkynyl,
acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbomyloxy, ecycloalkyl, cycloalkenyi, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amine, aminocarbonyl,
aminocarboyloxy, nitro, azide, pheny!, cycloalkylacyl, hydroxy, alkylthic, arylthio, axysulfonyl,

carboxy, cyano, thio, sulfoxide, sutfone, sulfonate esters, thiocyano, boronic acids and esters, and

31



H HOOH HO NO O HRB Formula 11-6 [0187] Rs may include, for
example, hydrogen, fluorine, chlorine, bromine and iodine. [0188] The

‘é(%llz%\(/}vi/rd is exemplary stereochemistry for a compound having the

A S Formula 11-6: -35 WO 2006/028525 PCT/US2005/0 £4846" 4546
HOH HOOH H=0 NO O HMI... R8 [01891 As another example, the

ha?&g%?%u nekaf FormmadilneRp-Radhaiallomimg: stiueitie dibddidaBHEDH E;,
Eg?Eg gndo E4I\n|:ag boc a substituied or unsubstituted heteroatom. For example, the heteroatom can
be nitrogen, sulfur and oxygen. The dashed line indicates that the designated bond is either a
single bond or a double bond.

[0175] In some embodiments n or m can be equal to 1, while in others it can be
equal to 2. When n or m is equal fo 2, the substituents can be the same or can be different. Also,
some embodiments include the proviso that Formula II is not Compound II-16 or Compound Ii-
17. Further embodiments include the proviso that R, is not cyclohex-2-enyl or substifuted
cyclohex-2-enyl. Also, some embodiments include the proviso that R4 is not cyclohex-2-enyl,
when R, is methyl. Furthermore, in some embodiments R; is not 2 hydrogen.

0176} E: may be, for example, OH, O, ORy, S, SRy, SO:Ry, NH, NH,, NOH,
NHOH, NR,;, and NHOR 3, wherein Ryo.;3 may separately include, for example, hydrogen, alkyl,
substituted allyl, aryl, heteroary! and the like. Also, R, can be CHLCH X, wherein X may be, for
example, H, F, Cl, Br, and . R; can be methyl. Furthermore, R, can be cyclohexyl. Also, each
of B, E; and E4 can be O and E; can be NH. Preferably, R, can be CH,CH,¥, wherein X i
selected from the group consisting of H, F, Cl Br, and I, wherein R, may include a cyclohexyl;
wherein R; can be methyl; and wherein each of B, E; and E, can be O and E, can be NH.

{61771 In some embodiments, preferably R, is a substituted or unsubstituted C, to Cs
alkyl. For example, methyl, ethyl, propy!, isopropyl, butyl, isobutyl, tert-butyl, and pentyl are
vreferred. In some embodiments, R, isnot 2 substitited or unsubstituted, unbranched Cg alkyl.

16178] For example, an exemplary compound of Formula II has the following
structure II-1:
H
OH
H G
N\
O
e (O
H
Ry
Formula -1
[01.79] R; may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.

7.



H Rs Formula 11-7 [01901 Re may include, for example, hydrogen,
fluorine, chlorine, bromine and iodine. [01911 The following is exemplary
stereochemistry for a compound having the structure of Formula 11-7:
W8ERA28%96/028525 PCT/US2005/014846 r )~ H CHO OH CBLE200Y idpes
N =0 O Re [0192] In other embodiments, R4 can be a cycloalkyl and E5

can bgag, oxygen. Al -LXEMRIRN: GRMING RiiFQsmula 11 can be the
following Structure 11-8: 0 HO N O 10 H RB Formula 11-8 [0193] RR

8C), bromine (11-8D) and iddine (II-8E). }0194] The following is exemplary
stereochemistry for a compaund haxiag fhe OBtructure of Formula 11-8: -37

N

Hiletere.!

Ry
[018%] In preferred embodiments, the compound of Formula I has any of the

following structures 1I-2, II-3 or II-4, respectively:

OH

sl
Q

H
N

ZT

Bl
(@]

Hilibvess

Hus

[HIIT

E o)
ﬁ\-‘% H“u““

Cl Br

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

embodiments include the following structures shown without stereochemistry:



WO 2006/028525 PCT/US2005/014846 HON 00 Hllu RS [0195] In

some embodiments E5 can be an amine oxide, giving rise to an oxime. An

exemplary compound of Formula Il has the following structure 11-9: RO N
WE B H Pe Formula LI-9 [0196] R8 may include, for &%dMpiay=/014846
hydrogen, fluorine, chlorine, bromine and iodine; R can be hydrogen,
alkyl,-qr substituted alkyl, for example. [019Z] The following is exemplary

' fructyre of Formula 11-9: -38

HE®INOO ,.._H

T Br

{0183} In other embodiments wherein R, can be 7-oxa-bicyclo[4.1.0Jhept-2-yl. An
exemplary compound of Formula Il is the following structure -5

Rg

Formula H-5

[6184} Re may include, for example, hydrogen, fluorine, chiorine, bromine and

iodine.

w34



Rs [0198] A further exemplary compound of Formula Il has the following

structure 11- 10: OH HO NOO HRs Formula 11-10 [0199] R8 may

include, for example, hydrogen, fluorine, chlorine, bromine and iodine.
28893 ollowing is exemplary stereochemistry for a confScuRtP A+

the structure of Formula 11-10 (wavy bond indicates that any

stere istryis al ), =3 %ﬁs’ﬁﬁ RIAS il

OH ﬁ&g%n HI)thée %%‘(()}(,%‘% r%rgogr%%@f%%gd@iéments,és E%%E%J §§ %‘QI% An
Ile%emplary compound of Formula 1l has the following structure 11-11: H

NH, HO NOO H

e

Ci
TFormulae T-5A and II-5B
[0186] In still further embodiments, Ry may include a substituted or an unsubstituted

branched alkyl. For example, a compound of Formula I can be the following structure I-6:

HO y
HO OH
H o)
Ne |
O
e O
H
Ry
Formula J1-6
[0187] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
[0188] The following is exemplary stereochemistry for a compound having the

struciure of Formula I-6:

25.



Pa Formula 11-11 [0202] R8 may include, for example, hydrogen, fluorine,
chlorine, bromine and iodine. [0203] The following is exemplary
stereochemistry for a compound having the structure of Formula 11-11:
WEGAG28856/028525 PCT/US2005/014846 NH2 H O N O T840
[02041 In some embodiments, R4 may include a cycloalkyl and E$ can be
NI32. An exemplary compound of Bermula 11 has the following structure
11-12: 7NH2 0 HO N R ormula 11-12 [02051 R8 may include,
for example, hydrogen, fluorine, chlorine; brogiing.and iodine. [02061 The
following is exemplary stereoch@&nistryA0o pound having the
structure of Formula 11-12: -41 WO 2006/028525 P£&T/US2005/01.4846

0-~' NH2 N

Hime

HEETTI

Ry
[6189] As another example, the compound of Formula I can be the following
structure -7
H
CHO O
OHC ’ o
N
o]
—0
H
Rs
Formula -7
10194} Ry may include, for example, hydrogen, fluorine, chiorine, bromine and
iodine.
10191} The following is exemplary stereochemistry for a compound having the
structure of Formula II-7:

236



HO N OO HRe [0207] A further exemplary compound of Formula Il

has the following structure II- 13: O HO NO OH RB Formula H- 13

[0208] RB may include, for example, hydrogen (11-13A), fluorine (11-13B),
W RYiPE2823-13C), bromine (11-13D) and iodine (11-13E). [0B6${UPR@S/014846

following is exemplary stereochemistry for a compound having the

structure of Formula 11-13: -42A/O 2006/028525 PCT/US20051014846

HO 0O RB [0210] A still fgrther exemplary compound of Formula 11

has the following structure 11-14: GQH sy}

ventgiH1
O

Hutne

HHit

Ry
16152] In other embodiments, Ry can be a ¢ycloalkyl and Es can be an oxygen. An

exemplary compound of Formula I can be the foliowing structure [I-8:

O
H 8
N ~
O
e ()
H
Ry
Formmla I1-8

{0193} R, may include, for example, hydrogen (II-8A), fluorine (II-83), chiorine (13-

8C), bromine (II-8D) and iodine (II-8E).
[0194] The following is exemplary stereochemistry for a compound having the

structure of Formula I-8:

-7~



00 HRB Formula 11-14 [0211] RB may include, for example, hydrogen,
fluorine, chlorine, bromine and iodine. [0212] The following is exemplary
stereochemistry for a compound haying the structure of Formula 11-14:

W 38?8866/028525 PCT/US2005/014846 0-~ OH H O NPETG #1846
Re [02131 In some embodiments, the compounds of Formula 11, may
include as R4 at least one cyclealkene, for example. Furthermore, in
some embodiments, the conffpound$ may include a hydroxy at E5. for
example. A further exemplaty compound of Formula 11 has the following
structure 11-15: HH OH H O 00 Re Formula 11-15 [02141 Rs may
include, for example, hydrogen, quorNine,%_“chIori > bromine and

e

Rs

[0195] In some embodiments E5 can be an amine oxide, giving rise to an oxime, An

exemplary compound of Formula I has the following structure -0

Rg
Formula 119
[0196] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and

jodine; R can be hydrogen, allyl, or substituted alkyl, for example.
{0197} The following is -exemplary sterecchemisiry for & compound having the

structure of Formula H-9:



iodine. In some embodiments, R8 does not include hydrogen or chlorine.
[02151 Exemplary stereochemistry can be as follows: -44 WO
2006/028525 PCTIUS2005/014846 yHOH H=0 N O O Re [0216)

WP 08II3HHY is exemplary stereochemistry for compounds B&¥ii§2Hg/014846
structures 11-18 and 11-19, respectively: HH OH Q6™ OH H=0OH =0
NN OOOO HUpo., =HW™", lI-18 11-19 Br [0217] The compounds of
Formulae 11-18 and I1-19 ca+1 be ohtainedy fermentation, synthesis, or
semi-synthesis and isolated/purifiedias set forth below. Furthermore, the
compounds of Formulae 1148 and -1§n be used, and are referred

example. A further exemplary compound:--axmula 11-20, has the
following structure and stereochéffijstry £H H

Rg
10198] A further exemplary compound of Formula If has the following structure -

10
O
= O
N
O
a—
H
Ry
Formula [I-10
[6199] Rg may include, for example, hydrogen, fluorime, chlorme, bromine and
iodine.

[9200] The following is exemplary stereochemistry for 2 compound having the
structure of Formula T1-10 (wavy bond indicates that any stereochemistry is allowed):

-3Q.



OH H=0 N OO 11-20[0214] In some embodiments, the compounds of

Formula 11, may include hydroxyethyl as R1, for example. A further

exemplary compound, Formula 11-21, has the following structure and
WOSOHERERSistry: HOH HO N OO [1-21 HO -46 WO 2006R528ES¥05/014846

PCT/US20051014846 [0220] In some embodiments, the hydroxyl group

of Formula U-21 can be esterified such that R, may include

ethylpropionate, for example. An e emplar\écompound, Formula 11-22,

has the following structure and st §l[ry: HOH HO NOO II-22

O O [0221] In some embodiments, thezcompounds of Formula 11 may

N._3

include an ethyl

Rg
[0201] In some embodiments, Rs can be NH,. An exemplary compound of Formula
T has the following structure I-11:
NH,
b o
N\
O
m®
H
Rg
Formula I-11
(0262 Ry may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
[0203] The following is exemplary stereochemisiry for a compound having the

structure of Formmla I-11:

AQ-



group as R3, for example. A further exemplary compound of Formula Il
has the following structure 11-23: HHOH HO NOO HRB [0222] R8
may include, for example, hydrogen, fluorine, chlorine, bromine and
WO/ S8 mplary stereochemistry can be as follows: -47 WRS T/U52005/014846
2006/028525 PCT/US2005/014846 HHOH H=0 N OO Hilt"RB
102231 In some embodiments,.the compounds of Formula 1I-23 may have
the following structure and gtereochemistzy, exemplified by Formula
[1-24C, where R3 is ethyl anfl R84 chlorine;\ikpj HW"OHH=0 NOO

Cl 11-24C \\\\w"
H
N

Hi

HHgrsne

Rg

16204] In some embodiments, R; may include a cycloalkyl and Es can be Nil,. An

exemplary compound of Formula II has the following structure II-12:

Rs
Formula [-12
0265} Ry may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine.
16206] The following is exemplary stereochemistry for a compound having the

structure of Formula [E-12:

41-



-48 WO 2006/028525 PCT/US2005/014846 [0224] In some
embodiments, the compounds of Formula 11-15 may have the following
ereochemistry, exemplified by the compound of Formula 11-25, where R8
“%%ﬁg’r%u%sé:%H OHH H=0 N=00 Hplum Cl 11-25 [0225]GN LR/ 014846

embodiments, the compound of Formula 11-15 may have the following
stereochemistry, exemplified by<the compound of Formula 11-26, where
R8is chlorine: HHO 1 H ¢ g [0226] In some embodiments, the
compound of Formula 11 mé the follguing structure and
stereochemistry, exemplified by _Formu -27, where Rt is ethyl: HH OH
O H=H OH11-27 49WO 2006/%85_25 PCJUS2005/014846 [0227] In
some embodiments, the compoung of F a Il may have the following
structure (shown without ste mistry and with exemplary

stereochemistry), exemplified by, ..

Rg

(0207} A further exemplary compound of Formula II has the following structure II-
i3

Re
Formula II-13
[6208] Rg may include, for example, hydrogen (E-13A), fluorine (TI-13B), chlorine
(I1-13C), bromine (HI-13D} and iodine (0-13E).
{0209} The following is exemplary stereochemistry for a compound having the

structure of Formula II-13:

47-



Formula U-28, where R, is methy HHHH OHOH H=0HO N=NOO
00 H=H1F_78 11-28 [0228[ In some embodiments, the compounds of
WF(S)EH}}H/]@EL ay include azidoethyl as R,,. for example. Afurm;ﬁéﬁ,ﬂgﬁ}ﬁ{%6

compound, Formula 11-29, has the following structure and
stereochemistry: HOH H=0 N OO II-29 N3 -50 WO 2006/028525
PCT/US2005/014846 [0229 e embodiments, the compounds of
Formula If may include propyl as 51 for example. A further exemplary
compound, Formula 11-30, hag_the Tallowing structure and ‘

S

H

TFHE

Rg

10210] A still further exemplary compound of Formula [T has the following structure

H-14;
OH
H @]
N
o
0
H
Rs
Formula I-14
[0211] Ry may mclude, for example, hydrogen, fluorine, chiorine, bromine and
iodine.
[6212] The following is exemplary stereochemistry for a compound having the

structure of Formula i-14:

43



yliu~". 11-30 H3C [0230] Still farther exemplary compounds, Formulae
11-31 and 11-32, have the following structure and stereochemistry: 8 /
HOO HO. N OO lluu™ c Cl Formula 11-31 and 11-32 [0231] Other
VEXEMPERAT Eompounds, Formulae 11-33,11-34,11-35 and 1FSEVRAVS LS
“following structure and stereochemistry: -Si WO 2006/028525
PCT/US2005/014846 HO OH H.O N O O Cl Formula 11-33 - ff-36

[02321 In some embodiment& gompound of Formula 11 may include
cyanoethyl as RI; for exam ompougg of Formula 11-37 has the

following structure and stere ISt ®H HNO
0

s en

Rg

[0213] In some embodiments, the compounds of Formula II, may include as R, at
least one cycloalkene, for example. Furthermore, in some embodiments, the compounds may

inciude a hydroxy at Es, for example. A further exemplary compound of Formula I[ has the

following strugtare IE-15:

OH

Ry
Formuia H-15
[0214] Ry may include, for example, hydrogen, fluorine, chlorine, bromine and

iodine. In some embodiments, Rg does not include hydrogen or chlorme.

[0215] Exemplary stereochemistry can be as follows:

A



HM™ 11-37 NC [02331 In another embodiment, the compound of Formula
11 may include ethylthiocyanate as R1; for example, the compound of
Formula 11-38 has the following structure and stereochemistry: -52 WO
WRBHIEIBEY5 PCT/US2005/014846 Q6H HOH H O N O FGJpeszoosaiesss
8 NCS [0234] In some embodiments, the compounds of Formula 11 may
include a thiol as R,, for example. A further exemplary compound,
Formula 11-39, has the follow cture and stereochemistry, where R=
H, alkyl, aryl, or substituted v
[02351 In a further exemplaregmounad,the sulfur of the compound of
Formula 11- 39 can be oxidized to ajsulfoxide (#I) or sulfone (n=2), for
example, as in the compound of F i 0: -53

Hitison

Ry
[8216] The foliowing is exemplary stereochemistry for compounds having the

structures [[-18 and II-19, respectively:

I HI

Br !
[6217] The compounds of Formulae II-18 and [I-19 can be obtained by fermentation,

synthesis, or semi-synthesis and isolated/purified as set forth below. FPurthermore, 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.



WO 2006/028525 PCT/US2005/014846 HOHO N O O HIIPm.. _ 1I-40

RODS [0236] In some embodiments, the substituent Rt of the compound

of Formula 11 may include a leaving group, for example, a halogen, as in
WBRIPULAIEE U-18 or 11-19, or another leaving group, such &S HSiHeHE 46

ester. One example is the methane sulfonate (mesylate) of Formula 11-41:

HH %gi\ié? O QIs41HB%0aiH8R Thinsame.npoiments: theySkbsttue Aty

Rt of the compound of Formula U may include electron accegt%rs. Th ,
R o R adee FIeFRRY AUTBt PR LYBING deffraytn5éda B smigliowing
a6ty astesr-Ashaxemplary compound, Formula 11-42, has the following
structure and stereochemistry, wheren=0, 1, 2, 3, 4, 5, or 6, for

example, and where R=H or alkyl, for example: -54 WO 2006/028525

PCT/US20051014846 OHH =0

aZ
.-v:!i“ﬂ
O

ity
1-20
[0219] In some embodiments, the compounds of Formula II, may include

hydroxyethyl as Ry, for example. A further exemplary compound, Formula 1I-21, hag the

following structure and stereochemistry:

R

1i-21
HO

w5



O HIY/Pn,..\\ nll-42 RO/\OR [0238] Further exemplary compounds of
Formula I1-42 are the compounds of Formula 11-42A, where n=2 and
R=A, and the compound of Formula 11-42B, where n=1 and R=H: HH H
WO HYPBIOHHOHO NN 0000 _ yluu™ 11-42A 11-£58HBH S aEHe
~\OH \OH [0239] In some embodiments where the substituent RI of the
compegndiof Farmuia JbRGAes A elesloR-acrentemiieRlacliane esterified

acceptor may be, for example, a Michael acceptor. An exemplara/

et o o ARSI S HORE h R SHETRR SRRRIRISRISERP Rl oyt 122,
13s deFolbwandinbere sddstamceleatison: withdrawing group, for example,

CHO, COR, COOK, CONH2, CN,-NO2, SOR, S02R, etc: -55 WO
2006/028525 PCT/11S2005/014846 N, ,n"OH H=0 NOO

BN

I1-22
8]
o
10221 In some embodiments, the compounds of Formula H may include an ethyl

group as R;, for example. A further exemplary compound of Formula II has the following

strocture 1-23:

H
OH
H 0
N
0
—0
H
Rg
[6222] Rs may include, for example, hydrogen, fluorine, chiorine, bromine and

iodine. Exemplary stereochemistry can be as foliows:



HIIP'.. (nl11-43 Z [0240) A further exemplary compound of Formula 11-43
is the compound of Formula 11-43A, where n=1 and Z=C02CH3: OH H
@:’3‘&8 Iﬁg gA CQZCH3 [02411 In some embodiments, the %%rp&gg({a% ?sfzss
ormula IT may include an alkenyl group as R1, for example, ethy enyﬁ.
A further exemplary compound, Formula 11-46, has the following
structure and stereochemistry: WO 2006/028525
PCT/US2005/014846 QXH[H ,,.. QH HO N O Hipp,,,.. 11-46 [0242]

Other exemplary compoun la 1F4%ean have the following
structure and stereochemistry? 0] NOO O

[6223] In some embodiments, the compounds of Formula II-23 may have the
following structure and stereochemistry, exemplified by Formula 11-24C, where Rs is ethyl and Ry

is chlorine:

AT

/“!“nl-

Ci

1-24C

A48



Huo,,,. Il CI [0243] In some embodiments, the compounds can be prodrug
esters or thioesters of the compounds of Formula 11. For example, the
com ound of Formula U-44 (a prodrug thioester of the compound o

ﬂ?&gﬂziG) has the following structure and stereochemi 8;” E§2?25/6ﬁ46
H=0 NOS OHO0 CH3 I1l-44 CI -57 WO 2006/028525

PCT/ H%OS/ 048460, [Q444lR-Anather sxample dhesempaunsl eky have the

Formul 47 (a prodrug thioester of the c [ﬁ)?gund ofﬂti?sr Hla Iél?) qﬁm
SR B SRR ST X SR S DO BR SRR T G 3lA T 8P R &S 8

Hpu,,,. O OCH3 11-47 [02 et another example, the compound of

Formula 11-48 has the folloing, stfuctukg;and stereochemistry: H ~.
HOH 0 NH2 = H
-

il

S s

[0225} In some embodiments, the compound of Formula I-15 may have the

following stereochemistry, exemplified by the compound of Formula 1I-26, where R, is chlorine:

Hikaree

S 1 €7
[0226] In some embodiments, the compound of Formula II may have the following

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

11-27

/-'m,,‘“

45-



O SNH'COOH - OH 0 O NH COOH CI 11-48 [0246] in another
example, the compound of Formula 11-50 (prodrug ester of the compound
t

of Formula 11-16) has the following structure and stereochemistry;: H H
YR BPEOH s—-x Il H",. O O CI 11.50 Compounds of FP&FH'{%AQHTIOMS%
[0247] Other embodiments provide compounds, and methods of
produginga clagsehCompaURds, Rharmaasuticati-acrepiablasalisantdowing
ro-drtghgsters thereof, wherein the co@ ounds are re&gsent del%/ e b
S ST e D R 3ESEL
Fdruid IC2 R(bEmrR udanibi0248] In certain embodiments, the substituent(s)
RI may include, for example, a hydrogen, a halgogen, a mono-substituted,
a poly-substituted orran unsubstituted varg e

Lol

HITUL

I-28
Tn some embodiments, the compounds of Formula II may include azidoethy!

[6228}]
as Ry, for example. A further exemplary compound, Formula II-29, has the following structure

and sterecchemisiry:

e

I-29

N3



following residues: saturated CI-C24 alkyl, unsaturated C2-C24 alkenyl or
C2-C24 allwnyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy,
eycloallcyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy

"%‘gﬂ%ﬂ%?%ﬁ%oxy carbonylacyl, amino, aminocarbonyl, amin8E&fbeANERL4846
nitro, azido, phenyl, hydroxy, alkrylthio, arylthio, oxysulfonyl, carboxy,

cyanou . SUode: Sipg. B RALG SRIRISHAI%: RRIANIRACIHSEy1 s

and esters, and genated alkyl including polyhalogenated alkyl. For
Roxmpieniiceath HEheq eimmslaoromneiRe F PR EdiAD 1de o B oL fiusye and
seahrthg-same or can be different. The dashed line indicates that the
designated bond is either a single.bond or a double bond. [0249] In certain
embodiments, R4 may be, forrféxample, hydrogen, a halogen, a
mono-substituted, a poly-substitu r an unsubstituted variants of the
following residues: saturated e
or C2-C24 alkynyl, acyl, acyloxy, X
aryloxycarbonyloxy, cycloalkyl, cyclealk&nyl, alkf
heteroaryl, arylalkoxy carbonyl, alkoXy-carbes
aminocarbonyl, aminocarboytexy< ni ido, phenyl, hydroxy, alkylthio,
arylthio, oxysulfonyl, carboxy, cyang, th;s!
esters, thiocyano, boronic acid Ing estérs, and halogenated alkyl

including polyhalogenated alkyl. F§r example, m can be equal to 1 or 2.
When m is equal to 2, the substitueRts can be the same or can be

different. Some embodiments includg¢ the Bré¥iso that Formula Ill is not
Compound II-16 or Compound 11+%7. Further embodiments include the
proviso that R4 is not cyclohex-2-enyl or substituted cyclohex-2-enyl.

Also, each of El, E2, E3, E4 and E5 may be, for example, a heteroatom

or subgitiftbd hetdlioftsin: EommtathprentiadretBeontnn Bz Bednitrbgdipve the
ST QVIEN 02500 ds0ume embodiments, preferably Rl is a

substituted or unsubstituted Cl to C5 alkyl. For example, methyl, ethyl,

propyl, isopropyl, butyl, isobutyl, priyl, and pentyl are preferred. In

some embodiments, Rt is not ast ed or unsubstituted, unbranched

C6 alkyl. -59 WO 2006/028525'F 52005/0314846 Compounds of
Formula IV [0251] Other entbodimerits proviEeé compounds, and methods

of producing a class of compounds, ph rmE”__tceuti y acceptable salts

and pro-drug esters thereof, wherein t 3 hds are represented by
Formula IV: E3 (R5)m E2 0

A%y

ML

HIL I

Cl
Formula [I-31 and 11-32
[0231] Other exemplary compounds, Formulae 11-33, II-34, [I-35 and I-36, have the

following structure and stereochemistry:

512



Ej E4 (Rl n R3 Formula IV [0252] In certain embodiments, the
substituent(s) R,, R3, and R5 may separately include a hydrogen, a
halogen, a mono-substituted, a poly-substituted or an unsubstituted

W AN e following residues: saturated C1-C24 alkyl, difatiratad 4846
C2-C24 alkenyl or C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cyctoalkenyl, alkoxy, cycloalkoxy, aryl,

aminocarbonyl, amlnocarboylo Ky, nitrg, azido, phenyl oxy, hydroxy,
aikytthio, arylthio, oxysulfon ' a; Bhio, sulfoxide, sulfone,
sulfonate esters, thiocyano, ds-ag , and halogenated
alkyl including polyhalogenated alkyl. AisQ éac ofE,, E2, E3, E4 and E5
can be a heteroatom or substituéed he&teroatom, [for example, nitrogen,
 ig, 1ot a hydrogen. n is equal

to 1 or 2. When n is equal to 2, the i3 uents can be the same or can
be different. Also, mcanbe 0, 1, 2, 3, 4,5, 6,7, 8,9, 10, or 11 and if m is
more than 1, then R5 can be the same'pr different. Furthermore, the
substituents R5 may form a ring, for exgmple, an epoxide. The dashed
line indicates that the designated bond ig either a single bond or a double
bond. [0253] In some embodiments, preferably R, is a substituted or
unsubstituted C, to C5 alkyl. For example, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, tert-butyl, and p&patrE-Preféa®d. In some embodiments,
R, is not a substituted or unsubstituted, unbranched C6 alkyl. -60 WO
2006/028525 PCT1US2005/014846 [0254] In some embodiments, the
substituents R5 may give rise to, for example, a di substituted
cyclohé$égae. Ankexensplaibpdommio tird-ohform uiaFivnslieé felfomihge cyanoethyl
airuciurgNedaniwith ad witboulexe n?‘BlﬂfMaStﬁ@@Cﬁlﬁnﬂgnﬁﬁ%% \@t(ructure and
bond *lfes indicate that any stereochemical orientation is allowe

R HHFR7 OHHO RsNR6 N

L

=37
NC

{6233] In another embodiment, the compound of Formula II may include

ethyithiocyanate as R,; for example, the compound of Formula 1I-38 has the following structure

and sterecchemisiry:

S2.



O O HRUN ~-{luu... Re Re Formula N-I [0255] R8 may include, for
example, hydrogen, fluorine, chlorine, bromine and iodine. The
substltuent(ss) R6 and R7 may separately include a hydrogen a hSaI{(;)%!]9 18
M RIS tituted, a poly-substituted or an unsubstituted varlan fteBithe
following residues: saturated C-C24 alkyl, unsaturated C2-C24 alkenyl or
C2-C24 alkynyl, acyl, acyloxy, ycarbonyloxy, aryloxycarbonyloxy,
cycloalkyl, cycloallcenyl, allcoxy, (;ycl alkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyliamif¥g,jamipocarbonyl, aminocarboyloxy,
nitro, azido, phenyl, hydroxy, a , oxysulfonyl, carboxy,
cyano, thio, sulfoxide, sulfone, suIfonatewesters,cghlocyano boronic acids

and esters, and halogenated alky! ineluding -_o 2 alogenated alkyl.

HONOO HHRS8 Formula N-2 ,_.:;; &8 may mclude for example,
hydrogen, fluorine, chlorine, broming and iodine. [02581 Exemplary

NCS

[0234] In some embodiments, the compounds of Formula I may include a thiol as
Ry, for example. A further exemplary compound, Formula I-39, has the following structure and
stereochemistry, where R= H, alkyl, aryl, or substituted alkyl or aryl:

x
LeeatdlfH
0

Huwe)

I1-3%
RS
{6235] In a further exemplary compound, the suifur of the compound of Formula II-
39 can be oxidized to a sulfoxide (n=1) or suifone (n=2), for example, as in the compound of

Formula I-40;
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OHH=0 HO\1011OHN O O R8-62 WO 2006/028525
PCT/us20051014846 [0259] For example, an exemplary compound of
WFor‘;nula N has the following structure IV-3: HOH CIHO HON
Rt 1v-3 [0260] R8 may include, for example, hydrggerﬁ“fl?\}u%&l)ﬁ“
fluorine (1V-3B), chlorine (IV-3C), bromine (IV-3D) and iodine (IV-3E).

[0261] Exemplary stereochemistry be as follows: HH OH CIO H
OHN 00 HW

st
T L
o

e

11-40
ROLS

[0236} In some embodiments, the substituent R, of the compound of Formula I may
include z leaving group, for example, a halogen, as in compounds Ii-18 or II-19, or another
leaving group, such as a sulfonate ester. One example is the methane sulfonate (mesylate) of
Formula IJ-41:

Hun

n-41

[0237 In some embodiments, the substituent R, of the compound of Formula Il 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 TI-42, has the following structure and
stereochemistry, where n = 0, 1, 2, 3, 4, 5, or 6, ior example, and where R=H or alkyl, for

example:

5



Re -63 WO 2006/028525 PCTI11JS2005/014846 [02621 Additional
exemplary structure and stereochemistry can be as follows: HH OH CIH
0 OHNOO HM,,,..Cl IV-3C [02631 For example, an exemplar
WO AP Formula IV has the following structure 1V-4: I-F@)%P%'&S#Pésm
"N 00 HRB Formula IV-4 [02641 Rs may include, for example,
hydrogen, fluorine, chlorine, bromine and iodine. [02651 Exemplary
stereochemisty can be as follows: -64 WO 2006/028525
PCT/US2005/014846 H H OH

[6238] Further exemplary compounds of Formula II-42 are the compounds of
Formula I-42A, where n=2 and R=H, and the compound of Formula Ii-42B, where n=1 and

R=H:

x
meri|
O

I e

11424

B
HO—
\OH

6239} In some embodiments where the substifuent R; of the compound of Formula
11 includes an electron acceptor, the electron acceptor may be, for example, a Michael acceptor.
An exemplary compound, Formula ¥-43 has the following structure, wheren=90, 1, 2, 3, 45,6,
and where Z is an electron withdrawing group, for example, CHO, COR, COOR, CONH,, CN,
NQ,, SOR, SO,R, ete:
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HO to R3 Compounds of Formula V [02661 Some embodiments provide
compounds, and methods of producing a class of compounds,
pharmaceutically acceptable salts and pro-drug esters thereof, wherein

VYHeZG?:%%T%ﬁndS are represented by Formula V: E5 E3 (RS)WF%ESI%‘EOEIQMSM
CH3 (Ri)n Formula V 102671 In certain embodiments, the substituent(s)
RI and R5 may separately incl a hydrogen, a halogen, a
mono-substituted, a poly-substituted or unsubstituted variants of the
following residues: saturated CI- alkyl, unsaturated C2-C24 alkenyl or
C2-C24 alkynyl, acyl, acylox nyloxy, aryloxyearbonyloxy,
cycloalkyl, cycloalkenyl, alkoxy, cyclogkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyl, amifjo, &minoggrbonyl, aminocarboyloxy,
nitro, azido, phenyl, oxy, hydroxy/alkytitie™arylthio, oxysulfonyl, carboxy,
cyano, thio, sulfoxide, sulfof rs, thiocyano, boronic acids
and esters, and halogenated %!l,gy, / méjpolyhalogenated alkyl. In
certain embodiments, each of )t , B3, E4 and E5 can be a heteroatom
or substituted heteroatom, for example, nitragen, sulfur or oxygen.
Preferably, in may be, for example,\0, 1, 2, 3, 4,5, 6, 7, 8, 9, 10, or 11 and
if in is more than 1, -65 WO 2006/(28525 PCT/US20051014846 then R5
can be the same or different. Furtermore, the substituents R5 may form a
ring, for example, an epoxide. The‘dashed line indicates that the

designated bond is either a single bond or a double hond. [02681 In sqme .
embd@#8nts, PreferabTyoRPIEReeTBeE &d SrislBe S E TR ES

nadkyl.JFrer.example-meshyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butyl, and pentyl are preferred. In some embodiments, R, is not a
substituted or unsubstituted, ed C6 alkyl.

VRN

COLCH;
{6241} In some embodiments, the compounds of Formula II may include an alkenyl

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

following structure and stereochenistry:
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Compounds of Formula VI [0269] Some embodiments provide
compounds, and methods of producing a class of compounds,
pharmaceutically acceptable salts and pro-drug esters thereof, wherein
YRS HBtnds are represented by Formula VI: R2 E3 Ez BATREH00KE14846
EQ n(RI)~/ Formula VI [0270] wherein R, can be separately selected from
the group consisting of a mono- substituted, poly-substituted or
unsubstituted variants of the folloyving residues: saturated C1-C24 alkyl,
unsaturated C2-CZ4 alkenyl or C2-C kyrwl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbowrylexys, cyelaglkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy cangdnyl, alkoxy carbonylacyl,
amino, aminocarbonyl, aminocarboyloxz‘, plenyl, loalkylacyl, alkylthio,
arylthio, oxysulfonyl, carboxy, thio, sulfoxide; neboronic acid esters,
and halogenated alkyl including alogenated alkyl. n is equal to 1 or
2, and if nis equal to 2, then R, cap, hesthesa & or different; [02711
wherein R2, can be selected from the groupgconsisting of hydrogen, a
halogen, mono-substituted, poly-substityuted or unsubstituted variants of
the following residues: saturated CI-C2&.alkyl, unsaturated C2-C24
alkenyl or C2-C24 alkynyl, acyl, acyloxy, alky]%%carbonyloxy,
aryloxycarbonyloxy, cycloalkyl (including, for example,
cyclohgygarbinghleCyelaalkanyinalkaxyr SYSIoAHCRNANM  NEICEAaRhe structure
arylalkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl,
ﬁ%i%&% FOVREXY, nitro, azido, phenyl, cycloalkylacyl, hydroxy, alkylthio,
hio, sulfoxide, sulfone, sulfonate

arylthio, oxysulfonyl, carboxy, cya
esters, thiocyano, boronic acids & ters, and halogenated alkyl
including polyhalogenated alk BN 96/028525
PCT/US2005/014846 [0272) herein 53 £an beoselected from the group
consisting of a halogen, mono

(AL

Hany

FHEHE

1i-49

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

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

of the compound of Formula [I-16) has the following structure and stereochenmistry:

0 CHg




substituted, poly-substituted or unsubstituted variants of the following
residues: saturated C1-C24 alkyl, unsaturated C2-C24 alkenyl or C2-C24
alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy,
Wc?glﬂgéwggﬁ?z}éycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryf‘ﬁﬁ’i’éﬂ%@“s“
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy,

nitro, azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arylthio,
oxysulfonyl, carboxy, cyano, thio, sulfoxide, sulfone, . sulfanate esters,.
thiocyl%‘l‘)‘?,g boroie S M AP (s APRE lﬁlgl(()%eﬁa a4 %@T‘%gfﬁ in Bhioester of
tipalyhptogtoiiechalkilll Whesdhs &dokviog ErnER: Bl aineEhcaafihe a
substituted or unsubstit heteroatom. [0273) In some embodiments,

R2 is not cyclohex-2-gnyl carbinol when one of the R, substituents is ethyl

or chloroethyl and R, is . [Q274) In some embodiments, preferably

Rl is a substituted or u jutdd Gi:to C5 alkyl. For example, methyl,

ethyl, propyl, isopropyl, butyl, isgdutyl, tert-butyl, and pentyl are preferred.
[02751 wherein R,4 can be Helegted frgm the group consisting of a

halogen, mono- substituted, polyF (tut unsubstituted variants of

the following residues: rated|CI-C24 Salkyl, uhsaturated C2-C24

alkeny] or C2-C24 alkynyl,s acy 8)'&/ allyloxygarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, &cloalkenyl, a#kox gygloalkoxy, aryl,
heteroaryl, arylalkoxy carbynyl, alkexy carbonylacyl, amino,

aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, cycloallylacyl,

hydr%gz ylth B’S%D’flﬁ'&ﬁeroééé%{lf&% SAFROXY 6YR0QmiNIa HRIGRSIEESbTlowing
sulfoxide, sulfone, sulfonate esters, thiocyano, and halogenated alkyl
sHestrg LEHAraRsEHERated alkyl. [02761 In some embodiments, preferably
R14 is an alkylthiol or substituted alkylthiol, and E3 is an oxygen. [0277]

For example, in some erg‘?‘fiégents some of the compounds of Formula

VI can have the followin Hs yre referred to as Formula VI-1: Es (Rs)m
E2 E3 EIR R14 3 VI-1 E4 [2/8]avherein R, can b Hé?eparately selected
from the group consisting S ; Sostituted or
unsubstituted variants of the oilo%ng Or igH&: saturated CI-C24

COOH

1548
[0246] In another example, the compound of Formula II-50 (prodrug ester of the

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

H
SN
"oz O "
| ‘
D&
T
k-50
Compounds of Formuia T
{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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-67 WO 2006/028525 PCT/US2005/014846 alkyl, unsaturated C2-C24

alkenyl or C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
w%%%%ggﬁrgonyloxy, cycloallyl, cycloalkenyl, alkoxy, cycloalg@xyy&ls/o14846

heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,

arninocarbonyl, aminocarboyloxy, phenyl, cycloalkylacyl, aikylthio,

arylthio, oxysulfonyl, carboxy, thig sulfoxide, sulfone, boronic acid esters,

and halogenated alkyl including polsihadogenated alkyl. n is equal to 1 or

2, and if nis equal to 2, then RI cagzbe the sggié or different; [02791

wherein R3 can be selected from fhe onsisting of a halogen,

mono- substituted, poly-subst d or upsubstituted variants of the

following residues: saturated CI-C yl, imsaturated C2-C24 alkenyl or

C2-C24 alkynyl, acyl, acyloxy, alkyloxydarbonyloxy, aryloxycarbonyloxy,

cycloalkyl, cycloalkenyl, alkoxy, dyt%)ga?koxy, aryl, heteroaryl, arylalkoxy

carbonyl, alkoxy carbonylacyl, amino, arninocarbonyl, aminocarboyloxy,

nitro, azido, phenyl, cycloalkylacyForydfoy, alkylthio, arylthio,

oxysulfany], carRox 5y aRBolhifas Hiexidesthufoae R stifpratad@sterssxample, 2
thiocyano, boronic acids and. esters, and hal ated alkyl.including. .
B SR AR TETEN G O B Y i o o an of
felibstiytesidrunsubstiuted, haliotoarsthrizg0 ke RS Cafepaliomyl, acyl.

a%$i%§§;?te£¥1§ﬁ£%%t§90 Bsthe Speup-aaRsistng obshyrmges Rdaiagen alkoxy,
mono-substituted, poly-substituted qr u suH(stltuEt:gr Variants ofi 1h€, inocarbon yi
FeleRbiTTG rasib REE ERH L R CRCE IR, URgatliTated C2-Co4 alkenylor
A2nGadalloxmyhiacykidacytenyl, Biidyaxydiylbieyksihiargtosyéertlo ey, cvano,
tﬁ}’o"'%?1%éda&yﬁﬂ&lE,GM%eﬁ'ééoeéYersfiYﬁ'é@Hfﬁmoﬁﬂb heterearybasy RIKex\bgenated
car’bon%E/:(,aalkoxy carbonylacyli)amino, arninocarpon Ié11 %rrl]i

Hierbinaiias pHEMPEERAEHifF 05

no, lox
T SRR PSRRI %xysul%r%i({?:%r %%ﬁqua] ©
Tyapouthinuaitfoxide; sulfone, sukenaredters, thibeyassdboromeiagisthat the
nd esters. and . ted alkyl incliding polyhalogenated alkyl,

ﬁﬁlé?éalﬁgr%d?sg geia%l% ?%%%%59%) 7,8,9,10,0r 11 and if mlis}gn re thanh]é}io e 2
then RE8h be IR E5Re BBt arTial P8 d Th BB IERs" dagee™
fsne-ausin@itan) h WBreinseaeh ofr B BRxhSirEd arndi@s isfalsulisiivuiad esidues:
unsubstituted heteroatom. 1L 1p so b&di@;g@lgs, ‘ablw R dsyloxy,
Saatélﬁabtggﬁtu#é 26r%1r?é0b%ﬁ%gg % ?;33 gl&l&xﬁ@or examg Ie%’%ﬂ% L o
miobyiy oo HadarTesberylowsratlagioun dsierimTe s sate i

102824 whereiaR Lo sam baissiectesbiremythergrambensisting, efénocarboyloxy,
Qi%rlg,gz?z?dor,ng}{é%/}, hydroxy, alkylthio, arylthio, oxysuifonyl, carboxy, cyano, thio, sulfoxide,

oalkoxy, aryl,

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 embediments include the provise that
Formula T is not Compound [-16 or Compound II-17. Further embodiments meinde the proviso
that R, is not cyciohex-2-enyl or substituted cyclohex-2-enyl. Also, each of E;, Ey, Ba, E,4 and E;
may be, for example, a heteroatom or substituted hetercatom. For example, the heleroatom can
be pitrogen, sulfur or oxygen.

[0256] 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 penty! are

preferred. In some embodiments, R, isnota substituted or unsubstituted, unbranched Cs alkyl.
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substituted, poly-substituted or unsubstituted variants of the following

r(TlfidU(las: sa}turat(led CI-C|224 alkyl, unsaturated C2-C24 alkenyl or C2-C24

alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy,
W&%?'Séf@ﬁ%éycloalkenyl, alkoxy, cycloglkozl(y, aryyl, geteroariﬁ%@%f%ﬁé 4846

carbony!, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy,
C%%uﬁggg@lgggggmy cycloalkyrllacyl, hydroxy, alkylthio, arylthio,

oxysulfonyl, carboxy, cyano, thio, thipesters, -68 WO .

PG B05 0 HsAE™ PHBRIERPTQUIRS ST RO T\ége“é?%epf’g%u %@%ﬁ%ﬁﬁ? ss of
chajogehatethatiagbmichliing ppitialcgenated rokug0s83} Forexanipiesn the
C%ﬂ%%%ﬁlﬁ%{égr@éﬁtéﬁ%QI%UHMEQVS.”UCMre VIIA: HHOH HO NOS H

Formula VI-IA [0284] Exemplary stereochemistry can be as follows:

CH\-HOHN~ OS~o0 | r example, an exemplary compound

of Formula VI has the following, stru¢ture and stereochemistry VI-1B: H .~

HOHHONH2 ONSNHC O COOH Formula VI-IB

Fsim Ez\} =
=
Eq
,'* R
(R1)n :
Formula IV

[0252] In certain embodiments, the substituent(s) R;, Rs, and Rs may separately
include a hydrogen, a halogen, a mono-substituted, a poly-substituted or an unsubstituted variants
of the following residues: saturated C;-Cyy alkyl, unsaturated Cp-Cas alkenyl or Cp-Cos alkymiyl,
acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl,
aminocarboyloxy, nitro, azido, phenyl, oxy, hydroxy, alkylthio, arylthie, oxysulfonyl, carboxy,
cyano, thic, sulfoxide, sulfone, sulfonate esters, thiocyano, boronic acids and esters, and
halogenated alicy! including polyhalogenated alkyl. Also, each of By, ¥y, Es, Esand E; canbe a
heteroatom or substituted heteroatom, for example, nitrogen, sulfur or oxygen. In some
embodiments, R; is not a hydrogen. m is equal to 1 or 2. When n is equal to 2, the substituents
can be the same or can be different. Also, mcanbe 0, 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. Furthermors, the substituents R; may form a
ring, for example, an epoxide. The dashed linc indicates that the designated bond is either a
single bond or a double bond.

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

preferred. In some embodiments, R, isnota substituted or unsubstituted, unbranched Cs alicyl.
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[0286] Another example, the compound of Formula VI has the following
structure and stereochemistry VI-1 C: -69 WO 2006/028525
PCTIUS2005/014846 CHCHI"HOHHHOH SN\/ O1*- E( i
VORI C [0287] Certain embodiments also provide pha ?n{g% Ottfﬁ’é%fﬁ/‘m
acceptable salts and pro- drug esters of the compound of Fornulae 1-VI,

and prpeiie methogdmet abiaining andsgssituing mﬁy@mﬁi@w@d&b&mle a di-
"‘Es'%'&u ied'gi%ﬁ)sed her e'neré%%lJ h%tteémfﬁ%ﬁ% A fﬁé fo 1?2 oAl e Iv-1,

en referrin O a pro- U ester o e com OUﬂ rmu

@Vhtk@élzéﬁwtth@ﬂm@imwt@ﬁé@mﬁfhe@h F@fﬁé’rsh@}’é dhspnigulicate that any

detivalivacef the.caipeund.tat is rapidly transformed in vivo to yield the
compound, for exampl by hydrolysis in blood or inside tissues. The term

ester groups include . 3 ]
and methoxymethyl, ahd thioester, weII as ofher suc group%known |n
the art, including a (5-R- "5xe- oxolen-4- y?;m ru Other
prodrugs can be p d by prep;rlng a cory i0d

compound, for example, I
thiophenol, Cysteine 5?“ dé

examples of esters useful as prodrugs for compounds containing carboxyl
groups). Each of the above- mentidgatet¥rénces is hereby incorporated

by refefgmse in its emdirelyiude, for example, hydrogen, fluorine, chlorine, bromine and
iodine. The substituent(s) Rs and R; may separately include g hydrogen, a halogen, a mono-
substituted, a poly-substituted or an unsubstituted variants of the following residues: saturated
C-Cyy alkyl, unsaturated C,-Cyy alkenyl or Co-Cas aliymyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, hetcfoaryl, aryialkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl,
hydroxy, alkylthio, aryithio, oxysulfonyl, carboxy, cyano, thio, sulfoxide, sulfone, sulfonate
esters, thiocyano, boronic acids and esters, and halogenated alkyl including polyhalogenated
alkyl. Further, Rs and R, both can be the same or different.

61-



[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

WA E%“’thcally acceptable salt," as used herein, and parfi¢diArisPWvHEs+6
referring to a pharmaceutically acceptable salt of a compound, including
FormulazséiVi, and Bormidad\dasuadueeshant Syrthesizay bydhee following
methods disclosed herein, refers to any pharmaceutically acceptable
salts of a compound, and preferably refers to an acid addition salt of -70

rom ph@rmaceutlcally
- C, ylamine,
lenediamjne or

espect to compounds

tris- (hydroxymethyl) aminomethane.

synthesized by the method of this g mlentt at are basic amines, the

preferred examples of pharmaceuticalfy acceptable salts are acid addition

salts of pharmaceutically acceptable ingrganic or organic acids, for

example, hydrohalic, sulfuric, phosphonc acid or aliphatic or aromatic

carboxylic or sulfonic acid, for example jacetic, succinic, lactic, malic,

tartaric, citric, ascorbic, nicotinic, methanesulfonic, p-toluensulfonic or

naphthalenesulfonic acid. [0291] Preferfed pharmaceutical compositions

disclosed herein include pharmaceutic&ilvatceptable salts and pro-drug

esters ghihe compaynd gt Emulag ayobkaingd. apdhRified BY G omine and
thods disclosed herein. Accordingly, if the manufacture of

b“r? S¥tnaceutical formulations involves intimate mixing of the

pharm#fstiical éxeipidmissarcidireiactivenihgredidntvan its salt form, then it

is preferred to use pharmaceutical.excipients which are non-basic, that is,

either acidic or neutral excipient [02) It will be also appreciated that

the phrase "compounds and coj o

example, in certain embodlments dﬁie s or composmons
comprising the same may include-a=g harmaceu ically acceptable salt of
the compound. [0293] In one embodiment-tre=8ompounds can be used to

treat microbial diseases, cancer, ditl jhflachmation. Disease is meant to
be construed broadly to cover infectiofis diSeases,

Ra
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and also autoimmune diseases, non-infectious diseases and chronic
conditions. In a preferred embodiment, the disease is caused by a
[ ch as a bacterium, a fungi, and protozoa, for example. The

%&Weﬁ%sg%use may also include the steps of administering%chgﬁzﬁigﬂ%wg’
“or composition comprising the compound to an individual with an

i nfecu@i’i@? iseaps Qi EAREE L T BREAMIPQHLAICOMReSIANTEa e following

administered in an amount effective to treat the particular infectious
sPReBEEEY Sancer or inflammatory condition, [0294] The infectious disease

may be, for example, one caused by Bacillus, such as B. anthraces and

B. cereus. The infectious dise@se canibe one caused by a protozoa, for

example, a Leishmania, a Plasmodi Teypanosoma. The

g s admintstéred with a pharmaceutically

acceptable carrier, diluent, excipient, i}]d he lik ?0295] The cancer may
be, for example, a multiple myeldtha aﬁmﬁcarcinoma, a prostate
carcinoma, a breast adenocar , @a ngn-small cell lung carcinoma, an
ovarian carcinoma, a melanoma, g I?é“.“f?l_ WO 2006/028525
PCT/US2005/014846 [0296] The inflammatory condition may be, for
example, rheumatoid arthritis, astluna, multiple sclerosis, psoriasis, stroke,
myocardial infarction, reperfusion injury, and the like. [0297] The term
"halogen atom,” as used herein, meansg any one of the radio-stable atoms
of column 7 of the Periodic Table of the Elements, i.e., fluorine, chlorine,
bromine, or iodine, with bromine and &hlorine being preferred. [0298] The
term "alkyl," as used herein, meamsrany tmranched or branched,
substi or unsubstituted, saturated.hydrocarb ith CI-C24. .., :
prefer:@%%fgénd CE ﬂr%r?é%leér%erdexg?lglreéﬁ% éjé;e%gﬁﬁfr%\% ’di%ro uns 1?u‘r?g")’t)(aicﬂﬂorm
UM B shiterrét Givstbsetdiedinydyot@rbons being more preferred, and with
methykegthy!, PreRyhyIBEPLRR:HUVEIsRbLEYS tertkityl., and pentyl being
most preferred. Among the substituted, saturated hydrocarbons, C1-C24
are preferred, with C1-C6 mone~ ant~di- and per-halogen substituted
saturated hydrocarbons and ami ityge

example, U.S. Patent Nos. 6,509, e ;
5,886,210; 5,874,443; and 6,35,

76,500,825; 5,922,683;
ich are incorporated herein
efinition of substituted is
as Hi

Ra
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broad as that provided in U.S. Patent No. 6,509,331, which defines the
term "substituted alkyl" such that it refers to an alkyl group, preferably of
from 1 to 10 carbon atoms, having from 1 to 5 substituents, and

WAHSHBF43%52F to 3 substituents, selected from the group constatig e 3014846
alkoxy, substituted alkoxy, cycloalkyl substituted cycloalkyl, cycloalkenyl,

su bsib%%? cycloalkenyl o acYk. A ARIRGN AR LAINO c AURSIHETRSlvs:
amino, aminoacyl, aminoacyloxy, oxyacylamino, cyano, halogen,
hydroxyl, carboxyl, carboxylal
substituted thioalkoxy, aryl, ryl, heteroaryloxy,
heterocyclic, heterocyclooxy @koxyamino, nitro,
--SO-alkyl, --SO-substitutél alky ,*“SQ -ay/l, --SOcheteroaryI --SO2-alkyl,
-- SO2-substituted alkyl, --SO2- argha d

, thioketo, thiol, thioalkoxy,

The term "cycloalkyl" refers to anwmo ar@matlc hydrocarbon rlng,

preferably having five to twelve atom@ coriprising the ring. The term "acy!"
refers to alkyl or aryl groups derived ¥rom 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 polyunsaturateg hydrocarbons, with CI-C6
unbranched, mono-unsaturated and di-unsaturated, unsubstituted
hydrocarbons being preferred, and Moto- unsaturated, di-halogen

substituted hydrocarbons being most preferred. The -72 WO

20061084325 PGI32000/01 4848, I oyclnalkeImiBIeS 18Nk foliovine
non-aromatic hy focarbon’ ring, pre}i?erably having five to twelve atoms
soniprisiig the ring. [0302] The terms "aryl " "substituted aryl,"

"heteroaryl,” and "substituted heterearyl," as used herein, refer to

aromatic hydrocarbon rings, pr hawr;g five, six, or seven atoms,

and most preferably having sixjatoms gompyisieg the ring. "Heteroaryl"

and "substituted heteroaryl," Yic hydrocarbon rings in which

at least one heteroatom, eWS., oxygen %ulf r, or ?ogen atom, is in the

ring along with at least one carbon at \WE—%; "heterocycle" or
"heterocyclic” refer to any cycli ound icontaining one or more
heteroatoms. The substituted aryls, h QEIEQ and heteroaryls can be
substituted with any substituent, including those described above and
those known in the art. [0303] The tern "alkoxy" refers to any unbranched,
or branched, substituted or unsubstituted, saturated or unsaturated ether,
with CI-C6 unbranched, saturated, unsupstituted

3

Rs
Formula IV-4
{98264] Ry may include, for example, hydrogen, finorine, chiorine, bromine and
iodine.

{0265] Exemplary stereochemistry can be as follows:

bln



ethers being preferred, with methoxy being preferred, and also with
dimethyl, diethyl, methyl- isobutyl, and methyl-tert-butyl ethers also being
Or%%ar/{(}azdséléhe term "cycloalkoxy" refers to any non- aromatlc W}%%O%%ﬁﬁg& .
ring, preférably having five to twelve atoms comprising the rlng

"alkoxy carbonyl" refers to any linear, branched, cyclic, saturated,
unsaturated, aliphatic or aromatje-alkoxy attached to a carbonyl group.
The examples include methoxycarboniyl group, ethoxycarbonyl group,

propyloxycarbonyl group, isop op)ﬁ

benzyloxycarbonyl group, aIIonxycar ‘ o phenyloxycarbonyl
group, pyridyloxycarbonyl group ] the like. [304] The terms "pure,”
"purified," "substantially purified," Talen isetar®®®as used herein refer to

the compound of the embodlmen eipg free of other, dissimilar
compounds with which the compourf, 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 theRmass, 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
@@{@mgg\gmgﬁm_ﬂnthesis from purified compounds as set forth herein.
Gener withqut bei mlted ther to th t

R e D o

seEnmusdan M@awb@gymmkgd %%Wrﬁﬁé’rﬁ pfg_Wsn élﬁtrﬁf% It'ﬁlgrem the

ShesRSRMeRiQvIdedNargitla- V3 WO 2006/028525
PCT/US2005/014846 H H \tto,,,,, OHH HOHH N H=0H=00NNO

00

(R"\ CHy
)y
Formuia V
[6267] Tn certain embodiments, the substituent(s) R; and Rs may separately include
a hydrogen, & halogen, a mono-substituted, a poly-substituted or umsubstituted variants of the
following residues: saturated C;-Cau alkyi, wnsaturated Cp~Cyy alkenyl or Co-Cye alkynyl, acyl, -
acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloallenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl,
aminocarboyloxy, nitre, azido, phenyl, oxy, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy,
cyano, thio, sulfoxide, sulfone, sulfonate esters, thiocyano, horonic acids and esters, and
halogenated alky! including polyhalogenated alkyl. In certain embodiments, cach of By, By, Ba, Ey
and Es can be a heteroatom or substituted heteroatom, for exémpie, 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,

65-



00 H3Br alE-16 11-17 11-18 Production of Starting Compounds I-7
[1-1611-17 and 11-18.11-20 11-24C, 1I-26, 11-27 and 11-28 [03071 The
production of starting compounds 1-7,11-16, E-17, U-18,11-20,11-24C, ]I-

VOB 2406492853k d 11-28 can be carried out by cultivating strain ENBAZ80aHLF846
strain NPS21184, a natural variant of strain CNB476, in a suitable

M'%@tc%e@ L{Héééﬂlg% QQQQ%?”%&%%&Q{%‘? tﬂ%@(’:@b{tﬂéﬁ{ée E%quay@gﬂ{ a ring, for
submerged aerobic conditions, until a substantial amount of compounds
SFERtetteaT he Yot ARsRtAGER, MiTIES G BY ERIFBFGAG WG B ety @ single bond
compoheritsftom the fermentation broth with a suitable solvent;
concenygging te,Sglyent coniRing, 6. ARsHed CamPRIANISIB i ¢, 10 G
subjecting the concentrated material to chromatographic separation to
i ieF?hé%@ﬁ%ﬁdﬁﬁhbésfﬁémdm@ﬂwé?ammeé%dsaiaé%niemﬁféh and pentyl are
Gridtiradfo mesiumb 030583, Rhe ol {GNEYF ohwhsiteposiiadnor:d upealkyl.
%0 2903@\‘/\@ (gprg r{}?rican Type Culture Collection (ATCC) in Rockville,

| ATCC patent deposition number PTA-5275. Strain
NPS21188la nafipra vafeHmers i€ NBYPel s tenieds b piodtpina class of
CMBArRasASRgRLolon seials. SiEain NP S2184; haseReenAenositertin the
to ATC% on Ao%ril 2 deOOF'S T@Ile TCC deposit meets all of the
Sgtirements of tha. ud%p%& fea y. The culture is also maintained at

requirements

and available from Nereus Pharmaceutical Gulture Gollection at 10480
Wateridge Circle, San Diego, CA 92127k.ln_additighi to the specific
microorganism described hereirlz1' uld be undegstood that mutants,

such as those produced by the use of icat®r physical mutagens
including X-rays, etc. and organisms whose genetic makeup has been
modified by molecular biology techniq g,\m/ay“also be cultivated to

produce the starting compounds 1-7, 11-16,11-17, 11-18, ]I-20,1[-24C,

[1-26 and 11-28. -74 WO 2006/028525 PCT/US2005/014846 Fermentation

of strain CNB476 and strain NPSZ]F184J_103§)19] Production of compounds

can be achieved at temperature conducive 'to satisfactory growth of the
producitig78lganistrerengR frambtGalegtes Cltotdigayfimez@ubytisiging of a mono-
Riglerahle lorcondustdne fermentation al.dd degres odtS 2. e e atarated C,-Ce

The aqueous medium can be incubated for a period of time necessary 1o
i AT o detr P BAno e ALRYRUn a9 Figh BIGUGHR ponios:
|repiick phwrbmgioyr aphigalid @) cpliefaia blyofor, aypleribdwf alybuteRieryl, arylalkoxy

carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyioxy, phenyl, cycloalkylacyi,

allkylthio, 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;

[6271] wherein R,, can be selected from the group cousisting of hydrogen, =
halogen, mono-substituted, poly-substituted or unsubstituted variants of the following residues:
saturated C;-Cpy alkyl, uvnsaturated C,-Coy alkenyl or Ci-Chy alkynvi, acyl, acyloxy,
alkyloxycarbonyloxy,  arvioxycarbonyloxy, cycloalkyl  (including, for  example,
cvelohexylearbinol), cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbomyl,
alkoxy carbonyiacyl, amino, aminocarbonyl, aminocarboyloxy, mitre, azido, phenyl,
cycloalkylacyl, hydroxy, alkylihie, arylthic, oxysulfonyl, carboxy, cyano, thio, sulfoxide, sulfone,
sulfonate esters, thiocyano, boromic sacids and esters, and halogenated allyl including

polvhaiogenated alkyl;

-66-



10 days, on a rotary shaker operating at about 50 rpm to 400 rpm,

preferably at 150 rpm to 250 rpm, for example. The production of the

compounds can also be achieved by cultivating the production strain in a
WAELEBY28uch as a fennentor system that is suitable for thECJrbRANBp14846

the production strain. [0310] Growth of the microorganisms can be

achiev one_of ordinary skill of t rt by the use of (o]e'y

meciuit oy o S0 Al B S AR PR, mone-

FHBITSE® Pelxted el L6 tosabsiiinditerians of yeefionipersifyarssanmgted Cr-Ca

sugRralenheles starcherand ether-carbakydiatesi OheasRphydiAiRycarbonyloxy,

derivatives such as dextran, cerelose, as well a mplex nutrients such

T, RS R R R e

eatoor.sekwee edkonylatiizeainn teimreaibensvindeper oBarnitporitgee phenyl,

otbREInuadiaiRR, e mediumnBULa8.8091 BEB5EAReRY dhal e DEIVIRS Bulfone,
0.5.to 25 percent by weight of the medium can be satisfactorily used, for . .
SLT7e SREoc R SBURELS CA o e TR AOna  Er A Lo i
penfhelrsvetcksivambergoreinet Bn the Bamé Taedium afereiaraple, unsubstituted
efaincarbon sources are preferred as hereinafter set forth. [0311] The
sources of nitrogen include amino acids such as glycine, arginine,

threonifa, thethiGhifBSFPIERE;: BrifiohificBgis AW AR LB HTpIEs of the R
swmeesusuﬁzktka&qrerastoe&bﬂaact&m@mst@ep liquors, distiller sol_ubles,
soybeagymeal, cotonsesd Mealishdneal ReRIANG. AL e dikendibge ¢, o c,

various sources of nitrogen can be used alone or in combination in

ARduitE FX3ERI Y RO DI PR HREBY WGt ST iR figd pentyl are
exdmple. [0312] Among the nutrient inorganic salts, which can be

incorp in the cglt e megias,e%r(? 5h§ ustomar g,%lg . th ehgf )
yieldinclgbgo ium,‘Boetzééns%‘?nfar%a%nes{fuem, gg]cﬁlbngr p%o%p%é%t%? qulfaté),gcn’ mene

Erbsifgisd cepbionhteEd PriReTEHEissIREln Qb dafeleNte FEtis subhzgd CCe
coRaltRangadesedronkmelybdenun), zinengacmilmeasd thalikexycarbonyloxy,

Pharmaceutical Co itions.[0313].In one embodiment, the. compound
RS PRI STEERU 1 PRl SO BUBo e oLt ko

cavolrrdesptahatyiaid Praterabipenabprsl ieEaopy ipdomiethigrisrzido, phenyl,
distlenetheraii-the enmpalingdsieas) ke eas.Or &xmpleyiio, thio, thicesters,
pharmaceutical compositions comprisin harmaceytically gcce I
O T APt 308 DS P SR RGP LD Poohaogenid
efodiments relate to a pharmaceutically effective amount of -75 WO

2006/ 0%@5@}5 PCE/ Q&E@%A@ézﬁﬁéﬁs}hﬁa@é&%ﬁtﬁﬁm C&mm@ﬂﬂ@& or substituted

disclosed abave in a pharmaceutically acceptable carrier or diluent.
alky}&iol, and 83 18 an oxggen. y P

{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 2 mono-

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

-57-



Acceptable carriers or diluents for therapeutic use are well known in the
pharmaceutical art, and are described, for example, in Remington's
Pharmaceutical Sciences, Mack Publishing Co. (A.R. Gennaro edit.
WOEKY/RHich is incorporated herein by reference in its entirdtfy [/US2005/014846
Preservatives, stabilizers, dyes and even flavoring agents can be

Rrovidediinthe Rharmaseiical,composiion.y oL axamplgy SQHiNBYycarbonyloxy,

benzoate, ascorbic acid and esters of p-hydroxybenzoic acid can be

AR RO BaRLr GRS P RHER arilBR 0 SR RF S S ATTI R efitdalkory
Gahe, uledy [3ldildhe aanimpmiﬁombqﬂattimmiaot;ﬁmmfpﬁwh uhadoalkylacyl,
didhaian 8 {80 molee, 0 CL1BEE A% D IGS. AP SUIRS OV EliS 10 Blers, ana

administration; sugpositories for rectal ‘administration; sterile solutions,
iegransbHkold s B BIPHRARELISH. paierewicP frdnsd@hian is equal o 2,
maHhiskatiar, and subfdesmal deposits and the like. Injectables can be
prepargd.jn conventional forms, either as liquid solutions or s ions, i
b o k- e e e L
pbaiwrAursiorsbSbitethie Exehsiavies apeabr Sibhiplewiateydue saturated Ci-Ca

gextrasgaimasnitol.dactoseylesithin.@lbumiyisodim.gludayn atieyBysterbenyloxy,
h rPChl ride. and tl’l]elkic%kle' lniaaqgtj.g n, Hcc()jxefSi:r:ec bm(%vgnjec?ble ergary: lalkoxy
ﬁﬁé’r"‘r‘ﬁ%‘éeolﬂcog%gﬁgﬁgs 1S cFnay Ortam Tiner amotnts of nonoxic

eeubitivhy Skdrstanbesylsedhaasnmettiepergeritd, pRItoeHbNMK agEEs, ik, phenyl,
hadikeit desiet-abeoRRIORN-ABRARGIRG RISDEREINNS L CHAMPigoxide, sulfone,
liposomes), can be utilizegﬁ.?J?OSlSl,Pharrgace%utical fé)rf[;nﬁ,llationafoi'ky1 inciudin
BRIBRIE r & SEmiFTSHATION MENITe Hiifesl SBfTioRY of EEEe * -

actve
ponpbgRds:haliatersotibledonrh EAddito ratlyf suspensiostivfitd eqetipbstituted
£ompounds can be prepared as appropriate oily injection suspensions.

Suitable lipophilic  solvents or vehicles include fatty oils such as sesame .
oil, or oMiEHorgaltRentis B dSSTHEERY GRPFPuiF R i SRABIfoTsEme of 2
myfihetic fattylagid esterssuduitiited giblyloledtetat toiglhyoehisesicdr variants of the

IpRRAMES - AGE QIS INISCtion SUSPensions. may-contaiisuostanees by, acy,

Increase the viscosity of the suspension, such as sodium carbox methyr
eflatose, LorHHIBPBERTan B FRARYETINEY suSPERATIDh mayFigrltenyh  alkoxy,
containosytabletstabiize s tilagentsibat intreasethergetubilityirof thenocarbonyl,
SOTBORIARL0 Allow 1DLNS RISPAANGHALYIONN FRARCANIAIE L AAHRAVE: carbory,
161 Pharmaceutical preparations for oral use can bé obtained by ‘
expDiriHe tFEfER Wi otHgRaitRselidTRETBROn LY BHE nenlgE o ffta TS, 2nd
RRHHBG MK AR PFOSesSRE: ticmiktvierehgnanu)es2after Adding, 9, 10, or
Jyitanle auxiiaries, [ gesited. 0.0p1alN [ABels QAAReRCOIES RUIBNIRens »,
exc:|p|en%1§ are, In particular, fillers such as sugars, including lactose, .
seerose, 2 riasnisl, esorbiteh ebffuldbe prépatadidhdsstichbalévuset or unsubstituted
example, maize starch, wheat starch, rice starch, potato starch, gelatin,
gUm Hr RN, e S Y R P e 198 stiruted €, 0 C
alkyl. For example, methyl, ethyl, propyi, isopropyl, butyl, isobutyl, fert-butyl, and pentyl are
preferred.

[0282] wherein Ry, can be selected from the group consisting of a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated C;-Cys
alkyl, unsaturated C,-Coy alkenyl or Cp-Cy alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonylox;lf, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl,

cycloalkylacyl, hydroxy, alkylthio, arylthie, oxysulfonyl, carboxy, cyano, thio, thicesters,



sodium carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If

desired, disintegrating agents can be added, such as the cross-linked
Wpolyvinyl yrrolidone, agar, or alginic acid or a salt thereof such as

éb%ﬁ?ﬁ/ﬁ?ﬁ%ﬁ]ate. Dragee cores are provided with suitable cSStngs Fyp 4846

this -76 WO 2006/028525 PCT/US2005/014846 purpose, concentrated
slslqgiafées,%!llll}(l)%?,ss%&gg é’s%&?‘;tﬂ@d?&&‘ ﬁd%%ﬁ@ﬂ%d%@ﬁmc%mg%&p}ﬁlogenated

talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or
digdnium dioxide, lacquer solutions, and suitable organic solvents or
solventmeytureobyesivil sier pigre Reale feladoedttottie tablsts or
dragee coatings for identification_or to characterize different combinations
of active compound doses. s purpose, concentrated sugar

solutions can be used, whichaay~optigpally contain gum arabic, talc,
polyvinyl pyrrolidone, carbopol ggl, pplyethylene glycol, and/or titanium
dioxide, lacquer solutions, and sbiita

mixtures. Dyestuffs or pigmerts can be atided 1o the tablets or dragee
coatings for identification or to,characterize different combinations of

active compound doses. Such fgrmulgtions ¢&n b&’made using methods
known in the art. (see, for exampley’U.S. Patent Nos. 5,733,888 (injectable
compositions); 5,726,181 (poorly wates&oluble compounds); 5,707,641
(therapeutically active proteins or peptides); 5,667,809 (lipophilic agents);
5,576, 0284 olubifgmRispoRieTeagEhte): °s 707 815 (anti-viral
formulations); 5,683,676 (particttate medicaments); 5,654,286 (topical
formulations); 5,688,529 (ora@;ggs\iﬁoﬂns); 5,445,829 (extended release
formulations); 5,653,987 (liquitkfor ions); 5,641,515 (controlled
release formulations) and 5,601,§45 _E(spﬁroid formulations); all of which
are incorporated herein by refergnceji 'mﬁzeties. 103171 Further
disclosed herein are various pharm ,e,;{tical compositions well known in
the pharmaceutical art for use#'that include tqpiéalointraocular, intranasal,
and intraauricular delivery. Pharmaceutical formule}tions include aqueous
ophthalmic solutions of the active compounds in water-soluble form, such
as eyedrops, or in gellan gum (Shedden et al., Clin. Ther., 23(3):440-50
(2001)yesbydrogels dMayel i akeaphihathnologied, RH0(2): VOIB the following
%{%982% 0 htp%Lrlrl]éc gj&pyt%g{gs; ophthalmic suspensions, such as

ic?opa?‘ﬁcﬁ Gies, drrlug-contalhing small polymeric particles that are

suspended in a liquid carrier medium (Joshi, A. 1994 J Ocul Pharrnacol
10:29-45), lipid-soluble ulations (Alm et al., Prog. Clin. Biol. Res.,
312:447-58 (1989)), a%gﬁpheres (Mordenti, Toxicol. Set.,

52(1):101-6 (1999)); and a¢Wlar gnserts. All of the ¥dove-mentioned

references, are incorpgy. eTe| @Wg@@ntireties. Such
suitable pharmaceutical { ';ljations re mgst often and preferably
O~ 'NH

formulated to be sterile,

Formula VI-1B
[0286] Another example, the compound of Formula Vi has the foliowing structure
and stereochemistry VI-1C:



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 maintenanc
Wﬁ)o%%‘g%%ﬁ?ry action. As disclosed in Remington's Pharmacg‘tr‘}irlz'?:ﬁz;ﬁ2%{grm'ﬂ'smS
Sciences (Mack Publishing, 18°x" Edition), which is incorporated herein
by reference in its entirety, a [l-known to those skilled in the art,
suitable formulations are most oftgh and preferably isotonic, slightly
buffered to maintain a pH of 5.5%0 63 most often and preferably
include anti-microbial preservati\%s and
Pharmaceutical formulations for /intra glar-del lude
suspensions and ointmentsYar tepic l,gpplicatio in thg ear. Common
solvents for such aural formulatiofis ifclude g 'B afd water. 77 WO
2006/028525 PCTIUS2005/014846 18] en used as an anti-cancer,
anti-inflammatory or anti-microbial compound, for example, the
compounds of Formulae I-VI or gempasitions including Formulae 1-VI can
be administered by either oral or non-oral pathways. When administered
orally, it can be administered in capsule, tablet, granule, spray, syrup, or
other sif@d7iorm. Gattremcadhetiinistéreldo pronidt aliginpeanivtvasatinible sl 4ad pro-
A ALHEOUS B SPRPSIRN AR RINIRFERAT AL BOvREIE. B S¥SoBtai and purifying
suppository, s |Vﬁ, oin m;rét o[ thgkllike., when administered via injection,
SUBATERRBEAT) Th PAREROHETES iR enously. intramuscularly. or the
like. [0BE83In ongéherripodipredtydretaritecancdy, - irflarmn atoryrordrug ester of
antispicsekial cAR-RE e withiadditionahaubstaness iReRNales theikhemical
effectiveness. In one embodiment, the antj- microbial is comtﬁ{]ed with an

SEAGaP A E TSRS, Thh othRr S HBERRTSA & 4nt- Hiit dBiafqEpound, for
eembined Witholy dsug domhedicadaeintuthatilsshelpfihtedaup atientrtifet i derivatives
taking. antls micrabials (3201 A he £ROURES £7B: RS AGUISIELER O thicester-

used in combination with treatments_‘'such as chemotherapy, radiation,

AT BoRsYes et a8 ALK h BB EinRETe BB o LR G L -drug ester
aeinisigned gﬁr@e@wéthya @lsmmgth&napﬁ}nﬂ_i@lﬁgb m&&am@ﬁmciathyi, and
%Qi%gs]tgxth aesr%gﬁ"ég% I&%ﬁ'&?ﬁéﬁ'%ﬁ%ﬂ@%&%ﬁ&@? -lﬁlgxb%ll,B—dioxolen-él—

antinetabolites, enzymes, hormones, platinum compounds, ) ,
ifFREtRG BRI oSS PERHHIFS GRS eTREBS i i5Rs P broto AP AU Bifgater of the
megifats (BRMsiprNeythadig. HxampiesdpahtdtidlnacistinaiMinalastngeine or
Vindesine, Paclitaxel (Taxol), Docetaxel, IS inhibitors
e e RS PER SRR Aot s o
Gampotiheéin crrolien riigdrndcy ciipo db HBimiaess rifoyslRshysry Systems”,

GRrmuystine slomusineandacathazing:day draxyivatisinelaming thiotepareversible

agrireg!st?nc %rg] gésign: Theory and Application", edited by E. B. Roche, Pergamon Press: New

propriatg drug stabilizers.

York, 14-21 (1987) (providing examples of esters useful as prodrugs for compounds containing
carboxyl groups). Each of the above-mentioned references is hereby incorperated Bj,r reference in
ifs entirety.

[0289] The term “pro~drug ester,” as used herein, also refers to a chemical derivative
of the compound that is rapidly transformed in vive 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



Dactinomycin (Actinomycin D), anthracycline antibiotics (Daunorubicin,
Daunomycin, Cerubidine), Doxorubicin (Adriamycin), Idarubicin
\‘giam cin), Anthracenediones (Mitoxantrone), Bleomycin (Blenoxane),
iH08PEIMitbramycin, Antifolates (Methotrexate (Folex, Raxhta]yS/o14846
purine antimetabolites (6-mercaptopurine (6-MP, Purinethol) and 6-

thighiamAe koslGh HRgHLO PRILARIGAREE!ILASID IS LRI A Getal salts

6-mercaptopurine and 6- thioguanine, Chlorodeoxyadenosine and ,

PefityB QIR st A8 SR ST T\ B e St g fiseonium salts
ﬂu@wfﬁpyﬁm kﬁﬂ&@sﬁé&ﬂﬂﬁfm pha;lﬁiia(é?ﬂdﬁldﬂi@,aﬁeél;hmlﬂﬁdﬁ'gatyu rHokines, _@adtiadv)ple Ci- Cy
%@% @5%',“e()})c&%@iﬂ%fa9{9%&%&%}%@@@{@&%@Udo%famwafomethyu

RAGINASE, Hydroxyurea, glucocorticoids, antiestrogens, .
FPHORHER OSBRSS ShERTRASYE StharAip e BRara S8 thiRiBeadiment that
ARaskiozalReArinigetneisplatifi-boiMricaptapuiiRcaangddogliaainacid addition
Methatrexate, Cytoxan, Cytarabine, | -Asparaginase, Steroids: ;... . .
e SRR AR o R g, s
potEberaityiean BPRSE P AT EHbREIEH G BHank SEft 1o mpeRisdsetiersuceinic,
exAn)Pleakexamplas, othirlogice:ea) inekde: a08pitnssehas, TRMbensulfonic o
%ntmﬁ)gies tPfTRAIL integrins such as alpha-V-beta-3 (aV33) and / or

other ceyli% |n°en}§ra§\1/9th factors that are involved in angiogenesis, VEGF,

EGF, AG¥PHnd Pyt sohaena8iptD 2006/82855 disclosed  herein  include

g%%gt%&ﬁléé@?@m@%? ghgedﬁ@%@&y Qgﬁﬁ%ngﬁ@ Gﬂ%ﬁ@aﬁ@fﬁ obtained
elivere | an antinoqy. abqve-aescyl . mpinatgon me S )
R L oo A B AR e R e o Bt maceuticl

ran

reoplastcs diseases;iimfiammagiohtrantarmicrobic! isfeptiams ¥ Ethody oingredient

%@m@ﬁtf@&l&? %LQ%?%%J&@&@!&%&%ME@M&%;%? \ﬁm%?@gon—basic, that is,
clo

chemical compounds and the disclosed pharmaceutical compositions are

SRS QYR FAFRIGIS method as an anti- microbial. Such methods
include[@8ipng dtheil, {akRrdnppistiatibiththoughborad patinpayds wiiclvmpositions

administation.nslydes administration in faRsYle. ARl raRMGEH &P Yy suitable

syrup, or other such forms; (b) administration through non-oral pathways, ,
HOS ARHFEEEHIEN ARETFEES ST R BTDSE d&ﬁg&a@ahs@agﬁs@ﬂ@i%ﬁ? certain

ambeliipsaparatoreiihedikecdr asmpditionsuppasitaty, $alvesnpintmgntiotiude a

.t a%%e% iQ'aSé%%Ll%‘Jlevé tig#%éigd}ng%ldg&utaneously, intraperitoneally,

[ mu

travenously; intramuscularly, intradermally, or the like; as well as (c)
adminidfi3tidn topicanr crendamrrinbstrampr RS teaty Pores) RdFsmbiSiratiip discases,
vagiealyd asideenpd. apReepyiatechy thosecatnskibindlie artdos hiiBgivg: diseases,
the c%mpound of th(% £‘}gresent empodiment into cocpt%% n\é\(/)ith Iigmgls'gis%ug;prefem g

and (1 adminiatration via controlied released formuiatons. depot
ferpriiatioh shaadigease 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 2 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
miectious 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 protozoe, 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.

10295} The cancer may be, for example, = multiple myeloma, a colorectal

carcinoma, a prostate carcinoma, a breast adenocarcinoma, s non-small cell hing carcinoma, an

ovarian carcinoma, a melanoma, and the like.
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infusion pump delivery. As further examples of such modes of
administration and as further disclosure of modes of administration,
disclosed herein are various methods for administration of the disclosed

Wc‘ﬁé?ﬂ%ﬁf‘%’mpounds and pharmaceutical compositions mclﬂ‘amasﬁ%agls““

of administration through intraocular, intranasal, and intraauricular

pathwR%§4032:%]ﬂ;r %QM&?}?%H&%& ‘?H%F%\ée ﬁs@@kﬁ?ﬂiﬁé ﬂ}ﬁeumatmd arthritis,

compositions that include the “described corgfounds inc udlng those of b
aptlyy ARl | ST GBS SEENwi BB BHARECholGRETGSIon tiury, and the

1&e@ministration, the type of animal, including human, being treated, and the

physigghosharacieristis olie, eg e ANIALUNILEANSII R0 N bl
an Czt’l gve a

dose e tailored to a esired effect, but will depend on such

Hautors edwaight! dietwidiumie ichicREBEnd HikPTBREROTciomise. or
iHaasewikiltesimihedaadisrlams w&fd@mgnlze 103231 In practicing the

method3ef (e Srbodimen e, rogy e, CARRsIons, SRS U8 hlancre
alone ofr'i comblnafﬁon w one anoﬁger or ’n'com mgtlon wﬁfw other
stHrapelCID G SHE e HREATTPRSRen DR IS e aTF e WHRBA & i1 yibranched
cﬁ;]r g}ﬁﬁ’éﬂ%ir&ﬁﬁ&@mm%ﬁ@{ﬁéﬁme@hﬂdﬁm%ﬂ s%smﬁ%%ﬂﬁtﬁjﬂp&ﬁyiﬁgng more
them in vivo, the products.or composition ister

P VLS b s SR R B SR A S, 8 et being
mu@@m&mte@uﬁmonmtmmnm@ﬂwaé@mm%mﬁé@@m%&gmalliye%’éisfélbv@rcrce
srapeioneallys %ﬁl%g&g VAl ohdesag %{@FB@& borChAneihadSwbstituted

may also be applied to testing chemical activity in vivo. [03241 As will be
FRHART B ISHRTICERE skilled in the art, the useful in vivo dosage to be
administetd anththesparticlaiturdteof admidistraticanivig, \aryoapendivgerous

- YRR gg&te}{‘{?'%ha{ﬂg mampmgliangpegies.iteaied e pALicWat. 6,509,331;

compounds employed, and the specific use -79 WO 2006/0285

@@@@éZéé@ﬁBi@ Fordiiich ‘comptildsSte einploye dﬂ?r g which are
ﬂl@&ﬁi&’d&ﬂﬂﬁ&ﬁﬁ@ﬁﬁﬁ&&xﬁﬁ@ﬁ@&@&d@ﬁ triakisfidily, dosdgmiiireds substituted is as

AT lipyehe fesisd, r%%ﬂegﬁmﬁﬁagﬁmﬂ@@grpmmd allyl”

&in t e art usmg routine pharmacological methods. Typically

Frsinl élirieen i Irdat s BIPRTSRtt TFee drismi ﬁeéa%t?&%wmia’él o3
L@u@iaxemﬂha@maﬁayei henguneiease dantibdhemd esiredeffentsising of alkoxy,
Iternatlve b in.v u
AT (S R A O, MR GRS SRR evclostions,
mhtww@th@ﬁ%seﬁf%tmgwr?@l@gtaw@ﬁw’ipﬁ@%ﬁ?&@é%’ﬁaﬁwﬂamm
B8t ORlS 6§63 2RR0 Bafﬂémfb@iﬁﬂmﬁiﬁmm applligations, ahjpslentipbubstituted
cts are, commenced a erd evels W h dosa
L R e s S B et i,
eﬂﬁemsldmapp@aﬁsﬂﬂ@i@bsﬁéwwﬁ&ﬁg&ﬂmﬂwﬁep§ﬁd’rﬁ‘ijmm'3’1 —S0;-aliyl, -

SO,-substituted alkyl, —S8Os-aryl and ~SOp-heteroaryl. The other above-listed patents also
provide standard definitions for the term “substituted” that are well-understood by those of skill m
the art.

- [6306] The term “cycloalkyl” refers to any non-aromatic hydrocarbon ring,
preferably having five to twelve atoms comprising the ring. The term “acy!” refers to alkyl or
aryl groups derived from an oxoacid, with an acetyl group being preferred.

[0361] The term “alkenyl,” as used herein, means any unbranched or branched,
substituted or unsubstituted, unsaturated hydrocarbon including polyunsaturated hydrocarbons,
with C;-Cg unbranched, mono-unsaturated and di-unsaturated, unsubstituted hydrocarbons being

preferred, and mono-unsaturated, di-halogen substituted hydrocarbons being most preferred. The
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upon the desired affects and the therapeutic indication. Typically, dosages
can be between about 10 microgram/kg and 100 mg/kg body weight,

referabﬁl;/ between about 100 microgram/kg and 10 mg/kg bod Weight.
EMUIRER dosages can. be based and calculated upon thBCSHHEIE Reg46
of the patient, as under_stood by thosg of ski_II in the art. Administration is
thrl‘I:ifeE Q%ﬁéﬁ!/ﬁ’”r&m@%ya% t}{w&%%ﬂ%cbﬁ‘fd?oﬁﬁc%@h@ep%@%w having five to
formulation, route of administration and dosage can be chosen by the
EHRlRAGIPISARTEIEHRE ISV of the patient's condition. See for example,
_Fingl goagzjin Thge Pteafma‘e@imgi_c@dmaf Therapaetiosyll Y7 Snd/hichbigituted
HDERIROTBIESRer SRR (P8 NeS IRl Bt ishouldehe AOIEA DAt G, o
aitend ng physician wou d know Flow‘to and when to " terminate, interrupt,
S Al RIRP AN B RS GAGRECH: 8PS diyBaRiiEiysrthsctibhs, “Heteroaryl” and
‘Ganuerse ¥ tthemstte adingonhysiaiamnikEbals eiddd auvvieiadjy stdse atenmsttroatom,
to higher levels if the, clinical responge were,not a te (precludin
BT A AR Aot il QO P HE o, The
e disgedeyd inverdstomityoiry Wit thaseveriy 6PieuBSnuieH g pre or more
ﬁ@&@ﬁ%ﬂpd mé?ﬁybﬁm%@%@gﬂﬂgﬂéﬂm 3. gﬁh%&@%@ﬂmd ity efthe @Qﬁuﬂxﬁh@ﬂ with any
may, for example, be evalyated, in » tandard, prognostic
Y ?%ﬁﬁ%#?g&?sﬁu?fﬁ%%?%ﬁqéo %gigdr;}ﬁod% pIS{enr “énp%lqg%%rgfrequency, will
also vdppa¢cordithg terth&xdigey bodyravisight, anktaebpdnaebofnthed, substituted or
ﬁ%@ﬂ\é@iﬂﬁé&%ﬁ@z@&ﬁ&é&%@ﬁ%ggi}%%@@lﬁ tC?;tﬁ?%@ﬁﬁ%%@,q?;ﬁ@&‘(@dfﬁ_aﬁb&lﬁtituted
used in veterinary medicine. /] Dependjng on the specific conditions
0 B i SR A 5 SOt i GBS, S motyl
systeyhioallypohybealyus variesioftigchpigivesdol formul dtiohoalirdxy™ refers to any
Agministation.cande founddrRemibaionsHhamacelical AHRE  fe ring. Th
18th“Elc§ii;, Mack Puaplishirllégr;]Ig Co., E'és?c?ﬁl-% PA(1t99(_)), which is%ncorborateegng, )
e AR < raPRRt e TH TS TR At Sy S RS Lo YA SHTRS L DU iy aliphatic or
mohide eliakyactahctiansderboal] wagipalTeaasmpleosaljude mteistiyadrbonyl group,
USaen. RAre SR Ieliding RBAmYSEYIAL HOGUEBRSSonyi
T e PSRl Bk SR Soony

BT G TY TR AR SR i RIS RY CERomt B MR a S SRS <Y e Bfe) roups
2006{028525:Penk{U S2005/014&84 010133284501 injesion, tligiageats:ofithegroup,
embadiment can be formgl ted iqja Yeaus ggél{ggﬂﬁ preferably in
Bﬁ%}lﬁgﬁé?éﬂ%?fxalc %Béﬁgfeygﬁ f%ar%%%c%a%pHanks" so?'uti_on, Bingeczzr_'s .
solutioft3§fbhysitieditat Saipd Tirdedsor et irkil sinifigsagnd “isolated” as used
administeation. RensiANts @ppRMRHRentR heslighinhaipsineaisthaiads with
Sied e formdalon. JushPEliais.atc, gene Al WD 0 18 A,
Se 0 phar aceutica Yy accepta e carriérs to formulate the

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.

[6305] The terms “derivative,” “variant,” or other similar term refers to a compound

that is an analog of the other compound.

[0386] 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, H-17 and II-18),
below, can be obtained and the various analogs can be synthesized therefrom. Exemplary non-

Iimiting syntheses are provided herein.
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compounds herein disclosed for the practice of the embodiment into
dosages suitable for systemic administration is within the scope of the

WO@E%d&TE}eznt With proper choice of carrier and suitable map @F%%Hlﬁ’ 4846
prac‘fé tha compositions disclosed herein, in particular, those 1ormula cj"

as solutlons can be administered parenterally, such as by intravenous
injection. The compounds can be formulated readll

carriers enatle the\ ompounds of
ent to be formul ted.as ablets pills, Jeit]

syrups, slurges \

Gu s present
are incorporated
th protected from

due to their hydrohob|C|ty, small orgaric molecules ca be directly
administered intracellularly. [0330] Determination of thé”effective amounts
is well within the gapahility of those 5{( lled in the art, espggfally in light of
the detailed disclosure provided herein. In addition to the active

|ngred|ents these harmaceutlcal _ f‘gn]f%cﬁrﬁz?énlf‘i 3153[?7 and I1.28

UX|Ilal{mwhlch’ﬁh&ﬂﬂaltetpnoeés&n@@ﬁmiwta@wéﬁ Mﬁbﬂjﬁd@h&tﬁiﬂ 1-24¢€, B-
? yatignswhich canbeiused RYarmacsticall, hepepaialiansnes21184, a
ofmu

ulated for oral administration can_be in the form of tablets, dragees

EQB%”@I | §gr1261,t B SHNAL R Gp %w&?}ﬁ C%}tELS% &)eglfﬁigh §I‘(€1§h cggd;tmns described
manufaeiradvinradmannergddatistiis ethkinonn ufoll exasipteia! bypenaarisehpounds

o E‘L?yoc‘ﬂa' L Te&&éxln@&%&ag'%gtn&tg@ﬁgetﬂmm , SVt from the
Ing, encapsulating, entrapping, or I}ééghlllzmg processes. [0331]

emeewam@cmé Reiaile AV EG &aRTa F*&fﬁaeytawa%%tﬁm esired
- uSi@nknowWR:Mell edse ity @xampiedhetoxcol egsonbagaiticukpearation to isolate

RIRYNoh oL AubasLelbe. compais, SRR AR ahemical

moietie can & establi rmlnlng In vitro toxicity towards a cell

line, suiﬂﬁ@é a m&rAriaTiER (%@%ﬁéféﬁélﬁlﬁﬁ’?ﬁh%ﬁl EaiF 70 24 e s Agperican
%%Q Gthdies areafteppediciieafioxjcity |mammgdﬁdsmmsmm dlsosition
CSE e i DS (1 RS Yol (P LBBIBLAL erved som

|n an anima ode 'such as mice, - l
strain CNB476 as a single colony 1501ate Strain NPSZhSé has been deposited to ATCC on

April 27, 2005, The ATCC deposit meets all of the requirements of the Budapest treaty. The
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
heen modified by molecular biology techniques, may also be cultivated to produce the stariing
compounds 1.7, [-16, X-17, i-18, II-20, I-24C, I-26 and 1I-28.
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WO 2006/028525 PCT/US2005/014846 rats, rabbits, dogs or monkeys,

can be determined using known methods. The efficacy of a particular
weom 591929925?6‘” be estak?llshed using several art rggognlged 5%%5@8%%5/3%!1 6

as’in vitro “methods, animal models, or human clinical trials.

Art-recognized in vitro models exist for nearly every class of condition,

Ancluding the conditens @hated Awie campounds disclosed herein,

including cancer, cardiovascular disease, and v%rio%s immune

dysfurltith, and IPIREIRUET dREaRuBds &ithibsigS MRS tANTE BRI Se8qeLe ©

himal models
aaffdbriseott establisbdeffigaoyaischemnidalstds temtstcl ddrditiens, but it is

e agﬂé%}!;e&o%gc?tﬁ@qg%leﬁﬁaq&E%E@mgﬁé@@aaéh&g%w@d iSRG W Rium can

qui by the state of the art to choose an appropriate model, dose, and
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en used as an,anti-microbial I to 250
e R B e by e e i
monerapatitvayse WhdHtier Alifie ermacerdny At el B ashisddie aliting the
sapsyen tabletn grabrie e, S epmernatbenat dnt fosmtaYihtenthe growth of the
arggplé?jste&%gjnnon-oralIy, it can be administered as an aqueous

101.8 . . . . . .
uspension, an oily preparation or the like or as a drip, suppository, salve,

ointmelfF 1 the IfRe iR heciFRStEraamy S CTBISy lBE MRnictidigery skill of
intraperiteneally cintRvanaushidniaMuseliar e intiacerotadlybar ithidikglucose,
Controlled release formulations, depot formulations, and infusion

ey AP STaH A BB A 9595] P € R oL bl
Sexdis imphihemateblidatccompositiviathiisy wides coeh grigexaan, cerelose, as well as
phaimageHticall Acgeniable: CRFIGkBUsMGopBROSHioNe GrN haprepateehtity of
for storage and for subsequent administ‘rﬁt'on. écceg%ablg ct%rr{i%?%?{ edients in
thfrarRenrTre F AU GRE RS ISt RS TR AR e LAl At oan .
arentidasnibed sformexampleriehRémitgtonts Pharrdaveutedy Seighiceghe medium
Mﬁ%‘é @HQQ%MQ &Qd,%&aﬁﬁ@.n@@sggg'b3§ 8 BB RMRICIEHE M ally or several

compositions can be formulated and used as tablets, capsules or b

S RRTRETrSP BT SRR ASH e TS Up SULRBITEL T OF SRR v g carPom souwrees

aﬁrﬁléﬂﬁmm@mﬁﬁﬁmﬁdmms or suspensions for inject.able .

adminispagion. iieciaRles GARERISRAIRY nGANERIonah IS Rl efginine,
S

as liquid solutions or suspensions, solid forms suitable for solution or
SerspETRsi S RRAGISYIBE tkin HETERBT -eh TSl o ST RO BREPIBNES Yoot
inghide cbut asepnotdmitedite; saline, destraseprannitokddotodedeithimeptone,
Aoty oG AENAE. SRR BENIAIS A heditinkllon in amounts
addi |on‘,kﬁb desired, the Injectable pharmaceutical compositions may
cerahiemmbe %Wﬁ%ﬂ@kﬁ@%imﬁ%%tﬁﬁﬁg?such as wetting

agents;phbbufferingroepisand iedike. deskiet abserptiapoentitincingulture

media, are the customary salis capable of yielding sodium, potassium, magnesium, calcium,

phosphate, sulfate, chloride, carbonate, and like ioms. Also included are trace metals such as

cobalt, manganese, iron, molybdenum, zinc, cadmium, and the like.

Pharmaceutical Compositions

[6313] In one embodimeni, the compounds disclosed herein are used in
pharmaceutical compositions. The compounds optionelly 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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preparations (for example, liposomes), can be utilized. [0334] The
pharmaceutically effective amount of the composition required as a dose

Wiléo%(‘g@%r%g on the route of administration, the type of animal b"ieillrl]é )
WAt 2894 the physical characteristics of the specific animal Ungep014846

consideration. The dose can be tailored to achieve a -82 WO

t@eoé}@ég&@ §§d"3 c%%tﬂ%@éé%%ﬁ@e Q%ﬁrﬁggﬁfc@lvta\@@gp%%%gpor diluent.

such factors as weight, diet, concurrent medicatjon an,ols%ther factors d
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therapeutic or diagnostic agents. These products can be utilized in vivo or |
FADiliees Thies FSereaT Aol s HETR SRS SPaSE hade Taorir PAtBRT o™
rwilkyaydependingripan theongesaeightand shirmalrdrgbiethitheid can be added
Larticular compoynds employed,.an stQSeﬁgi%g' 'é%;%‘é%ai%e"\éﬁéﬁh these
composition or compasitions are employed. The magnitude of a dose in
the ma¥ddbmenthsr epawaritensiorsiplaricthascdrs Jierarlen bihy withefermulated
SRVetly of theicendiigndg e Wepated@nstdD theouteioh; adppniBtiREORY rectal

nd depending an the disease conditions.and their severity..the.

%6‘%#0 s SN e IR TA AR Rl Bl %ith%méﬁ?eaetﬁ%’al Fgnes o
tieoaitynAl vémistyioficack quedstor! fbmattatehantikad FRirtsblicarcapisgared in
foundinRemingtans RhaimacemisabSeigReasnsl 80 efamdbaghkole for solution or
Publishing Co., Easton, PA 19902.450336 To fognulglte the compounds of .
ﬁa}?ﬁﬂ%elﬁ-I\gpgspélﬁréﬁtf%%r%l%l, 5 r{}:rral‘!ﬁ]?mns. utiable exciments ‘are, for example,

I- cancer, or an _
wiitiE] N ékinm atetyosig emerkitow iesrfacleciibifve Aleyenits, exdipiemigiamate, cysteme

SIRQOLHAG 2GRN, 1BSPENRIRRAIERIS RGN FRaseLptAlAecen@iBositions
film-forming substances and coating asslstangis, and the ljke can be usedt. -
BRIEVEBI SRR BSOS AIBITRY CHIBRSRs, BRA the TR AR™ P

befaser asmyriadetiactike. agentsy sl cizemighucobeciagtoseastipeh(for cxample,

ﬁ?@&%ﬁ ed sellylpse, mannitol, light anhydrous silicate, magnesium
aluminate, magnesium methasilicate aluminate, synthetic aluminum

silicatd ®¥4ikium Tammsraticd JermHrbet ELrByRae T Hia SyaHe adqueous
wmb atahca&ﬁiterﬁog@ﬁhmnyﬁnmm-@@uhnbﬁenamﬂa_iﬁtmmafmgpbmmedfas active
gc))(ngHD '&'&E,szm %gn%gg%@dsggaz{&;%pﬁ@’ %F%ﬁjé@{%‘oﬂ"sﬂéb@&é]&&ke %bt?@ Lipophilic
used as smoot mpg gents; coconut oil, olive oil, sesame oll, peanut oil,
selyerieam wiglsedralydsuisE REoN Aries i GBritafifsT CBRMIGSEIS Seghdfesoyoean:
phikalateagadetislivespincaatnhydidasschassetiyiosesar sugatyerides, o
etacelale. methacivlale Copalyines a5 A ISHVAING BLPAMURLEAABY of
uBed as stispensio agents; an plasﬁmzers such as ester phthalates and

the dilkeensipnmbsugsag ﬁ@l%%mﬁﬁeﬁgéﬁ@?qﬁs%ddmgﬁstﬁr 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 mixiure, 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,
manmitol, or sorbitol; cellulose preparations such as, for example, maize starch, wheat starch, rice
starch, potato starch, gelatin, gum tragacenth, methy! cellulose, hydroxypropylmethyl-celiulose,
sodium carboxymethyiceliulose, 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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the foregoing preferred ingredients, sweeteners, fragrances, colorants,

preservatives and the like can be added to the administered formulation

f the compound produced by the method of the embodim rticularly
“\F/)(\?hzg(r'ﬂ?%e c%mpound is to be administered orally. [0337] Th?%%&%%&%*é s
and compositions can be orally or non-orally administered to a human
Ratignt ipthe-amounkotaboik Q.90 madoidan 309 AAP00ntain gum arabic,
mg/kg/day of the_gctive [ redielnt, ?nqlrpore%;ereflerala} att%out 0.1 . !
R R B HRE Y o g%ﬁaag? Y Aib e “Trgredient Bt pre %}?}f\j&y?cqua
sohdidimengenitile orglessspreftyabbplevemivate dbesitiBrotipemsepieceale added
Hlieratively and Alse:Rrelerabenihe £RMBUNcRRWse dibx the MBthedons of
of the embodiment may preferably be administered jn the stated amount
ORIy otor ERLAND BT PAVEHOITS HAB TIIZ TGP AT mey

qfiarphfientuieighingratickildgrans;ithe pyrefbred, daihpodsebbtiestig8ne glycol,
WR,2096/028225 P G TS 20RO 4846 active Rrantisinfertve ingrediantmres.

would be about 0.07 mg/day to about 700 gm/day, and more preferable, 7
THeTEE 65 BISBGEYT GrattsAisse MotetiblEs L a&3dmr seeliRefefEiddaisration or fo
thosecabskifeanthembinidee tainbituatigngrit carcbedeldssarytons can be made
adminisier %h}%ﬁ%ﬁ"&%ﬁ%%na@é[”f@“é@%%}’ 196 G BNUNBIEGAR 585 (injectable
compound of the embodiment in amounts that excess, or even far exceed,
PEPRRELs ] HrSPEPFBU R PRI R WHBS RN At (GRSl active
trertrpantistpadby)ad\sansed (Ganeais arinfectionso [0338dbikzthe easeeof agents);
| e anti-cancer, anti-in ,Ia%*%a\% Yy, Qr.anti-microbj d .
%Jh%egt?ﬁ%ﬁ?s %?tfﬁvér%m%%ﬁd?ﬁqéoﬁ {‘as a fi’o?: ehica %ggt TPS%%?#’?B { g’e %?ﬁ’%n%@m}
foreriirciens) byShEHiSY s (efihcuspemtriinieftdthiBils (REPFsErasisisn dpmelations);
sisease whenitisHissehed ibans Bryganicsplyestko: hydreusiotgame 5,601,845
olvent and it is directl lied to any of various cultured cell systems..
TR S il T s P RS RR e R Ses
and thé@3IRE. Théudrenulistibredaierfdr exarrplevbepesitralynmeitons well
ﬁﬁb@%%‘gli@énmmqeqﬁ%ﬂiqwc%oﬂndilﬂait%p?ﬁpﬁg@dt@mg ArHEARICIEOMERT, and
or a hydrous organig solvent. While a preferred .concentratian of the, .
CHHBUEHE GOt B e O O e AP SOCRRGRTHOP CRES B of e
microbiahcandicancde:erbihts-fomosucb pypuedidpis gan ety dnmhShedAeyecbtl., Clin.
ahoubl to.abowt A6 oo/ maitle: RIQRIIS SR ABRLEN RIS 1-3 (1996));
depending on the type of cultured cel sys%gm and the %ero%?uof use, as
R prEER BBy ETEs ACBT S AR ﬁlFHﬁ‘??é‘r&F@ Rido' T CEPAKne s

apipticationstitlcanhbe ane cegsadydinpreferidd dorpersedisof @edibaty SRR Ocul
%B%J& Y&S Rk amount auiside. the foreging 1aneg, [0339k4 a8, 312:447-58
%@89(})9225 rrlz‘gi'cggsep}rlgreegh{%gogc{egtsi: r}%x?cg[(.) 2‘1‘?? g 9(?)811% Eg (ai‘ggégn);l(ei;%bolghar 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" Bdition), which is incorporated herein by refereace in its entirety, and
well-known to those skilled in the art, suitable formulations are most often and preferably
isotonic, slightty 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,

Comumon solvents for such aural formulations include glycerin and water.
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anti-cancer or anti-inflammatory involves administering an effective

amount of any of the compounds of Formulae I-VI or compositions of
ng()z%gﬁ Oogrg%ounds. In a preferred embodiment, the method involves

administering the compound represented by Formula Il, to aPSg{PeSﬁ?WOMS“

need of an anti-microbial, until the need is effectively reduced or more

prefergiaisremoyeds [Q340L.Aswilhe.undersiaochay0ae.Qfl Sl it eofound,

"need” is not an absolute term and merely implies that the patient can
iperetiifoMetfiepedtfiiel ot A nicroBRaS HTEs Sitkéandermptee -VI can be
aantinistam mateiyein arse oByopatignpatdgtis maant iadminigeganisalithat can be

a(t‘ﬂ%%npt r@gf& QX tshl e,uéglé%f F@n@l@'?&c’m&),%%&@p &ﬁ:rh%z‘m When administered

anti-inflammatory agent. For examplé, any organism with B. anthracis,
ot itiFAn PerSATATRE LoD ATRSEBHAAPERRIOM &1 K] PrRD HeRctitthf ks or asa
dhe applicadionsaianantiemicrabialithatimaydritivereaduceihei@mabaitafeously,
iclonss RIesent, 1AM Palient. Ax ANQINEL gxample, any organism with
caricer, such’'as, a colorectal carcinora, a prostate carcinoma, a breast
adenol®3i8inoma angGriIfiaNte b carethoftainaa Bvalfahe CartisHkial can
Boeliiplewy elamas sunelaremaranetherikg.inaydeneiidEemblignent, the anti-
spplication,of an. antkcancer Adent iatmayin (urp redyce e amountol .,
cancer present’in‘the patient.” Furthermore, any organism with an
infrabriehistovypdioriitidng douebr arcdiprumidteidiakeimiilto agtiie, thatleiplisng anti-
Seleresis, psoriasis, stroke, reperfusion injury, myocardial infarction, and

the -84 WO 2006/028525 PCT/US2005/014846 like, may benefit from

the apPhiéation of S SRR AR SETRAT iRt FetlEE R B SGATent
ot telslassdoiamd withtihe infldmivmtchyrrespoisequre sehbdntias ghdieppounds
J&Q%Q_GM%%}@@LJP%%“% Qe%ﬁgﬂ&ﬁ&gﬁﬁﬁgqlﬁ&{hat 8hmples of such

anti-microbial, anti-cancer, or anti-inflammatory be administered,

HSREVEFERHEPafett Ty Laitb N EameeBn et BiPtie radmeroR i HE2ymes.
}Iﬁxzedmfs mihztmbmsmgnm&tsp&ﬂmmﬂmﬂ@m;@wheﬁssp@;ﬂm hp@pes), biological
&%b%@&%@?yéﬁ%@ﬁ%&%e . ONE; £BROAIMAR DS AR MIGRARIBLO N indesine,

anti-cancer agent is effective against one type of microbe or cancer, but
PRtRgEinSPOThdr oSt thasisamewin G AR (b sageaditrmtaetvr-10)
Teaimeat ofMirs patieniththetheremnobedimentsistieyelotisfiampdatonyicaoureas,
e SlREL S AIRINR: WamBAe - seRdHanm A0ArAGLeTERtY i Rbeyein
cells associated with the inflammadtion.” In choosing suchan™ ‘
BAtPATRYEBial ASHRERRBe r 3k artiimarirRatdiibinient, Rerratieds dgnomyein,
esitsigisclopetbintize. Examplescean baiusdftik In @malernativenthracenediones
odiment, the anti-migrobial ¢ e effective...against a,broad. spectr
R B Ry B e RN O PR e
grédferablyxiahmirBgctaHEnYe B o S BYERmISMTI effbbtinferpstipld and 6-
Bibeaneasand/anaric trlsmmaian: gentcankeqlaciive againgburine and 6-
%ﬁggaz%zﬁﬁgd%%r%%%@% ernsosaural{g "21%3 m%%%{?sr tin, Pentostatin {2-deoxycoformycin},
pyrimidine antagonists, fluoropyrimidines (5-fluorcuracil{Adrucil), 5-fluorodeoxyuridine
(FdUrd) (Fioxuridine)), Cytosine Arabinoside (Cytosar, ara-C), Fludarabine, L-

ASPARAGINASE, Hydroxvurea, pglucocorticoids, 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 biclogics 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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conditions/cells/substances. In yet another embodiment, the anti-microbial

is effective against all microbes, even those native to the host. Examples

: icr that can be targets of anti- microbials, include, qt
“ﬁ;n%?é%‘%?g . anthracis, Plasinodium, Leishmania, Trypanosl(?;lréntra%l}%‘Jr;liuﬁli'l'%‘é846

like. In still further embodiments, the anti-cancer agent is effective against

Hissadespenrurs sirhn cermptel lcanbéirsrExathplemobebn RS RYaNStribed

yehish-ie %ﬂa&g%@%&@s@dbu% u%ﬁﬁ%%%?et‘ﬁ&#&%ﬁd%&%%%?&%‘ %aczrﬁll?ré? ggzghgoplastic

ggggsgast?nﬁggg{lgggwa, a breast adenocarcinoma, a non- smallcell lung

Carcinoma  ARe8VRAR RS M cHfGftiple myelomas, a melanoma, and

the like. Exemplary inflammatory conditions against which the agents are

pifectysringlidedheumatoid arthritis, asthma, multiple sclerosis,
psoriasis, stroke, myocardial infarction, and the like. [0341]

"TherdSeti callyf2 ABAltrnaiive Grbedseain he ciarasty ciktviecammounds’ o the
Siiilemitetmrmmenthalthatpssiond @fedﬁugliﬁfswrnya%eﬂ&m@ﬁﬁg%&mtaw% anti-
3| } ical or djcal response.of a cell, tissue, system, animal,

R e QP T e oy o
FEpTRETR Brvdss HiFratiasénrepwiev bt arianienredicabactor, @her such
fothsy cilyiciaimiiiE42dn " Antipicrabialraefprgia a compaungdhatiesiices ciudes
dhg:dikglihgod FOL‘I‘ syllvival of microbes,or blocks or alleviates the -

deleterious effects of a Microbe 1 one EMBEtMEAt EHE I ReridBE otrpository.
Sl e T e dikais A Tumstisive fam individuatumictobeydisusptthgeritoneally,

ianivemiciobiatudllinanse e aaance hatian RAMALAGRSMLIIS: cony
(lcq Q@ﬂqﬁ%@tgg%rpee%tu thg |ckeI| 1190'd of survival Is determined as a functio
of a'poputfatlon SF FinerShea: TS YR S e MR AIRATIS rei@ergie by those of
¥Haiices sibfehbraging te eodweredsd ihethepopulatidivefmiesabescivit living
tQEl&;eE\ﬁ@_C@jr_ﬁ&'ﬂf;;i@t@éﬁéﬂicﬁgm%@aﬁ%§emggﬁo%9ﬂlﬁ}&%r FDUBE I i ons and
igtldsch antl-mIé:EOblaB qre. c pable of blocklngothe harmful effects, ’
Jestroying or suppresSing e GrSWA S réiSFoBdtion ofmassyytiyn and as further
P060285281R0T B 2005!B1ABASose troonganiamsyssuahods foRaigfidstation of
th_‘@rd%ﬁﬁé@%@Hmlam%éaﬁé%ﬁmgﬂﬁmn}&%ﬁ@é%&%n%r?nggfxg “brggldes of

ié}nAnt%Piotic%)?hemotherapeutics and Antibacterial Agents for Disease
CORIFSETN "R dBRasy i oieemth aRfRraa e S aFhTRS-Molecular

Basis @8 2tibioibeAttiona2ehbditioeri{d98 kintnmanothe c ambadiment: aiude the
RAtipicsobial vl Rokeh an ikeli | of survival, but _will change the
chances thg?t) the microées%?%hgglﬂggﬁg%%%o he %E%ﬁss%ﬁ%ev‘\%g/.%%epym the
TS TS e 13 VB e tB Al s IS BIAE rwruniS Pineniaied thd ssphysical
cthexeintistiniosdbiatpaaficantitigondRecidepiRio SieRIshe a8 SEatoRQ &Y eve o
deQHEFRACE 9, ffect. In one embodiment, an =
anti-mic,robial%f%‘%%g%c?rgé%ﬁ% ?ﬁgeﬁf(gii ﬁvc{;'% ?thdé?ttﬁgnr%“}i%%fa@f’gjcwﬂrh?@ﬂj other
f&}gtmffrrﬁ’mgnﬁ}mse skilled in the medical arts will recognize.

[6323] In practicing the methods of the embodiment, the products or compositiong
can be used g}one or in combination with one anether, or in combination with other therapeutic or
diagnostic agents. These products can be utilized in vive, ordinarily in a mamma), preferably in a
human, or in vitra. 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 vive.

[6324] 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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harmful to the surrounding, non-microbial, cells. In an alternative
embodiment, it is not important how harmful the anti-microbial is to

w%%%gﬂg}g%] nonmicrobial, cells, as long as it reduces the IMRJ%%&%&S%

survival of'the microbe. [0343] "Anti-cancer agent"” refers to a'‘compou
or composition including the compound that reduces the likelihood of
Surwiveh Gfese campeneh|krtreone et b rieatn e chkel kfeodve fdawryiViatds, that is

felatoadas AII6Y00 AhARJHUMARL SBRELECl: DSnING ARt RN G8fcq in
agent will increase thé chance that an individual cancer cell will die. In one

B BE RN O IiRRATRBERI 8T8l FoRARdS dekarirrtedu@anfgHeisah phcations of
population ofreancer cellspdiumsthe lanti-cantebhagentwilbineseasedRe untl the
shanges:inak here.ul! be8.declense n hg.nopURlign of. canger Calls; 1N,
one embodiment, anti-cancer agent means chemotherapeutlc agent or

BAEF deisiridEres TR TR Rt s repsersiisrfeenidisd dnethf eagsent methods
sampeubickugefi-inathe ireataantsof a neoplastic disease, such as

cancer, mples of chemotherapeutic agents include alkylating. agents, .
such ab & itrog%% mustard, an € %Iesﬁuéflir%inélpgﬁ%aéoﬁ%et#ylﬁ%ﬁlgﬂrﬁ?n r,oé?‘%m are
aRynensHd mhtagisr drsersolgrels, wibl drtrgerenies fistiteercitlitatitdboristsd effect is no

wﬁg;?mtaa?lﬁtaﬁ 'va&ldflﬁiié %ﬁ&:@@fﬁ?ﬁgiﬁm?@r&?@g%a}pmdcj%dly, depending
analags, 5:flyorouracil, cisplatin, puring nuclegsides, amines, amjng acids,

RSB O nIcIEB SHER: EBHIHBTBIL: AR oY HERAES S g e shou
alkelotozram/kapipb Hdphyllat bsily, ‘aﬂ@hm&ﬁcbiaﬁvm.zmpa fdkaneragrahég and
b@%@l@%’o@spﬁgﬁe m%ﬁﬂ%ﬂ d@ﬁé@@%%é@ﬁ&l%ﬁi&g%@ Wp6n the surface area

odifiers or other agents; miscellaneous agents such as a platinum
PR b RS R AT A, AR PEeh e on

grencarveethylyfipelrazine derivative, or an adrenocortical suppressant; or

a hormggg;or angRRgoNiShalab-25,30 AUGD0LAHEASIRNIt, 8-RIQARS R q, by

an estrogen, an antiestrogen, an androgen, an antiandrogen, or a ’

88&5‘3&‘?6%iWFéﬁ%ﬁdﬁSrﬂﬁ&Fé’é?ﬁl@@”@h&@ﬁié@&%Effé@l?}?e@&%‘ et al., in The
Platrianaycigis 4D Geaisud] Giterp Eusicar o2 cithicly tesinerpoaikn aside GArefE e in its
Q%E!:@Ph%QMEH'%Q’n&Q{P{%‘? achg gﬁéﬂ 3 QB ;Egiﬁgl’i{;{% C}}S\Qew .apd when fo

Methotrexate, Cisplatin, Melphalan, Vinblastine, Bleomycin, Etoposide,
HOBHEH T &7 REB i P Y O REHEFHED \bforistifisinopgIgherean dysfunctions.
Cartaopiatithe benidneidayDannosmicitoGasminomyel teAmiaopiarifer levels if the
SRRSO, Mo F SR A0 S e
PeTIUB DEETABA 6tdbe HenidrArdgerts tharacrith egaratdortiftsippdition to
betraanE.A¢ HOMORIBOESn S SR AcH I ANRE XHRNI AR ARG Ray, 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., Eagton, 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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[0345] The anti-cancer agent may act directly upon a cancer cell to kill the
cell, induce death of the cell, to prevent division of the cell, and the like.

ltz?uror% t%%ly the anti- cancer agent may indirectly act uponé@g /ﬁ@fb%%ﬁ&ﬁﬁ
by Timiting nutrient or blood supply to the cell, for example. Such

anti-cancer agents are capable of destroying or suppressing the growth or
reproghaglipn ofieangesicalsheushas akolanboiahearcindmirapastatequeous
carcinoma, a hreast, adenocarcinoma,.a n elll rCh aRincer
- remall gell 4ng carCinea R inger's

S‘ﬁﬁt‘fﬁ%r%ﬁf%%@(}’iﬁgrﬁgsﬁgﬁﬁa{eym?&gﬁag,%ag melanoma, and the like. :
s§0346) A "plcplestiel disbasdudera “HebsraBnerensret) 2UaipisFyion, pencirants
O Qotf& Qe QﬁUﬁeﬂﬁ&'HQﬁ?l@r@eﬁH&leeOﬂsﬁssihﬁk(&anﬁiing@elI Sugppnsions are
such as bone marrow and fluids such as blood or aat exhibits .:
gﬁ‘tﬁ%}%g}%\ﬁﬁh%ﬁ/ f&gllu%f’re p?olf?%%?%ﬁ%%a%e? ﬁ%ﬁg‘%%;]r%ﬁg tissue, e e

cigeplabhscadisbidrigfhopnralignaie OBAIMAR METdasA bl for systemic

aﬁﬁ.ﬁh‘?iﬂ%éﬁﬂ nelides ﬂ%’_Ec%fﬂ@HM%ﬁeﬁ%aﬁﬁ&edﬁs ?\E@?pﬁﬁ_m}fﬁl&&miﬁ,@ﬁ&ﬁ@nd suitable
SNOCK, autoimmune aiseases, rneumalol renrits, inriamma
néﬁgiggg@x:ingy%ﬁﬁ% mﬁu@%ﬂ%@mﬁg,%’S% 3} mfn, 1’n| g 1curﬂtr, %Xs%%’rglulated as

Iple sclerosis, ast ma,
soBtenarthrits, asteoperdsisydibretiy, digeasts idemaresnciiendityg compounds

B3 %@ %}%uﬁtc%’ &%ﬁ%ﬂéﬁﬂg %WH&QM&Q&?{J&Q@@ rd_aﬁ‘-i’é@ ~‘aiuieeRnSkifthe art into
amage, psoriatic arthritis, alkylosing spondylit ,t% gggmaggn gan . +odiment
RN Al RS LTRSS < L iR Gl B

S, restenosis, _
wigbrtes)glamantlenapivitacincemiodgkingutiseasies cagprgigns and the like,
g‘:ﬂ%a g}a‘:tsiggn%sao%@%qovgg@gg{g&tion and certain viral infections, .
ncludin acquweg Immune deficiency syndrome (AII?S), adylt res |rz%tor .
distred8339hdrome-adnrieh oTs ARSI b TS T8 THoHE e?nag%ﬁﬁr%érﬁg usme
B dsseHbRdICRBPUNthaseletatihag chithpotrd:havingethepFomwmilageny can be
ncjud, hose,as described herel éﬁ g@ﬁb%lgﬁ)re%dame?ffﬁﬁqx@l les present in an
?ﬂ‘?ﬁgﬁﬁ%geo 1ng %ﬁ?ﬁ%%c%?}%@%ﬁ%%ﬁﬂammatory if the compour?gluce;r? o
inflerem e 106 Bt air PO HRRS OB EBPALENSTOPIBITRTAMH) EEIRTHps Menor
exampleni amere preferieg-embadimentetheeompiundnsireffeativadf Recause
can influepce 10 to 50% of the microbes,cancer gells. or inflammatYeytontasm.
BRIROTES affSev B mBie Bre teblfar%as’eraﬁ%oe Fﬁqlleﬁ_f,?ﬁhe compound is effecti(\:/yé_t i s
ibdditioinflive teei6 GE0DH PR ol robbsorEaHE SRl g hR o Ay st
ﬁﬁ{ﬁamig@yeven more preferred embodiment, the compound is effective if

it can influence 80-95% of the micrabes, cancer cells “' g!{;\ Vit of
3 11 éllo Qx T Yiity of those
cells. INC&RPbven NitTEBFEE PE P SIS AT ERT the compound is e SCive i

indinvd inflience@eig0Yindtdtiofticbinisd distasreansvitd ek Bfition to the
GEllss 1@&@&9&&%&@%@%&@%&@1 Rephanism afactandoneasash pharr_nace:utically
T TR T AR 8 BT VO ol Lo e s
loik@wiasls into preparations which can be used pharmaceutically. The preparations formulated
for oral administration can be in the form of tablets, dragees, capsuies, 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 vifre toxicity
towards a cell line, such as a mammalian, and preferably human, cell tine. The results of such
studies are often predictive of toxicity in animals, such as mammals, or more specifically,

humans. Alernatively, the toxicity of particular compounds in an animal model, such as mice,
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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 -87 WO 280%02%{?55]@1%846
FQC?‘F} BJ05/014846 cancer cell division. Further, for exampl A

compound prevents the proliferation of inflammatory cells, then influence

T8t rHRESU AeSST pravekrioncet ibfl dntvraind) wotigprotifer apdredN ot | efficacy of a

ﬁﬁﬁ{&lﬁﬂ ismsahacte @@@@ﬁl&%&@ﬁ&g&%@&?ﬁ%@&%ﬂ%@fﬂﬁﬁm%% in vitro
%n aIterna%lve embodlmeni ercenta(?;e effectiveness %n be : 1
R b PO\ B PED S ERLEN oG8 T HER by BBk ote o e

such dssthed’ spatifizitynofutheg chenpadiidpforbesed rhplée Theup@ndoipoemed herein,
Mdﬁl% Ni¥ndQ%0.efleRtvefoLRXAMPIG: butdisp I@Mﬁuﬂ@'%y@fm&%\f?yagﬁ infectious

harmful side- effects to the host or non-harmful microbes or ceIIs can still

BleeRt5Hisi TR S ASEERIED FORSIreR IFPRSHTLS EFRIBE AL H STG S ibGRAYCRS chemicals to
gles critde cohditeis ar&iad mikistay echsidaply dtocreimeovéicaigrobes;itaheaisan can be

galisonilamipaiany cells ’cﬁ‘&‘!e”ﬁe&&é}%@ﬁe%qgﬁén'%E%Eegnkor&%a&eﬂmf Hation,

example, in situations where microbes can present a problem, such as in

156 dSSHOIE s CAHES- B GlHEH S5 58] e i wsh B’edﬁﬁﬁﬂ}%t@?e?fﬁcacy of a
chirgaitydanthe-preducts to reduce the risk of microbes in the products.

Alternatiyely. theycompounds,canbe used (o eduse thedevelof iciobes. o
present In the surroun |ng environment, SUC wor |ng surraces

shipthiErde diripie wietesth ﬁé@ﬁﬂ@%@é’hﬁﬁhﬁﬂ@f&éﬁ ROV GdhEENs. When
samples-eL6Ras A hamne Mamkewrel slefpseRll [dransphaakierenserapal oter such

9%%( n%ecarg:rglﬁ? TE erlx!ssn—%ga Imtmduco%dadﬂl t?n;[s (i eltgre]a,t 'g\c]:uctesr trs],eension an oily
compounds are administere 5(hey may opti ona?fy € rem : TR ¢
pegssticurartedésimalsie: WQ:tW@ﬁ@Wh@#mmﬁf@c@Q bkqo*@aen aémims’fered

prp&%ma%sea&eolm? e%&ee&wm@tmfaw&ag@slﬂa@ﬁg@mW%Mmauy or
d I’IS% bei ‘liwar fb E]e compoun an aIter%atlf\{‘e embodimen
m: omm Ic %/[nu c 1lations 1 1 purp de 1 ery are
e compounds can: ihthe Too pro UCtE B oA thE WO SURCES 18
&W@Wffbpwmbtqdrotectlon Whether or not this is an option will depend

upon thesglativerneeds Rt hpsikuation rpchtieHsks assepiated it iy aiso

compound which in | tcan e determined as described in_the

SEMBIES %"FSWF“[‘G ]*ﬁ‘"f?@*? Fo%i‘r? FnSHERrRTRS S5 BB O S PepRE S P torage
disb tribaltteguene felmadstemizo direntzbbf dheaneth dilisnVdbatierepéntithese are well

g@@%ﬁ@&%&%{&&%@@ﬁtw&@mﬁwf@psmﬁfa%pfeﬁaﬁrgtsn%rﬁh%%awuucal

compositions obtained will undoubtedly be ago 5remated by those of skill in

ﬁﬁ;éeré%s %ﬂﬁﬁh@@nﬁgﬁrﬁﬁ% pennaro echt 1985). For examiple, such compositions can

be formulated and used as tablets, capsules or solutions for oral administration; suppositories for
rectal or vaginal administration; sterile solufions or suspensions for injectable adminisiration.
Injectables can be prepared in conventional forms, either as liguid solutions or suspensions, sclid
forms suitable for solution or suspension in lquid prior to injection, or as emulsions, Suitable
excipients include, but are not limited to, saline, dextrose, mamnitol, 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 Hke. If desired, absorption enhancing
preparations (for example, liposomes), can be utilized.

[9334] 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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Fermentation of Starting Compound 1l-16 and Compounds of Formulae 1-7
[1-17 11-20 and II- 24C, 11-26 and [I-28 using strain CNB476 [0351] Strain

CNB476 was grown in a 500-ml flask containing 100 ml of v &etatlve
Wﬂezﬂ?ﬁf??%%’ﬁgstmg of the following per liter of deionized wat &86‘8’%}1?46

g; Bacto tryptone, 3 g; Bacto casitone, 5 g; and synthetic sea salt (Instant

{gén'g rt‘a’ffA qué‘r%% ¥ éggn 0%) ’sg % gac h? fslr\%&grﬁe&jiequé%c%l%ﬂ?ﬂ@@dm Qr@tother

egree C ays on a rotary shaker operating at 250 rpm. Five ml
faciers wﬁwkeﬂm@ﬁ B e reedierd 3D BIllARSESNES three 500-m1 flasks

contaipigspf 1OQhwwLMeove&epa&mﬂmdﬂwamEMmdiﬁeeick@umﬂ@ean be
were mcubated at.28 de &%n%naql O%go 88 WO 5%28%5 er ther

BT 805) (?fﬂ'g rpm onarotaryeéha]i( for 13ai veom eac%ag?uﬁc o
dhensetormimipedhetrtomsivisinde udiey iﬁtUVﬂﬁFtVLWe?5@"@)¢m¥ﬁlé§‘l?@§ges and the

GeRtaRINg @&é&%ﬂﬂdﬁtﬂ\@rme&aﬂvemeemnﬁh@pﬂﬂi r&eeg@l wigme@d animal
Were |qn cubated at 28 de éee a 2d50 fﬂf{é onegl1 ota S| ‘g}*eﬁ %se <ition or
EE e R O T TR St CORT VAL TR ocufalfed into four o?re%l0

Booritidlasks gmn}saimngﬁ@mmdhefmdawm@mwmteﬁmﬁmgm for a

@Qlafp Hewing par liter efsleionizechwatel: stamkonl@ g: veast axtractnd @it of
4g ferric su ate, 4 otassium bro gde, 100, m caIC|umTzl
S B e 1 LGB TOLLARE CoRaAe KU i comapoRtions o

ﬁyﬁmm@)te%@i Thespsoddctidraittresalgrer | heubate@ a@lﬁgydefgt@ér@ues for
and 20 R QRIRian: SRS R ik %@Keéﬂ%ﬁ&%(’mtﬂﬂageﬁ@él B ANS:<01 8th ed.,

sterile Amberlite XAD-7 resin were added to the production cultures. The
Mishdubet g treatard AUt incubated at 28 degree C and 250 rpm
on rotgnpahakersdasmdaystendachisised Aotitelzof-Cdrpound-Hid6bial, an anti-

about %9% T[N {5{% XQ‘JE%M%\%%@AE%V&%Q rQuah chessaclath oo gents,

recover t e Am resin. The resin was extracted Wltf’l 2 times 6
ﬁ*ﬁéﬁ%ﬂ@ﬂwB@e%%atel%n%we%fwce%éﬂi?sf%h@rsf%?h@fa%&afé?%es and  coating
combinedacts warsedret irrvaens. dhgolliedeaxdetwiasitheir alcohols, and

rocessed for the,recqv. [ t e o] o)
EJ £ canfb s d 265 e i 8 acg‘%r%%ag)#g s&elro%g on fé%b@ Htggﬁ erstallmed

ormulae 1 11-2 11-28. ExampTe 2 Fermentation of
Sty @Wﬁ%ﬁ@mme% EBIFTo UFRES 1100 ARETREY. 7mpguashmp pghasilicate

Hn2diGatd lsy2B @ dalindBbs lig- sy A RS 2348341035 HirandNRS3d:t8 4calcium
W%?O%I’OW IS?)%thO Iglltg'mf |(¢’3:1 Com C?fj (fg O nll egl%tatlvebgn usg:g'l Ay exczpzents

f owmg per iter |on|z€é(fwater glucose, 8 g; yeast
BRESEIG gewese% Bregenntodyinehibe dloern AR HAGATTORBIAA SRR iTaFRASRUL ol
%Y@%@@as%gegeﬁr headifstisaesh Gd WeasinGhatesh abdBsdegregenficdlulose
Q{ate rh al%};g % %hc?ezﬁgguo e'iaa:[lgagb%h c?ra‘ie 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 fo
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.

16337} The compounds and compositions can be orally or non-orally administered to
a2 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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rpm. Five ml of the first seed culture was inoculated into 500-m1 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

VERRE6ERFETRI| each of the second seed culture was inoculatéd IS 8eue %
flask containing of 100 nil of the vegetative medium. The third seed

a‘Z&HUQ SN0 %‘é?ef%%‘it R HeHL %%a%?lg.@ﬁ%éﬁ% N IR SAAKE! 108 more

days. Five mi each of the third seed culture was inoculated info 500-m1

maSReEsnTaRagyIod Aot Brenp ey ubRBstRlet Bl RIS Uk B dhose of skill
ifohewingnpenditesnbsleionizrbyvatessiaschindbigrrkasipxitaet, Atinflammatory
cl)}l ¥_eS 8}(3«%@'9;% rclzg S}%‘(!L%t of fﬂ‘-‘g épn%.bglme ?%“a@m%?%% éx]cgg,mxgév(égﬁ%eed, the
carbonate, 1 g; and’synthetic sea salt (Instant Ocean, Aquarium

Byeretnsy, Grhdsretiteas i aiffarag e IaEIATEY B @uBgady@dvanced
Anek0 e @R, rotary shakers for 1 day. Approximately 2 to 3 grams of
sterile erlite XAD-7 resin were, added to the production culture. The. ..
M GRS L R R
yotdiyes akeatfoddod Spscmhelimatieverbipthenvr 388 reagdiigeL cppound produced

GOmRBRHNE: hd SRR A iBrRAIMe Mothe Rk M ction RN e LAMNOUREtSved in an
can be achieved in a 42L ferm?ntor sc\{stemdusigg stg&%NPSZl 84. cultured
EFRIR DS L1 SAGAE FBRR TR EBGTT Bk UESPRATS B35 B85 95"

RU TSR005/014 848nicontaining B, fir okvegstateibansb divthyboHsidéngnd the
pidhefoliouing; perlitenof.drinnized WAer, LiGRser 8t ¥eRPheWRLnl: tiquid
g; Hy-Soy, 6 g; and synthetic sea salt (Instant Ocean, Agyarium__ .
SPOUMEHI . IFHE ARsTEBEY T AR STea it 28 Syreerterg P iome

daysnontarofafye shaipenndperating ot B5Guepd FiviberahbbdivecfitSosewmchs an anti-
&‘1‘4%%12"’&%&%?&9'@J%&ﬂ%&%ﬁﬂhﬂ?@l& 9%19'%@ ljagper&} 2fdhe 1o about 100

v;{getatlve medium. The second seed cultures were incubated at 28
HEEYe B CTSRPDBOREHS B AHEAERAKEPIORS ealfS ARfeh) I daaeh Bftem and
thepseesndiseethcutiiiie apvascimpedbiateddanto 2 Btinkrgnibihohifiask Also, in certain

containing of-400 ml of the veqetative medium,. The Hhird SeROCHIMISS, use an

were incubated at 28 degree and 250 rpm on a rotary shaker for 2 days.
HpErHs i SEEIneIRtAe was inoculated into a 42L fermentor

containgRoL ofiPsedustienmbiedidmdnddrotiuction bMegiim Bsamdimti-microbial,
Production Medium C, with the following com sggo Iso he used. . 4
ﬁ“r%aﬁ%‘"’ﬁér? Wgﬁﬁlgrgg cgﬁgs%?ﬁa%f tﬁcgn%gf 0%%% per fegf&g%‘ g‘lo\%zed Sjy (.) ©
wampundtnt orrsige Jodsrermaetioons piybswycergotadic Buferdem frghodiment,
pRlaRaiuNRBdanlA0me talcipuearapRaied i Rathaymtheticoseat in need
Sai (stant Sesan.PuanUm Sysieme). 30 e, [UmEntr auiies

WeteBperated 4 thé fonowing paraméfers. tempera&ﬁe, 7 egree C;

agitatidf34100 rprs adlidtiomdesiyedihvarns bhskibredbarst. 45955 iynog@gbsolute

HMhomselihenpreduation syes arpraxiNaliiRAR drainsoofisteriieniorobial, the

Amberlite XAD-?_r%sin were added %o the . . . . .
anti-cancer, or anti-inflammatory 1 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
prosiate carcinoma, a breast adenocarcinoma, 2 non-small cell hing carcinoma, an ovarian
carcinoma, multiple myelomas, a melanoma, and the like, may benefit from the apphication of an
anti-cancer agent that may in turn reduce the amount of cancer present in the patient.
Furthermore, sny organism with an inflammatory conditions, such as, rheumatoid arthritis,

asthma, multiple sclerosis, psoriasis, stroke, reperfusion injury, myocardial infarction, and the
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fermentor cul_ture. The production culture was further incubated at the
above operating parameters until day 4 of the production cycle. The

aeration rate was lowered to 8L/min. At day 5 of the producti cle, the
WEHYAEF tulture achieved a titer of about 300 mg/L for Corh 8&&%"”5/{”4846

11-16. The culture broth was filtered through cheese cloth to recover the
mé”ﬁba%fﬂéﬁeﬁﬁl%n? ﬁﬁﬁiﬁbh&'ﬁ@r{ §5in WasHextracies withnzh fimesralnditérsamount

eth | acetate, follo I time 1.5 liters ethyl .acetat h
?l BROGAlR %’F}é r\?lac SR ETied B gxtsreaxcl[t W%ajs}%ﬁ%n p%(c%glssg’lg Fhment, e
piheat’edwenymmmmnd et b8 amighTiEabih FOLfEeceh wér%ﬁta1géwatﬂry be

aénjnr;gtex%é' LRl e phitafOmangit S %&PW |ﬁﬁa€&5bﬁﬂn3iﬁﬁm1@ve’l of

Compound [1-16 and Compounds ormul 0,11- 26
LoD, SW@&ﬁ‘ﬂi%éﬁdﬁﬂ&F’Wf%%ie’gbpiefg‘éql{g 1 PSR FZ cl?§é‘ﬁa"ﬁ“ fo one

cpUseiCampound-tisbbidns erimposndguf @@ffmna@ agau@@ orleltm@f ﬂ@@e or
c%ﬂ:gﬁ lblut%%t"XSJ %S(P Q{ﬂép%é@%ﬁﬁs Qlﬁ%ﬁgﬂ%@@%f&* |£§Nz@ﬁ’vh}’ # @}%@eatment of

grams crude extract containi 8 grams Co e@ und 11-16
théﬁé%u&hﬂﬁ’éé SR PEIDER (19 A TISERRE FEAE G SR a%léteal rmeery
JHashebmmategraphy difiing:BidtagecFlbsh4OhsiystefamnatiFtadh ai@mmg such an

b rmdrgl? KP S”y !ﬁlc 0?3 gﬁa%mggrgr%@ﬁ) g thfﬁ'%ﬁﬁ%@g{@myd in the

fWas deve (’)ped owing step gradient: 1. Hexane (I
Hrehylescerateeinékank (TLFIGOWO ﬂzﬁwérﬁlféfsé%eﬁétﬁﬂ%%é‘s §§4f‘éfe°“"e
aém%@% (=0 aﬁ&tatsl inthexasesfigsttelion (Hpd 20%rEthyf dostgte fmd, more
tlon | C X i
e Sl i Dy

ifildmBaBthyleare fate YA fTa0B5 S LA GibFe L SRtAMgE ARG AR LB RRatory
&Eﬁ%&&%&%@éﬁ&c%@‘ym\@/epmtyertemb@ahﬁnwefeapﬁ@dﬂdoamﬁ is uffpentret@gamst all

B
higridibBLE8ilidg but are not 11m1ted to, B. anrhmczs, Plasmodmm Leishmania, Trypanosoma,
and the like. In still further embodiments, the anti-cancer agent is effective againgt a broad
spectrum of cancers or all cancers. Examples of cancers, against which the compounds can be
effective include a colorectal carcinoma, a prostate carcinoma, a breast adenocarcinoma, a non-
small cell ung 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 infarciion, 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 2 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,

[342] “ A nti-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
fikelihood of survival is defermined 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
Tikelihood of survival is determined as a function of a population of microbes; thus, the anti-
microbial will increase the chances that there will be 2 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 harmiful effects, destroying or suppressing the growth or reproduction of
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Dimensions 25 cm X 21,2 nun ID Flow rate 25 ml/min Detection ELSD

Solvent Gradient of 24% EtOAc/hexane for 19 min, 24% EtOAc/hexane

to 100%EtOAC in 1 min, then 100% EtOAc for 4 min [0356] The fraction
Wéﬁ?f’é'ﬁ%sﬁ%SCompound 11-16 (described above; --- 70% pure Wit e %léi‘% 6

to Compound 11-16) was dissolved in acetone (60mg/ml). Aliquots (950

wiyobigisispel stdrenedente Getomnipa sschmaibphasediPd Gheo nnmigsimgls are

g aRditi %ﬁﬂ@&%ﬂQﬁ%ﬁ%&¥%e&mﬁ@m@ﬂ£&&y&g§lw {%Mﬁgeés@%k&m (M.
minutes and corgfounds [I-24C and 11-26 co-eluted as a swg)%@ é)eak at

TR, SRHREN! Pt ARS EmiptseE AR AP ESHIBItATHL I APIRIONS Afiipn Agedition
(18%8). drocetise dibainpound dud-icalbittod At 22 changrels; ildeileodd Aanidal, but

Hir 2R a0 Al E%gn@és%ﬁamﬁé%?&oﬁéé ing §o %319191{ GEHY. £&?%@E¢n¥"@§{r‘ For instance,

Fractions containing Compound 11-16 and minor analogs were pooled

B &é"e’&lﬁﬁbééﬁ‘if?%uﬁéhbﬁ?’&?ﬁﬁﬁbﬁ HaEBrESeht, hﬁﬁd%ﬁb?ﬁfé‘&”&h’&@f act upon the
fiiclobech prastdrecetioa totary exaptratarbibbisipraness! wtitde dipott€embodiment,

SOMPAMRdLA-18,3S 1\4’?£a§1§F5§r6% é‘ﬁh&é‘&%ﬁ%}a@%ﬂ%&%&% DHOkie, s Jpizimally

compounds 11-20, 1 28, which were further purified a
Wil Be e e Sarpltemtdling [128T ARt caadirgtet s not

fﬁ@mﬁﬁe recassieseribttnabove wearesiudhenseparetusingells, as long as it
ers%g p@eﬁe 0Brefparatlv EBPLC asf follows. The sample (70 mg) was

dﬁ s%cg ved In acetonitrl léwgfl a concentration of 10 mg/ml, and 500 | was

loaded&¥dn FIPuC-esieanamtdinénsing 2enmernddobyorsesitdangending the
Q&ﬂﬁ@iﬂ@%&%ﬁﬁ&%@@ﬁé&mmﬁwﬁﬁ aoﬁvsmcar@@ljﬁnmr&{@@ﬁ@e@mem the

E%%%l R%é ﬁ{ 8‘§m 15% ac tonitrile/ 5% at§r to OO% |tr|Ie - % ¢ .
?6‘6‘?3?6 u%‘f/?rn r‘%%rﬁi es a SRR it GF Ry A
patfeniag i e«'iébmmseém plasitiotaversiidictionl OO%s ca&etdh@nleﬁm@ embodiment,

mingtas.heforerRiviningir.thestatting solve ot E‘P&Bﬁ’i@t&&%@@&é&%ﬂs 28us, the
eluted at 17.5 minutes while ¢ s;Jc%r%npound [1-24C elyted at 19 mlnq&tﬁs under

BRESAESheRtEnE [3aE e R iR T & e dbtirfe Ef&ﬁ?& 3 Jippypuiation of

diffesiorimethotheGorrpiund, 1di26:(45 ary) wasndissotvettirpddo kefnt or other

gﬁg;mgn@ a 1.5 ml v-bottom HPLC vial. This vial was then placed inside
htly-stoppered vessel containing 1 ml of pentane Crystals

a larger r
sunabléoaf%g X-raf) cHYSRATBYRAPHI ASGHE i ARETHRAIS SRRBIRFEL it iy tgdreatment
sitteseapiekthofienmso stk dnnercwialEafiern4dhdurstkncubatigenatidclide alkylating

%&ﬁ&?&&ﬂrﬁ%ﬁ}{&ﬁﬁ W@s?a?&'!ﬁ%ﬁ?i%ﬁzﬁé %@ b %Ml%rﬁa_elamine, an alkyl sulfonate, a
nitrosourea, and a triazene, folic acid antagonists, anti-metabolites of nucleic acid metabolism,
antibiotics, pyrimidine analogs, 5-feorouracii, cisplatin, purine nucleosides, amines, amine acids,
iriazol nucleosides, corticosteroids, a natural product such as a vinces alkaloid, an
epipodophyllotoxin, an aniibiotic, an enzyme, a taxane, and a biclogical response modifier or
antibodies 1o biological response modifiers or other agents, miscellaneous agents such as a
platimam coordination complex, an anthracenedione, an anthracycline, a substituted uree, a
methy] hydrazine derivative, or an adrenocortical suppressant; or 2 hormone or an antagonist such
as an adrenocorticosteroid, a progestin, an estrogen, an antiestrogen, an androgen, an
antiandrogen, or a gouadotropin-sreleasing hormone analog.  Specific examples inciude
Adriamyein, Doxorubicin, 5-Fluorouracil, Cytosine arabinoside (“Ara-C”), Cyclophospbamide,
Thiotepa, Busulfan, Cytoxin, Taxol, Toxotere, Methotrexate, Cisplatin, Melphalan, Vinblastine,
Bleomycin, Efoposide, Ifosfamide, Mitomycin C, Mitoxantrone, Vmeristine, Vinorelbine,
Carboplatin, Teniposide, Daunomycin, Carminomycin, Aminopterin, Dactinomyein, Mitomycins,

Esperamicins, Melphalan, and other related nitrogen mustards. Also inciuded in this definition

-8~



APEX CCD X-ray diffractometer (F(000)= 2656, Mona radiation,
X=0.71073 A, =0.264 mni', T=100K ) at the UCSD Crystallography
cility and the refinement method used was full-matrix least-squares on
“Eg?%ﬁ%?%?éf%ata NPI-2065: C15H20C1N04, MW=313.77, teﬁ‘é@{%ﬁ%ﬁ?”"”“"“
space group P4(1)2(1)2, a= b=11.4901(3) A, c= 46.444(2) A, a=p=y=90,
o lrGhI6(ENA ha-ik 610 pemtes b3aRIg: Hitm6hY Sidlosi 28 t6hd%: XsBeh A tamoxifen
Qngz,métoql{ange, 1.75-26.00, 35367 r_eflectiqns. collected, 6025
independent reflections (R1,, 0.0480), final R indices (1>20(f)):
R1=0.0484] wR>Eko®eanCret . 08D 0 35ojtn vpoer torsematdl k2Bthe cell,
franeeld=@0 08 mv&tﬁadoﬁas&é&e%@é@dﬁﬁme_@hyv@f@ ?@HEY?QItW_t e f;a the anti-
.2.ma).containing both compounds was, dissolved in acetonitrile to
G S e L e St Pt lgrep to e

Foit i stmin (RCRBliam ek B capak]@ dfnvirtDinper injpotising AR growth or
ispertiaasobrentaystenn, Rl % ﬁ(&ﬁgféﬁfﬁeéaﬁﬁg@ﬁﬁﬂa&eﬁﬁgtg@\éJﬁéﬁoﬁ’f&, a breast

14.5 ml/min was used { Sﬁqarate compounds 11-28 and 11-20, w |lc ,
STetad AP EA=A e TR AR (S SR AeRy. B RS R CoRtaiRtrgPle myelomas, a
Esitpotnast dffiterest were immediately evaporated under reduced

pressufgsd) room temperaiu LN rtary, R}r;a}gfers§9‘@ %L?IS MG r&oﬁ%%@an of
IoBded onto a small column of sjlica and eluted with 10 ml of 70% -
xRS S0%h ALBBITE Yo Y S i T RS A haBe TrsmRTred fuids such

gerlerdtedstrom, thet préfarativemeinaaiwih age iR LG miegthacndesaibeds normal

ahavenbah containgdll2Q.but yuere, free of 11-28 could also be triturated
with 105@%1 EtOAc to remg%ve mi\g]&gr lipophilic impurities. [0361] Starting

Compdtifd11-18 UM Reariterdizn; ynslkfe MorspiemmicL ovwmdiders such as
vtassiavar8d dioht ko RBRMdiNG):{0B6 2} LompomRe aff&@ﬁ/{mggg%@l |_c|iisease,

o itri %, 225( ng@.la aRes@M SS;.M/z A + 'r },
RS (Ll e R o bt T o e oo
dipaam REpuetit eSriPs BrpRTna PRIt s Bubalirev B ordiion TUBinduced
{0B6BHEaMpot NGt afHOKED ul@rﬂa&ﬁ%%b&é%%gg@géﬂi% cifg%%rg"%@zﬁ%ﬁ Alzheimer's
25 (sh -92 WO. 2006/028525 PCT/11S oW ,
B AL o R i Sl et Mol
oren) cadse. nfoppriic PetaRBDuIG N frtoT Sndepitis tHel LR, including

spepyd maht CeRRasN AR A sstrueivre el FoMilacld 24388 Atxia
%%ﬁ%)gos%nd of Formula 11-26: W (Acetonitrile/ H20) X,,,ax 225(sh) nm;
H

FE1), m/z 314.1158 (M+H), Acalo -0.4 ppm, C15H21NOACI; FIG.
23 depfét$Sthe 'HoNpRembodiment, a deseribed compound, preferably a compound having

the Formulae I-V], including those as described herein, is considered an effective anti-microbial,
anti-cancer, or anti-inflammatory if the compound can influence 10% of the microbes, cancer
cells, or inflammatory cells, for example. In a more preferred embodiment, the cotpound is
effective if it can influence 10 to 50% of the microbes, cancer cells, or inflammatory cells. Inan
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 2 measure of prevention of reproduction. Likewise, if
& compound destroys microbes, then influence is a measure of niicrobe 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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spectrum of a compound having the structure of Formula 11-26 in
DMSO -d6). [0366] Compound of Formula U-28: UV (Acetonitrile/ H20)

worildaRish) rim; FIRMS (ESI), m/z 266.1388 (M+H), Aa%&/%ﬁﬂ@musm
C14H20NO4 FIG. 26 depicts the 'H NMR spectrum of a compound

having the structure of Formula 11-28 in DMSO-d6). 3B: Large Scale
opsficCatiof BetomBetha 1T 16:108E7] 1A fwerERyS Fraeasy e Juosfspser of
zﬁe&mmwlﬁeaneﬂmﬁl@&mﬁ@m&%Moﬁmm@m@emmmwmﬁrmﬁmmn

I\Ehe ﬁUItu & b£0tho c%@%ge]ﬂlb%la‘;r %y%lﬁ‘g}?g& éh%fp TRES %%%né@s"oﬂf?xﬁ alternative

norma ase Hash romatograp e crude extract to produce

em@n@mnh@ Iy RernselaericiectsmpsUia b d65[0BloM Hisrigyerdserenpiciegtiveness

1£na£@étaby85uﬁh%ﬂwlfbedhb% mélm[ﬁﬁaﬁ‘dij{ﬁtaﬂlwle&ﬁpuﬂﬁd nﬁﬁ&i@lﬁpia Thus =
urit res > 10% the final stal ne mat

&HP Ou%%{r% gl aﬁfef %{gh CRroma bgr %{ tléln %t\e/p% S side-

q@e%pm@%mg@mm?@mrgbeqememcm m@l é%ehiﬁrsieﬁeﬁgn

cartridggoyvithomt M ¥iasHRe thiekfiasiel @%ﬁ@@@fﬁ%a@@&ﬁ%@ﬂared simply
method development experiments, the lo d|n cit e system .
QT RSB TR FOTf P CRI R e per g 6}#3 Sific nﬂ’é/e gz o @ patien

Fesolatipie, 0f @ripountett h6caridsCampountaltobrmaychesobtéipepr gripcts, the

J&%ﬁ%@ﬂa@ &ofpide Sxtact on800.0.9f il {Génlf‘%%é/gf &haqrep@&esx WaSisk of
m arable usm%‘elther load. [0369] Crude extract (1

0 g, drie
inycbitain @%ﬁ%ﬁﬁﬁﬁ&% s ‘e S et evel o
Iﬂiﬁbm@ﬁbmmﬁhﬂm’mm@ Erenmeyersflaskwaisglissbbzed 4o aaother example,

&0 '38%95%%9%9%%9&&9!@!5&%93%% Q3.2 iebaﬁapay caling he-samniemn cer

for about 6 minutes. The sample was filtered by gravity using

A PapEr Tt EH T 2280 ENfeiin &S bhiitHEC gt After the
m&@nﬁa&wﬂﬁﬁ@ﬁtwﬁltﬁemm aektane. bA ki elialituotaelthisrisoliatipresirable

Was Hansier g&%‘}% M&%Qo'r damMalIRnRYr - ANRlY %&ﬁ&%%éﬁer surfaces or

estimation o ompoun e filtered crude extract was directly
TR éwocauilf?ewkdwrmaeﬁ%im@e eweaﬁﬁagéwﬁ&%%%ﬁf@e%m the
syfngaRsafwenelandiy anstesing theosampledtomnrtiask to siginge a more

ur%ltncgfla gl%ls %xﬁ:umet |pette Olflle'\ﬂ;l :%% V(!)S g‘ Etéia‘?wl?ee%%m}% situation

ravity was sufficient to samp e co umn; no additional
pré g mekavessoreirath @ﬁéenh@nénwﬁécéamﬁfé aBclsaTEe R s iHibed in the
eQlumBs thrflask was washed with 5 nil of acetone, and this solution was

also lo % % Fiv L%()ES after lgading the sample, the sy was

d
oross il by 5 W SBeIU RS b C OB ORI e G, Pretee
embbtimemthef ﬁbﬁ @wthgieomﬁvgmeplghadféﬂﬂswé@wmhm gwtﬁQéS@man and in
gl precise chernical compositions obtained will undoubiedly be appreciated by those of skill in

the art.
EXAMPLES
Example 1
Fermentation of Starting Compound H-16 and Compounds of Formulae 17, T-17, 11-20, and II-
24C, 126 and [I-28 using strain CINB476

[0351] Strain CNB476 was grown in a 500-ml flask containing 100 mi of vegetative
medium consisting of the foliowing 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 rotery 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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approximately 15 psi and a flow rate between 235 ml/min and 250 ml/min:

1 3 CV* 10% EtOAc in n-Heptane 2. 15 CV* 25% EtOAc in n-Heptane 3.

2(}(/)* 32%2/0 EtOAc in n-Heptane *For 75L cartridge, 1 CV=1070 mI E}Qﬂg “
WRREERHor the first step was collected as one fraction (- FEda4 S’ At

which 500 ml fractions (0.47 column volume) were collected. In order to
Hetenminemhiehid astipas coRIANAILL LA MNALBEEAdlR T agtien S, M¥8kBculated into

x\%}ygpeg? THgsEachlractiop was spelted. onia. SLILC ARG 4 seed cutures

hexanes, and visuanzen e
phissphidaieyb R deered arall thevhestan Bhﬂlﬁ%tlfqubﬂwasfsubséqmrmyhe third

tekeafrenvesshv liacionconainiRg £Campe Rt odQndliedd DESE Be Production
séé%am f nitrogen, %gl Eolved in 0.5 m| of ACN and anagved by LC-MS.

BrES e O IR L BN RS TRt ATy ) Y TR P racs 4 &5
Hiytfvinutrefoitraindafowedd testandsatndonmidmpedatgre:af087ljafeate, 1 g and

Hllags&hrs@m%ﬁ&%%ﬁ%%éédVA e?dﬂ lyzegk By Q0Mion cut
i Compound U-16, Comp oun% Com t(?lﬁnd 1fnlc%1 fures were

t
oG AR B0 S TG ‘BT SIAE 1 1 8 hoARBAP A higo 3 erams
Soreio UnobdlH2 & AR <cS%wCompod nodiidpidpvierccutoete dfangroduction cultures
GRACeRiated down 104 g 600, mis), %&h@nt%él?%@s\éﬁl% gs Liﬁ!i‘&lﬂeved a

Buchi R- 220 Rotava?gor with water bath temperature between 28C and

Seoft eyt it 98 bk Wé?s%l%\‘iﬁ)‘f@lﬁﬁ’&%é&*%@ e R to
thervehite sotick:THaekwhitersatid ma@lﬁsmivedumacemmeﬁ&ﬂﬂ vanstemed acetate
1213 ek 9%”%1]1? (}t el ?%l‘h nd.goncentrate '%}éé"ex [y GYapRIgior at o, The

30C an wei |quot was analy S. The purity o
thisssrpte msth@rf*eaw%sﬁ%@s (9% 79%) Oérlaﬂfw@?ﬁéjgr%%nﬁlr%scwa@mds of
Eampesnt ﬂ{l&@@[(&@"xﬁ)zmdd@pmmund 11-17(0.38%). The yield of
Compound E-16 was 86% after thi calculated from the mass of
Compound 11 16 recovered from flasﬁ_(%’omatography versus the mass

IS Aing Comneizgd < GeEpa Formulte bltFaer. 0-20, T-24C. -
Samples contalnlng Commu{muzgﬁswggemggamﬁoc Wlthout

desicc untllg,tlrrthe;\ﬁggﬂf 2’“%{1&2)%0 v%stalllzag ?])[ Fioga \l%%gl% 100 ml of

mult|pl age runs are require rocess quanttes O cr act
mvtem@eddm@ loadisigcapteitplbfansimgiditol ohvieiathecabeie: minifieatfog yeast

B£RE&SS §hﬁy'@o3b% €Oome |§:§§Qef@ls@§§iltiﬂgi¥dgl@kélptﬁ%ﬁuﬁ KRN ¢ The
ater% rom each run may tlé%n be c f? and crystalllze using the ¢ 250
%t THegtibed Bl I ol f“oﬁ’%?ﬁeel I8P & CB BN AT 183 ©

9. Five ml of the first seed culture was mocuiated mto 500-mi 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 rpra 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; veast extract, 4 g; Hy-Soy, 8 g; ferric sulfate,
40 mg; potassivm 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 2 titer of 350 — 400 mg/L. for Compound [-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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WO 2006/028525 PCT/US2005/014846 Crystallization- General
procedure (Purification Step-2): [0373] The Compound 1I-16 samples
Wobtained from Biotage flash chromatography typically contain about 3% of6

NPEYIBE T he main aim of the crystallization step is to incré)ggéU%“eosﬁ‘ﬂ’ﬁﬁ?

of NPI-0052 to >97% and to reduce NPI-2065 to <1%. [0374]

Gy stalizetionsivegepiefomiec omSompaihel folot1g am bies B isramnizgd water:
gfﬁ%@e,%'%@#@sﬁ%a@yédé?wlﬁgﬂ H“E %93@%%@@9)583 i (Instant Ocean, Aquarium
acetone:n-heptane (910 ml)'to afl_nai concentration of% /L. The solvent "
SRl o B L 8 T PSR R FALL AR IS0 0t 975 DA AT o

oiRtatyiL vapslaten witivaal wihtsoritrolleedButhiRvwae (rRotatdpot) Htd-al fask
cg%gﬁmﬁgh%m SFATR 2 ake %elﬁ%& upil 1he SPlENt WASI SRHCEE dcd at 28

%) of its original volume. During this evaporation process,
deayetdlowerid rovmac apiim haker sk s SRR IPLEAHh thOSURARG Ao tore
Salutien{supem aEm benascieney eshainsiploatignmindehdotsetiacuadum.  The
410 2P0 LENMneYeL. hasks Gocenliples b (B1an EXPROIAIIRN ARls. 120
h’én% &rrad 10 a 20 ml - scintilation via %y Issolving in acetone. The i
Hobtofdversteripred tntepdastenin bIRE, BraeRe COlifiRssIrtABF Toduction
wegdby hislhveswmmcbeiare ihwasiueighed-dine Mass cidhaiovateriamposition,
obtained fro e superpatant was used to imate .
SR A g g
jhralsetdise Y@SEentache sdiisvolfraeioTicavbishettisat oI bromide, 100 mg;
chystallizatian, In eraer indetermingithepukitycam Aiquat @00 dongs 30 g The
removed, concentrated under t%tre0 V\gifn NZhrredi%qlv%jmin é&N t9:a egree C;
KHBUBh CBRIFERIST 6 CRRGTM I and analyzad by LECMS. wnglﬁytlcaﬁ’resuflits ’
sfietied 208 1%; redustion B Gompbled PEgeren Heptand{As5tmt theurs of the
%@@ﬁ@t%@%ﬁ,%ﬁ ARk Ritidberysiallizationdamakeadibaceiange-added to the

heptane solution) was added to the 2 L flas a}I;Id the g%sdtcalliznaltiog) e operatin
STBERSS BT pe HiE PSP SEREE WEE (SRS BT COmpoding' S CPoraine

Ada2Brwvasddagedttheptdydion cyybtallizativrsnete vaekoetbtdr8hekn. At day
this &@Cfgf%hu@%z Wldl I%i nahepvsializalion was PRHEPENRRIMN00 me/L for Compound

EtOAC/n-heptane solution. The crystalline material obtained gbqve .
Fothe S GH -1 B G FHUPIEING (LB POh GO 22 B T - s

Feetens vashaptand eiyistallizatiobl. lerdglhy)l Theisdhlientdvirs Istioely.S liters ethyl
evaporated underreduced pressure (abqist 180 BRANYsING:as @R Yrocessed for

evaporator with a water bath temperature of 30 C until the_solvent was
FeritreetrTo Hormesond Bt s BrgIRAPTBRIFAS. BERRY Y e Thpbratdn 24¢: 120
pregess, most of the crystals stayed suspended in solution and did not
adhere strongly to the sides of the Egﬁlﬁ:zl@e solution (supernatant) was
removed by siphoning under house™ vacuum into a 500 ml Erlenmeyer

i ’ R oPrEand UG and nde of Formdpe1-20, 1240 0-26 and

3A: Purification of II-16, [1-20, T-24C, 1126 and 11-28

[0354] The pure Compound [I-16 and compounds of Formulae i-20, 1I-24C, II-26
and TI-28 were obtained by flash chromatography followed by HPLC. Eight grams crude extract
containing 3.8 grams Compound I1-16 and lesser quaniities of 1[-20, I1-24C, II-26 and II-28 was
processed by flash chromatography using Biotage Flash40i system and Flash 40M cartridge (KP-
Sil Silica, 32-63 wum, 90 grams). The flash chromatography was developed by the following step
gradient:

1. Hexane {1L)

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



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
“f@\ﬁoﬁ?%ﬁi@ were randomly selected from various places in RS20 4846
purity analysis. The Compound 11-26 was reduced from 0.98% to 0.66%
(average 9f, ta points) in this step. -95,WO 2006/028525
PCT/%%Z%%%&%%@?g?%%%%%% \R/%é% out 87 % ( 2) from crude
extractto2BlofhH erriainEbriEsHywnt ApsE 66 (6) from Biotage to
crystalizajionkhassd:on Hve:Bielaga ssn ding overall yield for these two
crude extr inal product was.43% and 54%. In addition compound

11-16 Wgas %g}ﬁsgﬁ%éﬁﬁ‘:yt o%’tna%}éa ?iﬁ;ﬂ%% purity, with no single impurity ?

1%. Speéitedthylinspiaritin Gummedlind 11-26 was reduced to 0.5% after four
rounds; ofggrystallizat Finally, the material obtained from the last
crystallization step, performed in EtOAc:n-heptane, resulted in crystals

that were easy to manage in the solid state and these crystals can be

easily [e3§fiured bydibrationdiong thenmothicliGuon8®r Rurdigatiod 3t 11V purity
F3prk-Sypernaiant matcriplobiained drom ey siallization SERRH, K obtain
large scale purification of Compound 11-16 described above was dissolved
ﬁ?’é“&%‘f%g"égoa}ﬂ‘@ﬁﬂﬁ* Rt aBtsll- @400 S 6F #H SORRRSA% ere injected onto

a normal-phase HPLC column using the conditions described previously

for norwwmg@W&
8) G CHCK U
Compoun of Formula 1-7 eluted at 7.5 minutes as a pure campound

[03781 |Comgssiand of Formula 127 ¢F1& 236YgNEH Acetonitrile/ H20) 7v~x
225(sh] 1, LeW Res. Mass: mis 298,(M+H), 320 (M+Na)_ Example 4

1 inAa.Comnniuinde 11117 and 11.190 and Camaakia A A
Fermentation-ef-Starting-Cempbpnds-H-1#and-11-18-and-Compound-af

Formul ﬂﬁrf?ﬁof%?gl Strain CI\% was grown in a 500-m1 flask
containjrigli80 ml of the first vegetdisve shddiunk€ondistiong dpthl min,

following per liter of deionized Watef: lICOSE. A Dic-BRBIARIAIGNE, Bif,;
Bacto casitone, 5 g; and synthetic sea salt (Instant Ocean, Aquarium

Systems), 30 g. The first seed |cURIAUAE BRI Et 28 degree C for 3
days on a rotary shaker operating at 250 rpm. Five ml of the first seed

culure i noCuLad 1o 8,200 1A RS SOrYRIONG AR ALSs: st

second vegetative medium consisting of the following per liter of deionized =
wpanett Stafermpand Iyt extiradgpesionte, @ geeic ditate 9 iy, of tus
ROlARSI WREQEBIEEkOQ FOgiSaRITHPLC column using the conditions described above.

Compound II-16 typically eluted after 14 minutes and compounds [-24C and 1I-26 co-eluted as a

single peak at 11 min. When parent samples containing compounds II-17, II-20 and II-28 were
processed, Compound I-17 eluted at 22 mimutes, while II-20 and [0-28 co-cluted at 23 minutes
during the 100% ethyl acetate wash. Fractions contaming 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
contaiming minor compounds I-20, 1-24C, 0-26 and T-28, which were further purified as
described below.

[0357] Sample containing H-24C and II-26 generated from the process described
above were Turther separated using reversed-phase preparative HPLC ag follows. The sample (70
mg) was dissolved in acetonitrile at a concentration of 10 mg/mi, and 500 pl was joaded on an
HPLC column of dimensions 21 mm i.d. by 15 ¢m length containing Eclipse XDB-C18 support.

The solvent gradient increassd linearly from 15% acetoniirile/85% water to 100% acetonitrile
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carbonate, | 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
roximately 2 to 3 gram of sterile Amberlite XAD-7 resin were

%H’é?ﬂ Eg FHhe second seed culture. The second seed culture WA SHE 846

incubated at 28 degree C for 2 days on a rotary shaker operating at 250

ppen. 2B ivenmboht thelsecerdesaead cullidie as imeeﬂatﬁ&;mm@mmd at 100%

Q&%ﬁ%@d%ﬂ%@ﬁ okt econgj%%rgﬁtaﬂv 'U&J g ‘h'[d PSS elutea

culture was incubate at 28 By on & rotary” shake

BplraiHise zééerb?ﬁmﬂﬁﬁr%%ﬁéﬂéwfté@gww fdsretitec Apnpisidite
XAD-7[oes8n Wel‘er)@ﬁﬁﬁﬁ m%%ébmm%gﬁgaﬁ%mg%§%9@ltl@&npozmd

th r |nc e C for 2 days.on a rotary shaker
§?§r fing SSO i |V§%r0r?f”lo? faceWﬂ?dncﬁMr@]\ﬁa‘%oﬁ?&ﬁﬁgd”iﬂt olgs vial was
%@M@ﬂaﬁzﬂe@dmnmo&m@m@mbmmmw medinm CHhkels suitable

fourthag %%Qt&%@ﬁ&W%é%%?@e%&@v@@ A& G QLads dAY B AT YUY inmer vial
&% aker operating at 250 rpm. Approximately 2 to 3 -96 WO 2006/028525

T 898D 8IJ1ASARYFAM bf @ﬁi‘éuﬁﬁ?a MifBsOKES-SoHselior e reBidkRs PMART
topitie Cﬁmﬂrﬂﬁ-%eﬁf&u&wﬁ&ﬁ&loa(fomﬂh%em(&u|Hdﬂ@aMSﬁH®thﬁi7mﬁUQ&§%4 mm’,

da a rotar tln at 2 0 pm., Flv .

eagﬁ) %g%io%{éﬁbs]ece rhwgzglirﬁ% an% taa" |n n% “ff*‘asﬁ‘égs L
lfaﬁt%ﬁheﬁ’@ 9pb’ nﬁ%ﬁh@@éﬁﬂn@%ééiﬁtﬁ@?ﬁedwﬁﬁ—mﬁéfsftmml space group
pultyrasawere incubated pik2s @egﬂ%eu@(ﬁ@rﬂf dayp-0RRTOLANRNES) A2, z=16,
opera %Ig at 290 rpm, Approximately 2 to 3 grams of sterile Amberllte
RKD- 7Jj L i e S et the i S Bl PEnetne T o i dietions
wileetdly thiEasinsddpateehat X8 tagree, SofoLB aymion andialySRIEr: R,=0.0369,
Q,@\ergw}g@a(t}ggglrgéﬁ Four nil each of the fifth seed culture was
inocuiated into one hundred and fifty 500-m1 flasks containing 100 nil of
the prdtidttion rieefitin hasmmgithb-afrcBrapostivnsasihe socotid method was
mega;aﬁvemwmg Mm%mgiﬁ@/ %l RIS ARDRI iR onitrile to 2
XAD Zr a@%sdr}} n%d%g 9 the rod ction culture. The production

fittres were indd ﬁéa 28 o W?‘% P’é %i‘é\e}}’gf‘fhpga% )Egkfﬁké?“ (ACESp
Gbﬁgtm@ arp5C tpme Thereultretiorotihwasdiltbredi taroghmehdeseicietionitile/

E@Weﬁﬁ\éﬁ htfgwARRDEF e X AksA k83N hhe $E310, é‘:ﬁm%%tﬁ?cﬁtﬁ%"k%%x -2¢, which
Iltors eH"u | acetate followed by 1 timel I|t hyl acetate. The -

cgf% ihSH SIS WEPEE TSR TR VAU d e re T ERIPE O ES RRATE GrEas were
ok Startinegy ©orpd wndet sl bBsbGgran @otepoeathef drosnaathay evaporator,

ddaiRs Was: then RIResssRd forihe resavery-ofie compaguads; ﬁf’i%mn‘ﬁ' S 70%
5 Purification of Starting Compound 11-17,11-18 and Compound 11-27

F5B6T Tha°pars téo???ﬁo‘iﬁﬁj&g‘ﬁnﬁwti@f 18 were obtained by
reversgidqihase B4RipEs generated from the preparative normal-phase HPLC method

described above that contained I-20 but were free of II-28 could also be trituraied with 100%

é

EtCAc to remove minor lipophilic impurities.

8361 Starting Compound I-16: UV (Acetonitrile/ HoOY hpmy 225(sh) nm. Low
Res. Mass: m/z 314 (M+H), 336 (M+Na),

[6362] Compound of Formula I-20: UV (Acetonitrile/ HyO) Aggr 225(sh) nm. Low
Res. Mass: m/z 266 (M+H); HRMS (EST), m/z 266.1396 (M-+H), A= 1.2 ppm. FIG. 16 depicts
the TH NMR spectrum of a compound having the structure of Formula TI-20.

[0363] Compound of Formula I-24C: UV (Acetonitrile/ HyO) Ay 225(sh) nim.

2.



as described below: Column ACE 5 C18-HL Dimensions 15 cm X 21 mm
ID Flow rate 14.5 ml/min Detection 214 nm Solvent Gradient of 35%
Acetonitrile/65% H,6 to 90% Aeetonitrile/10% H20 over 15 m|n 3811
WO B At (100 mg) was dissolved in 15 nil of acetonitril&" :&ﬁj Gguasas
(900 ul) of this solution were injected onto a reversed-phase HPLC

columpuatsing the LoRditianss.deseredabpyvso GampouRdsM-issaNel - 325.1309
11-18 eluted at 7.5 and 9 minutes, respectively, Fractions contalnlg%gthe

MO oo Tere ¥ Qe ditale ST Pt SHEN T REHETR By apmeound
mtmgma s?ﬁhememﬁmﬁgﬁs@lamn was then frozen and Iyophlllzed to

dryness, [0382] An alterpative purification mgth d 115800 nm;
T ?ﬁ and nvol veHc;.9

11- 18 deve opgduPor arger scale purificati
H&M&ﬁf@ﬁb maBiiel E¥8 ddeRtraksaon &t morn&hsPhaSeCU I allifspicw ek NMR

hessrerdiignsusufficieptrmannts of seveiRminaroneiehglites were
identified, including compound 11-27. The crud xtracté 0%?%
dissoN&P acefsirows W W@/&%ZWC €550 4\1%““(1765&?5) o
HRMIE S0 wlioneadSeshad-tmto. siHca. g eptl el HYring bvreivs. Bhdl NMR
%%&e Cfude &4 gq%%nw 2 (adeel ona ARiNALPiASEiticg) VLC column

cc SI

imensions 2.5 cm diameter by 15 cm length)
migadigogtampornsdhiane / EtOAc, increasing in the
percermeg Of h%w&a&&@a@@f@@@%@a selvantpeficiem) oTh:empound 0-16
ajority of Comp 16 elut din th 9 40%.E
g‘ 141 r&c’h acts o amfzy O%o ?tur %709 NS %?Qf Tlhe HIS] % epX (fthe process

WasH Whilg e majorl ompoun in the 509 ane /
Beoethypraterasoniash. eﬁrﬁ@a@@g@amt@fnt@ ﬂﬁ@ﬁwﬁmumgr%%caz@mwédngmy
Hsie£18 tﬁk&ﬁ@@;ﬂ@f@gsawwﬂgE 5“h§|§r:|Tth ed B X 24rmemn Jfied by
using. an isocyatic solve tsyste consisting of 35% AC 5%,

DG (TBEE G TROE LB O TES? 5 T oL £ il e 7l colress

comtpbuadatiedal eflﬂedpatul@lbtﬁmmutes, traces of Compound 11 16 eluted
BB FAUNIRS A0 paunddl-8slufed at 25.5 minutes. The

resulting samples were dried in_ vacuo using ho heat to o)

U EBhont TIPS ReS ol bSO TRIALTOF tuALeD oSty arvidse
@ahopiosivg ¥ds 16edrior Cosinpbontthedh8iwe Brfolind tethediderdicanwmitbrperiments,
QLHQ?o%&ﬁg%%@&?%@ﬁ%%&%%f&ﬂﬂﬁﬂﬂ%@H!*Qé?@é'%%f@ﬁﬁ@&%a&@%ﬁ@@@'&” sitica.

of compound 11-18 was found to
Better resolution of Compound T-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.

[6369] Crude extract (10.0 g, dried by high vacuum) containing Compound [-16
(5.30 g estimated from standard plot under HPLC) in 2 250 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 info another 250 ml
Erlenmeyer flask, and the filter paper was washed with 5 mi of acetone. A 150 pl aliguot of this
solution was transferred mto a tared 1 dram vial for purity snalysis and mass estimation of
Compound T-16. The filtered crude extract was directly injected onto a new, dry Flash 751 KP-
Sil cartridge using an open 60 m! syringe as a fimnel and by transferring the sample from flask to
syringe using a glass volumetric pipette. Due to the low viscesity 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 cohumn, the flask was washed with 5 ml of acetone, and this

solution was also loaded. Five minutes afier loading the sample, the system was pressurized by
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contain 8% of the lactone hydrolysis product and was further purified by

washing through a normal phase silica plug (1 cm diameter by 2 cm

helg and eIutlng using a solvent mixture of 20% EtOAc / 80% Hexanes
H‘ﬁg” i resulting sample was found to contain pure Comcp%hlsﬂlzt?w 14846

11 18. [0383] The fractions containing compound 11-27 described above

wiake tirthed mhfied usSMe-Reralpihase sealigieparative L& the column at
Phenom Luna,Si @) sing.a solvent

gda radien ilcﬁ (r?é( ssllnaél rofné)viz)%%%exane {“%%lé%fné%ﬁc {())%(lar 20 minutes

with a flow 358 o 4shtin@dispernd 11-27 eluted as a pure compound

after 11.5 minutes {0 8omgin38%eisolated yield from dried extract

weight). [0 nd 11-17: UV (Aeetonitrile/ H20) X,,,ax
b it Rl R e P

225(sh) nm. Hig 61 m/z 280.156 (M+H), A,,,,=2.2 ppm,
C15H,2ROB1 {0885 drkpauAd 18-18: UV (Acetonitrile/ H20) Am%max

225(shh gy HighResMass ARk i 32810821 (M HHY A8l {lz%M) after
C15H,1NO4Br. 1H NV R in DMSO-d6 (see FIG._14), [0386 Com ound

Bhss. 0 A deeEmh fﬁo%e,fﬁ%ffé%@meﬁw%t?ﬁ ey ffygetermine which

B8O 1556r{Mrdd ARt TIPPNT{CHEHR2NGAY 28 IWNIRIDMSGai6yswes spotted

Etll% 2? @aﬁ@e QEP d ep%&?écpfxgowggg&%&%%” Jagdfr%uahzed using
Starting Compound 11-16 [0387] A sample of Compound H-16 (250 m

HEPHRRNS AL R ﬁaﬁ of*sbdtl H‘%&?d%aflsgbéeﬁ?%yﬁﬂ‘%g‘om each
thetiesubinghimpdstepstitked-for Gridaysdekhessealttiohwagd)enlifiltéraln 0.5 ml of

91}‘{1‘,%‘% H3Rd ’E%Cﬁmr'ﬁﬁﬁé UelAnd Iseled dIrschr-and MaNmA s covered

se S|I|ca HPLCT column ( Phenomenex Luna IOu Silica, 25 cm x 2
m&ﬁ‘i)?l%ﬂ% il AR GOV FHie St rouR PR B1B/028525

PCT/U&2905/01484 Gesonditigns-Henthensaparatipn of eampaunddarmalay only
He gﬁ%igﬁﬁéon‘;?fg%%l%fﬁo%‘&o“”ddUqu% &P g@gp%a% 'R a"ﬁﬁlch se fractions

ting of 24% iyl acetate and exane, i

ﬁvaf@mys&%mﬁmﬁﬁd quménméd W5 @W@%Eféﬁé@o?ﬁpfoﬁﬁmmuﬁé -17, were
Betiivalent drastions fm sackof-konjertions wens,paedtebkaniolehdt Pehi R-

&g‘pd 11- 9WCto und II- %9 L%{ﬁ tr|I 4@@% 5 hl) 2? i in the
R e DR sy R e o T

Aei (Wa® BophnirEaeH 2aNetinHhNMRTin DMSOLd6 (SeovEie SOI@)WHS Bissplved in
Qe lind transferred to 2 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 I-26 (3.2%}) and Compound
[I-17 {0.38%). The vield of Compound i-16 was 86% afier this step, as caleulated from the mass
of Compound T-16 recovered from flash chromatography versus the mass of Compound I-16
egtimated to be present in the crude extract. Samples containing Compound [I-16 were stored at -
20°C without desiccation until further purification by crystallization.

[0372] When multiple Biotage nuns are required o process quantities of crude
exiract that exceed the loading capacity of a single colurmm, the above purification process should
be completed for each individual Biotage ron. Resulting material from each run may then be
combined and crystallized using the steps described below, in crder to yield one final lot of
Compound II-16.
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HOH=0 NN Nal 0Acetone 0 HW"... H-16 11-1'9 Cl| Example 7
Synthesis of the Compounds of Formulae 11-2 11-3. and If [03881
Compounds of Formulae 11-2, H-3 and 11-4 can be synthesized from
NS |ﬂ&28528mpounds 11-16,11-17, and 11-18, respectively,}Pbcyrl‘Vc}iljlst%(lll‘))/:ill(():14’846
hydr_ogenation. -99 WO 2006/028525 PCT/US2005/014846 Exemplary
Risiian A Sybesis ot B Qs N N O 0 10% Pd/C, H20 O
cetone -16: R=CI 11-2: R=CI 11-17: R=H 11-3: R=H ]I-18:
R=Br 187 R=BF i HprRmAE CS e SHHrBeL ASRbR! O &t romatography
0o bkt h1246:{ 0SB INPIantisiy Tempouis b 16 (tGmigganwes stissotvenkrease
in aceton in intdlati ' hich dded th
! s} 18 Boncintiliation.viabieshpty, twhich was added the
%%r&/(\)/v{a)‘\%% %192mg °_§Ir11d armagnetic stirer bar. The reaction mixture
was stifigdlin a Rytelijerienivap e P ErRpEALENS forRlse gbipied from
BRUis Rhe repdieoivnixtue was fitesgdithiougheiocisjiatecollimaland a final
W% Sel’rl‘(targﬁwﬁtg%.c Efx‘%n%hem vg{al%r%%es gyoam% fl[c:-[\eg eocslf ?&aﬁgdtgfrz%ﬁggg }g‘c@wc {(about 275
elman Acrodisc to remove any fraces of cpateflyst.
mbar) using a rotary evaporator with vacuum controller (Buchi R-200 Rotavapor) and a water

bath temperature of about 30 °C until the solvent was reduced to about 43% (& 6%) of its original
volume. During this evaporation process, crystals were formed around the flask walls as well as
in the solution. The solution (supernatant) was removed by siphoning under house vacuum into a
500 ml Frlenmever flask, concenirated by rotery evaporation and fransferred to 2 20 ml
scintiliation vial by dissolving in acetone, The acetone was removed under a stream of Ny, and
the solid was further dried by high vacuum before it was weighed. The mass of the material
obtained from the supernatant was used to approximate the amount of crystalline material
remaining. The erystals in the 2 L flagk were dissolved in acetone (455 ml, the same volume of
acetone used for initial crystallization). In order to determine the purity, an aliquot (100 ul) was
removed, concenfrated under a stream of N, redissolved iﬁ ACN to 2 final concentration of
1mg/mi and analyzed by L.C-MS. Analytical results showed a 31% reduction of Compound 1I-26.
n-Heptane (455 ml; the same volume used for intial crystallization to make a 1:1 acetone: n-
heptane solution) was added to the 2 L flask and the crystallization process was repeated. This
process was reiterated until Compound II-26 was reduced to < 1%; 34 crystallizations were
needed to reach this target.

[6375] The fina] crystallization was performed in EtOAC/n-heptane solution. The
erystalline 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 & 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 m! Erienmeyer fiask, 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 hre, 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 anaiysis. The Compound I1-26 was reduced from 0.98% to 0.66% (average of two data
points) in this step.
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The solvent was evaporated off from filtrate under reduced pressure to

yield the compound of Formula 11-2 as a pure white powder. Example

7B: Catalytic Hydrogenation of Starting Compound H-17 [03901 Startin
W@&%’B’é‘a d™11-17 (5 mg) was dissolved in acetone (3 niL) inPgTéﬂcSi%‘{ﬂ?g{%%%

vial (20 _mL) to which was added the 10% (w/w) Pd/C (about 1mg) and a

magnegic,cstirrerar, L0e (RACUgRMiUE Was SHIrRehinAYOgRD 1o Biotage

atmosphere at room temperature for about 15 hours. The reaction _
TGRSR e A DdHCA 150" SR ese i ST SRLAHISE) (e ehnB a O digteee rums-
TalalshThecovertavas evdpasatedsaff fromphititatetosydéld tné 54%. In addition
c%%}mgt%%rﬁ—% 'x:v%g"é rllgsjie]ﬁ-t 1 ‘é"c{"ﬁi? P%‘é‘%e &ME’,C b«%‘%aﬁopHH gqlgyurity > 1%.
normal phase HPLC using the tollowing conditions: Column: Phenomenex

Snspidealy. SmeitDRPrEpRBh & 25 ahT*DLS thir ST Yt 8 Kl Afiization.
FHIOWR 20061028hak Pl thd 200 2/0% 4846 oD etgctorfofles B Sedsent:heptane,
5% 10,60% EtOAc/Hex for 19 min. 60 to 1009 i i N, .:
B EAR 10T o A o nf el Bl Bbsiy
pareresm ptrien Fominpreother i@agalytic Hydrogenation of Compound
11888382 3:2-mg of Starting Compound 11-18 was dissolved in
aceton L) in a scintillation vial (20,mL) tg which was. added 0%
(wiw) Ii(ﬁd&%{(nabotgjllt1 Hr%’?éa)“ S tglﬁllggtrghenﬁ%rgsot%rrlr%r@ 5 rs.gﬂ\ﬁzeaag%é ?Br?%%ijtiﬁ?%e seale
masistivediit tyerogdh ddrsspirrdatroonttempdraareor (Bhegimls Aliquots
{5@9’ ) Eh%{f%&% W_Il—_!ﬁ?e&%’%o@“? ﬁ%&ﬁ@ﬂ%@%@@%(ﬁ&'ﬁ‘ iR credisGitions
o remagve the catalyst. The solvent was evaporated off f filtrat
SRt AR B DA U s g 128
purifiechbyiitormmedh phabecHRIC wsingshesfolowimpoeehditions: Column:

Phenomenex Lupg,| O Silica, Rimansiens: 25, Con ALommdDaRnw,. 225
rate: 1E?kr§|/min Dgtection: Ei_SD Sol\t?ént: %?/o to 8(%% Etéﬁfc/Hezx formlx9 0

Fiftn 100 £3°5.009% 240 AR M i 2tH&E D%hin at 100% EtOAC
Ixample 4
Fermentation of Starting Compounds [1-17 and T1-18 and Compound of Formula I1-27

[6379] Strain CNB476 was grown in 2 500-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 mi 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 m! 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 1o 3
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[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, includi l‘\j ,
Viht %{%EFGS 1-6 provide spectral data from these metho:}% / g?lg} 14846
compound of Formula 11-2 in acetonitrile/H20: max 225 (sh) nm. FIG. 1
geepigtsithe MMRnapectiim:efitheccompaliaciaf foammsded thi@nn The fourth seed

MSO-d6. EIG. 2 depict low resolution mass_spegt f
RO O L BIRCICAL. 2 SRS oD Jad (N Ot e o 250
Feonmd sasitas thr drh epad catineaveadrieriend 2oe £r298-rajaskh cmignige 100 ml

cferictsdheNMR-snecium thihencempamndsafdrormbact kt3snicgree C for 1 day
DMSO-d6.

IG. 4 depictg, the low, resoluti t t .
R B SRS 250 Ry 285 TN a0 GRS TR Eoberlte XAD-
reompeerdded Fotim dithisccd catomitrildhd ZOh lse@DEI i rrere Faches Beieird at 28
Jé'é‘?ey ME,speclru of g campe %fBg‘anné: AraxgldodL-Fdor Y S 48 e G seed

depicts the low resolution mass of the.compound of Formula . 11-4: m/z
YNNI SBE081 E)TOSOBITY ABHITOR, NG Te LB S AL 100 o of
spactiometedidatahwene ahtaiset forroomipounds e, tae@dardetbtve medium,

%FQ}%% %’023 M&' ggt%@ ’Mﬁ&%ﬁ IMitHferd88 3394 11 @ W@ucﬁon
06/028525 PCT/US2005/014846_ ppm, CISH23NQ4CIl. Compound

opfrune. RS IS SE RO BT RRSIG £ ALEES Spitr, CCTEHBANGIY shaker
dampauad2id -4nHRMS ¢HSte rvaiB60.0 A8 HirjughAdeie 3t pm recover the

%%d%?é = 1%3% .%@rgsi§mm§j§cg5%9%gpyﬂ%%ﬁﬂ}zf%g@\fé@@oﬂowed by 1
A and 11-5B 0396é_£ compound of Formula 11-5A and Formula

) 1.5 la,

IR & BEEyHaEsizadTeRPSEL fREREO MFEUTIEY 12 16D e pokidatioFxact

withimGRBA. {897l Htading Qadrpounrdds-16 (o1 CogpéudR dftivote]an®ds, was
issolved in .methylenechlori 1) in @ 100 ml of round bottom flask

%Wﬁ: esﬁggeégée%c%§%%9£%9§8@ Or%)i%é of meta-chloroperbenzoic acid

(mCPBA) and a magnetic stir bar. tion mixture was stirred at

room temperatiie:fion abowt 18 betusswhe redstieanhiddmmewad poured

onto a c silica flash column and elut ﬁ ith 12%3nil Qf GH2G A2 LR b1
of 1:1 ﬁg%?(iacetg%ﬁ%?acﬁog n dﬁ?\ﬁﬁﬁ/a\?v% %“ﬁ?fco 1“88% eytﬁeyl acet%tg.
Fvestribwtheoacetate/hexane fractions yield a mixture of diastereomers of

epoxy der|Vagi¥gs, Formula T1-5A aiek EI=pEEmNich were separated py
normal phas , ' i itops:
Dimensions 15¢ mm
Flow rate 14.5 ml/min
Detection 214 nm
Solvent Gradient of 35% Acetonitrile/65% HyO
to 90% Acetoniirile/10% H.O over 15
min

[6381] Crude extract (100 mg) was dissolved in 15 m! of acetonitrile. Aliquots (900
ul) of this solution were injected onto a reversed-phase HPLC columm using the conditions
described above. Compounds II-17 and TI-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 exiract on a normal
phase VLC column. Under these conditions, sufficient amounts of several minor metabolites

were identified, including compound [-27. The crude exiract (2.4 g) was dissolved in acetone
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Column Phenomenex Luna I10u Silica Dimensions 25 cm x 21.2 mm ID

Flow rate 14.5 ml/min Detection ELSD Solvent 25% to 80% EtOAc/Hex

oveé 9 min, 80 to 100% EtOAc in | min, then 5 min at 1005@%9&&5/014846
(minor

W[8§ 8575

ompound Formula 11-5A (major product) and 11-5
product) eluted at 21.5 and 19 min, respectively, as pure compounds.
Gompand chit LehBavadststientchiRnaiquoaphed @i dctasdicarflasitorbed crude

S RS SR AORE e i
&2 GneierPp! Hm ienghiond voshee PR e giemoibexaar D4 Hncreasing
@ hd edlntabEbr Hc%e(%@ﬁsﬂ'ﬁ)@( @@%1) seHeuetdratds N aracterigation Compound
RTINS IS
Bmdhe-300 dismaneC F81 2INOBERFIGS. Faatsepaetpeofivkdy oioprivtdh@sdHichieved
NMRpeetumeabieispdab@pnd dthemassereckum phFemula: hdberatic
%%grgrgt:] SEnula 112 BL L ACRIoNILIS/HZ0) Zmax 220 (Shinm. Low Res: a7
eluted at 11 minutes, compound [I-17 eluted at 12.00 minutes, traces of Compound II-16 eluted at
23.5 minutes, and Compound II-18 eluted at 25.5 minutes. The resulting samples were dried in
vacuo using no heat to remove the aqueous solvent mixture, The spectroscopic data for these
samples of Compound 0-16 and Compound II-18 were found to be identical with those of
samples prepared from earlier purification methods, The sample of compound II-18 was found to
contain 8% of the lactone hydrolysis product and was further purified by washing through a
normal phase silica plug (1 cm diameter by 2 cm height) and eluting using 2 solvent mixture of
20% EtOAc / 80% Hexanes (25 ml). The resulting sample was found to contain pure Compound
H-18.

[0383] The fractions conteining compound TI-27 described above were further
purified using normal phase semi preparative HPLC (Phenomenex Luna Si 10 i, 100A; 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 conipound after 11.5 minutes (0.8
mg, 0.03% isolated vield from dried exfract weight),

[0384] Starting Compound I-17: UV (Acetonitrile/ H;0) Apay 225(sh) nm. High
Res. Mass (APCI): m/z 280.156 (M+H), Acye=2.2 ppm, C;sHaNO,,

[0385] Compound I-18: UV (Acetonitrile/ H;0) Anax 225(sh) nm. High Res. Mass
(APCD): m/z 358.065 (M+H), A= -1.9 ppm, CisHy NO:Br. 1H NMR in DMSO-d6 (see FIG.
14).

[0386] Compound [1-27: UV (Acetonitrile/H,O) Ay 225(sh) nm; MS (HR-ESD),
m/z 280.1556 (M+H) A= 2.7 ppm (CisHNOC,): 'H NMR (DMBSO-dg) see FIG 25,

Hxample 6

Preparation of Compound of Formula -19 from Starting Compound II-16
[0387] A semple of Compound [I-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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m/z 330 (M+H), 352 (M+Na). HRMS (ESI), na/z 330.1105 [M+H]*, Acatc
-0.9 ppm, C15H21NO5C1. FIGS. 9 and 10, respectively depict the 1H
NMR spectrum of II-5B and the mass spectrum of 1I-5B. Exam

%I%S%ﬁ‘ the Compounds of Formulae IV-1 IV-2, IV-3 an]()ucllelzu512093”0”‘846
Synthesis of diol derivatives (Formula 1V-2) [0401] Diols can be

SYRNES1Z60 RY Sharpiess.dl @é&%%}’da}b‘?ﬁdﬁ'@Qaé\%mlxlﬁr@ﬁ%dpc&@md 1-16
mix-a is a premix of four reagents, K20s02(Oll)4; K2CO,; K3Fe

s P ke AEb{S @B AiR SR ISR AR S X %Wf(‘sl which
tReprgiothy of K2AsOR{ OH M KERICO InidiBE el @) 6 pDHQI) 24 Hidbivalent fractions

et BISE: pdiyioupicRgloibaleRBELGR AL oM Glain m1o: UV

avaﬁa% rom A r|c D|o can also be synthesized % acid or base

OSSO B AT SN AR ESM R A0 AN IS BRMAETS B 506 0513

diffenent to-thas wiprodustsmbtainedrim Shesplesgdiydroxylation in their
stereochemistry at_carbons bearing hydroxyl groups -

TLC as well as mass g
workup and pugies .
are confirmed by NMR _speetfiscopy a‘ﬁ‘a‘tﬁ‘?éss spectrometry- Kis
method both hydr8Xyif rOLg:)s are on same side. H H H'H OH.EHO HH ..
OH pV> OHHH O 0"¢{N Shatpless HON x*oroxH OO Oo
Dihydroxylation Hlun,"Hlp~n.. CI Cl H-16 Formula IV-2 Farmula 11-5

E-19
Cl I

Example 7
Svnthesis of the Compounds of Formulae J1-2. -3, and II-4

[6388] Compounds of Formulae II-2, II-3 and -4 can be synthesized from Starting
Compounds II-16, [[-17, and 1-18, respectively, by catalytic hydrogenation.
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Nucleophilic ring opening of epoxy compounds (11-5): [0403] The epoxy
ring is opened with various nucleophiles like NaCN, NaN3, NaOAc, HBr,
etc. to substitute various groups on cyclohexane ring with h roxg(; group
WhHY IR Examples: H "HHOH OH=H=0 O=ORrN
Nucleophlllc nng openlng 0 O- O NaCN or NaN3 O HIM" CI CI R7:CN

5/014846

10% Pd/C, H,
e e
Acetonse

W

TULIE

R R
I-16: R=Cj} Ii-2: R=Cl
P17 BR=H -3 R=H
II-18: R=Br Ii-4; R=Br

Example 7A; Catalvtic Hydrogenation of Starting Compound 11-16
{4389} Starting Compound L-16 (10 mg) was dissolved in acetone (5 mL) in a

scintillation vial (20 mL) to which was added the 10% (w/w) Pd/C (1-2mg) and a magnetic stirrer
bar. The reaction mixture was stirred in a hydrogen atmosphere at room temperature for about 15
hours. The reaction mixture was filtered through a 3 cc silica column and washed with acetone.
The fillrate was filtered again through 0.2 um Gelman Acrodisc to remove any traces of catalyst.
The solvent was evaporated off from filirate under reduced pressure to vield the compound of
Formula H-2 as a pure white powder,
Example 7B: Catalytic Hydrogenation of Starting Cornpound T-17

03941 Starting Compound 0-17 (5 mg) was dissolved in acetone (3 mL) in a
seintillation vial (20 mL) to which was added the 10% (w/w) Pd/C (about 1mg) and a megnetic
stirter bar. The reaction mixture was stirred in 2 hydrogen atmosphere at room temperature for
about 15 hours. The reaction mixture was filtered through a 0.2 pm Gelman Acrodise to remove
the catalyst. The solvent was evaporated off from filtrate to yield the compound of Formula T-3

as a white powder which was purifisd by norma! phase HPLC using the following conditions:

Columm: Phenomenex Luna 10u Silica
Dimensions: 25cmx21.2mmID
Flow rate: 14.5 ml/min
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03000 OHIlw. CI Cl Formula 11-5 Formula IV-3 [0405] Compound of
Formula H-5A (3.3 mg) was dissolved in acetonitrile (0.5 ml) ina 1 dram

vial to which was added 5% HCI (500 ul) and a magnetic stir bar. The
WRAHISFAKture was stirred at room temperature for about BnTHoF VY AkS46
reaction was monitored by mass spectrometry. The reaction mixture was
dII’ECﬂ% %?%ted on norma, Qﬁse HPLC to obtain compound of Formula
IV-3C as a pure compound without any work up. The HPLC conditions

used RSB purification weteta8YIBWACHIE o & Ads Pl B¢ Siffds in 1 min,
column (25 cm x 21.2 mnmiR) withaaisotvenbgradient of 25% to 80%

EtOAC((q over 9 min, 8% Y E \':ﬁ min, then 5 min_at 100%
coond B Wiow PO EL S R B e B S e

} (ropapasigng e ALK 3C eluted at about 18 min
(2 2 mm)e,ggomp@lznﬁ Cgf'@%{m&&ac%}&p%ﬁ;}d@\/lW@J%ﬁ&ﬂi@é&'@io&ﬂlﬁ&?%ﬁ) in a

%9 1@%“%?%“/'8 %é?c“’&%ﬁ %?ﬁ% Wa )g EM&@% 1% o FELR gragnctic

{Ei@. 21) The @teteochermswmtmedoarhpbgm oftRsphticel Veg @ igpgerature for

determined. based.on caupling canstants:QBsarvuarbin eEaIoNG¥ &8 0 remove
ring in 1:1 C6D6/DMSO0-d6 (FIG. 22). -105 WO 2006/028525

BewUsL0ba0 e FREFHEGPIORTOITRRE MO Ao TR e 1

low QvhltelAdwdditurnichGlaClurther purified by normal phase HPLC using the following

conditions:
Column: Phenomenex Luna 10u Silica
Dimensions: 25 e x 21.2 mm 1D
Flow rate: 14.5 mi/min
Detection: ELSD
Solvent: 5% to 80% FiOAc/Hex for 19 min, 80 to 100% EtOAc in 1 min,
then 4 min at 100% E1OAc
[6393] Compound of Formula -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/FLO: Ay 225 (sh) nm. FIG. 1 depicts the NMR
spectrum of the compound of Formula [i-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 [0-3 in acetonitrile/H,Ot Aumy 225 (sh) mm.  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 H-3: m/z 282 (M+H)}, 304 (M+Na). UV for compound of Formula in
acetonitrile/H,O: gy 225 (sh) nm. FIG. 5 depicts the NMR spectrum of the compound of
Formula II-4 in DMSO-d6. FIG. 6 depicts the iow resolution mass of the compound of Formula
I1-4: my'z 360 (M-+H), 382 (M-+Na).

[6395] In addition, high resolution mass spectrometry data were obtained for
compounds -2, II-3, and I-4. Compound 1I-2: HRMS (ESD), m/z 316.1305 [MAHT, A= -3.5
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[I-5A IV-3C [0406] Reductive ring opening of epoxides (11-5): The

compound of Formula is treated with metalhydrides like BH3-THF

complex to make compound of Formula IV-4.H "HHO\OH OHHO H
WRP%#I%"?QF O O 0 Hlu " Hlitu,- - _ CI Cl Formula 11-5 ﬁSTr‘Hﬁ?él“ﬁP%‘*“

Exam In e 11 Synthesis of the Compounds of Formulae 11-13C and 11 8C

19494 Gompayndcls & (3Gma) wasd A@%&V%)Wﬁﬁ%]{h@@w Klalc 9:3 ppm,
artin da

scintiliation vial (20 ml) to which Dess- Periodinane (122'mg) a

mdgrdte Sthrparidrd: BB (FRE, fréé%%Wﬁ%%*‘@Mésl@ur%édﬁ%g@?ﬁﬁmﬁr
temperature for about 2 hours. Thegggg%;@ S of the reaction was

monitored by TL§ (t|1-1|ex E the

reaction mixture; e

solventd@8iime \ﬁa@maf@mﬁwmi@ﬂ§ﬁcaﬂ@éb pothetred from

oRAieR efaR:2a1SiHeR dlashepitma apggiuted in 20 ml fractions using a
gradlent of Hexane/EtOAc from 10 to 100%. The fraction eluted with 30%

EtOAc i Hbxand ToREai eI Rt Sor P8 tanérs &f FoPmats) 117453 i ved in
radioyehdchiBide Bheniixture Was hfrtherd putifiedibsk nomhalhphasei¢d® [Tmg (0.46

HIRG e LR RNRMEREX HD &P sHER %%%‘ MRt Gt 2 Belon mixture
with a solvent gradient of 25% to 80% EtOAc/Hex over 19 min, 80 to

O S A A BT PR ETEIRRG S & OO ERGHNEARIOB Wi as RO afato 2 20
0& ﬂﬁldé thifmiclAn &HHE Shtwdasitised tol rfafitarithe pirificatiettpgrocesshexane and

Qih %% oqrmél’/aeltlhgisageﬁléét%e %%tgy?%%éfﬁeﬁ%ﬂésﬁ%@r{!‘%&%f% mixture

of r amers with in a ratio’of 1.5
of diastereomers of epoxy derivatives, Formula I-5A and 0-58, which were separated by normal

phase HPLC using the following conditions:

Colurnn Phenomenex Luna 10u Silica

Dimensions 25 cmx 21.2 mm ID

Flow rate 14.5 mi/min

Detection ELSD

Solvent 25% to BO% 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 I-5B (minor product) eluted
at 21.5 and 19 min, respectively, as pure compounds. Compound I-5B was further

chromatographed on a 3cc silica flash column to remove traces of chlorobenzoic acid reagent.
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(7 mg). Formula 11-13C: DV (Acetonitrile/H,0) 2,0ax 226 (sh) & 300 (sh)

nm; ESMS, m/z 312 (M+H)', 334 (M+Na)4; HRMS (ESI), m/z 312.1017
M+H]+, Aaal0 4.5 ppm, C15H19NO4C1; 'H NMR inDMSO-d6 (see FIG.
QPHEABE T he rotamer mixture of Formula 1-13C (4 mg) waS HESHze 14

acetone (1 ml) in a scintillation vial (20 ml) to which a catalytic amount

(ChEnfizg) fut¥s(W/w) Pd/C and a magnetic stir bar were added. The
reaction mixture was stirred in a hydrogen atmosphere at room

temperature for about 15 hours. The reaction mixture was filtered through

solvent gradlﬁnt cﬁ 25% o 80% EtOAc/I—Rax over 19"m|n 80 to 100% © H 5

EtOAc over A min; ing at 100% EtOAc for NminatzAtow rate of 14.5 N
an prcess - o

Compounq“g rmu 21-8C (kg eluted at 1
compound. Formu#a 11-SC: UV (Acetonltrlléi‘i‘—l ;:l ),,,,ax 225 (sh) mn; A
ESMS, na/z 814 (M+H)', 336 (M+Na); HRMS £ESI), m/z 314.1149
[M+H]', Aoai 3.8 ppm, CISH2INO4CI;'H NMR inDMSO-d6 (See FIG. 12). H
O 111HOcI"f'"~ HOHOHC N=NN=Hi O/O/C Pd 0 Dess-Martin O
O Hiin' Perirﬁlnaﬁg%HIU"' c HIP™,. CI CI CI 1%¥46 1I-13C 1I-8C -107 WO g
2006/028525 PCT/US2005/014846 Example 1R2-5A (90%) 11-38 (10%)

Structural Characterization

{03991 Formula H-5A: UV {Acetonitrile/F,0) hpy 225 (sh) nm. Low Res. Mass;
m/z 330 (M+H), 352 (M+Na). HRMS (BSD, m/z 330.1099 IMHH], A= -2.9 ppm,
CisHaNOsCL. FIGS. 7 and 8, respectively depict the 1H NMR. spectrum of Formula II-5A and
the mass spectrum of Formula TI-5A.

{6400} Formula I-5B: UV (Acetonitrile/H,0) A, 225 {(sh}) nm. Low Res. Mass:
miz 330 (M+H), 352 (M+Na). HRMS (ESD, m/z 330.1105 IMHHY, A= -0.9 ppm,
CisHaNOsCL FIGS. 9 and 10, respectively depict the 1H NMR spectrum of I[-«SB and the mass
spectrum of II-5B.

Example 10
Synthesis of the Compounds of Formulae IV-1. IV -2, V-3 and IvV-4

Synthesis of dig] derivatives (Formula [V-2)

10401] Diols can be synthesized by Sharpless dihydroxylation using AD mix-o and
B: AD mix-o is a premix of four reagents, K;0s0,(0OH)y; K,CO;: KsFe(CN)g; (DHQ),-PHAL
[1.4-bis(9-O-dihydroguinine)phthalazine} and AD mix-f is a premix of K,0s0,{0H),; K,COs;
K:Fe(CN)g;  (DHQD),-PHAL | 1,4-bis(9-O-dihydroquinidine)phthalazine]  which  are
commercially available from Aldrich. Dio! can also be synthesized by acid or base hydrolysis of
epoxy compounds (Formula I-5A and T-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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Synthesis of the Compound of Formulae 11-25 from [1-13C [0409] The
retainer mixture of Formula 11-13C (5 mg) was dissolved in dimethoxy

Weth%n(? ng;ogoglyme; 1.5 ml) in a scintillation vial (20 ml) to vl\)/E%ﬁ §N("f‘gt$51434(
(9@ WP {85°3f the final solution concentration)) and a magnetic i dar '
were added. The above solution was cooled to - 78C on a dry ice-acetone
bl andiaysasiviendorobyandesahdian (8.16 Mg phMaBi4 in 0.5 nil of
mono (created to allow for slow addition)), was.added drop-wise.
e e e e B e R S R Bma oo
fasictioineiis rddgad Roidifie Uiy 2 mamEddsts B sEhstioreiivmatonemgred by
extagted WithGHZ @l he-Qraanic 1y e Was £y aROSBIAA-OWWIGI MRS, and
of compound cﬁggﬁ:mulae [1-25 and 11-16 in @ 9.5:0.5 ratio as a white

BRECHCIvA8 R TS POFARRY b ot priSsSHBEES (g mmed by NMR
Rlecinomey exdlouasa st Silitey.do lium m¢@bddmik iR dr@xmimrotiDy arthe saobiee.
phase was 24% EtOAc/76% Hexane,hich was held isocratic for 19 mi
feflowed by a linear gradient of 24% tg 100% EtOAc over 1 min, and eI}gi
t 106% EOAC for 3 min; the,{ at as#5 ml/min. An ELSD w \
us ‘"t‘oH gnitor tgle purification proce¥s.

mg) eluted at .645@'}%@85 a pure mqpuﬁ:d. C
- UV (Acetonitrile/H203,9 m,x 225/(sh)
336 (N HRMEESHaim/z 314. 1054 I, pees -0.6 ppm, °

C,sH2ANGAC1L; 'H N in DMSO-d6 (S&8/FIG. 20). Hx off HOH O N =N
= O NaBH4, -78C O O Monoglymell%?#water u " = HhiHlu O = C1 C1
11-13C11-25 (95%) -108 WO 2006/028525 PCT/US2005/014846
Example 13 Synthesis of the Compounds of Formulae U-31,11-32 and
11-49 ffom Il 13C: and Compounds of Eformulae U-33,11-34, 11-35 and ¢
11-36 from 11-31 and 11-32 [04101 A rotamer mixture of the Compound
of Fornfiala U-13C (20 mg) was Formula IV-2 Formula II-5

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

{04G3] The epoxy ring is opened with various nucleophiles like NaCN, NaN,,
NaOAc, HBr, ete. to substitute various groups on cyclohexane ring with hydroxyl group one side.

Examples:

0
0O Nucleophilic ring opening
- - B
! -.NH.CN OF NE.I\3 Hlu‘lh.
I
c

"] R7: CNor N3 ifRé6is OH

R6: CN or N3 ifR7is OH

Formula I-5 Formula IV-1
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dissolved in acetone (4 ml) in a scintillation vial (20 ml) to which a catalytic

amount (3 mg) of 10% (w/w) Pd/C and a magnetic stir bar were added.

The reaction mixture was stirred at room temperature for a . ‘
WPHELEENBh mixture was filtered through a 0.2 m Gelman %?o é(():néz)bj{&%

remove the catalyst. The solvent was evaporated from the filtrate to yield

a mixti64pf diaSteraomers by ditidiClavivativ@srofulediviulae 11-31 and

11-32 (1:1), and a minor compound 11-49, which were separa

gracess. Compound U-31 (2 mg), U-32 (2 mg)
mg) eluted & 10.6,£0.8 and 11.54 min, respectively, as pure compouredas
E-31: Y tAcetesfrile/H20) 2... 25615h) nm; ESYS m/z 328=¢K1+H) 4
(M+Na)". 11- 32: UV (Acetonitrile/H20) kmax 250 (sh) nm; ESMST

8.1 (NP1 & 350.0 (M+Na)'. 1-49: UV (Acetonitrile/H28) af,,ax250
d 326 nm; ESMS, mifz 326.0 (M+H)', 343.1 (M+H20i & 348.0

|Ou Silica column (25 cm x 21.2 min ID) with a solvent gradient of/10% to
100% Hgxane/EtOAc over 24 min, holding at 100% EtOAc for 3 ndin, at a

flow raté of 14.5 ml/min. ELSD was used to monitor the purification

process. [04121 The ketone of the compounds of formula U-31 and 11-32

gan tﬁ[ﬁreduced by using sodium borohydride at 0 to -10C in monoglyme
BRBfAttor about 14 minutes. The reaction mixture can be acidifi&‘ﬂ%‘i‘tﬁdV -3
4% HC¥4BlutionGowated af doextradlethwith G 2E121iEhsr«drganigotdtydr (0.5 mi)

fan lbﬁrﬁ}{%rﬁat%q)j@l Xw!&éda&ti@dr@%%@%ﬂf@%ﬁ%‘&%%g%{&@% |@3§ The reaction
H-33,11-34, 1I-35 and II- 36 which can be separated by chromatographic

HIEHOdES HH9RGoB0ETISRESS PEtIy S50 TABEE e t3s @ eyiiqrey by mass
PeiCynkostone; rtddd:B hbaufd @28 Hre N N dted Th Qides:4) hatcOIOIQ €@ obtain

c%!ng((ugd of Formula IV-3C as a pure compound without any work up. The HPLC conditions
used for the purification were as follows: Phenomenex Luna 10u Silica column (25 cm x 21.2
mm 1D) with a solvent gradient of 25% to 80% EtOAc/Hex over 16 min, 80 to 100% EtOAcin 1
min, then 5 min at 100% EtOAc at a flow rate of 14.5 ml/min. An BELSD 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) Amx 225 (sh) nm; ESMS, m/z 366 (M+H), 388
(M+Na); HRMS (ESD, m/z 366.0875 [M+H]", A= 0.0 ppm, CisHoNOsCl; *H 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 CeDy/DMSO-dq (FIG. 22).
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1:1 Mixture of Isomers at C-8 11-49 1I-31 and 11-32 NaBH4 0to -10C
Monoglyme -14 min.OH HO5=_HO N OO ryoun, cCIl 11-33,

-34 11-35 and H-36 Example 14 Synthesis of the Compound of
ngozr(f%?é P21 from 11-19 [0413] Acetone (7.5 nil) was V|gorousT;’f/UrSnzlS’(“eadl14846
with 5 N NaOH (3 ml) and the resulting mixture evaporated to a mlnlmum
volume in vacuo. A sample of 100 | of this solution was mix
ound of Formula 11-19 (6.2 mg) in acetone (1 ml) and theJes Iting

b'pha@lc |xture vortexed for 2 mlnutes The reaction sgluHion

90% acgtongrile/ 100/0 water over 17 minutes using an Ace 3§ Clﬁ HPLC °
column cEmen ons 22 nmi id byd50 mm length. Compgund f
Formufa H- ellted at 9.1 mi nditionsto yield 0.55

C:
II-5A v-3C

[0406] Reductive ring opening of epoxides (II-3): The compound of Formula is
treated with metalhydrides like BH;-THF complex to make compound of Formula TV-4.

T
Loceitif]
(]
T
aetiill
C

BHB‘TI'}:F O

Hi

[FI T,

MIINE

Bt

Cl

Formula I1-5 Formula ITV-4

Example 11
Synthesis of the Compounds of Formuiae T-13C and I-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 mixtare, the
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NaOHO-mO0O O HWn,,. HW OH 11-19 11-21 Example 15 Synthesis
of the Compound of Formula U-22 from H-19 [0414] A sample of 60 mg
sodium%)ro ionate was added to a solution of compound of Formula U-19

W8 IMYIHTDMSO (1 ml) and the mixture sonicated for 5 mikfiteSHbg A+

the sodium propionate did not completely dissolve. After 45 mir)utes, the
solatiovolvas fiteredhcidrough aieitbhssydnge fites andppivdfied tiFestlyro cc silica

e o DB, Ay AT O SR 29 10 0 100%
i festashiedr a0 EO18 MPlegroheniringt dimansioasre2mmdtiHoymula 1-
ﬂ.ﬁﬂimhkhﬂﬂgém._B-‘.ISQGF{M%ﬁ@%%fhﬁﬁfﬁ@&%ﬁ%@%@%&yﬁ% usiog the
A D C S5 o i T S e s 5% o
159 Hipge/fias prier LA o 1.6 ppofi BIA28NOBH, AR $nDMSE06.(Sees min,
1018 LT LY Q12006/028025 Pl TAIS2ONRIRLARAR, H B H QH QM- finoumd
c%'ﬁ'o;noia’}lll-l\%g I tsc%d&liy 0 Iggn = propionate F{iu’ 11-19 11-22 0 catio Of 1 5.8.5
xampla 16 SyAthasts orIRECompBERY TRESHR A0S Fohimarty

(OaEh1 Prsaragle! 9E NENI{88umig)lvmO Hissobred st RNMBQs6) ml) Bods, mz 312
gansferied fh-Nay; TRMS (ESD, mk 312.1017 [MHHT", A= 4.5 ppm, CisH:oNOLCL 'H
NMR inDMSO-d¢ (see FIG. 13).

16408) The rotamer mixture of Formula -13C (4 mg) was dissolved in acetone (1
mi} in 2 scintillation vial (20 ml) to which a catalytic amount (0.5 mg) of 10% (w/w) Pd/C and a
magnetic stir bar were added. The reaction mixture was stirred in a hydrogen atmosphere at room
temperature for about 15 hours. The reaction mixture was filtered through a 0.2 iz Gelman
Acrodisc to remove the catalyst. The solvent was evaporated from the filtrate to yield compound
of Formuia i-8C as a colorless gum which was further purified by normal phase HPLC using a
Phenomenex Luna 10u Silica column (25 om x 21.2 mm ID) with a solvent gradient of 25% to
80% EtOAc/Hex over 19 min, 80 to 100% EiQOAc over 1 min, holding at 100% EtOAc for 5 min,
at a flow rate of 14.5 ml/min. An ELSD was used to monitor the purification process.
Compound of Formula E-8C (1 mg) eluted at 13.5 min as a pure compound, Formula II-8C: UV
(Acetonitrile/H,0) A 225 (sh) nm; ESMS, m/z 314 (M+H), 336 (M+Na)"; HRMS (BSD, m/z
314.1149 [M+H]", A= 3.3 ppm, CisHy NO,CL 'H NMR inDMSO-d, (See F1G. 12).

vl
o]

, Pd/C
Dess-Martin

L )
Periadinane M

[ SELLL

Cl

1116 I-13C
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a vial containing Compound 11-19 (6.2 mg) which was contaminated with
approximately 10% Compound 11-16 contaminant at 12.5 minutes (4.2
mg, 85% yield). A 2.4 mg portion of compound 11-29 was further purified

i ﬁﬁﬁﬁgﬁ%nal C 18 HPLC chromatography (ACE 5 t C18-H41 Ut i34
X 21 mm ID) using an isocratic solvent gradient consisting of 35%
acetonitrile / 65% H20. Under thegzzandions compound U-29 eluted

after 20 minutes, g Gompeaghl k0 ek allor 24,5 minples. The
resulting samplé consisted of T.1'mg Compoun -29was~_used for
characi#7htion TR A aEEagSE poauls L dmipotist et -gigsolyed in dimethoxy
bABRiQRsFleHZO ) 2281 SM), S SiciiZ.B20. JNMHMlichH-NIVR 3 (1% of the final

DMSO-d6 (see FIG. 27). -112 \WO.2006/028525 PCT/US20051014846 H
ORI 5 RN B0 B ORI YA, o -
18O o0 #1419i0¢-Fepra dieatd Spdtesiscby dvdGotrsouAdsrafof dlHide 0.5 ml of
Haggg@ml leheSafto ancﬁvk& L?FﬁlZ&aTm)yq%&p%Mé%Qfﬁlﬁ%@%ﬂE@e;&i&7n@ﬁ%e was
- ca repared jrom the ,compound Qf Formula U- V. N
AP oo AR SN SR PALeRy ! f 4% 1
Sbrapoundett 49 canbedtrett€tiwith Tea Giaor KRN toobtainrgeiripgiahtimixture
3@-&31%})0&%35@%%@&}56%@ R @91%%1399(\33@@%&@%%(1%{@ Mﬁ’:’?ﬁ %o@zrwag further

KSCN to obtain compound 11-38. Synthesis of the compound of Formula
PR BT T 009 T THE WP BURF SF IO UG 108 g 62618 2 mm
o hwas dissolvedvias LBnitOhaCetohiex e, scinfillatiormalibl(R:ml¥d0 19 min,

whish.5e4 iyméﬂj%%&ﬁ@ £30.0, Mo Ol 334 (RO NEHhYIAMINRES, EoAc for 3
.03597 mmol) and a maglnetlc stir bar were added. The reaction
min; the flow rate was 25 ml/min. An ELSD was used to monitor the purification process.

Compound of Formnla I1-25 (1.5 mg) eluted at 11.64 min as a pure compound. Compound of
Formula T-25: UV (Acetonitrile/HaO) duax 225 (sh) nm; ESMS, m/z 314 (MAH)', 336 (M+Na)™;
HRMS (ESD), m/z 314.1154 [M+HY", A= -0.6 ppm, C:sHyNOLCL 'H NMR in DMSO-d; (see
FIG. 20).

NaBH,, -78°C

Monoglvme/1% water

13-13C ‘ 1125 (95%)
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mixture was stirred at room temperature for 72 hours. The reaction _
mixture was concentrated in vacuo to yield the compound U-38, which
was purified by normal phase HPLC using a Phenomenex Luna |0 %sl(} i
Fg? tm x 21.2 mm ID) with a solvent gradient of O to Y S2005/61
H20/Acetonitrile over 21 min, at a flow rate of 14.5 nil/min. Dlode array
detector was used to monitor the [Busiigatian process. Compound 11-38

(82:h0ds 3406 yigld ﬁlﬂg%@%&& ﬁ'bnl Eﬁ‘,ﬁ l&rﬁ%} ODOHnl U 3 ounds of
(Acetonitrile/H2Q) ,ax 203 i 9.
(M+Na)-. -113 VieTB4asibat ok e b iomaliag edt-EL 1 O

OH OH4HD H OANd‘thnNrGrﬁstaGd\ldﬂaﬁzC{anﬁﬁﬁlda@ n(é@l@w hﬂ\q@toreﬁh%g) was
SCN a esis of the
S0 HB Wy o R B R R thapo o

Hop rﬁ‘tﬁ"é)l%@ &3th vEISITHe dibyaerratoyerhtitn refdies compoure fred at room

ﬁmmwam%mmsﬂw)nmaﬁtf&ﬁm@ﬁm &r(gRaﬁﬁEFEQI} Bt ﬁggg?m”,gm Gelman
th NaSH, for e am e W |et loethers a can
?glcgt;r%ésactrroléﬁ?%g SRR O A BTG ARty s

edé&ﬁﬁféwwmim@méwemsqﬁmmm Jlthbané e il ban Zemedtéhpound
E5 N6, AfkdBbharttéd Off Qﬁrééﬁ%ﬁasé’kﬁc using Ace 5u C18 colummn (150 mm x 22

mm ID) with a solvent gradient of 90% to 30% H.G/Acetonitrile over 15 min, 70 to 100%
Acetonitriie over 5 min, holding at 100% Acetonitrile for 4 min, at a flow rate of 14.5 ml/min. A
diode array detector was used o monitor the purification process. Compound II-31 (2 mg), 0-32
(2 mg) and I-49 (0.2 mg) cluted at 10.6, 10.8 and 11.54 min, respectively, as pure compounds.
0-31: UV (Acetonitrile/H0) kg, 250 (sh) nm; ESMS m/z 328.1 (M+H)™ & 350.0 (M+NaY", -
32: UV (Acetonitrile/H;O) Ayay 250 (sh) nm; ESMS, m/z 328.1 M+H)" & 350.0 (M+Na)". II-49;
UV (Acetonitrile/HyO) X 250 (sh) and 320 nm; BESMS, m/z 326.0 (M+H)T, 3431 (MHH0)' &
348.0 (M+Na)",

10411] In an alternate method, compounds II-31, H-32 and -49 were separated by
normal phase HPLC using Phenomenex Lunza 10u Silica column (25 em x 21.2 v ID) with 2
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 I1-31 and I-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 1o yield the mixtures of compounds of formulae 11-3 3, 1-34, 1I-35 and T~

36 which can be separated by chromatographic methods.
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NN RS'000 HM™ Huu,,.. 11-39 1I-19 SR Example 19 Synthesis of the
Compound of Formula 11-40 from H-39 [04201 Sulfoxides (n=I) and
sulfones g_’n =2) of the Formula U-40 can be formed by oxidation of
WRiIGEHEE BT the Formula 11-39, for example, with hydroger? SE%%&‘?"S}““G
other oxidizing agents. -114 WO 2006/028525 PCT/U82005/014846 QH
..... HH=0NOO H|IIu,, ,

H\“\“" H\\\l“"

Cl o] Cl

1:1 Mixture of Isomers at C-8§ 1-49
1I-31 and II-32

EFJElISE%Iq

0 1o -10°C
Monoglyme
~ 14 min,

o
T

HO 5

et

L

o]

Hnn

Cl
11-33, 1i-34, 1-35 and [1-36

Hxampie 14

Synthesis of the Compound of Formula 121 from II-19
[6413] Acetone (7.5 ml) weas vigorously mixed with 5 N NaOH (3 mi) and the

resulting mixture evaporated to a minimum volume in vacuo. A sample of 100 ul of this solution
was mixed with compound of Formula I-19 (6.2 mg) in acetone {1 mi} 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 g C18 HPLC column of
dimensions 22 mm id by 150 mm length. Compound of Formule II-21 eluted at 9.1 minutes
under these conditions to yield 0.55 mg compound. Compound of Formmls I-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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example, or by treatment with mesyl chloride in the presence of
triethylaminde Other sulfonate esters can be similarly prepared. HH H
g) “"OH HOH=0 NNOCH3S0OzClI0Oo-~0 HEUnT PX
WerQH" 03533 0 11-41 HO ~-0 H3C- J'S -115 WO 2006/028555"/USH
PCT/11IS2005/014846 Example 21 Synthesis of the Compound of Formula
11-46 from 1 1-19 or 11-41 [0422] The alkene of the Formula 11-46 can
be prepared by dehydr0|od|nat|on of the compound of Formula 11-19, or

46

&' OHu,,...11-19

Example 22 Sy heﬁls @f the Cg@mpound of Form 3
stelig &%r example, the gom"poun

n be achi ved.asnuﬂgd in the retrosy

below. Hydroboration
H““n

Hie

Hithne
TS

II-19 1I-21

Example 15
Synthesis of the Compound of Forrmula 1I-22 from [-19

[0414] A sample of 60 mg sodium propionate was added to a solution of compound

of Formula I-19 (5.3 mg) in DMSO (1 ml} and the mixture sonicated for 5 minutes, though the

sodium propionate did not completely dissolve. After 45 minutes, the solution was filiered

through a 0.45 u 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 vsing an Ace 5 u C18 HPLC colummn of dimensions 22 mm id by 150 mm length. Under

these conditions, compound of Formula II-22 efuted 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 IMHHT, Agye= 0.6 ppm, CraHasNOg; 'H NMR in DMSO-d; (see FIG. 18).
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of the allcene of Formula 11-46 gives the corresponding alkyl borane,

which can be converted to the corresponding boronic acid or ester, for

example, the compound of the Formula 11-42A. HHOH HH H OH OH
WE HUYIBERF 0 0 < < 0 HU™™ 0 p Hu™ Hu™" 11-46 BH2 Ro"%TrPﬁ%’ASf"éj‘&“

-116 WO 2006/028525 PCT/US2005/014846 Example 23 Synthesis of

the Compound af Formula 11-43A [0424] The compound of the Formula

OHC-CO,CH3 N O g
-~——--~>
') sodium
propionate

Hl‘u\m- Hie

IEteaa:.

H-19 TE-22

Example 16
Synthesis of the Commound of Formula B-29 from [-19

[0415] A sample of NaN, (80 mg) was dissolved in DMSO {1 ml) and transferred to

a vial containing Compound -1§ (6.2 mg) which was contaminated with approximately 10%

Compound II-16 contaminant at 12.5 minutes (4.2 mg, 85% vyieid). A 2.4 mg portion of
compound 1129 was further purified vsing additional C18 HPLC chromatography (ACE 5p C18-

HL, 150 mum X 21 mm ID) using an isocratic solvent gradient consisting of 35% acetonitrile /

65% H,0. Under these conditions compound I1-2% elwted after 20 minutes, while Compound -

16 cluted after 21.5 minutes. The resulting sample consisied of 1.1 mg Compound II-2¢ was

-used for characterization in biological assays.

[0416] Compound I-29: UV (Acetonitrile/H,0) 225 (sh), ESMS, m/z 321.1 (M+H);

'HNMR in DMSO-4; (see FIG. 27).
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COOCPI3 Example 24 Synthesis of the Compound of Formula 11-30

from 11-19 [0425] A portion of Cul (100 mg) was placed in a 25 nil pear
bottom flask and flushed with Ar gas for 30 minutes and Ar gas flow was
Wrﬂz}ﬂ’l‘fé'i'ﬁ%ac}sthrough the flask throughout the course of the rgqﬁ?;ﬂbﬁ%?u?ﬁ’éw“

vessel was cooled to -78 C prior to addition of dry THE (5 ml) followed by

the imm te dropwise addition of a solution of methyllithium in dry THE
(5.0m with vigorous stirring. A solution of Gompound U-19 in dry
THE (12 ompgungIl- 19, 1 ml TIE) was added;slo o théiclear
dialkyle 3 solgEon and the resulting mixture sti Ehr.

The reaction \as Guen
of silica gel (¥ cndtame
using a“Sott|

c
Ger by 2 cnffegth) along with furth8rwashig

9

) EtOAC / 509 heganes (50 mb=Eie combined

silica plug \yashesWETE dried in vacuo ahd subjected to fixther/Ee&>
HPLC pu%ﬁ(i\ﬁ:ion i 2 injections (ACE 5 C18-HL, 150 ¥ 215un ID)
using an isockatic solvent gradient consisting of 35% ACN{ 65% H20.
Compound [I-30 eluted under these conditions at 23.5 mini{es;apd
yielded 2.4 mg' matetial (27% isolated yield) at 90.8% purity’as measured
by analytical IIPLC. An alternative normal phase purification method can
be utilized using a Phenomenex Luna |0 Silica column (25cm x 21.2 mm
ID) with a solvent gradient consisting of 100% hexanes/ethyl acetate to
0% hexanes over 20 minutes. Condgaupid 1Z -117 WO 2006/028525

PCOIT/US200@{@@@&&4@&1@:%@I _%ﬁ&l@&ﬁ&h@ﬁﬁ@éﬁ@ﬁ@gﬁ%}%ﬁﬁ@utes
and vyi 3.0 material (41 % isolated.y] at 97.1% purity
?réﬂ r’gfget TB Z%fgﬁl% q’l—ief az()]d _3%6: m%e prepared from the

. CO e
measured oy an ICa ompoun

¢vontoitrit/ HRON225ISH), BSMSiZiebechaidn H)r HRNSIEESI):miggenation,

?e%ﬁeét@%@r[%%-guﬁﬂ' £ 18 AP S RZANSN B NMR i &M§Q§ﬁ90und 1137,

Ss::‘,ee FIG. 28). x x I xx . oxH NHO (CH3)ZCuLiN O THI+ 0. O
Iternatively, Compound HE-19 can be treated with NaSCN or KSCN to obtain compound TI-38.

Synthesis of the compound of Formuls I1-38 from H-19;
[0418] The compound of formuia 1-12 (10.6 mg, .02616 mmol) was dissolved in 1.5

mi of acetone in a scintillation vial (20 ml) to which sodium thiocyanate {10.0 mg, 0.1234

mmol), trethylamine (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 10u Silica column (25cm x 21.2 mm ID) with a solvent gradient of 0 o 25%
H,O/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. D-38: UV (Acetonitrile/H,0) Ay 203 (sh) nm; ESMS m/z 337.1 (M+H)" &
359.1 (M-+Na)",

-113-



HIIU,,.. _ O 1I-30 1I-19 | CH3 Example 25 Synthesis of the compound of
Formulae 11-44 and VI-1A from 1I-16: [04271 The compound of Formula
11-16§ 0 mg, 0.096 mmol) was dissolved in CH,CI, (9 ml) in a

VR, ﬁ%?ﬁg\/lal (20 ml) to which triethylamine (40 I, 0.29 mn‘l)&}v Vﬁ%qm?]és“
mercapto propionate (thiol, 250 I) 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 tgaction mixture to yield a mixture of

fle overt min, holding Qt 1@0%ton|trlle for 1 min, aa £

ﬂow rate 14‘5“5 mi/pAinvddiode array/defertoreivas, onitor th&™3
/ IHONT!

icatje cest. CompoundST¢4 (20 q) are-Vi-tA-(E-m

0) 7,...,.x 240 (shf nnE ESMS m/z 434.0 (M+HPB H
Na)% Compound VI- 1A: UW (Acetonitrile/H20) %" ,220 (sh)%am;
z 398.0 (M+H)' & 420.0 (M+} a) -118 WO 2006/028525 Ix-38
HHOH N O H Et3N,
O, 4nOHO'S H'.,,,.. OCH30 SN
OCH3H OCH3 O CI lI-16 CI [1-44 VI-1A Example 26
Example 18
Synthesis of the Compound of Formula I1-39 from [I-19
[0419] Thiols and thioethers of the Formula -39 can be formed by dehalogenation

of the compound of Formula II-19. Thiols (R=H) can be formed by treatment of Compound I1-19
with NaSH, for example, while thioethers (R=alkyl) can be formed by ireatment of Compound II-
19 with salts of thiols, or aliernatively, by treatment with thiols themselves by runming the

reaction in benzene in the presence of DBU,

Example 19

Synthesis of the Compound of Formula I-40 from 11-39
[0424] Sulfoxides (n=1) and sulfones (n=2) of the Formula I1-40 can be formed by

oxidation of thioethers of the Formula -39, for example, with hydrogen peroxide or other

oxidizing agenis.
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Oxidation of secondary hvdrox grout' in Starting Compounds and reaction

with hydroxy or methoxy amines: [04281 The secondary hydroxyl group in

the Starting Compounds is oxidized using either of the following reagents:
W&W?ﬁ?ﬁ tdichromate (PDC), pyridinium chlorochromate (F*’&qum /014846

Dess-Martin periodinane or oxalyl chloride (Sworn oxidation) (Ref:

Organic Syntheses, collective volumes 1-VII). Preferably, Dess-Martin

period vane can be used as a reagent for this reaction. (Ref: Fenteany G.

et al. Science, 1995, 268, 726 e resulting keto compound is

treated with hydroxylamine or/methoxy amine to generate oximes.

Examples: RO HH~H | '\1 N

HONHZ O O PCC/NaOAc MeONH2

PDC = or Dess-Martin Periodinane R=H Me ojcSwern Oxidation Re Ra

Re Starting Compound 11-13 11-9 /$0:\WQ.2006/028525

keto-derivative of Starting Compounhds: {54#€p The keto derivatives are
file (NaBH3CN) in the presence of
various bases to yield amine derivafives™f the Starting Compounds,

which are
1140

RO,S

Example 20
Synthesis of the Compound of Forruls T-41 from 0-21

[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 H—Zl, where the C-5 aicohol or lactam

NH are protected, for example) with methyl suifonyl 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.

il
eandili]
@]

CHgSOzCl [#]

b pyridine HIS

II-21 o
HO \\ -0
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subsequently hydrogenated with 10%Pd/C, H2 to reduce double bond in

cyclohexene ring. Example: HH NH2 NH, CDH-~OH N == 0I N~ "

NaBH3CN Pd/C, H2 N O NH CH2CI20 0O - _ C HIUO" _ Hilnw' Hiln~"
WRINEBEH-13 11-11 11-12 Exam Ip e 28 Cyclohexene rin§o érorHine! +846

[0430] The Starting Compounds can be protected, for example, at the

alcohol and/or at the lactam mtroms_@_pns and treated with Os04

and Nal04 ing SH (Ptﬁg)@g Ie (Elef.i ggtweﬁ vghlch alre

reduced to the alco

removEd3H the gbﬁ?@ﬁﬂ%&f %@@%ﬁlm%%amm@e@mmmmMm of the
ditsoondldf-Bormaniple; bt HIOWARGHQIbE QRQRE HORDbN & RoQua 1-

N, N004.2 NeBH o NalQ © O Hpin,,. HIPn,,, = Hone,. - RB

I
O

Example 22
Synthesis of the Compound of Formnla T-42A

10423] Synthesis of beronic acids or esters, for exanple, the compound of the
Formula II-42A, can be achieved as outlined in the retrosynthetic scheme below. Hydroboration
of the alkene of Formula TI-46 gives the corresponding alkyl borane, which can be converted to

the corresponding boronic acid or ester, for example, the compound of the Formula I-42A.

JEiiilily

BH,
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Rqg Re Starting Compound H-7 11-6 -120 WO 2006/028525
PCT/US2005/014846 Example 29 Dehydration of alcohol followed by
mation at lactone-lactam ring junction [0431) I@ﬁ <
“%&gzragg/o%%{%s dehydrated, for example, by treatment with %éésy o 2%%’(134% ¢
the presence of base, or, for example, by treatment with Burgess reagent
or other dehydrating agents,. The geguingdehydrated compound is

treated with Os04, followed b 04, or alternative ozonolysis, to

yield an aldehyde gré s o poe Teas Oﬁomula%g o .HH\OHC _

OH H PHSIH O M eomport @ ti Go@niiuiid3A GuHbH"Bretvit Ry RetRent of the
M%Q@m&@ qul'iﬁv‘li‘éﬂ Wlﬁé&}@@ Ct‘@-%ﬁeoc{ 83%5 YEIQ 9@5@ Réhich can be

Ring to Produce Cyclohexadienes gor a Phenyl Ring 1 A Startin

EBHRD SR8 A ke S SR O AN 1 13E ﬁ%@é&ﬁé“dw&ﬁtﬁ’aﬁfdg}’é‘%ﬂa -
ptaduce a cyclohexadiene derivative. The new double bond can be at any
posiion of the cyclohexene ring. The ketone can be reduced, fo

xample, with sodium borohydyide, tG;obtain the correspondi
dary gicehol(s). Alternatively, lghexadiene derivative®

IT-43A

Example 24
Synthesis of the Compound of Formmla 11-30 from H-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 fiask 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 methyllithivm in dry THF (5.0 mi,
1.6 M) with vigorous stirring. A solution of Compound B-19 in dry THF (12 mg Compound Ii-
19, 1 ml THF) was added slowly to the clear dialkyleuprate solution and the resulting mixture
gstirved 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
30% BEtOAc / 50% hexanes {50 ml). The combined silica plug washes were dried in vacuo and
subjected to further C18 HPLC purification in 2 injections (ACE 5p C18-HL, 150 mum X 21 mm
ID) using an isocratic solvent gradient consisiing of 35% ACN / 65% H,0. Compound I-30
ehuied under these conditions at 23.5 minutes and yielded 2.4 mg material (27% isolated vield) at
90.8% purity as measured by analytical HPLC. An alternative normal phase purification method
can be utilized using & Phenomenex Luna 10u Sikca column (25¢m x 21.2 mm ID) with a solvent

gradient consisting of 100% hexanes/ethy! acetate to 0% hexanes over 20 minutes. Compound II-
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secondary alcohol(s). -121 WO 2006/028525 PCT/US2005/014846 \ |1 OH
\HOHH NO-FNO O0OO0 CICI NaBH4, -10CI0\0 HH-OHOH -
0 Pd/C,rt, OINN[7TDANOOOO O Acetone OH,,,. HI 11-13C C| C| C| H
WO D -aBH4,[-1OC HONO+N= 00 it-14C Cl Cl [5%%15 ‘%’%%“8“
alternate method, the starting compound, such as the compound of
Formedaxdder4Bsseannbisidneated, sfatmampl @ iwike TMBChitens0 0o isolated yield)
&3@9@%%&&@%%%1 hegvclohexadiene derivative can be further

treated, for exarrr{g)le with DDQ, to aromatize the ring to a phenyl group.

The O8lon tHePPREM RG0S Vol srioriirileTbE) 5 dstaniSid Swith 284d (M+H);

BRpESESHMMartys e daiong can be. sedusrdc for, EMPIE IR S08MEb-d; (see
pﬁ%ydride, to obtain the corresponding secondary alcohol(s).

i1
[

(CH3)3CULi
THF o
e
1i-36
CHj,
Example 25

Synthesis of the compound of Formulae T-44 and VI-1A from II-16:
[0427) The compound of Formula II-16 (30 mg, 0.096 mmoi) was dissolved in

CH;Cl, (9 ml) in a scintillation vial (20 mi) to which triethylamine (40 ul, 0.29 mmol), methyi-3-
mercapto propionate (thiol, 250 uf) 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 CI8 column (150 mm x 22 mm ID) with 2
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 2 flow rate of 14.5 ml/min. Diode array detector
was used to monitor the purification process. Compounds -44 (20 mg) and VI-1A (1 mg) eluted
at 11.68 and 10.88 min, respectively, as pure compounds. Compound I[I-44: UV
(Acetonitrile/H;0) A 240 (sh) nm; ESMS m/z 434.0 (MAH)" & 456.0 (M+Na)", Compound VI-

>

LA: UV (Acetonitrile/H20) Ams 220 (sh) nm; BSMS, m/z 398.0 (M-H)* & 420.0 (M+Na)",
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-122 WO 2006/028525 PCT/US2005/01.4546 O 02fr 0 TMSO 0 TMSO 0
N O TMSCI/EtSNNODDQNO ~r10CHzZCIZO0OOO0OO CICIClI
H-50 AcidBase AcidBase /10\HOO NDDQON OO Hun,,.0 =
WO 3Pe/24¢S NaBH4, -10C OH (),, OH'HN\VON O 00 0 HingUS2(@Sipes4s
H-14C CI CI Exam In e 31 Various reactions on aldehyde derivatives
[0434] Wittig reactions are performed on the aldehyde group of I-1 using
iphenylphosphoranylide

EtsN, CH,Cl,
—_— .0

rt, 4h
OCH,

Example 26
Oxidation of secondarv hvdroxy! eroup in Startine Compounds

and reaction with hydroxy or methoxy amines:
[0428] The secondary hydroxyl group in the Starting Compounds is oxidized using

either of the following reagents: pyridinium dichremate (E’DC), pyridinium chiorochromate
(PCC}, Dess-Martin periodinane or oxalyl chloride (Swern oxidation) (Ref: Organic Syntheses,
collective volumes I-VII). Preferably, Dess-Martin periodinane can be used as a reagent for thig
reaction. (Reft Fenteany G. ef al. Science, 1995, 268, 726-73). The resulting keto compound is

treated with hydroxylamine or methoxy amine to generate oximes.

Examples:

o o o
Oxidation HONH,
SR . — i
ar
i § I;?CfNaOAC Ly é MeONH, H ‘é
= PDC = -
or
Dess-Martin Periodinane R=H, Me
or
Swern Oxidation
RB Rg RB

Starting Compound -13 -9
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in the side chain is reduced by catalytic hydrogenation. Example: -123

WO 2006/028525 PCT/CS2005/014846 OHC << HN=HOH=0 o

Wltt Reacti on N Pd C, H2 low- HI* ... CH3CHPPh3 0 n.. 2 HUU. 7 Re
FREPEPY 3 1-4 104351 Reductive amination is performJ§8W§ﬁ%05’“14846

aldehyde group using various bases (e.g., NH3) and sodium

cyanoborohydride to yield amine de % Alternatlvely, the aldehyde

is reduced with Qe H4 to f(%rm0 pIe /OH

NH2 OHC N ONT SHUEHON O ;B O AT FHTTait O

NaBH, 29" HIITh edcﬁm@wat:@ewaﬁmmm Bd&ﬂa R@;ﬁ@x]}h&cﬁ:&b DEBH,CN)

[R436-Lrganomatal 'Ea%%t@acf eactionsiladhe aldehyde;q &Q;[}%Lﬁ@gn \Qi%ch are
orme{j to.yield v rlolé%: ngbstltuted secondary alcohols. Examp es:
ﬁf %Bﬁg %@g" YK e0s i E8ues doleygnd in cyclohexene ring.

Example:

NH,
o e -
NaBH,CN PA/C, T N
me————-
N, | CH,Cl, ©
T ° :5 HiB
Rg Re Ry
13 I-11 H-12
Example 28

Cyelohexene ring opening:

[0436] The Starting Compounds can be protected, for example, at the alcohol and/or
at the lactam nitrogen positions, and treated with OsO, and NalQ, in THF-H,0 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 I1-7 or II-6.

Example:

ahe
H e

ITEITTIP

Ra
Rg Re

Starting Compound < Ir-7 -6

-120-



HOHOOR NNHj CiON Fnnrv"HInn-0 RRe WRBHOHC OR N
HO NHOONIOM”. ~t --~O Hlun:... _ O =NIlinn™ _ 1I-14H Ra/lllRal

- \IOROR QOH N~ORN_O OH20Nun,...tNQOO HIP"....
'Iil?lé[ﬁ)’?‘sl’q(’:gl%z%e Ra Egample 32 B PCT/US2005/014846

Example 29
Dehydration of aleohol followed by aldehvde formation at lactone-lactam ring junction

{0431] A Starting Compound is dehydrated, for example, by ireatment with
mesylchloride in the presence of base, or, for example, by freatment with Burgess reagent or
other dehydrating agents,. The resulting dehydrated compound is treated with 0Os0;, followed by
NalQ,, or alternatively by ozonolysis, to vield an aldehyde group at the lactone-lactam ring

Jjunction.

T

{itrrene.. )

MY 5‘.‘;
Rs
Ra Rs
Starting Compound I-6 I-1
Example 30

Oxidation of the Cyclobexene Ring to Produce Cyelohexadienes or a Pheny! Ring

[0432] A Starting Compound, such as the ketone of Formula -13C, is treated with
Pd/C 1o produce a cyclohexadiene derivative. The new doubie 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 aloohol(s). Alternatively, the cyclohexadiene derivative can be
further treated, for example with DDQ, o aromatize the ring to a phenyl group. Similarly, the
ketone can be reduced, for example, with sodium boronhydride, to obtain the corresponding

secondary alcohol(s).
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Synthesis of the compound of Formula 11-47 from H-17: 10437) The
compound of Formula 11-17 (25 mg, 0.0896 mmol) was dissolved in
CH2C12 £9 ml) in a scintillation vial (20 ml) to which triethylami 8|

ne
Niaa o F)S methyl-3- mercapto propionate (thiol, 250 I) and i (’Hg&'ﬁ} ’fﬁ 1846
stir bar were added. The reaction mixture was stirred at room

temperature for abaout4:ours. The solvent was evapqrated from the
reaction mixture to @
Shan

further purified by nofmal Rhass RORTANG
Silica column (25 cm x 1.2 mmdD) with a solvent gradient 0f510% to
100% Hexane/EtOAc oler-24-1iin, holdiry at 100% BSAcLf 3 min, at a

process. Compound IJ,L* (15 mg) eluted at 10. 98Hm as pﬁre compound

400.1 (M+H)" & 422 1 (M+Na)'". 125 WQ@ 2006/0285
PCT/US2005/014846 H'H SN CH, HOH OH H=0-N O + . Et3N,
CHZCIZrJO0S O &'rt, 4h i+ QiQ O 0 11-§7 11-47 Example 33
Synthesis of the compound of Formulae! 11-48 and VI-IB from 11-16:
[0438] The compound of Formula 11- 16i(15 mg, 0.048 nnmol) was
[ B4nl) in a scintillation vial (20 g
Jutathione (44.2 mg, 0.144

“~Theéxeaction mixture was stirretta /o
e for about 3 hours. The sol/vencbwas evaporated from we /o
re to%ﬂi’@ldf,tﬁedcompound”o : ula 11-48awhich was —-7/
ersedRbase AbLE g Ace _3u C18 column (1500mm o

h ID) with a solvent gradient of4
0 to 100% Aeetonitrile over 5 mi
4 min, at aflew rate of 14.5 ml/min. Di
monjtor the purification

6 t0 70% H20/Acetonitrile oyer, 5
, holding at 100% Acetonitrile
e array detector was used to

Ci [+

NaBH,, -10°C
m—-’m

Ci

16433} 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, o obtain

the corresponding secondary alcohol(s).
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process. Compound 11-48 (10 mg) eluted as a pure compound at 8.255
min. Compound 11-48: LTV (Acetonitrile/H20) %., 235 (sh) nm; ESMS

4 /ﬁ@%&&M+H)~. Compound 11-48 was unstable in soluti %ﬂs} 05/01
c%nverted to compound VI-IB which appeared as a mixture k(?(fn{ - gmgzl':"846
VI-IB in the ratio of 7:3. Compound VI-1B: UV (Acetonitrile/H20) 7'., 235

~ESMS, n/z 585.2 (M+H) <126, WO 2006/028525
005014846 HS H OP HlH - OHH-OpNHZzON

HOOEO NM/ACN+DMSO (118)e0G NHCO@N H" 0 Et3N s @H 0FNHA
11-48 COCH Cl| @o§%cu-16 “Ha HH@ONH2 M NHOIIS - ~COOH & o

® - ample 34 esis.oP#fe compound ot
nd VI-1@tfeem 11-16: [0439-kbe compound of Formyla )
din CH2CI, (9 ml) in scintiliation

50,

Cysteine/methyl ester (17mg, 0.096 mmpl) and a magnetic stir bar were
added. The reaction mixture was stirred, at room temperature for about 4

| : : e
hours. The solvent was evaporated from the reaction mixture to yieldthe
mixturd’of compounds of Formulae 11-50 and VI-IC, which

Acid/Base Acid/Base

Hﬂ!“"‘

cl
NaBH,, -10°C
QEOH
0
e/
-
B-14C
Example 31

Various reactions on aldehvde derivatives

[6434] Wittig reactions are performed on the aldehyde group of I-1 using various

phosphorus ylides Je.g., (triphenylphosphoranylidene)ethane] to vield an olefin. The double bond
in the side chain is reduced by catalytic hydrogenation.
Example:
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were further purified by normal phase HPLC using Phenomenex Luna I0u
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
Wi #PP5HE%5F314.5 mi/min. ELSD was used to monitor the purifi E4Hi17005/014846
process. Compounds 11-50 (2 mg) and VI-1C (0.2 mg) were eluted at
10.39 and 10.57 min, respectively as pure compounds. Compound Y-50:
W (Acetonitrile/H20) },., 230 (sh) am; ESMS@Z 491.1 (M+H)' & 515\0
(M+Na) ﬁmnpf}/,md VI-1C: W (Acetonltrlle/ )1% X215 (sh) nm,_

ESMS 7 255 (M+r)k&E7 70 (M+Na)' 8125 §19285251.
R e

PCT/US2005/014846 e -
C'sN-"EJiGZ N S N N YNFp O

0 lllIsc 1-50 Vltc Example 35 Growth i hibftion of Colon. Prosfate3
Breast Lurig, Ovarian Multiple Meenoma and Melanoma 104401 Human
colon adewmocarcinoma (HT-29; HTB-38), pfostate adenocarcino
(PC-3; CRL-1435), breast adenocarcinoma (MRQA-MB-231; HTB-%I_GQ,
non-small cell lung carcinoma (NCI-H292; CRL-1848), ovarian
adenocarcinoma (OVCAR-3; HTB-161), multiple myelorna (RPMI 8226;

CCL- 1E§F}¥S}nulti@I@imw@maxdwﬁﬁpéﬂ&fﬂc%@ﬁﬁdamaq&e gﬂﬁi@ﬂgﬂg&a{%us bases

@@Fmﬁ&s%)cgﬁl&gy@@dﬁﬁs%rg@ﬁs&gl (%%w%l CC and m mal ntaipe

inappropriate culture media. The cells were ¢ IR &N incUb 3? afﬁl?ieh"de
/P ¥82 AR S8 SRR i &iF. §692bei For cell growth inhibition

hsasaigls HT-29, PC-3, MDA-MB-231, NCI-H292, OVCAR-3 and B16-FIO
cells were seedgd at 5x103, 5x103, 1x104, 4x103, 1x104 and 1.25x103,
cells/ well resﬁectlgely in 90i complet&medla into 96 well (Corning; 3§04)

leT- bpttom tissue ¢ ilture platesrandithe plates
ernig fablish _dweretiter log
8226 antf266 cells) ““%e%egfg%4 aneh®; X104

R Re
I-1 15
[0436] Organometallic addition reactions to the aldehyde cafbonyl can be performed

to yield various substituted secondary alcohols, Examples:
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cells/well respectively in 901 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 -80C. The compounds were serially diluted

WihA AU GEFh triplicate to the test wells. Concentrations rangll)ﬁ T{FGs/014846
6.32M to 632pM were tested for 1I-2 and 11-4. 11-3 was tested at

concentrations ranging from 20 .32nM. Formulae 11-18 and 11-19
were tested at concentrations ra%HZM to 200pM. Fermula 11-5A
and Formu -bBWwerg tested at final'€oncgntrations ranﬁgi:@m 2M
to 632pM and LMA0 6.32nM re stively. The plates are feturped to

the incubat8t
in all samples™}

plates were rettirned to th incubatof far 3-6 hours gince living cells
metaljolize Resazurin, the\ﬁu%scenc of the regiction product of
Resazuyi 1s-fieasured using™a Fusion micreplate fluorometer|(Packard

Bioscienc £ =535 run and WiTb% 5900nm filters. Resazuw q in
medi mige the background, whichiwag”

tration of DMS

fluorescengedf the cells treated withmedia + 0.25% DMSO (10
growth) agd EC50 values (the drug concentratien at which 50%
maximal observed growth iryv'vd%tion is est insMre determy
using a standaxd sigmoida¥dose responsz curve fitting algorithm (XLfit
3.0, 1D Bu Solutions Ltd). Where t&e maximum igHibition of cell
growth was Tessthar %bg@, an EC5 e was not de%. 4431
The data in Table-1 inhiitory effests pfFormulae
11- 2, U-3,1#11-5A |11-5B, 11-18 and1l;I¢"against the h sforectal
carcinoma, H#«29, human prostate cargi C-3, Aiman breast
adenocarcinom4, MDA-MB-231, huannon=simall cell IUHig carcinoma,
NCI-H292, human ovarian carcinoma, 8 CAR-3, human miultiple
myelomas, RPMI 8226 and U266 and murine melanoma B A6-F 10 cell
lines. Table 1 EC50 values of Formulae ¥1-2. 11-3, 11-4, I5A, 11-5B,
11-18 and II-19 against various tumor céll lines EC5o0 (nM) Cell line

2

Bxample 32

Synthesis of the compound of Formula [1-47 from II-17:
[8437] The compound of Formula H-17 (25 mg, 0.0896 mmol) was dissolved in

CH,Cl, (9 ml) in a scintiliation vial (20 ml) to which triethylanyine (38 nl, 0.27 mmol}, methyi-3-
mercapto propionate (thiol, 250 ul) and a magnetic stir bar were added. The reaction mixiure was
stirred at room temperature for about 4 hours. The solvent was evaporated from the reaction
mixture to yield the compound of Formulae T-47, which was further purified by normal phase
HPLC ﬁsing Phenomenex Luna 10u Silica column (25 om 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. Compound I1-47 (135 mg)

chited at 10.98 min as pure compound. Compound II-47: UV (Acetonitrile/H;0) Apgy 240 (sh)
nm; ESMS m/z 400.1 (M+H)" & 422.1 (M+Na)".
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11-2 11-3 11-4 11-5A 11-513 11-18 11-19 HT-29 12921 >20000 132+36
67+17 1070 187.8 111.6 1210 PC-3 284110 >20000 20449 10915 1330
355.6 294.0 1790 1040 MDA-MB-231 12123 >20000 1144 614.6 162.8

WIWZHHEIS 322 520000 192 992 29 NCI-H292 395 >20008DH §525 {4846
1250 41 273.8 188 >6320 80 >2000 24 OVCAR-3 >20000 1320 251

>6320 64 >2000 20 RPMI 8226 49 >20000 57 36 326 63 5 >20000
1129 328 6.3 7.1 U266 39 $70000 39 10 118 4.2 3.2 32 326000 81-1
423 H94 >20000 143 1270 19 B16-F10 180 >200 1‘7[@

ean + st &idrdeviation is presenN %
05/014846 [04441 The EC5 es indicate

Eorrhulae U-2, P14 11-5A, 11-5BI118 and 11-19 wer CyiotoXic o7 ™o
agaidst the HT-29, PC-3, MDfMB-ZSl, NCI-H292, RPMI 8226, U266 and |
0 tumor cell lines. 11-2, 11-5A, 11-5B and II-1.9 were als
cytotoxi’ﬁ ainst the OVCAR-3 tumor cells. EXAMPLE 36 Growth 1i-47
inhibition of human multiple myeloma by Formulae 1-7 11-2,11-3, 11-4,
[I-5A 11-5B 11- 8C 11-13C 11-18.11-19.11-20 11-21 11-22 11-24C, 11-25
11-26 11-28 H-29.11-30,11-3 111-32 11- 38 IV-3C 11-44 VI-IA 11-47 and
[I-50 RPMI 8226 and U266 cells [024&dnEl3é human multiple myeloma cell
ines, RPMI 8226, (AT G kb 9) A0 2SO AT G HIB:108) yere
maintained in ap}groprla € culture média. Thé Cells were culturée

[0438] he compound of Formula H-16 (15 mg, 0.048 mmol) was dissoived m il

ratio of ACN/DMSO (8 ml) in a scintillation vial {20 ml) to which triethylamine (40 ul, 0.22

manol), Glutathione (44.2 mg, 0.144 mmol) and a magnetic stir bar were added. The reaction
mixture was stirred at room temperature for about 3 hours. The solvent was evaporated from the
reaction mixture to yield the compound of Formula IE-48, which was purified by reversed phage
HPLC uging Ace 5u C18 column (150 mm x 22 mm ID) with a solvent gradient of 10% to 70%
H,0/Acetonitrile over 15 min, 70 to 100% Acetonitrile over 5 min, holding at 100% Acetonitrile
for 4 min, at a flow rate of 14.5 mi/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 [1-48:
UV (Acetonitrile/H,0) A 235 (sh) nm; ESMS m/i 621.0 (M+H). Compound T-48 was
unstable in sclution and converted to compound VI-1B which appeared as & mixture of 1-48 and
VI-1B in the ratio of 7:3. Compound VI-1B: UV (Acetoniirile/Ho0) Amw 235 (sh) nm; ESMS,
m/z 585.2 (M+H)".
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an incubator at 37 C in 5% CO2 and 95% humidified air. 104461 For cell

growth inhibition assays, RPMI 8226 cells and 15266 were seeded at

2x10 and 2.5x104 cells/well respectively in 90 complete media into
WEAMHNG28Y04 black- walled, clear-bottom tissue culture plat@STAGHjf/014846

stock solutions of the compounds were prepared in 100% DMSO,

aliquoted and stored at -8@&. The compounds were serially diluted and

dded.in triplicate to theytegt wells. The final con Er ration range of

Formy 8"@,—74 11-3, 11-@<, 21-5B, 11-13C, 11-20, 1§21,dl1-22, 11-24C N,
2574261 1428)¢1-29,11-30, AMPIIPIOY, 1338, V=3~ Np-ane ooy
1147 ere fi-om 20M to 6.32mM. THeeMinal concétiffation of
11-18,11-19, 11- 44 and 11-50 ranged from 632nM %o ZOOpI\ﬁ. T\\‘l%gnal
con Eentration range of fzg| Lﬂ‘!gzll-z,ll-4 and 11-%A weragfrom s}
632pM. The final concentration of DMSO was 0.25% in all samples.
[044'P1 Following 48 hours of drug exposure, 01 of 0.2mg/ml resazurin
(obtained from Sigma-Aldrich Chemical Co.) in Mg", Ca" flree"BHosphate
buffered saline was added to each well and the es were returned to

the incubator for 3-6 hours, Since living cells metabgii2e Resazurin, theE\IH

. . = . 2
fluorescence of the reduction product of Resazurin e surgél using &
Fusion microplate fluorometer (Packard Bioscienge)-with tie, 3 53 nri~  ©00H
and X,e,,, =590 nm filters. Resazurin dye in medi ithoutcelts was

used to determine the background, which was subtracted from [shgogﬁta

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 EC50 values (the drug concentration at which 50% of the

maximal observed growth inhibition is established) were determined

using a standard sigmoidal dose r&%@ﬁ@é‘%urve fitting algorithm

(generated Wyniiesis 8fthe cotiitidd@f HorBuRi e SOMRIIN S d:40). (4481

The dagase Tab HIHRA iZet hi Kﬁl itor g ts of Formulae ,
7 1@221&,&?11—5&]?@%%@ k1“15n 3%75%—@ %pff’fﬁ",}g was dissolved in

S, P17 Prsgpilistional (20081} 1o pdiieh-FBVESEWOSZ006/0285 25100, N-
RETHISIOOH0H4 845 ATl 3009k Bkaol L 232 2145381V 53Chat 184 added. The

el Whrddand ;29 against human multiple eloma cell lines, RPMI
S S ah Tahie 5 PR bierrcrits W bosr ERPu) e spiyey ey veporatea

fpEahs fessBonmisErHordek Seoniugrepapotnde o Re@a@4IIRE) 14+@671-1C, which
Wﬂ&ﬂﬂmﬁ@uﬂﬁé’@bﬂrl ittt 3Babl S 1V-3Gnd BrdfoMbiléy 47 andskils, Wiumn (25 em
29PNSERBML 822 9.0 Y8859 0% to 100% Hexane/EOAG 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 I-50 (2 mg) and VI-1C (0.2 mg) were eluted at 10.39 and 10.57 min,
respectively as pure compounds. Compound I-50: UV {(Acetonitrile/HoO) Ay 230 (sh) nm;
ESMS m/z 491.1 (M+H)" & 513.0 (M+Na)". Compound VI-1C: UV (Acetonitrile/Hz0) Ay 215
(sh) nm; ESMS m/z 455.1 (M+H)* & 577.0 (M+Na)”



ompound RPMI8226 U266 C F EC50 (nM) EC50 (nM) Formula 1-7 250
ND 240 Formula R-2 49 39 45 32 20000 Formula I1-3 >20000 > >20000
>20000 57 39 Formula 11-4 51 34 Formula II-SA 36 10 29 9 Formula
WEs%Y8 18 328 111 >20000 >20000 Formula 11-8C >25‘6HH%’~§‘5666846
Formula 11-13C >20000 >20000 >20000 >20000 6.3 4.2 Formula 11-18

34.2 5.9 3.2 Formula 11-19 7.1.3.4 Formula 11-20 310 8510 3260
A2 H o H \H g PN

H |
&N F-OH H
Hi 0 R“"\\}i{/OH

BN, CH,Cly I::E H ¥ o
fl, 4h 4 o 8 \I,(
0 Y 't hepy
&} l \ Is)
t\w/o ? ?
fl-16 Ci

H-50 ViiG

Example 35
Growth inhibition of Colon, Prostate, Breast, Lung, Ovarian, Multiple Mveloma snd Melanoma

{0440} Human colon adenocarcinoma (HT-29; HTB-38), prostate adenocarcinoma
(PC-3; CRL-1435), breast adenocarcinoma (MDA-MB-231; HTB-26), non-smali ceil lung
carcinoma (NCI-H292; CR1.-1848), ovarian adenocarcinoma (OVCAR-3; HTB-161), muliiple
myeloma (RPMI 8226; CCL-155), multiple myeloma (U266; TIB-196) and mouse melanoma
(B16-F10; CRL-6475) cells were all purchased from ATCC and maintained in appropriate culture
media. The cells were cultured in an incubator at 37 °C in 5% CO, and 95% hunmdified air.

{0441} For cell growth inhibition assays, HT-29, PC-3, MDA-MB-231, NCI-H292,
OVCAR-3 and B16-F10 cells were seeded at 5x10°, 5x10°, 1x10%, 4x10°, 1x10% and 1.25x10°
cells/ well respectively in 901 complete media into 96 well (Corning; 3904) black-walled, clear-
bottom tissue culture plates and the plates were incubated overnight to allow cells io establish
and enter log phase growth. RPMI 8226 and U266 cells were seeded at 2x10* and 2.5x10°
cells/well respectively in 90ul compiete media into 96 well plates on the day of the assay. 20mM
stock solutions of the compounds were prepared in 100% DMSQO and stored at -80°C. The
compounds were serially diluted and added in triplicate to the test wells. Congentrations ranging
from 6.32uM to 632pM were tested for 12 and II-4. [I-3 was tested at concentrations ranging
from 20uM to 6.32nM. Formulae [I-18 and II-19 were tested at concentrations ranging from 2uM
to 200pM. Formuia II-5A and Formula U-58 were tested at final concentrations ranging from
2uM to 632pM and 20uM to 6.320M respectively. The plates were returned to the incubator for
48 hours. The final concentration of DMSO was 0.25% in all samples.

[0447%] Following 48 hours of drug exposure, 10pd of 0.2mg/ml resazurin (obtained
from Sigma-Aldrich Chemical Co.) in Mg™, Ca® free phosphate buffered saline was added to
gach well ané the plates were returned to the incubator for 3-6 hours. Since living cells
metabolize Resazurin, the finorescence of the reduction product of Resazurin was measured using
a Fusion microplate fluorometer (Packard Bioscience) with Aex = 535 nm and hem = 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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Formula 11-21 >20000 6090 >20000 9670 -131 WO 2006/028525
PCT/US2005/014846 9720 2860 Formula 11-22 11200 903 2320 1150
Formula 11-240 825 1640 >20000 >20000 Formula 11-25 >20000 >20000

WERAIBT Formula 11-26 1610 829 >20000 >20000 Formiuid'11248"1454
>20000 >20000 4280 624 Formula 11-29 6940 1420 889 4900 Formula

#8801 240120000 N, FREMUIRo Kb O 002 20000 Wfap iy E’csn values
11-32 ND >20000 2600 Formula II-38 ND_ 1800 7760 Formula IV-3C
%’6@ 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
EC;, value was not determined.

[0443] The data in Table 1 summarize the growth inhibitory effects of Formulae TI-
2, -3, II4, B-5A ) 1L5B, I-18 and II-19 against the human colorectal carcinoma, HT-29, human
prostate carcinoma, PC-3, human breast adenocarcinoma, MDA-MB-231, human non-small cell '
lung carcinoma, NCI-H292, humsn ovarian carcinoma, OVCAR-3, human nuitiple myelomas,

RPMI 8226 and U266 and murine melanoma B16-F10 cell lines.

Table 1
ECsp valyes of Formulae 0-2, 113, Ti-4, [-5A, N-5B, TI-18 and T-19 apainst various fumor cell
lines
ECyp (nM) *
Cell iine
II-2 -3 -4 O-5A O-5B [i-18 iI-19
1670
HT-29% 129421 | >20000 | 132x36 | 67217 1210 18£7.8 | 11£1.6
1336
PC-3 284+110] >20000 | 204445 1 10915 35£3,6 | 29240
1790
1040
MDA-MB-231 | 121423 | >20000 | 1i4+4 | 61346 957 16+2.8 | 14+£32
322 >20000 192 592 29
NCI-H292 102419 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 3.2
U266
32 >20000 34 g 111 4.2 3.4
194 >20000 163 1270 19
B16-F10 78+11 13+1.9
180 >20000 175 1140 36
E

* Where n> 3, mean i standard deviation is presented



8290 12 ND Formula 1l1-44 8.8 8400 Formula VI-IA ND 7800 Formula
[1-47 8000 3400 ND Formula I1-50 10 ND Where n> 3, mean ECso value
standard deviation is presented;* n = 3, standard deviation not applicable;
WOBU6H3RE termined -132 WO 2006/028525 PCT/US2005/8EA45E 4 18f6
The EC50 values indicate that Formulae 11-2, 11 4, 11 5A, 11-5B, 11-18,

11-19, &4‘4@0 1]‘ng E(]i'l %ﬁges %‘1%"(11%6[5%‘[1 t%ge orrnu ae ‘2"?%9; Céftg)}\oﬂ%ll%Aﬁ 18 and

ains MI 8226 and U266 ce Formulae 1-7, 11738, 11-44, 'V

Egﬂ?”&??c?ﬂ%\%&@f&&%?&ﬂc%g%%&wm&@z% IR HRGREMI 22610266 and

BNEHM-BGhwest Bytelaxi; RGAINSEE 266 welsyExamploreéSarawiikt the OVCAR-3
ﬁ‘]hlplyqp of MES-SA, MES-SA/Dx5. HL-60 and HL-60/MX2 tumor cell

Ines f0450] Human uterine sarcoma (MES-SA; CRL-1976), its multidrug
resistant derivative (MES-SAJDXEAERRLEGH7), human acute

p@wa@l@ﬁﬂbﬁt%iﬁ@ﬂ?ﬁﬁﬁlﬁ ﬁﬁll@a(ﬁhg m@@LFQZAlQI)a@nd t@ﬁzﬁmﬁl(ﬂfMQHSﬁm II-
c

QFOWth{GBJiBPIUOH'I@«é%ﬁM%nMﬁﬁ QHMEe'ﬁ MM@@@W?A@&O&L 155) and
%ﬁj ? cells/ well i |n 901 complete media into 96 We"eélﬁfmm i
SR T Ao, RPN e B A e s n
ncubaeed @I\ﬂé’r?ﬁghﬁ% affownc ey hoediddslish and enter log phase
grOWth{ﬁh% 60 apg} 'EUHQ%MM&&U@M%%P%W@%%&E%&%&%U&% seeded at

well.in 90 complete media into 96 well 5Iates on the day of compound

Zeiditient 3010 R LORGTRSALER i Ltn pPIEE e prépATaaing F8Rbplack-

Maomdﬁmedtatusmﬂh@lmpEmMSgmekessmaﬂy dilutedcangounds were
added.in tripli t once sJfan rom 6.32

e s
tahedded frorir e Tots: %hwlleaihﬁo’mﬁhdomqu@wagmeﬁ Fgpmula I-7, -3, T-8C,

gocenttionsoranging-bom-2d, 1963200, 28, 2o, 30, 031, T-32, T1-38, IV-3C,
VI-1A and O-47 were from 20pM to 6.320M. The final concentration of Formula I1-18, [I-19, II-
44 and II-50 ranged from 632nM to 200pM. The fina! concentration range of Formula H-2, I1-4
and H-5A were from 2pM to 632pM. The final concentration of DMSO was 0.25% in all
sampies, ‘

{0447} Following 48 hours of drug exposure, 10p1 of (.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 flucrometer (Packard Bioscience) with ., = 535 nm and A, = 590 nm
filters. Resazurin dye in medium without cells was used 1o 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 (160% cell growth) and ECy, 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 Lid).

[0448] The data in Table 2 sununarize the growth inhibitory effects of Formulae 1.7,
-2, 13, TE4, I-5A, I-5B, T-8C, I-13C, 1I-18, TT-19, H-20, I-21, [-22, [-24C, 1I-25, 11-26, 11-28,
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The plates were returned to the incubator for 48 hours. The final
concentration of DMSO was 0.25% in all samples. [04521 Following 48
hours of drug exposure, 1041 of 0.2mg/ml resazurin (obtained from

W8 IMEYATSHEh Chemical Co.) in Mg'+, Ca2+ free phosphate HUffEFaL5/014846
saline was added to each well and the plates were returned to the

IheBbBEEY, favs3; GIMU@-S@'VIGESH‘,V”MQE% meRlelize %es%ﬁ%gtmszdﬂum multiple
ngtg geﬁlﬁlenef gﬁfﬁ% t|on égguct of Resazurin was measure using a P

Fusion microplate uoromerte ickard Bioscience) with Xe,, = 535 nm

and ?&em = 590 nm filters. Resazurin dye in medium without cells was

used to determine the background, whighwas subtracted from the data

fer-all, elxger%rﬂnt | wells, The data were were normalized to the average
/ IR wided -3, Ted TS A H5R

fluore : it
S22 26 la8. P BATANOS, avwmqtl@oe/q @I\tm7 and II-
maX|maI observed grom@htggtpttwﬁ%aﬁas@gé Were determined

using-a-standard-sigmoidal dose response curve 1ting algorithm (XLfit
Sl Business Solutions Ltd). WHaFE$& maximum inhibition G2l
growth was less than 50%, an ECH0,yalug was not determinggh ~1,33 WO
20061028525 PCT10S2605/014846{04531The-multidrug resistant
MInRESDX5 tumor cell line was den%@l from the human uterin rcoma
MES-SA tumor cell line and expressestelevated P-Glycoprotein (P-gp),
an ATP dependentefflux;pump—The data-inTablte-3summarize-the
Hprowthllshibitory effects of Formulae I1-2, 11-3, 11-4 and 11-18 a&glnst
MES-SA and its multidrugy resistant de¥ivative MES-{SA/Dx5. Padiitaxel, a
known substrate of the P-gp pump Was, jiciuded as greontrot—:
Hemudevhiues of Formulae 11-2 11-3 11-4 and 11-18 against MES @@nd
MES-SA/Dx5 tumor cell lines Compdlifi ECso (nM) Fold --~ P2MB&-SA
MES-SA/Dx5 change* 183 220 1.0 TLI-2 15513820000 >200{)0 NA
fprglaB600 >20000
51 34
Formula [I-5A 36 10
29 g
Formula II-5B 326 L8
328 111
Formula I-8C >20000 >20000
>20000 >20000
Formula TI-13C >20000 >20000
>20000 >20000
Formula I1-18 63 4.2
0.3 4.2
Formula [i-19 29 3.2
7.1 3.4
Formula Ii-20 8510 = 3260 210
442
Formula I1-21 >20000 6099
>20000 9670
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1178 -4163 0.9 14093 11-1822 32 1.2 17 14 5.6 2930 798 Paclitaxel

4.6 5210 * Fold change = the ratio of EC50 values (MES-SA/Dx5

MES-SA) [04541 The EC50 values indicate that 1I-2, 11-4 and 11-18 have
WO SEE A ivity against both MES-SA and MES-SA/Dx5 tdthSr et ifiLis4e

The multidrug resistant phenotype was confirmed by the observation that

Pactitaxetwas =800 timgs TessS activg;against the resistant MEZ&A/DxS5
Foeells 104551 HL-60/MX2 is a multidr#ﬁ) resistant tumor cell lin rived

from the human promyelocytic leukefita cell line, HL-60 and expresses
reduced topoisomerase Il activity. T#mgdata presented in Tabld &0
Feuminladze the growth inhibitory effects of Formulag 11-2, 11-3, U»4 and
11-18 against HL-60 and its multidrug resistant derijvative HL-601MX.2
Mitoxantrone, the topoisomerase tro@E@eting agent was incladédfés a
Fgomniedl-2134 WO 2006/028525 PCI{gg005/014846 Table 4.54360
values of Formulae II-2,|R-3, 1I-4 and 1]-:18 against HL -60 and HL -602
tumor cell lines ECso ( Compound E2#8 HL-60 HL{60/MX2 chadife 11-2
Fagpladb20.7 176 133 >20000 >2000Q;4-3 NA >20000 >20000 §is4 143
103 11197 0.8
>20000 >20000
Formula O-28 ~90006 ~20000
| 4280 624
| Formula I1-29 6940 1420
4900 889
=>20000
ND
Formula @F-31 20000
>20000
Formula H-32 520000 ND
2600
Formula Ii-38 1800 ND
7760
Formula IV-3C >20000 * £290
12
Formula -44 o3 ND
8400
Formula VI-1A 2800 ND
Formula 147 8000 £ 3400 ND
Formula H-50 10 ND
_i

Where n> 3, mean ECs value + standard deviation is presented;™ n = 3, standard deviation not
applicable; ND = not determined
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11-18 27 19 0.7 23 18 Mitoxantrone 42 1340 30.6 40 1170 * Fold change
= the ratio of EC50 values (HL-60/MX2 HL-60) [0456] The EC50 values
indicate that 11-2, 11-4 and R-18 retained cytotoxic activity Flg{alnst both

WO 28/ % FGRIL-60/MX2 tumor cell lines. The multidrug resistaht S5 86

was confirmed by the observation that Mitoxantrone was -30 times less

active pgab)st thexesisiantuddb804M %2 ¢eli5,10459] fIr-Q n‘@l‘ﬁ%‘ﬁ’%rs 11-19, TI-

s tivity against drug resistant muitiple ‘myefoma
g(ée’llcl#one’s Il—lor e%a%ﬁpfﬁﬁn@“@yo‘ﬁ%ot’(ﬁF%CM%%\%%é REIR U266 cells.
BoxohbicinTré8istatt X406 lineSI-Furhes noates:Ho e gamparndssas cells.

astiva-againglaelsings ohiained aggﬁgt humanmultiple myeloma patients
that have relapsed after multiple prior theragles with Dexamethasone,

Bortezomlb and thalldomlde Thu

pounds are active agalnst

resrsta@qg do%ﬁ%&fcl{%engg@wg}nha rtmﬁi%\ﬁty thali mldzesrstant

Example 38 Inhibition of NF-icB-me | iferase ac

ﬁrﬁ’*ﬁf‘f‘?@ﬁsﬁw REBIHZE }I{ug;g@ute promyelocyhc leukerma celis (HL-60; CCL-~
1018 its bOMARQ rbdistih bR BECsAlrRE /IURZ%@usi)k}%f@éﬁe%a@% Ifrom ATCC
=30, |- d IV-3C: HEK293 NF- B uciferase reporter cell line
0%8]%?%?—?& g@Q%l\lﬁ?l 1:szf:el1‘Ienr'eecrié&egfgpor{er Cefl ?"nli IR RS °C in
iEn 2 EAbH BrdiEAGY cell line (ATCC; CRL-1573) and carries a

|ucn‘eramsrpportarrg@megrmymguﬁ@ﬁ ulatian RERX NEK RABODING SIS were

T maintained in complete DMEM

ter Jln outine
O R B oL G50, L AT B G ESR e SARFL (RATERAna o bl
w@@w@z@@@mz&s&&@m@s&wﬁlwm& wehd HERES anghnight to allow cells

& %EMBHHH@H%Q&QW %QchU/ﬁi %%&%QQ%M&SP T@?RT e;?oth sceded at 5x10*

Iemented W|th | G418. When performing t iferase
i ARG Wéﬂﬁ%@%@dﬁfﬁ%&@ﬁr@br%rc@dtwuﬂ%p@rm@rmcr@émon 20mM

WEMllhﬁﬁaldﬂadIuﬁm@ﬁlﬂzdhavﬁél%&}%@eﬂ Qrmrl]@gﬁ fy’fio%@aﬂ@[ X%’fég‘a gFrJI%rrc%d The
tor at % nd 95% humjdified air or

éNQE%I%%Q%le jated UGl elrléresea%{és,s,(gd)%i'éjl BER %?é?ﬁu@f?gﬁaggr{ggﬂgm}sermgmg
es gt 153l A e etk biMgO ROl nBidredsitet DM compiatemnging from

RN AIRGBRUT 18 was tested af concentrations ranging from 2uM to 632pM.

The plates were returned to the incubator for 48 hours. The final concentration of DMSO was

© 0.25% in all samples.

[6452] Following 48 hours of drug exposure, 101l of 0.2mg/mi 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 hving 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
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 (XLt 3.0, ID
Business Solutions Ltd). Where the maximum inhibition of cell growih was less than 50%, an

EC; value was not determined.
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white opaque-bottom tissue culture plates. For Formula 11-2, Formula

11-4, Formula II-5A, and Formula 11-18, a 400M starting dilution was

made in 100% DMSO and this dilution was used to generate a S-E!?im
05/014846

“Hh?f’%’df’ﬁﬁ%ﬂion series. This dilution series was further dilutetf465°
appropriate culture medium and ten | aliquots were added to the test wells

in t”@i«% resyllingnindipabigsheance i mienaurangitigiiromed dskivtd 820 the

M. lae [1-3, I-5B, I1-8C, 11-13C, 11-20, 11:21. U2 dk:24Gn (b-gp).
P B N L e LR ey

1M startin
an Gl TR @By snmtiex ipuA PO THOME O ﬁﬂ@qﬁé%ﬁ?@ﬁ%e%@mf%ﬁ%ﬁm of
as desgriped,aho spting:i: fipes testcaneentiatians cangingehionrve MES-
FO%@??O%%%PI\;I’. ih:grg&%?ﬁ]ula [1-19 and 11-44, a 12Z1Me§t%rgggnggytion was
SAMfadfe RAAUDT: DRISE SHETHE RN fef R &Rt BRGNS ranged from 0.1
nM to 317 nM. For Formula 11-20,Z#¢5mM or 8mM starting solution was

fpadein 1900 SO and fhe digal esispnoamisalions amg e o il
. .3NM, respectively. The plates were returned to the
incubator for i hour. After 1 hr pretre]él%ﬁ%ent, 10 pl of a 50 ng/ml TNF-a
solution, prepared in the phenol-red free RMEM mediuh was dded, and
the plates were in(:éjbated\for an additional 6 In, The final concentration of
DMSO was 8725% in all ampl@‘%_gg% 1 theengsof trsameiF-a
stimulation, 100 | of Steady Lite HTS Iujiferase reagent (Packard
Bioscience)ywas added toeach well ani the plztes were left uOndisturbed
for 10 min&troom tempe}aturelkg fore measuring the Ipcife}ase aﬁtivity.
The relative luciferase units (RLU) were measured by using on
microplate fluorometer (P ckaﬁ@%’science)??@f@%C% valygs (the drug
concentrati&fr at which 50% of thepspaximal refzioee luciferase activity is

inhibited) \ h%d—ﬁ,éftwauc) usingasigmoidal
, variable st!)ope mddel. 104611 NF-KB regulates th

dose respbpse

expression of a large number of énes importaffin inflammation,
apoptosis, ' S, i € diseases. In its inactive! form,
NF-KB complexes with IKB in the cytosjl and upon stimulatioh, Ix% is
phosphoryjated, ubiquitinated and subs *quent@/ degra&led by the
proteasome. The degradatlon of 5B leads to tl83&ctivation ?gé\lF-}#B and
its transloJaﬁ?R@ﬁt@m@he nucleus. The effects of Egfmulae 11-2"11-3, 11-4,
11-5A, II-SB, 11-8C, 11-13C, 11-18,11-19_11-20.11-21_11-22_1%-24C,
11-25, 11-26, Fhld 2%k 28s 100, Esyelea WHES-SBTR q 28525
PCT/US2005/014846 VI-IA and IV-3C on the activation of NF-KB were
evaluajgeky assessing, thaNE iBrmetiated, | itferak 8-A8tivity ipytotoxic activity

L_Iggiﬁs% bgt‘zll\li\lfigSB-/SLAJ gn%%é@%lﬁﬁﬁ%xsé% H{%@O Fie multidrug resistant phenotype was

confirmed by the observation that Paclitaxel was ~800 times less aciive against the resistant

MES-SA/DxS5 cells.
[3455] HL-60/MX2 is 2 multidrug resistant tumor cell line derived from the human

promyelocytic leukemia cell line, HL-60 and expresses reduced topoisomerase 1 activity. The
data presented in Table 4 summarize the growth inhibitory effects of Formulae If-2, 1I-3, II-4 and
[-18 against FIL-60 and its muitidrug rvesistant derivative HL-60/MX2. Mitoxanirone, the

topoisomerase I targeting agent was included as a conirol,
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[0462] Pretreatment of NF-KB/Luc; 293 cells with Formulae 11-2, 11-4,

[I-5A, 1I-SB, 11-18, 11-19, 1I-20, 1I-21, 1I-22, 1I-24C, 11-26, ]I-29, 11-30 and

U-44 resulted in a dose-dependent decrease of luciferase activity upon
WENRUS 2B Ulation. The ECEO values to inhibit NF-KB- medigf:errdqéjé)lé)gr()ﬁégt;

activity are shown in Table S and demonstrate that Compounds of

Formulae 11-2,11-4, 11-5A, II-5B, %5184 11-19, 11-20, 11-21, 11-22,

EC24405e3 pfXorisR0 MA -B0. and Mddd 1 dpbiadiNEer B.aotiviy imtMsmor cell lines

cell-based assay. Table 5 ECso values of Formulae I1-2 11-3 11-4 1I-SA 11-5B

L1-8C 1I-13C 1I-18 II+19. 1I-20 )i_?l Ifl [I-24C. 11-2511-26, 11-27,11-28.

-2 3&&{;}%&%&-44 VIHA and IV-3€ from NF-rB-mediatesldluciferase

reporter gene assay, Compoynd ECW rmula 11e27g20mM Formula
11-31>20 pM >20 M Forr?#‘aéﬁA 57N Ogﬁ{r%él Formula 1I-5A 33 nM 30
nMJ| 279 nM Formula II-5§3361 nM Formula II-8C >20 M >20 Formula
I-13&320 M >20 pM Foyrgula 11418 9 G 11 rinj 7nii7Formula 11-19 10
nM LFormula 11-20 849 225 nM*{_Farmula 11-21 3.2 M 2.7M Formula
11-221S >20000 >20000
i3 20000 20000 NA
143 163
-4 111 97 0.8
27 19
L-1% 23 18 0.7
) 432 1340
Mitoxantrone 40 1170 30.6

* Fold change = the ratio of ECs, values (HL-60/MX2 : HL-60)

{6456} The ECso values indicate that I1-2, II-4 and [-18 retained cytotoxic activity
agamst both HL-60 and HL-60/MX2 tumor cell lines. The multidrug resistant phenotype was
confirmed by the observation that Mitoxantrone was ~30 times less active against the resistant
HI-60/MX2 celis. _

[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 mycloma patients that have relapsed afier nmiltiple prior therapies with
Dexamethasone, Bortezomib, and thalidomide. Thus, the compounds are active against drug
resistant multiple myeloma inciuding multiple myeloma exhibiting resistance to doxorubicin,
dexamethasone, bortezomib, and thalidomide.

Exammle 38
Inhibition of NF-xB-mediated luciferase activity by Formulae 1-2. 1-3, II-4. TI-5A, II-5B. I8C,
H-13C. I-18, 0-19, Ti-20, H-21, T-22, T1-24C, 0-25, 11-26, 1[-27, 11-28. 1129 11-30, [I-44. VI-1A

and IV-3C; HEK 293 NF-xB/luciferase reporter cell line
[0458] The HEK293 NF-kB/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 35X NF-«B 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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728nM -137 WO 2006/028525 PCT/US2005/014846 5.3M H Formula
11-24C 3.2 M Formula fl-25 >20 M >20 pM Formula 11-26 4.3 M 4.1M
>20 4M Formula 11-27 >20 4M >20 M Formula 11-28 >20 M 1.2 M
WEAMRIAE 29 1.4 2.2M Formula 11-30 2.2 uM Formula 11 A4 T7 %/ i+
>20 M_ Formula VI-1A >20 >20 M Formula IV-3C >20 M | * EC50 values
M MrrideReRaRNt RRpesineRts arssNonhav heteg B tpertigeln E@Bomented
value f stan %d jation is represented. **T ;
i8. ;
PHB SR Com A0 e ST (S B o s v
réBabadi v lehoatdehamBYIBM helatimadimand e (P4kS i & tHétRde dhe oclls were

[FGha valve . ExampleRe i viredahibiven afRiaraseme Activity by

AR ORI e R T W
=29, 1611301 VS w14 DOMI fikerainekd Treé DIVIEM complete medium into Corn’ing 3917
white opaque-bottom tissue culture plates. For Formuia I1-2, Formula -4, Formula II-54, and
Formula TI-18, a 400pM starting dilution was made in 100% DMSO and this dilution was used to
generate & S-point half log dilution series. This dilution series was further diluted 40x in
appropriate culture medium and ten pl aliquots were added to the test wells in triplicate resuliing
in final test concentrations ranging from 1 uM to 320 pM. For Formulae II-3, II-5B, B-8C, H-13C,
20, T1-21, [-22, [1-24C, T-25, 1-26, 0-27, 028, 11-29, TI-30, VI-1A and IV-3C, a §mM starting
dilution wag made in 100% DMSO and the same procedure was followed as described above
resulting in final test concentrations ranging from 20uM to 6.3nM. For Formuia 1I-19 and II-44, 2
127 M starting dilution was made in 100% DMSO and the final test concentrations ranged from
0.1 oM to 317 oM. For Formmuta 1-20, a 2.5mM or SmM starting solution was made in 100%
DMSO and the final test concentrations ranged from 6.3pM to 2.0nM or 20uM 1o 6.3nM,
respectively, The plates were returned to the incubator for 1 hour. After 1 hr pretreatment, 10 ul
of a 50 ng/m! TNF-o, solution, prepared in the phenol-red free DMEM mediumn was added, and
the plates were incubated for an additional 6 hr. The final coneentration of DMSO was 0.25% in
all samples |

10460} At the end of the TNF-o stimulation, 10C pl of Steady Lite HTS luciferase
reagent (Packard Bioscience) was added fo 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 siope model.

[0461] NF-xB regulates the expression of a large number of genes important in
inflammation, apoptosis, tumorigenesis, and autoimmune diseases. In its inactive form, NF-«B
complexes with TxB in the cytosol and upon stimulation, I¥B is phosphorylated, ubiguitinated
and subsequently degraded by the proteasome. The degradation of IxkB leads to the activation of
NE-«B and its translocation to the nucleus. The effects of Formulae T-2, II-3, -4, II-5A, II-38,
-8C, 1-13C, [I-18, T-19, H-20, K-21, 1-22, [1-24C, 1I-25, T-26, [-27, 1I-28, 0-29, 1I-30, 44,
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104631 All the compounds were prepared as 20 mM stock solution in
DMSO and stored in small aliquots at -80C. Purified rabbit muscle 2QS
roteasome was obtained, from CalBiochem or Boston Bioc )
Wp EntiaN eI chymotrypsin-like activity of the proteasome, t}ﬁ%?mség(%mw%
buffer (20 mM HEPES, pH7.3, 0.5 mM EDTA, and 0.05% Triton X100)
Wf’lﬁéx SHP W%egﬁ%ﬂewmﬁl&?’ JER¥ Ipﬁg;v@eaevﬁﬁétﬁ 9%@&%@@9% qu-medxated

035%. The substrate used was suc-LLVY-AMC, a fluorogenic peptide

wéﬁ%ﬁtﬁgﬁ&iﬁ%%a%%yww@%mm&%% FUTRIZtYvity of the
proteagngg- Asmm&mmmummtzaspé@m@aﬁmmwaanm mm n-ss,

o8 R o e S s oA BBl A endes

ddni2Bant] lidifddswersviestadmd Biyhtspoinsitose Tesfivhs e atuwrvds mﬁmhlt NF-xB-

Hi%@ﬂa?é&’lﬁ&@x@@ %Qt?mg?‘gagzl @go&rgrﬁ 59@5% &R @%&%M&s of Formulae
A, 11-5B, 11-20,11-29, 11-30 and 11-38 were tested at concentrations

F%\?rgﬁ%é Fors Tt G451 5 5n A ke oAl 4R° T4
eigbiaiose feSpeRsectivedvithsifalseancentrations ranging from 10 M to

3.2 nM. Formula 11-47 was tested at concentrations ranging from 5 pM to

1.6 nM, while Formulae 11-8C,11-13C,11- 24C, H-25,11-26,11-27, H-28,
U-31,11-32 and 1V-3C were tested wiBi#!ial concentrations ranging from

2 pMiie SeBrndiRersamples-wereAnpubated AIBAC forye-minuesima 1-22,

temertr ntraoll scent weII
(TIPSIBS: GoRl glS0 FUOIRSKa ASgell S

substrate was diluted 25-folthérf<SRSeportairimgsssay buffer. After the
refncubation period, e Teactions were initiated by the aqdition of T0T6f
he diluted subStPATB°ARA the plates weré returned to the PIaf8 reader

I'he final concentrationpt substrate in tWe reactions wag 20 MnmM
Ftuorescence of the tleaved pepuae SU%Udle Was measured at 76e =390

nm and 2,,,=46@am.iAlt-data were collected every five miret&Sor more
than 1.5 hour and plotted as the mean of triplicate data Do?rﬁt%MThe EC50
values (the dru%concentratlon at which 50% of the maxingalglative
luorescence is )A\Nere calculate by Prism (GraphfRad Software)

activity of the @Qmﬁmmgagainst the caspase-like act|V|t Hfthe 20s
broteasomes, reactions were performed as_described ab e“%@(cent that
Z-LLE-AMC was used as the peptide sulystrate. Formulaey3d 34 11-4,
11-5A, 11-5B, fersela 1983C, 11-18, 1120, 11-21, 11-222d11:24C, 11-25,

11.26 11 _929.7.-4A4 1 AW 2 A Asmel-\Lbb A 1 o
H-2631-2F11-28-11-29-11=361V=-3G =44 and-Vi-tAwere tested-at

concentrations gngindifkem 20gM to 6.3nM. Formula H-2"d%4ested at
concentrations ranging from 10M to 3.2nM, while Formulad #2#94was tested
at concentrations ranglng from 5M to 1.38nM. For the evahyatign of the

f
{
¢
!

: rompounds agEifgthi-13C 520 uM
Formula Ti-18 fﬁMM
Formula II-19 170%
Formula -20 S4G + 7725 ik
Formula Ji-21 327’ tﬁ
Formula [-22 75 EilnMM
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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 11-20 was tested at concentrations ranging from 1.6 nM to 5 M.
VELMEIAE533 -3, 11-8C, 11-13C, 11-21, 11-22, 11-24C, 11-28CTAFRI5/014846
11-27, 11-28, 11-29, 11-30, IV-3C and VI-IA were tested at
concentratrons rangimy from20-Mto 6-3nM. For Formulae 11-2 and
11-5B the conggpiirtiopsdested ranged|from 10M to 3.2 ile
Formulae 11-4, 11-5A, 11-18 and 11-19 were tested. at (‘Oh(‘%n rations
ranging from 1M to 0.32nM. Formula 11144 was tested at-gopgentrations
ranging from ﬁwlﬁﬁﬁ\ﬂ. [0464] Results (EC50 valuesyaredshown in

Tablte-6and-itustrate-that-among-the-tested compounds, Formilae

11-5A, 11-18, Ad:d9. 220, 11-21, 11-22, 11-29, 11-38 anvHt1-44 are the
most potent inhibitors of the chymotrypsin-like activity of { LS
proteasome with EC50 values ranging 1Jrom 2 nM to 11 siyh p@rmulae 1-7,
11-2, 11-4, 11558743 1887and 11-47 inhibit the proteasomzd um
chymeotrypsia-tike-activity-with-E€50-valuesrangmg-fromm I3 to 88 Vi,
while the EC58,yalues.of Formulae 11-3. 11-26 and VI-IA2Fdhded from
207 nM to 964 mbl. Formula 11-13C, -139 WO 2006/0285%
PCT/US2005/014846 11-24C, 11-27, 11-28 and 1V-3C inhibited the
chymotrypsin-feeadtilfifwith EC50 values ranging from;144M to 10.6M.
ECho-values-for-Formutae H-8C;,- 1125 H-31t-and-11-32-weregreater than
20 gM. Under the canditigns tested, Formulae 11-2, 11-3,224M-5A,
11-5B, 11-13C, 11-18, 11-19,11- 20, 11-21, 1I-22, 11-24C, 11-26,4¥29, 11-30,
11-44 and VI-1A were able to inhibit the trypsin-like activity of the 20S
proteasome. FEpmuladii4), 11-5A, 11-18, 11-19 and 11-29 iafted the
while Formulag 11-2, {88, 11-20, 11-21,U-22, 11-30, 11-44%#d VI-IA had
EC50 values ranging from 956 nM to 8.7/ M. Table 6 Effec®ofEormulae
T-7,11-2.11-3. 11-4 II-5A 11-5B.11-8C. 11-13C 11-18 .,
[1-1.9.11-20.1 E@india 1223(1-25 11-26 11-27 11-28 11-29 II-SO.ﬁéﬁI-SZ. [1-38
N/-3C_11-44 VI-1A-and L4 7-on—L1-24C-the-varioyg-enzymatic-activities of - ——
5P fre VRPN SUS HrORER O R R s S UL Rt o B
emanataypsivdikerfngpsirdike Chspase-Hlke Romatiered gth zemaawr {30, and
'r:e%[lmel“dl% l‘lﬁzEgi% %@ §p‘1 9%\&;%%‘11 value was not included in the caleulation of the mean

ECs, value.

Example 39
In vitro Inhibition of Proteasome Activity by Formulae 17, [I-2, I3, [I-4. [E-5SA, B-5B, II-8C, B-
13C. T-18, T-19, T-20, T-21. T-22, B-24C, T-25. T-26. 1127, 1-28, T-29, 11-30. TI-31, T1-32, T1-38,
V-3C, 044, VI-1A and [0-47
10463] = Al the compounds were prepared as 20 mM stock solution in DMSO and

stored in small aliquots at -80°C. Purified rabbit muscle 205 proteasome was obtzined. 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 fluorcgenic peptide substrate specifically cleaved by the chymotrypsin-
like activity of the proteasome. Assays were performed at a proteasome concenfration of 1 pg/ml

in 2 final volume of 200p! in 96-well Costar microtiter plates. Formulae -2, -4, I-18, 1-19, II-
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19nM 230nM 1.7M Formula 1I-3 964 nM55M>20M 890 mM 7.7M >
20 gM Formula 11-4 13 nM 107 nM 850 nM 15nM .110 TIM 637nM
Formula II-SA 6 nM 87 nM 535 nM 7nM 90mM 438nM Formula 11-5B

WORPE928/53.8 M 85 nM 716 nM 2.9 M Formula 11-8C > 20‘1’\?1‘296‘19/?’“1?86
M >20M>20M>20M Formula l-13C 7.6 M 8.6 M > 20 M 8.8 M 12.8

Mo Mnfﬂfg%“rf 82 A AR 2OV AT KR M gncentetions
n n n
ESRBIACE 30 35 1 S RHSSRRIES b AR, T121 T L35 were

E@M'd’t&ﬂMfi&ﬁm 2a8pihe 140 WOV20 06/ DG5S PERAE/ IS 200 S04 846 tested as

aojsel‘ r%onﬁ%ﬁf#ﬁng con§entra? c§r19 gh%%‘r%'\éor&g%nk%fﬁ t%% g R}I& 2F2rmula

M>20gM 2.0M 3.1IM >20gM Formu
Qo% WSﬁezf@dmt SOPERVISID CreminsFr ULV k26 B4, e Emnﬂaz@[@m I-13C, II-

249 8.0yl H&@gﬁdzdfgrmyimﬁ -6 B budie 120:8NMith 8020Mncentrations ranging

from 20 pM to 6.3nM. The samples were incubated at 37°C for five minutes in a temperature
controlled Fluoroskan Ascent 96-well microplate reader (Thermo Electron, Waltham, MA).
During the preincubation step, the substrate was diluted 25-fold in SDS-containing assay buffer.
After the preincubation period, the reactions were initiated by the addition of 10 ul of the diluted
substrate and the plates were returned to the plate reader. The final concentration of substrate in
the reactions was 20 pM. Fluorescence of the cleaved peptide substrate was measured at A, =390
nm and Ae=460 nm. All data were collected every five minutes for more than 1.5 hour and
plotted as the mean of triplicate data points. The ECs values (the drug concentration at which
50% of the maximal relative fluorescence is inhibited) were calculated by Prism (GraphPad
Software) using a sigmoidal dose-response, variable slope model. To evaluate the activity of the
compounds against the caspase-like activity of the 208 proteasomes, reactions were performed as
described above except that Z-LLE-AMC was used as the peptide substrate. Formulae II-3, Ii-4,
O-5A, TI-5B, I-8C, II-13C, 1-18, II-20, II-21, [-22, [I-24C, 0-25, I-26, I1-27, 11-28, 1i-29, 11-30,
IV-3C, II-44 and VI-1A were tested at concentrations ranging from 20pM to 6.3nM. Formula [I-2
was tested at concentrations ranging from 10pM to 3.2nM, while Formula 1-19 was tested at
concentrations ranging from 5uM to 1.58aM. 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
L6 oM to 5 uM. Formulae II-3, I-8C, B-13C, 1-21, 1122, TI-24C, Ti-25, [1-26, 11-27, 11-28, I1-29,
II-30, TV-3C and VI-1A were tested at concenirations ranging from 20pM to 6.3aM. For
Formulae B-2 and II-5B the concentrations tested ranged from 10uM to 3.2nM, while Formulae
L-4, II-5A, [I-18 and II-19 were tested at concentrations ranging from 1pM to 0.32nM. Formula
Ii-44 was tested at concentrations ranging from 2pM to 632pM.

j0464] Results (ECs, values) are shown in Table 6 and illustrate that among the
tested compounds, Formulae I-5A, 0-18, H-19, 120, II-21, [I-22, 1129, 11-38 and Ii-44 are the
most potent inhibitors of the chymotrypsin-like activity of the 205 proteasome with ECs, values
ranging from 2 oM to 11 nM. Formulae 1.7, -2, 04, T-5B, [0-30 and 0-47 inhibit the
proteasomal chymotrypsin-like activity with ECs, values ranging from 13 nM to 88 nM, while the
ECy, values of Formulae II-3, II-26 and VI-1A ranged from 207 nM to 964 nM. Formula I-13C,
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Formula 11-28 3.2 MM > 20 gM > 20 gM 3.3M >20gM >20gM Formula

[1-29 6 nM 175 nM 535 nM 8 nM 254 nM 520 nM Formula 11-30 21 nM

905 nM 956 nM 2InM 1.2M 1.3MM Formula 11-31 > 20 MM" ND ND
WOLPHERHI282 > 20 gM ND ND Formula 11-38 3.4 0.2 nM N 'Rif32005/014846

Formula IV-3C 4.9 gM > 20 gM > 20 gM 10.6 gM > 20 gM > 20 gM
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Diego, CA), the final test coleBRFRISHE fanged fratR T Hi¥fto 1 aspast-ie
Formuls 1.7 524+ 2nM ND
F 18 .2 18 niv 230 nM 1.3 uM
ormula II- 19 nM 230 nM 1.7 uM
964 1M 5.5 uM > 20 pM
Formuia H-3 890 oM 7.7uM > 20 uM
13 nM 107 nM 850 nM
Formula -4 15 nM 110 oM 637 nM
6 oM 87 nM 535 nM
Formuta II-5A 7 oM 90 nM 438 oM
88 nM 762 1M 3.8 uM
Formula II-5B 85 oM 716 nM 2.9 uM
> 20 uM > 20 pM > 20 uM
Formuta II-8C > 20 uM > 20 uM > 20 pM
7.6 uM 8.6 uM > 20 uM
2.3 nM 14 nM 286 nM
Fornula B-18 2 1M 141M 213 1M
3nM 13 nM 573 nM
Formula [-19 3 0M 15 nM 739 nM
. 318 nM 1.4 uM
Formula 11-20 77230 nM 391 sM 1.4 uM
7 aM 720 oM 2.6 uM
Formula Ii-21 8 oM 879 1M 2.3 .M
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p.M. DMSO was used as the vehicle control at a final concentration of
0.1%. Following 1 hr incubation of RMPI 8226 cells with the compounds,
the cells were pelleted by centrifugation at 2,000 rpm for 10 sec at room
WEHIEREIE and washed 3X with ice-cold IX Dulbecco's
Phosphate-Buffered Saline (DPBS, Mediatech, Herndon, VA). DPBS

PCT/US2005/014846
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PCT/UsS20051014846 Table 7 Peigrmination of thecgymotrypsin-like | 4 un

activity 3F3HS proteasomes deriveshrom RMPI 8226 nM 1.4 uM

3 274 oM 31 M 7.9 uM

Formula VI-1A 207 1M 3.0 pM 8.7 M
Formula II-47 50210 nM ND ND

* BCs 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 II-16. Formula I-17, Formula 1f-20 and Omuralide on the chymotrypsin-
tike activity of 208 nroteasomes in RPMI 8226 celis

[0465] RPMI 8226 (ATCC, CCL-155), the human multiple myeloma cell line, was
cultured in RPMT 1640 medium supplemented with 2 mM L-glutamine, 100 units/ml penicillin,

100 pg/mi streptomycin, 1 mM sodium pyruvate and 10% heat inactivated fetal bovine serum at
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cells treated with Formula 11-16 Formula 11-17 Formula 11-20 and

Omuralide % inhibition of the chymotrypsin-like activity of 20S

proteasomes in RPMI 8226 cell lysates (mean Compound SD, n=3
WML, 000 nM 500 NM 100 nM 50 nM 10 nM 5 nM 1 AATUSIE (846

ND ND 981 970 943 857 307 U-17 655 464 393 304 265 66 105 66

- 2287 32 71D 6621641303, 313 10:366 @nrabiae 0318081684 $h928trypsin-
711 49 89 [Q467) ND: not determined Example 4.1 fects of .

R e RV R e
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RiqIecinplogy, Rackiard. se- H}g‘p&%xmytmﬁli_{%-ﬁkﬁa ARV LS ASpeptide in

proteasome was measured by using the Suc- LLVY-AMC fluorogenic

DR FYId 20 DS A TSN BidEhei SERERIEE M A PR Bt o Leb

@%%sbyﬁ@fo@%nﬂﬁdtﬁ ERES.0FwM E@}IA@@&'&@-Q)}}Q@&@WM@ il measured
| ég%%%%ggcgﬁg ’%]: 0%8%5%1\/?858%-{%% Ctlomnﬁégl . Inﬂaetgsdsab \%rgse performed in a

microtiter plate (Corning 3904) and followed kinetically with measurements every five minutes

for 2hr. The fotal amount of protein used for each assay was 20 ug. The final conceniration of
 Suc-LLVY-AMC and DMSO was 20 pM and 0.2%, respectively. Results are presented as the
percent inhibition of the 208 proteasome chymotrypsin-ike activity relative to the DMSO
control.

{0466] Results in Table 7 show that exposure of RPMI 8226 cells to Formuia II-16,
Formula 1I-17, Formula I-20 and Omuralide resulted in inhibition of the chymotrypsin-like
activity of the 208 proteasomes. Among them, Formula II-16 inhibits 85£7 % of the
chymotrypsin-like activity of the 208 proteasome at 5 nM. At 100 nM, Formula II-16 is able to
completely inhibit the chymotrypsin-like activity of the 203 proteasome, At 100 nM, Formule I-
17, Formula I-20 and Omuralide are only able to inhibit the chymotrypsin-like activity at 304
%, 66+3 % and 3228 %, respectively.
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-143 WO 2006/028525 PCT/US2005/014846 (prepared by diluting a 10
mM solution of the peptide in DMSO 1:25 with assay buffer) to 190 L of
the cell lysates and incubated in the Thermo Lab Systems Fluoroskan
WHAWIEEETET at 37C. The released coumarin (AMC) was méedslifegros/t14846
fluorometrically by using kex = 390 nm and 7,em = 460 nm. The assay
was performed in a mlcrotlter plate (Gming 3904) and followed klnetlcally

relative to the DMSO control. [0469] Res6fltsir3Table 8 show that

the raamﬂnhmmmn@fh@ﬁm@pzle&wmﬁa@mﬂgogbwa%y% H- hhm&@i!m%ﬁ lysates (mean =

Compound 3 3

ex r oFE laj11-16,. Formula 11-17, Formula 11-20 |
asnﬂ(aédr‘%oﬁ?%{lde l’gg%ﬁlﬁdqln |ﬁé%ion o]faﬁwléh{hﬁmo%ﬂ)ﬂ\éin- ikel%@f’vity of 1! inM
20S prateasames similar to results obtained from RPMI 8226 cell-based .

0-16 experlf\rg{)ents. Formitla 11-16 Mhibits 68% bf the cHyrfotrypsitffike a¢tiif~7 | 307
of the 20$ proteasome |at 5 nM. At 50 nM, Farmula U-16 is able to

17 comfietely inhibitthé chymBtiybsin-likd éétlvny ofthe 20S pfotdasomel Ot 66
100 nM, Formula I1-17, Formula 11-20 and Omuralide inhibit the

1-20 chymotrybsin-lik&dctivity at'2696, 5798%hH 36%, ¥e3PectiveRy Tabld 8319 | 310
Determination of the chmmootryosin-like activity of Z0S proteasomes 1o

Omurelide o riv&trflom P88l rhted with Boindula 11406t Formulaf #1217 | 89

Formulm4ds20 andrOratikadidaidaiinhibition 6f the chymotrypsin-like activity
of 20S proteasomes in PC-3 cell lysates Compound 10,000 nM 1,000 nM

100W50nM10nM5nM1nM 11-16 ND ND ND 98 ND 69 19 11-17 79
49 26 ND 16 ND ND 11-20 90 71 5¥ahipi<38 ND ND Omuralide 90 80 36

e L3:NE B 1047 8] NBoRetidaterminad Exespnle 42,Groxth inhibiion. .
of human multiple myeloma RPMI 8226 uman colon adenocarcinoma.
HT 29 and murine me 4R YRR methtaeontaining | % or

10% sefd6s! [0472?111@@&@4\/@%&43&@@%3{ proﬁmmiaﬁ ddit lime, | vds/ cuttured
'ﬂpgﬁﬁr%%ﬂ;& Jsgpplemented with 2 mM L-glutamine, 100 units/ml penicillin, 100 ug/ml

streptomyein 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 culiure medium and added to
1.25x10°/m} PC-3 celts. For Formula II-16, the final test concentrations ranged from 1 oM {0 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 pM. DMSO was used as the vehicle conirol at a final
concentration of 0.1%. Following 1 hr incubation of PC-3 cells with the compounds, the celis
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 mhibitor cocktail
(Roche Diagnostics, Indianapolis, IN). Cell debris was pelieted 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 fiuorogenic 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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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. -144
WRSHIG8828525 PCT/US2005/014846 [04721 RPMI 82268 (G IS2445%14846
HT-29 (HTB-38), and B16-F10 (CRL-6475) cells were purchased from

Prlfafed BPMLBL2H CEHS BRI MINtaInestik W%4Qm&ssay buffer) to 190
supplemented with 10% v/v FBS, fglf’iﬁ%lmamm

P&YP el MBS iRl %%ey R dI%%S P i eader at 37°C.
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Eﬁ‘%ﬁ: dé I?‘Vy%ﬁ eea}feé gr’r’“]ntlisngﬁbéné)ﬁlltu}ﬁe pla as! Oifﬁ%sm'hke
Plates wem |ﬁ@81b1atéchwmmlghﬂao tlow sl steriestalivoh BRNEHRA6|Iogll-based

&%@%‘ﬁ&%@v‘f‘f&nﬁ?%'1%%%@0&@5%%?(&%@99@@;@&%&%@ e&é&%ﬁwﬁhmﬂmmm
MI media contalnln% 10%(v/v) FPS or 1%§v/v% S into 96 we

Backwaied lelr HidS BRI Bt S iR %%88&%’&5?.6}%% vty of
tRorzoflastdisds, 14:10andFormula I-18 Wereykrepafednih 0004IBMEM]t the
aliguatedsand.starad at 180CsJQrnuae L6l 417 and Formula 11-18

were serially diluted’in media containing 1% or 10% FBS and added in
triplicate to the test wells. The final concentration of Formula 11-16 ranged
from 2M to 200pM. The flnal concermmm range of Formula 11-17 was

final concegas

4.8 hOUI’S: lolfgrl%%bel%( 919 glu ﬁlee l&) %éﬁ%@c&% %QHS@Q@A@&Q@J&?% 3 cell lysates

mlf‘ﬂ

COH%W froo hate-buffered-saline
was addédltel gech vﬂtélﬂ)%mM the pl@sﬁeﬁwe re @tu}wﬁed to thelibhcubatbriér 1 oM

houTs. 3nce Ting cells metabglize Rasaz%n,thaﬂu scence of 19

he reduction prodyict of Resazurin. was measured using-a-kusign
Imitroplate fltlorometer (Rackard Biggcienge) wiiy Xex;= 53% nm and X, ,, ND

=590 gsazyrin dye in medium withQut cells was Used t
%% ermine th‘}§ back [ s D‘%J % °~p ND

ground, which was

Omuralide 80 36 ND 18 ND ND

[6470] ND: not determined

Hxampie 42
Growth inhibition of human multiple mveloma, RPMI 8226, humean colon adenocarcinoma. HT-

29 and murine melanoma, B16-F10 cells in media containing 1% or 10% serum

[0471) The growth inhibitory activity of Formulae [I-16, I-17 and Formula Ti-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

determmined.
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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 EC50 values (the dru

COAMEAFETON at which 50% of the maximal observed growtfﬁ?ﬁ‘rﬁﬁ%ﬂ%‘m‘;

established) were determined using a standard sigmoidal dose response
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Formulae 11-16, 11-17 and Formula H-18 against RPM18226 cells in media
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BEso nid)eddedfabazhihd 2618, GrVIcFFPE Sahd PEAODIBORpIbnls1 30008300801 and

an, 1200 2700 1 -18 13 20 Mean 14.2 6] The EC50 ..
R s A Y el Pl Rl e 0
Epptemid AghiteniRe Mi82 Bl srin FaaditidSmtaimmgit 66 BHI0%IRBS] 00ug/mt,
Thsiawas adesadbrn dneedalddacteasednihe mean o @E%@ﬁm&&ggd ai.

H-16,11-17 and Formula 11-18 when tested in_media containing 10%F

relative t0 thedial COREAIMIY TAREEI9H A9y Frid qatatit BA6rE Hocells were seeded
SuifiandZe2 e relighvichibitenyieffeotoof Forthulentkidfageinstiies or 1%n)
@E@ﬂ@o%%ﬁqggﬁ%ﬁcﬁgm%145‘11:5%%6%ngléggbg%%rr}ln%séﬂeelgﬁgx@afﬂates, The plates

B16-F10 cell lines in media containing 1% or 10% F
were incubated overnight to allow cells to establish and enter log phase growth. RPMI 8226 cells

=

were seeded at 2x10° cells/well in 9011 RPMI media containing 10%{v/v} FBS or 1%(v/v) FBS
into 96 well black-walled, clear-bottom tissue culture plates. 20mM stock solutions of Formulae
0-16, I-17 and Formula II-18 were prepared in 100% DMSO, aliquoted and stored at -80°C.
Formuiae II-16, II-17 and Formula II-18 were serially diluted in media containing 1% or 10%
FBS and added in triplicate to the test wells. The final concentration of Formula II-16 ranged
from 2pM to 200pM. The final concentration range of Formula II-17 was from 20 M fo 6.3nM.
The final concentration of Formula I-18 ranged from 2pM 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-Aidrich 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 iey = 535 nm and e = 590 nm
filters. Resazurin dye in medium without cells was used to determine the background, which was
subfracted from the data for all experimental wells. The data were normelized 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 aigorithm (generated by
XLfit 3.0, ID Business Solutions Lid).

[6475] The data in Table 9 summarize the growth inhibitory effects of Formulae LI-

16, -17 and Formula II-18 against the human multiple niyeloma cell line, RPMI 8226 in media
containing 1% or 10% FBS.

-145.



Table 10 Mean ECso values of Formula 11-16 against HT-29 and B
16-F10 cells in media containing 1% or 10% FBS Compound HT-29,

ECso
W44

é§3f) mean SD B 16-F 10, ECso (nM) mean SD 1%FBS 10% FBS
6% FBS 11-16 165 2310 189 131 [0478] The meBh'EEEY /014846

values indicate that Formula 11-16 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 EC5Ggf;Formula 11-16 when tested in
1% FBS Taken _

media contalnm

10%FBS relatlve to med| contalnm

agamst tumor ceII Ilnes Formmﬂam@ﬁfg Jn’lim% Formula 11 18
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itGrs o
4RI RAAVRERPME SIS q sbliairedsfforrtiteniméPican] TypEBCS Ultbme was a less than
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e st anto rf&%ﬁ%ﬁe%ﬁm?‘?ﬁ% 9E8f-a humidified 5%
CO2 inddBdtor. Hbe thn as JaylecHl lsawenepl dte drowir inibibitirycaaptaiel ormmula -

W&gé’;ﬂ%@ﬁ@human colon adenocarcinoma, HT-29 and the murine melanoma, B16-F10 cell

lines in media containing 1% or 10% FBS,

Tabie 10
Mean ECy values of Formula I1-16 against HT-29 and B16-F19 cells in media containing 1% or
10% FBS
HT-29, ECsp (nM) mean + SD B16-F10, ECs, (nM) mean + SD
Compound
1% FBS 10% FBS 1% FBS 10% FBS
I-16 1645 23+ 10 189 13+1
[6478] 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 ECsq of Formula II-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, I-17 and Formula II-18 maintain

similar biological activity in the presence of 1% or 10% ERBS.
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concentration of 50,000 cells/well in a 96-well plate. Media was removed
the following day and replaced with serum-free complete medium with or
without varying concentrations of Formulae 11-2, 11-3, II-4, 1I-5A, 11-5B,

Q. 1‘%’@0%5%8 and IV-3C starting at 330nM and diluting at '/z W’W@Wéﬂé“g“ﬁ
for an 8-point dose-response. After a 45 minute preincubation, 14g/ml LF
and 1g/m1 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. Additicﬁﬁ-‘éﬂi@léé% with no LeTx added were

includeg4asja comrmkaﬁ:eﬂanweﬁesﬂmmira:ofd)batecbsfﬁapmmwds&iwm ddyhrax. In

ddition of ml resazurm d ular bes
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crlbwiability. ies u@smrmf&mﬂe@pmymw@g}%@tgmawm, upon

eII viability.can be.asse measuring fluorescence ysin
éxcl}at%) eiwiaa 59 Eé“m?é}g%??s’fl e?gn@att% ard ) expre%se%I as egloé):r)aégeafm further

vabisty: axlcermiledb it ™®MSO alone control (high) and the LeTx alone
control blgsy) USiﬁﬁvﬁﬁﬁré@iﬁéﬂdﬂ%g%@&%e ReseantpAalyiha) and lethal factor (LF;

508 {(Messyred OB o contol(igh, contraklow control). AT W, e o

Te@mhtmed(été‘d}cmxmym@m%iﬂ QGellsJod83hBatydrtdel Girtdenously in

sHmmanize e effecis PimoEmuladl 2 otRla itk g and - JpRImYadifcenl deatn
against LeTx-mediated cytotoxicity of the RAW 264.7 murine

Pﬁ%‘bbﬁ% SIS TR FIESETaHT BIR AN Y6 AP I ESTS Wil RS R fgrhage-Tike
R 2mid edismptar 21v-4-vesuvitachin an increase in the viability of LeTx

Ugﬁnﬁf aé"aiilga%mgsgg%ya&usm FAMLTGi- I TDe EGROyalyes for

rotection was not be determined at the
concenttéitidns tERSRIETCITS ERNIC FHEHSAMERRCE JrBE 4G otiection) were
eﬂ@teﬁtedé@mﬁ&nmﬁbie%ﬂh@m thedaffe @@ﬁénﬁmﬁmwlﬂe pi 72 Efétaﬂﬂxrﬁﬁc serum,
n%l&%r&igeaﬁg N "‘i’gn ﬁﬁ) §Erlq‘?5r&§z%e chgrg‘iep%%y té) tXt %fﬂ;E umldlﬁed

urine macrophage- eceT Ine. Treatment of RAW 264.7 ce S
\Mh %m}@wSA EﬁdthﬁaisaYsrﬁﬁWeaﬂaﬁ meidaseThighe Ui AsmBicsT medkm at a

t&&ﬁ@ﬁfﬁ%i%‘b@ cellswatthECEOwsal ga&ommmmwﬁs ﬁemwlg/ day and
”&e\%tc with F rmula 1

-5B resulted,in an.increase in the viablility o,
e R S A P L SRR & rormutae
#To%nﬁrfaéiﬂlié@ ahePnI-38-1dF- E%W&b@étﬁ@ﬁ@éﬁﬁi%@ﬂﬁeﬂﬂét@iﬁﬁme@f ¥ log

%ﬁtﬂ?ﬁ‘aﬁ%ﬁ%@%ﬂ%&&&%@go@ﬁ@@%ﬁ% Miithe ﬁéﬁ?&lm&mﬁ@pgﬁnt@tm fpg/ml
ated Table 11: ECH r|nh|b|t n of RAW

T i 8@%’%@%}18?/ %ﬂ‘] gﬁ i:hai foxin { eTx)g were added to cells.

Recombmant LF and PA were obtamed from List Biological Laboratories. Additional plates with

no LeTx addsd were included as a control. Cells were then incubated for six hours followed by
addition of 0.02 mg/mil resazurin dye (Molecular Probes, Bugene, OR) prepared in Mg++, Catr
free PBS (Mediatech, Hermndon, 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 conirol (high)
and the LeTx alone control {low) using the following equation: Percent wviability
=100*{(Measured OD-low control)/(high control-low control)).
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Compound EC50 (nM) Formula 11-18 4 Formula 11-5A 3 Formula 11-5B
45 Formula [1-13C >330nM Formula 1V-3C >330nM Example 44
Structure-Activity Relationship of the R, Side Chain [0483] A

Y@ aigiras 5’&|V|ty relationship for the R, side chain of the disdbLag2005/014846

"~ compounds and specifically the compounds of Formulas (1), (11), (111), (1V),

ARREE) m@ﬂmawmgm SIALIVE, Al Qéw&gﬂé

compoun aving the form

ula:
2006/09453s P@Fib@ﬁ&/@lﬂ%%ﬁé@ﬁﬁ@éé’%ﬁﬁ%ﬁn% ﬁ@@“la I3 and
Pasayed-forsaidatoxicitcafaRP bHoeellsignd fior Bahibitay afuie KBcaptatheike cell

1ri11€y ‘Pr%%%%l”&f R)S%cl’ ’/ac?ﬁjlé \%%H%ggnwfeﬂafuv& : 1%@?4? 9 §ulted in an ncrease in

proteasome. The results representative COITIpOUﬂ S are presente

Wam@mﬁ&@m%e%m& Brcomips o mdviRvasyi ﬂ&aﬁgﬁ%@uﬁ@es for
Pheterso- CytptQdt:P &&&aa&me«meﬁmeaaamnﬁﬁéd? BiVHR E:ﬂroﬁBentratmns tested

T e e s T

Dogoweo I 4.4pI0IF-11C1 §-CHpd 2By &23ne. Relx oiligted qsaﬂmnz%?@ils RAW

3843 Wlarihe GelaletbShdlpd Qice/ 03314, Thoabcds 688 Al 9bZ CHACKHS 6320uP605A and

ﬂ: %6shc6aw75(? Zl;) u?(g“ezag'e%g7thel%ggﬁlty of LeTx treated RAW 264.7 celis with ECs, values of

3nM and 4nM respectively. Treatment with Formula I-5B resulted in an increase in the viability
of LeTx treated cells with an ECs, value of 45nM. The ECse values for Formiilae [1-13C and TV-
3C for LeTx protection could not be determined at the concentrations tested (EC5>330nM, the

maximum concentration evaluated).

Table 11: BC, values for inhibifion of RAW 264.7 cell cyiotoxicity
mediated by anthrax lethal toxin

Compound ECs (nM)

Formula 1I-18 4

Formula [I-54A 3

Formula II-5B 45

Formula I1-13C >330nM

Formuia IV-3C >330nM
Example 44

Structure-Activity Relationship of the R, Side Chain

{8483} A structure-activity relationship for the R, side chain of the disclosed
compounds and specifically the compounds of Formulas (I), (IL), (i), (IV), and (V) was inferred

by analyzing the relaiive activity of various compounds having the formula:

H H

AN OH
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3460 210 11-20 CH3 8510 849:1: 7.7 3.0 318,321 1425, 1420 3260 225
[I-21 CH2CH20H >20000, 3172, 7,8 720,879 2585, 2328 >20000 2707
-149 WO 2006/028525 PCT/US2005/014846 [04851 The results of the
%%8%’3?%”5@5 can be interpreted to suggest that compound§ ﬂyﬁwwl“g%
groups of chloroethyl, bromoethyl, or iodoethyl are potent inhibitors of

proteaggpg and xR MERHROG AL CYIQIRICRY - JR£ONLASLCRBIROURES and for
having R, groups of methyl, ethyl, or h%o_xyeth | exhibited relatively

BRRPECHMCR) (ol SYBREE TRty ), PR RIES e b of the 208
(Belegdecr@ase:inl pofaney):sanetiad owgrocadpasertikattd toTkBlEold. less

potent) and trypsin-like (20 to 50 fold less potent) proteasome inhibition.
[04861 Without being bound to any particular theory, the Applicants note

that the above? S S B PYHIRE 1503 SGRAE HIRVIRE P FEAS ctivity of

:

compounds containing CI, Br, or lin Qhe R, grolip can be due texfagiso
halogen's|property of being £goadieaving groupPidtimstypothesiseis | Proteasom
supported by the fact that ladtw kMg oEmmly ofdumpunpd 1T1¥6sig- | e Caspase-
ob9EW®H to form a cyclic etheFthrough MéaleophidikeBShtutidielifere like ECy
hlo®he id disnlacRd accardind®ihe fnﬁ%g_;@arem H H (MY OH (IIM)
hlcthe is displactd accordingtd the [ foRb cier H H H \MOH OH
OHH=\]H HON:iacQ Ounl O |H~~" H\~HWO CI Gl [04871 Itiis
hypothesized that in compaqunds having a goodileaving group in the R,
sidé-¢hain, sudtastenpoundsti-46,11:18; and 1248 drtucleophilig.c 40193
addition of the proteasomejto the (3-lactone ring forms a cyglic ether inia
manner similar to the above reaction. [The cycli¢ ether, or formation
hereof, is|hypothesized to jnteract favorably with the proteasome. 104881
Without béing bound to any particularitheory, the Applicants hote that the
I-18 CH,CH,Br 6.3, 6.3 11,9 23,2 14, 14 286,213
II-19 CH,CH,I 6,7 10,7 3,3 i3,15 573,739
6150, 960 =
17 CH,CH; 3460 210 26 £6.7 573,602 1247, 1206
. 8510 % 849
IE-20 CH; 3260 295 7.7£3.0 318,321 | 1425, 1420
>20000, 3172,
H-21 CH,CH,OH ~20000 9707 7,8 720, 879 | 2585, 2328
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above results also support the alternative hypothesis that a second
nucleophile on the proteasome displaces the leaving group, thus forming
oint covalent adduct between the compound and the e

e{ftﬁ 0?’85%5@ leaving group functionality on the R, side chaln ?&?&18{@?/914846
increased interaction between the compound and the enzyme and thus
promqtﬂssipcreased@ehiy'ttytha i\ﬁmfm@ympemd@rhﬁﬂimg;@m@tﬂwvmounds

roups on the |de ain can e t,
1-% 1%1{%(%“ uroe%yo %ﬁllll’ g&&t 1@%&9@1‘%&6&801{@ and

eing boun 0 a y partlc t eory, the Applicants note
HulpithieTaRRIR FOEUINES A0 IBLIDPEREISE PRAYG S sE B SFgRS-BbImfthyL, ethyl, or

%ﬁ(ﬁ&%ﬁﬂ%&@ﬁbﬁt@?ﬁ%@%md pher theotprseneady @halegentetatiprower NF-«B
leavin the R, side chain testhed ve

B HEIE B S IS AR B ST (2ot o 38 R end
timpeireEial3P or Biifad bivlogkedl nengeehéarbiytienhancing its therapeutic

effect {M(ﬁxam RVeRha b%lllﬂg SRR QB lﬁ@”ﬁﬁgiglﬁﬁy @hbc‘ml'u ugls %@ﬁ]’&ﬁﬁ%om that the
diagram shown below. HHHH

P ST R RN ER 5 W oA PR R g O B
@ihgtetipoit wovalentSihglé phnmabtgvalemom:tg of poine eaveddpgving group. This

%&i@s@)ﬁ%ﬁg@dcﬁﬁ%yﬁ&@tﬂgqﬁéﬂ '%@&@W%ﬁdﬂﬂm Wm%bservec't to
adduct Cl displacement [04901 "Leaving groups” as use hegrel refer

L4 ST AP CED AR BB PRE A HCBA Ty SOt SESF g o e
iriaetygreacichremical reaction. More specifically, in some embodiments,

"leaving group" refers to the atory or moiety that is displaced.i
ilic substitution reagtion. [ ‘leaving groups
toms, or moieties t

COOH

ol

[0487] Tt is hypothesized that in compounds having a good leaving group in the R,
side chain, such as compounds 11-16, II-18, and II-19, nucleophilic addition of the proteasome to
the P-lactone ring forms a cyclic ether in a manner similar to the above reaction. The cyelic
ether, or formation thereof, is hypothesized to interact favorably with the proteasome.

[6488] Without being bound to any particular theory, the Applicants note that the
above results also support the alternative hypothesis that 2 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 Ry 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
gbove 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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can be found, for example in Organic Chemistry, 2d ed., Francis Carey
(1992), pages 328-331; Introduction to Organic Chemistry, 2d ed.,
AnZ%E%\{}VZStrgitwieser and Clayton Heathcock (1981), pages %@&jglﬁ,@ﬁd ¢
W8rgan/|c %ﬁemistry, 5's ed., John McMurry (2000), pages 398 Bh ; an'
of which are incorporated herein by reference in their entirety. Exam In e
dansiiHetarasAstivitt Relalionshipsii049d] Jhe date-sal forth Imth@®y enhancing its
ﬁél:)ove-list Taglnes illu tra%e a nP[nb.etr}of referred elpt%ggidn[‘le%tls. With "
SRR R P TFABBIR Sob FBE FR I 4 RAIBGER S SR £iggRp shown
balewpreferred and such compounds are generally equipotent across the
above-described assays. Most preferred are n-halogenated
Iso, most preferred are gompeounds with a hydroxy
iguration (compoundshawagghe;
fty of compound II- T8t ple). Oxidation fro

c a = 0O
hydro¥ q_rougd’to aketane is less prgferfed. /fB49311 In.one preferr%d\i’__& _Nucl-Enz

e , th@”rfreferred sub thch/c\’ohexen@. another °
prefe diment, the cyclohexeneiis‘bxidized to an epoxide-1e

[0494] Furthermore in some embodiments, preferably, R3 is methyl, with ]
ethyl being less preferred. Example 46 Inhibition of An iogenesis [0495]

AngigiEBEsTEdS an important physilSEAIDIRESS, without Which-point covalent
embryonic development and wound-regimgivould not occur. HowEH&R™ *4
excessive or inappropriate angiogenesis is associated with a number of
diseases, conditions, and adverse treatment results. Examples of disease
types aPPBonditibaavassaenee ¢ witl SRredssies nyibgeReidiietiat is capable
WIfiRMEMBLSIY i 0 IR ER:S W A5 MBI HE) FAECHTNN ERRCH ENIAHOERDEUANY, in some
(hedmatold arthis, chranicarticular 5!&%“5‘9%“%%%% DS IS TS philic
associated’wi n‘?‘aﬁrprgpna e or inopportune invasion of vessels such as
diasisuitoratpdpathly, ssavvadediaentialieryma eretind prithyyoitgme mangidties that are
Beacklas dageneration, GRrnealQratliraicstivmatiplealefiiprlagidaving groups
rubeosis, capillary proliferation in atherosclerotic_plaques an& ]
S Lo e EIS AT s, TR ot SPAhBSs 25-331
Soticiwatinors, tupaoicriétastascs] BlodddsonBireitwieser and Clayton Heathcock (1981),
pages 169-171; and Organic Chemistry, 5™ ed., JTohn McMurry (2000), pages 398 and 408; all of

which are incorporated herein by reference in their entirety,

Example 43

Structare Activity Relationships
[(491] 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] ;;.iso, 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 fo z ketone is less preferred.

10453} In one preferred embodiment, the preferred substituent at R, is cyclobexene.
In another preferred embodiment, the cyclohexene is oxidized to an epoxide. ILess preferred are

compounds with hydrogenation of the double bond of the cyclohexens substituent.
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tumors such as leukemias, angiofiboromas, Kaposi sarcoma, benign
tumors such as hemangiomas, acoustic neuromas, neurofibromas,
raechomas, and pyogenic granulomas, as well as other cancers wh

r%ci ??é%sg%ﬁlascularlzatlon to support tumor growth. Additiohai é%oﬁ 846

of angiogenesis- dependent diseases include, for example, Osler-Webber
Syndrgga; myasailiah 30 SQIRRERIS ¢ HIBAY S REIYAFORIFEIZREAN with ethyl being
tela iectasia; hemophiliac joints and wound granulation. Furthermore,
lesguderird: ‘angiogenesis is also associated with clinical problems as part of
biological and mechanical implantBxfisdaeforgan implants, stents, etc.).

The instant compositions  cap, he.isefaQ.IpRIPIL gnglogenesns and thus in
the treatment of such conditions. Other diseases in which angiogenesis

plays 8487k, andREWRIERTE i FStalfERSBIHb o BRGLCHIHF Yori9sSitiondthyy Which
eﬁﬁr)tdﬁﬁﬂ <atreldann byithesadfskithin theldrtnf04Q6lPartitalarer, excessive or
3RAR0 LangiedencsR A RS O&R&shgpm/%%%g'go%dlagggdwadm
SUch as can aumatoid arth rltls diabetic retinopathy’ age related

W?Pé@e%rf%@@ene?éﬁ’@ﬁleén?foﬂﬁ%%s@éﬁé%ﬁﬂ%@%Lﬁ‘?ﬁ“ﬁﬁaFﬁélRf'ﬁ%neXCSSSWe
Ab88R):T U IR RGINGaNesistifrierCanr el ResuiO8hi@l 1onde3. inflammation,
gollonan 3 ?gsllo)(t)xg rkgl(%% ér \?hd SQ Fglenﬁggseo?‘sag% dhll%rg%,&rs assocljéted with
iDaWSorRL .oezc}myprmngmgéﬁ@sugﬂ rfBtfo AUy ﬁe%@@éP V%W?%emﬁamlaf
gtM(@gjﬁ'@ Wtﬂﬂmp iﬁ%maai}ig’? SRR e84 . Sl SBmeiYRIHGAR cction, retrolental
[antl ]arthl’l'[l effects mlmodel SOf Eheuma%pld ar1t6hr|t|s Inflllgprélrll Re,§GO osis; and
Psoplasin RRERHS CENAM ERITALY. B, & e e P R &R SR RS

@steansdkiBd TernieB.Dncmding T@P@@@@tmis.mm@@%w%mm@geﬁnpd bomn

RPeARS.areatfacives, Inhibikersnt %@m%&@% bl ERAOGHR! hemangiomas,
Miletab, 88, 2889-99; Liu, L. & Me ogenes

ni, M. (200 i
O A BT AR AP tf%éé’wé?l%%%“@ﬁ%%%%@s giher cancers
wib2 WiDr2 006028525 RE T SRO0B0t 4846 LMo S 6 ISx{R20 B4 i angiogenesis-

Ahgiggenesisohibitars:cuent & fureWirnclions s, AR SndQrenesis;

1-9. Each of the above-described references js incorporated herein by

HefiforiSe THUEHETEY. (SHBPIOMHE cORPBNHIS ietiBect herSniriaton
Bmgingerssiscehiie:othgiogompoimdso dissiosed heiginlaredestetlimass part of

ﬁ[@iﬁ@i\%‘?'&ﬂﬂ%@&&%ﬁ%ﬁ@%&@ELHQE@ EQ'Q;E 91% &g}ﬁscwolbﬂg%stmp%posmons

vasCular endothelial growth-factor (VEGF)-induced migration of mlrjég
Sy Rl et ﬁ!ﬁa%%\ﬁféﬂ ?ﬁi’g%?ﬁ&h‘%“s@ﬁ?}“lﬁﬁ@éf‘ﬂeﬂé’ er diseases
ﬂl&@d@ﬁ&dgh@éﬁﬁgl§b¥aw angio gehesidicthilx torpactivitycimdmndabuanigtisns can be
Ifoei argrﬂg ‘ﬁe%? (')Set%%ﬁ"hdﬂ% dasl@ys including one or more of the

owing. | The compounds disclosed herein show anti-angiogenic
achﬂ;f%P@hrlougamcu}*ar d1scusswn of angiogenesis in a number of pathophysiological

conditions such as cancer, rheumatoid arthritis, diabetic retinopathy, age related muacular
degeneration, endomeiriosis and obesity is found in Folkman J.(1985) Tumor angiogenesis. Adv
Cancer Res. 1985:43:175-203.; Folkman, I. (2001). Angiogenesis-dependent diseases. Semin
Oncol, 28, 536-42.; Grosios, K., Wood, J., Bsser, R., Raychaudhuri, A. & Dawson, 1. (2004).
Angiogenesis inhibition by the mnovel 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., Chamock-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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other in vitro and in vivo assays. Some examples include: in vitro assays
for the evaluation of anti-angiogenesis compounds include, I) the modified
:}/den chamber assay which assesses the migration of endothelial cells
MR AAGERE o pro-angiogenic factors (Alessandri G, Raju K; PEHRAB BN

(1983) "Mobilization of capillary endothelium in vitro induced by effectors
ofoangingernests. iﬁﬂgﬂ@eﬁﬁﬁﬁﬁﬁﬂﬁ&%z B3t 1/ 9nfe)diddcHifferentiatinnm pes, 10,

U{;phe t@q é\/latr assa in which the ttach ratlon and
E?erensatlon of en otchnﬁgal o RN AH i anasfyzéﬂ E(%mn J§ entirety.
Kubotal 8371 989\ hnerreriondsidndpptidioyic diffbramiationeof ehtiotheliabmpounds
@%&@Mﬂe&ré tt@%é@sth Q%@E@J@ll A%@&(%S@Hﬂﬁa %@}%@&%@g %r&%ﬂ)omds

r\a&s Sdlr‘]ch N endothelial (and other cells) is
monltore a(%“ osia %’P lﬁﬁé’rfdt}‘él?%%“i’f‘?k’ma cells in

Séwmt!ﬁié@matmaﬁsﬁmre of rat aorta A quantltatlve assay of

angiogangs|s in ﬁ&&%&t&@&z&t@&%@é&%%}g&gﬂaﬁéf&tt{tt!%

in any
for the evaluation of an geness inhjbitors are 1) sponge im %gtlon ?

3&%%%“8&&%5%&%@@& S LT RO 1 B G E Stle iRétors
and thd0s$f substan cengremdsplantedsibetitaneously- utt@nsgaa&l&éﬂmgtudyanous

oflt v, AngiegenssisdRIunket ML, Bailey Jos - (1999), A %%&Pa evaluation of

quantltatlve angliogenesis model using tumor cells entra In alginate.

&:\o) Et‘?ﬁ}é%f‘ﬁ“%@@%ﬁ%dzm@% 1?%@%@%&%%@51‘?5%%@?@%%%&% the
asgaym mﬂthotasttzﬂomtmtmnftspafsel nsefitegrificetgh ﬂcwﬂdﬁl@ssﬁhﬁﬂﬂ@hﬁa}u K,
ﬁl?)egt\ﬁ”}?ﬁ) K‘Q’IO%EW oo ol }ﬁgteése%%%%ﬁnﬂgnghz% thgodf%é OI% %hl%gfectors of

ryo allows e stu Of tum uced angiogenesis
&f{@g%ywmwfﬂéi@wé ﬁé@ué%&ﬁtﬁ@hﬁb&) F%é&rmgmastmm }S’aThal Matrigel

B AROWHIBHNRI MRBRINNWHEn She dfit-RisiplogicabANRIXERSEANRE tbules is
us%}g;ﬁ(ﬁj tgfth?ﬁggf% %ﬂ%%\% Vegcgtﬁ !C}O;:Jcpt ?S v %t%tl'glgttadt%?z of endothelial
ﬁ@éﬁrd@uswéiwptbme(stmwé@mmw Frannitrs HseEs) exérﬁbl@gamc@tudee assays in
ammﬁtiad@altmtsméwtﬁ&&hm@wmmgﬁ@ ¥eiRogndothalidbGelbe  Oinetti

ﬂ?:y ga@rllw[ﬁ/ %rltg?theégl cel roliferation assays; Endothellal cell DNA

é IS assays; endothenal cail ot e%mﬁ%%it%t’ GHitCFifg); uantitative assay
@ﬁ@tmhémﬁsaen Wﬁgré@bﬁﬂ‘@sﬁsé%ﬁéﬂéhtﬁjﬁéd &Qmwe; oheppkingsige evaluation of
weliidakg %%i%@@@ﬁ%ﬁﬂ%qﬁ%&hm%w d %i@!p%ﬁ#e@l&%tammg cells

for&natlon assay endothelial apoptosis assays; endothellal cell'viability

SLLRY STROPAR iy a?ﬁg %e%%stgb%ﬂatﬁ FarBRetd SRIBtsRaEdR animals for
ey aﬁd?magn@tﬁwnﬁiﬁ?y(m{@@m%% RET(UB200&0IA846 quantitative
migrbeadsRRLadRtnelal colls chagh.aft ﬁﬁﬁiﬁf%‘%}%ﬁd&ghf%%&%g@&5151oa)

incorporated herein by reference in its entirety. [0500] Examples of in
5&13‘%5%%?&‘&?&‘8“??&%?&%@%%%@% By Fétgcmi“&BB‘i‘ti%é’Fe inserted through 2

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/apoptosts (TUNEL
staining). In vitro assay examples include endothelial cell tests (HUVEC (human urnbilical vein
endothelial cell), aortic, capillary}; endothelial cell proliferation assays; endothelial cell DNA
synthesis assays; endothelial cell outgrowth assays (Aortic ring); endotheiial cell migration
assays (mentioned above; chemokinesis (colloidal gold), chemotaxis (Boyden chamber));
endothelial cell tnbe formation assays; endothelial apoptosis assays; endothelial cell viability

assays (irypan blue); angiogenesis factor-transfected endothelial cell lines; and magnetized
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hamster cheek, cranial window, and dorsal skin); matrix implants (e.qg.,
subcutaneous injection using sodium alginate, subcutaneous disc
olyvinyl foam implant), rat dorsal air sac, sponge implant); cornea

‘éﬁéﬁé 6%’?2%? assays, for example in rabbits and other roden%?ﬂﬁ?@%?ﬂ““ﬁ
eyeliris chamber implant assays, mice and knock-out assays; ameroid
ooerstrietioon (trdfatiplinl prjlanchdogf trablitréiod|imihispivegiphtésts;orporated herein
yoscilanizalion dpfa-tissue (intradermal inoculation, peritoneal cavity |
omentum with imé)lant' tumor implants, for example in rabbits, mice or

rats. [0B8991AIs0 EEXHATS A8 ¢ ArEYSdRRYHASCHIERR b ERE lssis e 8., Tabbit car,
bompouwhed, Wpdﬁédﬁp_hﬂﬂ&i@ﬁb/bl(ﬁhﬂ@kaﬁho[fﬁ}ﬁﬂﬁﬁlt@i@.m&mﬂ&aéﬁs injection
JsebANd werical %Mg%&h?%&é’ﬂ%&ﬁ% Iunoa aﬁgy%a%“é%%a S Moonge
assays, urine assays cerebrospinal fluid agsays 'ann(lnptls ue . _
AR SIS RafrEaTkss aapes (BB o2pdmia s apsbubensedspssapaterior eyefiris
destbibedphathesoiominreRipeisk-aackafs; whishiicheprprimadnanain By dog;
refere in.its entirety. Grant et al., In Vitro Cell Dey. Biol. ,27A:327-336 .
R e S0, WL e O AL A v
CEIEY PRRSTIn PE%5: raprant 80 9By egis Hivapievmeteain, rdh el mibhgsies.
165:100sb18 (1998), Qikawa eisdhys GaNcRILetEOYad %e(le%@cl&se[gmpounds.

mbodiments relate to methods, of using the compounds and ,
AL o0 LFoIAT ks B Eon BIRAEH T SRS me
wslinHibitenegioge redistand o treay orudie viatesdisebgesran dletnditionsnd tissue

asspciaiednithi@xeqssive or inappropriate angiogenesis. Preferably, the
inhibitii&%gcursy connection with vascularization in connection with a

disease 2&5ociatSivith BhRSeAeds, ¥aIrses e te s iR grharstheeh of
disehsesdesenbshabovey, ainettroselthattace Kritwn Ebylthd]siér whskill iDev. Biol.
e a7 The gespopads.apd @%&Dﬂgpﬁ‘ém-%zdﬁ'b‘é??@d&éﬂ%r et al, I. Cell.

appropriate Iinhibitory amount. Inhibitory amount is intended to mean an

a5t O CORSGt el SF BB ettion FEb et b WA Hedasneve et
therectbet, HMIOWHG D¥Mate of neovascularization when administered to a

tISSUQ ’ @%@Lal OI‘%IA/&QH&%{I}Q@CQ 905 %%Sgscgfﬂ&%g e Qc;ng:poom sallgc? nompositions
required to be therapeutically effective will depend, tfor example, on the
SFTRTERESE- e AR RoaIRB AL (i B TrEaedis e b astpgenesomd to treat or
atleninistislions thed poiefiaynarckhigractivénhattdfavef thammoleprle-belBgenesis.
niistere e e altand condiien ol Josus, AOIAL L INMANAL gicease
and previous or concurrent t eraples.n'lyﬁe appropriate amount application
PRk THBCPRERgsR o tetTRiAT ERPRFID §BYSKIIBel dfheh dispascasiphgribrsl above, and
duislanee o RrauigedharRil. &mkﬂxa{naéeaﬁhe?mwgg&mg%@wmhﬁlﬁ% can be
fram in vitro or in vivo angiogenesis s.described.above. One skille
S s R e e A o
ohitereaut ou ghsnedierc e bittéiapy dadahatithbambuhtaofeg 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 exirapolated from in viro or in vive
angiogenesis assays described above. Ome 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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composition administered can be adjusted accordingly. -154 WO
2006/028525 PCT/U52005/014846 [0504] The present compounds and
compositions can be and are used as well in conjunction with other
vangiegeResis inhibitors. Angiogenic inhibitors are known inghe;a&b@R@ 14846
can be prepared by known.methods. For example, angiogenic inhibitors
include integrin inhibitory compounds such as .alpha-V-beta-3 (aV(33)
integrifddtdiibitoThamtisodiesppethdadind sionnesdteinsaor fensticermbsed as well in

JJ%&H&E&{%#}?B%E which-rontainigierll Rihesian mmslm SEUHENESn the art and
ditional angglogenlc inhibitors include, fo examj%ﬁe arggg{u statin,

Fiin S oHEP P e B Eatint SRR At SGBI5 AL G St  intesrin
WbmmmﬁF@EH%EMDha+mbﬁ6ri@W@Finﬁarbtonb;b\tﬁﬁ FEntdegjtor cell
'&1@&&9rsmm%lamsmﬁ%gmg%&%mﬂﬂam %P&%ﬁemg% binding

inhibitors, thrombospondin, platelet factor 4, mterferon -alpha,

A o EHTIRL, NHASESn RIS 578 18in 12D, FrRERGU PEestatPo - fisiona!
fenehthr 6 ddashitiie entosedtfna Gibrebibof gooothctintoth@HEiOnmblibjtarnd Riiierceptor

imashanismefor g abikjien %caagﬁogﬁf@ﬁa@ 19208} This.hednetiadsver

can mcfude the step of administering a com ound or composmon to an

inpibtienssUFRFING MR dE8HHorEeebeRtRd it sltie JaRRE ahgibifEigglphe,
illefernetands, canprfihandintildaradm itisteringithel D starttecompotind ©kDa N-
IQP:'TIP ?Sﬁ:[lon alto 'g) %ﬁ%@c&”%{i&&%@‘%@ Q)%?Sﬁ?egrmgsﬁg af'&'ng]gv Ig}ubmon of

er ther. pies for the condition be tréated (e.g., with a chemotherapeutic
HEiPafAtibtherapeutic to treat cancer). [0506] The compounds or
compqsﬂisps caruhe d;elimeemdsirhmmdimase el /str amaﬁsmra@pxmaﬂ@md or

anner. Examples jn de trayenous |n [ I

e e A . e
@P&xﬂéﬁe%cﬂﬁ%am@aéﬁ |W§‘&Fﬂ%@hﬁ1é‘ﬂﬁ%ﬂ§@¥ma§?ﬁgma%mf€ﬂr@mg with
aRehasaayingidamanginge Besicnin hiltiiioharARgipge nasikcRivitalse treated (e.g.,

Malecular Medl b Gliffo rray. Humana Press
%rc%efg’{gégfﬁ%%ﬁmﬂg%ms é%q%]f%ér%o{%%zglogeness by R. J.
BicknélE%laire EleL‘&ﬁ%O‘N‘&p%ﬂe%ﬁé"Fs@%Fé?db%?ﬁ%ﬁﬁy“PPé’gsdlsease and/or

ﬁ&%ﬂtedjsﬁ}eﬁrﬂaxelﬂﬁﬁefsmiaﬁﬁﬂﬁﬂ&%];zaﬁdeﬁmgjaganamﬁmdclﬂa{thn&a@bular
grseaS%? SIC E génd Clinical Applications, by Gabor M.
anv’i reel Dekker ovemberl 1999) ISBN: 0824781023. Each
book |§Wérpor5¥@§%’@w &fq@@%ﬁ&éﬁ#lﬁd@?ﬂ%f?%dﬁ%{ﬂ% fgthods of

Rhalo eoksanekmathDas.aie: e anpRRe IRFEINiomXANgieerkfis Protocols (Methods
in Molecular Medicine) by I 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 i its

entirety. Tn particular the protocols and methods are incorporated herein.

Example 47
Formulation to be Administered Qrally or the Like
‘ [0508] A mixture obiained 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 cellnlose 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 mb/day to
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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

whygtraxosesepyl cellulose is formed into granules by any corremionsik/ 014846
method. The granules are thoroughly dried and sifted to obtain a granule
RISRAANCR S4 ‘?AE&E%[ RAGkAADG,InyRo 'est%,?,ya?%%éég L{“‘;/%&%?e by those of
resultant granule preparations &re orally administered af beteen
syruikdlahe 0 thieriipE 29SSy OB 5 285D 5
PCT/U@?MS/OM&%xamé@x&@amJgalQ&%nufiaxgge@ﬁnclibﬁgpr:‘athﬁssistf in the
symptoms, as deemed appropriat those.of ordinary skill in t rto
e R B e IR R T SR Bt
HBB Vs duivisiies sbfepryaissist in the understanding of the

embodjgeents. Thus strgarskilled indhe adaniappiaciatethattdnt mvention is

methqd ay provide derivatives of compounds. [0510] One skilled jn the

T e A e e S AR b e R e et o

gaxs/ihsrapidhotsio ctEhamstbsiaind ireorastirafadva heedfearmmentiohodprgsentative

We;ﬂ@&réﬁ' @ﬁﬁd&iﬂﬁﬁeﬁl Enﬁlﬁ%eéﬂerﬂf@%fl wthad %@e'}jﬁk@ﬂf@@%@ '}{Eﬁ&ﬁl&ﬁ%d oad scope of
erein are presently representative of preferre odiments.and are _ .

e e R S Ot vl SRS SR Pt e

rgemtisiedCitiingibs shidrefiihantvether. uses will occur to those skilled in the

art whigiygre ermmnﬁ%%s@hmgmm@Bifétmmﬁrm@&té%;%ﬁ& U ¥dlrations
be readily apparent to one skille rtl?éhe art%q%v?i?éln substitutions  and

ARO AELTTBRO RS 58 MRSHEt ?r‘fé“% St Gt AT LB I Fapifehi R trom the
slepartidgpiro el theingesivs. and spirit of the invention. [05121 All patents

and pufég‘ié}fio”Sﬁ%@%ﬁ%ﬂdfﬁﬁbﬂcw&gmﬁ%ﬁe@ﬁﬁ Digative.afnthe IR¥Ekve of
of those skilled in_the art to which the inventign pertains. All patents and =
Bt‘fdﬁ&%ﬁi%@“’%ﬁé‘ﬂ’é%fh B SoPAIEY B FErEH SR 8Tt the bRl ar Paigetions
excheipidiwderabpishlivatideravaste pecifical kxEndan i vidb allyimtid ateiditation was
DR ARQTNARAEH PMLRIPHRRCEd 0rdSh bR Ve BfiRRlhsiratively described

herein suitably can be practiced in the absence of any element or

elemenf fimitatior BrHRRAGKEHRIEh IeAted femhcibvian da gracticed in the
higxeie. oflaeytelmsna ndedxpres dionktivhiohlsivetidye evhishnis loytegcaiicaibedisclosed

asderme,otdescHpion.ARdNek:ek inialion AR IReLR I8P INe Rl Hakiption

in the use_of such terms and expressions indicates the exclusion o

( ( f .
BtiRAAIBHEFIRR AEHEE SV ISR IBLEE S SFAS tRBRetI Fpgessions
rediogrizbdevitimarid wgumddificafibn Seate pobsibiemititiribel scopeioftihercof. It

ii@\f%%ﬂﬁecir @Hﬁéﬁo&s 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 cad 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.
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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 WHAT IS CLAIMED IS: I. A
ing the structure of Formula I, and pharmaceutically
R %D lfke‘pro-drug esters thereof: RZE3 Ep E E4 R"R3
Formula corhieresia hindndakhetidine irfdicarsk thardpbadeaigiial iserfdsle salts and
pro-dn@ith@fsansiagite bond or a double bond, and wherein R, is separately
selected from the group consisting of gzhydrogen, a halogen,
mono-substituted, poly-substituted or unsubs}ifdted variants of the

following residues: saturated C- kyl vrisaturated C2-C24 alkenyl,
unsaturated C2-C24 alkyng} |, acylpxy, | alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloatkeny#. alkoxy, cycloalkoxy, aryl,

heteroaryl, arylalkoxy carbonyl, alkoxy;carbonylacyl, amino,

aminocarbonyl, aminocarboylo>fy@¢,; itr& azido, phenyl, cycloalkylacyl,

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

alkyl including polyhalogenated afi@fmihere n is equal to | or 2, and if n is

equal toxBerdinai: Rastanibeitbrsanme: ateditfarenid whene kilRy,J snseleckeithr a double

f%%l,%,ﬂa d%%&&%fn%&SE%&&%@%@&fh@%nﬁéogf%gp mANsHRStte v en o halogen,

poly-substituted or unsubstituted variants of the following residu€es:
SHfIPRU BT PAATII Tl SR s dCaH keI (loatRaRs e egaed Crr
alkynydlkalkcy| vasyloss alikyfoxycallivorlyloxysatamtdxy Catbonydlixyyl, acyl.  acyloxy,
CHRlaEYALASIKaRYdx Al BN 1 GHCI QoMY 12  BRIGIORN Yk &R |8k oxy, ary,
c gt%%glﬁ’ll’ aarly gﬁdv)xcarmoorl% afS]E(I) arcn“goﬁy _I’EII %%?rg %%Xrlfoga%moﬁ:%lr’nblggc!gr)éxy}oxy nitro
nitro, azido, p en{/ﬁ cycloa ygcfﬁ, %y rng, aﬂq’/_t i0, ary?t?‘}'ié, ’ )
BB L SRy By divaiteh by Bhated iyl reritify, carboxy. cyano, and
pelphalage naie thallidy whgrgindr3es dele ctiedfroimctiiel grouwp Longisting afual to 2,
2AIRIEN vIROOsSUBSHREH, Poly-

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,-Cyp alkyl,
unsaturated C,-Cyp, alkenyl, unsaturated C,-C,yq alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylatkoxy
carbonyl, alkoxy ecarbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl,
cycloalkylacyl, hydroxy, alkylthio, aryithio, oxysulfonyl, carboxy, cyano, and halogenated alkyl
including polyhalogenated alkyl;

wherein R; is selected from the group consisting of a halogen, mono-substifuted, poly-
substituted or unsubstituted variants of the following residues: saturated C;-Cy, alkyl, unsat_urated Co-
Cyy alkenyl, unsaturated C,-C,, alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy,
cycloalkyl, cycloatkenyl, 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 each of E, and E; is a substituted or unsubstituted heteroatom selected from the

group consisting of O and $, E; is a substituted or unsubstituted N, and E, is a substituted or
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substituted or unsubstituted variants of the following residues: saturated
C-C24 alkyl, unsaturated C,- C24 alkenyl, unsaturated C2-C24 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,
qa{mmmmrmr@@amﬁdﬂ@@w@m nspobhiajoganateg alkyl;

]lt%r?n each of ‘and E3.is a substituted or unsubstituted heteroatom
selg

S TPORY f.’H% QrBU AssstiRg R ecdhd o EsTe e bstiuted or
Uhsubstitisteeioundd B dend sullbstitubeds arfdS7yLinsubstituted heteroatom
sglecteqfreanihsigropeisansisiegiohil SmaBthiNiand with the proviso
that Formula I Is not Compound 1I-1gHor Compound 11-17. 2. The
compound of Claim 1, wherein R2js aformyl. 8. The compound of Claim
2, wherein the compound is: OH H RB wherein R$ is
selected from the group cog [, Br,and I. 4. The
compound of Claim 1, wherein thg ca pdissHHO NOO HR,
wherein R$ is selected from thergroup consisting of H, F, Cl, Br, and I. 5.
A compound having the structure/of Formula II, and pharmaceutically
acceptable salts and pro-drug esters thereof:

Rg

- wherein Ry is selected from the group consisting of H, F. Cl, Br, and L

4, The compound of Claim 1, wherein the compound is:
H O
N
0
0
H
Ra

wherein Ry is selected from the group consisting of H, F, Cl, Br, and 1.

3. A compound having the structure of Formuia If, and pharmaceutically acceptable salts

and pro-drug esters thergof:

158



158 E5 E3 EIEy E~_ --f'" /R\n R3 Formula Il wherein the dashed lines
indicates that the designated bond is either a single bond or a double
bond, and 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 Ci- C24 alkyl, unsaturated
C2-C24 alkenyl, unsaturated C2-C24 alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloallcoxy, aryl, heteroaryl, ar(w‘ oxygrbonyl, alkoxy carbonylacyl,
amino, aminocarbonyl, aminocarbo{ioky, nitrog,azido, phenyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carbexy, cyaps, and halogenated alkyl
including polyhalogenated@ herejn is equal to | or 2, and if n is equal
to 2, then R, can be the same oxdiffe ent; wherein R3 is selected from
the group consisting of a halogen o-substituted, poly- substituted or
unsubstituted variants of the follgiyingresidues: saturated C!-C24 alkyl,
unsaturated C2- C24 alkenyl, unsaturated C2-C24 alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbpsytiasys cycloalkyl, cycloalkenyl, alkoxy,
cycloalkgxy,;ar J&%tef{ RaLYh atylalioxy carbonyl, alkex EI%%FQOQ%I""BXM or a double

amino, aminocarb ony aminocar oyloxy, nitro, azido, phenyl,
ARGrBS SRR 10RySEHBRY S@afﬁsfmy%éfoaﬁ&%&ﬁs@éﬁétéaygmw a halogen,
imclocimbsiolyh aldgerataded | ky hnareieind Ratisise parat i selectediftematurated C;-
th,%grgi‘ﬂpl Cogﬂa—ctﬂﬁ%@f %ng,fogﬁéanﬁ hallQQﬁ!?atanr‘@z-é bs&'lw acyl, acyloxy,
q 1subs % or un ubga:(rl ute vananﬁpagiﬁhe fqllg reidues cioalkox |
¥ §Y4a2ﬁ¥ yunsa ratedC eny sa%ur%écfy ARORY, 2y
d?ﬁwwhﬁwm?@dﬂbﬁ@s}l@Wﬁéﬁ@ﬁ’@@é@’ﬂb@ﬁ%)@?}%ﬁﬂ@&é@h@?ﬁﬂ@kﬁ%y nitro,
cwmaaIiﬂwnﬁymb@m@,nyiksaﬂﬁexwmpaﬂyaxmr@rylcdﬂﬁﬁ@roarado,aﬁwﬁkm@nated alkyl

CRRREN %@&B&%&ﬁ%@?ﬂﬁﬁ%‘aé‘ﬁ‘f@%ﬁ% oG LRRYE ANIROTABOYINY; can be the
nitro, a2|do phenyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy,

c%oorgﬁﬁrﬁ’ﬁlogenated alkyl including polyhalogenated alkyl, and m is
equal tovher, Bind ifcircisdeitpialtto 2rothheryRétarrbesatthel smmenopo-substituted, poly-

diffesentawharemeash QfiE ﬁ%e&@lo&ﬁ@i&gﬁ(ﬁedssﬁlﬁh@@@@%m@i unsaturated Cp-

824 a ézlity unsa%}gtr(aaé?- 74 atil(ynyl acyl, acyloxy, alkyloxycarbonyloxy, arvloxycarbonyloxy,

cyctoalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, hetercaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,
arylthio, oxysuifonyl, carboxy, cyano, and halogenated alky] 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»-Cy alkenyl, unsaturated C;-C,y alkynyl, acyl, acyloxy, alkvioxycarbonyloxy,
aryloxycarbonyloxy, cycloalky!l, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arvlalkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl,
hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polvhalogenated alkyl, and m is equal to 1 or 2, and if m is equal to 2, then Ry can be the same or
different:

wherein each of E;, E,, Es, E; and Es is a substituted or unsubstituted heteroatom; and

with the proviso that Formuia 1] is not Compound II-16 or Compound II-17.
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with the proviso that Formula Il is not Compound 11-16 or Compound

[1-17. 159 WO 2006/028525 PCTIUS2005/014846 6. The compound of

Claim 5, wherein Es is selected from the group consisting of OH, 0, S, N,
WRICGEBSROH, NHOH, ORIo, SRI,, NRI2, and NHOR13, WHSF&IRFRI01RG46

1, R12, and R13 each is separately selected from the group consisting of
hydrogen, antha sssshitded OfiMnsyRsHtyt lkewl aryl, and -
B%%%%'JH cﬁﬁ}ggund of Claim b, w%grgigéirﬁggﬁa 'ft(l)e fr oL Rgne of
where 1 is equia " SRR e Clae iR B Rareithxeis BeldbieBs, and
Frorrehdsgreraprisdin sidtiig] Of s Fhe GlroBy, cantbting. oF 8 G0BaR0AHIC08 S18IRkd of

skYIekedn R3isLpethy; . Jhgsamnpound of Claim 5, wherein ES is OH.
10. Th? compound of Claim 5, wheérein each of El, E3 and E4 is O and E2

is NH. 11, TA&"STRBUAG FeRim Bfrerdieasabiost end R ighare n is equal fo
BytlatkemreR 12 FhEEompbemin of iClaleatdd] frvh eieiduisoaauahioo?and o1, By,
atleast one of the Rl substituents is hydrogen and the other RI

substiéyent is CH7CH2X, wherein X is selected from the group consisting

of H, F; CI Bf- S5 TPame i aieastenis Rulsanefslohexane; wherein Es

is OHS-wheréhe R&ismétifyl-and, wheesireaapf El, E3 and E4 is 0 and
E2is . 13nikhe laim. 12, wherein the sfructure is:: H OH
OH oIska 0 HRe vﬁﬁ%ﬁ% ge’%%‘lf%e%fﬁ%"r%"t e”ggr%)%“p#%h%*@s Eg”'éfsl—fi",ﬁ-

F, Cl, Br and't® {9 aeteitserdreiariesime Rif the dulsare is:

-160 WD 2006¢028p26nR GTULS2QD54DE4A8AE idkqual 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, C1 Br, and I: wherein at least one R, is cyclohexane; wherein E; is OH;
wherein R; is methyl; and wherein each of Ey, B; and Bs is O and E, is NH.

13. The compound of Claim 12, wherein the structure is:

Rg

wherein Ry is selgcted from the group consisting of H, ¥, Cl, Br and 1.
14. The compound of Claim 5, wherein the structure is:
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OH HO N O O HR15 wherein R15 is selected from the group
consisting of methyl, propyl, fluoroethyl, bromoethyl, iodoethyl,
hydroxyethyl, azidoethyl, and thiocyanoethyl. 15. The compound of Claim
wo30e9l8e$82the compoundis H OH O0H O N 0 H Re wherdif Fi5p405/014346
selected from the group consisting of II, F, Cl, Brand I. 16. The
compound of Claim 5, where-the compoundisH \HOH HO NOOH H
O OCHg Re wherein R84S selected from the group consisting of I, F, C1,

Rys

whereitt Rys is selected from the group consisting of methyl, propyl, fluoroethyl,
bromoethyl, iodoethyl, hydroxyethyl, azidoethyl, and thiocyanoethyl.
15. The compound of Claim 5, where the compound is

g
et

p—

AN

Rq
wherein Ry is selected from the group consisting of I, F, Cl, Brand L.
16.  The compound of Claim 5, where the compound is

L/OH
H o]
N ~—— /\/\
O 3
pe—0H
H
o OCH,
Re

wherein Ry is selected from the group consisting of H, F, C1, Brand L.
17. The compound of Claim 5, where the compound is
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-161 WO 2006/028525 PCT/US2005/014846 HHOHHOH N O'MI H

H OH O O Rs wherein Rs is selected from the group consisting of H, F,

Cl, Brand 1. 18. The compound of Claim 5, wherein at least one R4 is a
wdi-zabretsied cyclohexane. 19. The compound of Claim 5, meesireaiol4s46

least one R4 is a 7-oxa bicyclo[4.1.0]hept- 2-yl. 20. The compound of

Claim 19, wherein the compound.js: H HOH OHO NOO HPe

wherein Rs is selected from tHe grdup consisting of H, F, CI, Br, and 1. 21.

The compound of Claim 5, wh east one R4 is a substituted or an

unsubstituted branched alkyl. 22. Tihejcomppund of CAaim 5, wherein at

least one R4 is a cycloalkyl an(gi EZs$ s NY
Y

greiprat

Rs

wherein R is selected from the group consisting of H, F, Cl, Brand L
18. The compound of Claim 5, wherein at least one R4 is a di-substituted
gyclohexane.

19. The compound of Claim 5, wherein at least one R, is a 7-oxa-bicyclo[4.1.0Thept-

2-yl.

20. The compound of Claim 19, wherein the compound is:

Rs
wherein Ry 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
Cs alleyl.

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 I, and pharmaceutically
acceptable salts and pro-drug esters thereof:
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alkyl.

oxygen. 23. The compound of Claim 5, wherein Rl is a substituted or an
unsubstituted C, to C5 alkyl. 24. The compound of Claim 23, wherein the
alkyl is selected from the group consisting of methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tort-butyl, and pentyl. 25. A compound having
the structure of Formula Ill, and pharmaceutically acceptable salts and
pro-drug esters thereof: -162 Es E3 EZ E E4 (R" H3C Formula lll
wherein the dashed lines indicates that the designated bond is either a
single bond or a double bond, a( herefre Ri is separately selected from
the group consisting of a hydrogen a Malogeng, mono-substituted,
poly-substituted or unsubstituted yrariahts of e followmg residues:
saturated C- C24 alkyl, ungs ed C2-C24 alkenyl, unsaturated C-C24
alkynyl, acyl, acyloxy, alkyloxyc rbonyloxyg aryloxycarbonyloxy,
cycloalkyl, cycloalkenyl, alkoxy, cy€loalkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyl, a(k I)n%aminocarbonyl, aminocarboyloxy,
nitro, azido, phenyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy,
cyano, and halogenated alkyl inglsigding pplyhalogenated alkyl, and n is
equal t 111' o nzt’hg g%ﬁ'é&l‘]'lsese 2 l tO r%a theq C?ﬁ’ 530 Elong IS M smé]e bond ]pr a double

different: wherein R4 is Separately se lecte e group cons

Ao gah “aeifoBel, WF?%F%%%%WQ@H‘“&BWWS@&%W%PEﬁél)’ﬂ?c%ﬁﬁ‘teﬁha]ogen
vanianisbeftting, fpﬂ@mhg:mdmemsmmﬂe@h@rﬁ&atkeyh%ilmm&&ueatmels saturated C;-

C‘sz4c1éll@ke%a%@ciur@ta aﬁ;gn@lalk)ﬂi%lmﬁ% 8@_)( y’aEkynyl acyl acyloxy,

ony ar bonylo cloal cycloalkenyl,
Unigicamenion, sylensserion il ogioon ke .
mmwmbmmﬁm%éamﬁywm|@r@pazﬁ@@,0feﬁa1@1wl, ahw@;@),ymxy, nitro,

adkgihigheayy | thigrooxy sulfiany, ﬁgfhxexwxw@ﬂaﬁﬁﬂaajo@gmteﬁualkyb genated alkyl
'nr?JHH Q@p&%f&@é?&@@%&?g Akl m&sle&%a L9 1rQr i€ 08 4 N RERYRL be the

2, then R4 can be the same or different; and
same or different;

wherein R, is separately selected from the group consisting of hydrogen, a halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated C;-Cy, alkyl,
unsaturated C,-Cp; alkenyi, unsaturated C,-C,; alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azide, phenyl,
hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated alkyl, and m is equal to 1 or 2, and if m is equal to 2, then Ry can be the same or
different; and

wherein each of E,, E,, Es, E; and Es is a substituted or unsubstituted heteroatom;

with the proviso that Formula I is not Compound I1-16 or Compound 11-17.

26. The compound of Claim 25, wherein R, is a substituted or an unsubstituted C, to C;

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 penty!.

28. A compound having the structure of Formulda IV, and pharmaceutically acceptable salis

and pro-drug esters thereof:



wherein each of E,, E2, E3, E4 and E3 is a substituted or unsubstituted
heteroatom; with the proviso that Formula 11l is not Compound 11-16 or
Compound 11-17. 26. The compound of Claim 25, wherein R, is a
substituted or an unsubstituted C, to C5 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 TV, and pharmaceutically

is separately selected fromhe-group o nS|st|n% of a hydrogen a halogen
mono-substituted, poly-suBsfituted mr unsub
following residues: saturate? C.-
unsaturated C2-C24 alkynyl;'acyhacyloxy, Ikyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycjoalkenyl, alkoxy, cycloalkoxy, aryl,
heteroaryl, arylalkoxy carbonyl, ggrbonylacyl amino,
aminocarbonyl, aminocarboyloxyy ftro, azido, phenyl, hydroxy, alkylthio,
arylthio, oxysulfonyl carboxy, cym@ﬂi/halogenated aIkyI including

poWhaIQ&qleQa:a;} gakIYed ?nd (J;c thai t'i1 0! 0[ %ht%cri] % 1s e %grual %Olg bggg or a double
R can be %he same or d](flseren ereln IS se E‘C edfrom t?weg

c%ﬁﬁ’érs%ﬂﬁ’g‘@%lﬁeﬁog’eﬁpﬁ?é‘%%ﬁélﬁ%ﬁtﬁf@ﬁ tsoRrueUSHedo6 hydrogen a halogen,
unsubstiiedd aranisohiae jollewinrtrresidaestssattratetbile CRA N hturated C)-
upsatyraed %saﬁ?a%%@'ké”)f  Ungativated, Goq6i2d a@/@zy ' aaﬁé{,]nﬁcy'%y acyloxy,
alk on carbonyloxy, a on carbonyloxy Fgcloalky C cloalkeny alk oxy, .

ﬂg{l»§y)ry hé‘fé £¥y‘?§¥ko§é§f S bngre SIS calsBhyIagakosy. anl
ahﬁﬁ@ﬁﬂﬁ@@@@@;ﬂ?@hﬁﬁ@eamwmwh ironaAneopemyl, fydpexyoyioxy, nitro,
adlathiphediy IthiRe:0xX yEuiany! m@ﬂﬂﬂ@WeﬁMﬂﬂ@i afehhalogenatadialisygenated alkyl
'”&éHS%Qg ;%?JMQ&Q%%QE‘EEQ %%%"n o &%% R$1S SERAANINSFIGSLAIOR can be the

the groug conS|st|ngo a'hydrogen, a alogen mono-
same or different;

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, alky!, unsaturated C.-
Cyy alkenyl, unsaturated C;-Cyy atkynyl, acyl, acyloxy, alkyloxyearbonyloxy, aryloxycarbonyloxy,
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroarvl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, hydroxy, alkylthio,
arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl inéEuding polyhalogenated alkyl,

wherein Rj is separately selected from the group consisting of a hydrogen, a halogen, mono-
substifuted, poly-substituted or unsubstituted variants of the following residues: saturated C;-Cy; alkyl,
unsaturated C;-Cj, alkenyl, unsaturated C,-C,, alkyny!, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxyvcarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, oxy,
hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cvano, and halogenated alkyl including
polyhalogenated alkyl, whereinm is 0, 1, 2, 3, 4, 5,6, 7, 8,9, 10, or I1 and if m is more than 1, then
R; can be the same or different; and where the substituents R; can form a ring; and

wherein each of E, By, E;, By and Es is a substituted or unsubstituted heteroatom,
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substituted, poly-substituted or unsubstituted variants of the following

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

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

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, wherein mis 0, 1, 2, 3, 4,5, 6, 7, 8, 9,

135, or 1Tharsdnfoavid nioréathald. Lyvbasim R, san pbsdisishmeappelffestamed C, o Cs
alkyl. and where the substituents R5 can form a ring; and wherein each of E,,

E3,E4 and Es is bstituted or. unsu ttuted heterpatom. 164 29.

Eﬁe corﬁbou%@o‘f Ia?r§ % & er%:-eiﬁe rh qﬁﬁjﬁssts e oroénnthe group consisting of
mefhylm@]bmmyﬂed@r,wmtﬁlkwmm m@bgwmmmtm%ﬁ Claim 29, wherein the

ajlfyl is ae&msﬁﬁmvﬁhg BrOlRGeRSISIRE RN et p8iRYh-RERRYl acceptable salts
and pr rowré Qlu%/ isobutyl, text-butyl, and pentyl. 31. A compound having

0th FUCLTE"S? ormula V. and pharmaceutically acceptable salts and
pro-drug esters thereof: Es s)m E2 EI E4 CH3 R1, )n Formula V
wherein the dashed line indicates that the designated bond is either a
single bond or a double band; and WherelngB is selected from the group
consisting of a hydrogen, a)ﬁ/ en, 0- substituted, poly-substituted
or unsubstituted variants gfthe follgwm iduEs: saturated CT-C24
alkyl, unsaturated C2-C24 alken ed C2-C,4 alkynyl, acyl,
acyloxy, alkyloxycarbonyloxs:; loxycarbonyloxy, cycloalkyl,
cycloalkenyl, alkoxy, cycloalkoxy, ~Heteroraryl, arylalkoxy carbonyl,
alkoxy carbonylacyl, amino, amino, arb@nyl aminocarboyloxy, nitro, azido,
phenyl, hydroxy, alkylthio, aryIth(B; pxysulfonyl, carboxy, cyano, and
halogenated alkyl including polyrﬁal ﬁan{?ted alkyl, and n is equal to | or 2,

and if n is equal to 2, then R, can 5€ the same or different;
wherein tiie dashed line indicates 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 halogen, mono-
substituted, poly-substituted or unsubstituted variants of the following residues: saturated C;-Coy alkyl,
unsaturated C;-Cyy alkenyl, unsaturated C,-Coy alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycioalkyl, cycloalkenvl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl,
hydroxy, alkylithio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated allcyl, and 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 separately selected from the group consisting of a hydrogen, a halogen, mono-
substituted, polyv-substituted or unsubstituted variants of the following residues: saturated C~Ca, alkyl,
unsaturated C,-Cyy alkenyl, unsaturated C,-Cyy alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyt, alkoxy, cycloatkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, oxy,
hydroxy, alkyithio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl including
polyhalogenated alkyl, whereinm is 0, 1,2, 3,4, 5,6, 7,8, 9, 10, or 11, and if m is more than 1, then
R; can be the same or different; and where the substituents R; can form a ring; and

wherein each of Ey, E,, Es, E4 and E5 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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wherein R5 is separately selected from the group consisting of a
hydrogen, a halogen, mono- substituted, poly-substituted or unsubstituted
variants of the following residues: saturated Ci-C24 alkyl, unsaturated
C2-C24 alkenyl, unsaturated C,-C'4 alkynyl, acyl, acyloxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl,

ino, mlnocarbo min lox [, ox
D irons PSS A BT LR TPl S, KRR K eyt of
methylalkyl,lmﬂmdm@pmbﬂhwagema aﬂzgfbuwh@r@memws 0,1,2,3,4,5,6,7,8,
410 Ok %gﬂf%g s IR iAo e A ERs ARRE IS RRENBAMy acceptable salts
fferent; a pere the substituents R5 can form a ring; and wherein
%e&egf £2'E3, E4 and ES is a substituted or unsubstituted
heteroatom. 32. The compound of Cl 31, vghereln R, is a substituted or
an unsubstituted C, to C5 alkyl. 16 . compound of Claim 32,
wherein the alkyl is selected_fro roup egy)sisting of methyl, ethyl,
propyl, isopropyl, butyl, isobutyl; Rand pentyl. 34. A compound
having the structure of Formula VI and\pharmaceutically acceptable salts
and pro-drug esters thereof: RZ EZE, R14 R3 E4 n(R,)./ Formula VI
wherein R, is separately selecte from the group consisting of a
mono-substituted, poly- substitutedHuMsubstituted variants of the

followin@}r@&idu@ss safhaledlg24alknd, gﬂaﬁawﬁataﬂg%-a%@mgﬂwaed poly-
ﬁ%‘{ %l‘)ju%zb%‘&e%'ké/ %}ﬁyﬁﬁe ?‘%'\% re%"%x&’?@r%‘% %X}/élkyl quatu:rated Cor

aryloxycarbonyloxy, ¢ cycloalkenyl, alkoxy, cycloalkaxy. ‘ary

HetetBERY, MTRMRERY CAro ST AIReRy CHPRS NIRRTy SrkRmslony- aryionycarbonylosy
armagakbonmybakeniocdirboylexyiophenyl acyicl balkylady| ahydkoxy, carbonyl, alkoxy
Al aryithie, Sxrskiemyl; %ﬁmﬁ%&éo}m% %ﬂé@ﬂd&&uiﬁ%@y DRYARIG, alkylthio,

aC|qI boronic, est régagog( h%logelg Omcije I|n Iudlng gg hal enate

Wyﬁh}\?vﬁé éﬁl}}oﬁ“ﬂs equalyt Ana it'n s éqoﬁ(é fo' 2 ten eé'geﬁ %nd ]ﬁﬂogenated
sHfviEsfudimepebalogeraiiRY, is selected from the group consisting of

hydrogemeaihalagein! monestulasttLitadal to 2, then R, can be the same or different;

and pro—

wherein R,, is selected from the group consisting of hydrogen, a halogen, mono-substituted,
poly-substituted or unsubstitted variants of the following residues: saturated C-C,, alkyl,
unsaturated C,-C,, alkenyl, unsaturated C,-Cys alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, ‘cycioalkyl (including, for example, cyclohexylcarbinel), cyeloalkenyl, alkoxy,
cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl,
aminocarboyloxy, nitro, azido, phenyl, cycloalkylacyl, hydroxy, alkylthio, arvithio, oxysulfonyl,
carboxy, cyano, thio, sulfoxide, sulfone, sulfonate ester, thiocyano, boronic acid, boronic ester, 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;-Cyy alkyl, unsaturated C.-
Cy4 alkenyl, unsaturated C;-Cyy alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy,
cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, arvl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azido, phenyl, cvcloalkylacyl, hydroxy,
alkylthio, arylthio, oxysulfonyl, carboxy, cyano, thio, sulfoxide, suifone, suifonate ester, thiocyano,

boronic acid, boronic ester, and
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poly-substituted or unsubstituted variants of the following residues:
saturated C1-C24 alkyl, unsaturated C2-C24 alkenyl, unsaturated
C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy,
cycloalkyl (including, for example, cyclohexylcarbinol), cycloalkenyl,
alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino aminocarbonyl, aminocarboyloxy, nitro, azido,

phenyl, ¢ cIoaI cyl, roxy, alkylthio, a xysul o arbox
cyano, ?ﬁ?%g gﬁ m‘gtﬁ otre, Q% i nfleeggﬁlgf 'Eﬁhgcy%aer?oL orbnlﬁ By Fa canbe 2
Ueb@m@éstéﬁﬁ\ﬁﬁ@mﬁél’éfg@?ﬁ?@d%ﬁ(yl including polyhalogenated alky!;
whereirvRzis Relectebdani-the B Qi c @BSisting of A RaEE Nuono-substituted, poly-

"él%”t‘ﬂu'?e% ?%B%Qtﬁtﬁ’t@éyva%%%ﬂ%%%MH?'r&?&htéét%gt&’ (RIRPLS Of atfﬁ?rz unsaturated Cs-

fol OW|ng residues: saturated unsaturated tZZ al eny

risattitedneseisd Guémytash, ”z&&lé‘%&&z"’%k%‘&ﬁ%ﬁ%‘% aryloxycarbonyloxy,
anydoxiyeariopriydtineyyt. cytioalkylydyatloatkenyl, dikorxprdycloddhoxy, emponyl, alkoxy
rh‘ﬁ¥§(§%&f]l ﬁﬂ}f%llﬁ@ﬁﬂcﬁ%ﬂﬂy%ﬂ%%ﬁoﬁ@[‘pW&‘lﬁ%hcﬁﬂﬁgﬁ% cycloalkyiacyl hydroxy,

l lt?carb?g l amm Ca boéﬂg)xs\é nitro, %Zi{l)dq}’nges?nyshﬁg }a Cey ! ifonate ester,

roxy PthO thio oxy ul%nyl’ carboxy, cyano, t |o ‘suffoxi e,

1F6¥?é°’s‘§l§# Fﬁ‘é@é“é kWB@%%H%JPO%?&SR‘E‘% dlpbronic ester, and 166
halogenatedalopnihchuding mlyhakjgefe&tﬂﬁipaufmlmvhereln each of E1,
E2, E3 and E4 can be a substityted or unsubstituted heteroatom; and
wherein R14 is selected frgim the group consisting of a halogen,
mono-substituted, poly- substituted or unsybstituted variants of the
following residues: saturate 71, tinsaturated C22- C24 alkenyl,
unsaturated C2-C24 alky : %
aryloxycarbonyloxy, cycloa Kk
heteroaryl, arylalkoxy carbon :
aminocarbonyl, aminocarboyloxy, |d:<d*, phenyl, cycloalkylacyl,
hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, thin, thioester,
sulfoxide, sulfone, sulfonate estegg thiogyano, and halogenated alkyl
including polyhalogenated alky!l. 35. compound of Claim 34, wherein
the COI’T'}HWRS?BEBE yeezggt)em E@c@fggnﬁ% ZFOUR fRIlSi);Ii,ylg of a mono-substituted, poly-

substituted or unsubstituted variants of the following residues: saturated C,-Cyy alkyl, unsaturated Co-

yIc

Cy4 alkenyl, unsaturated Co-Cyy alkynyl, acyl, acyloxy, alkyioxycarbonyloxy, aryloxycarbonyloxy,
cveloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, phenyl, cycloalkylacyl, alkyithio, arylthio,
oxysulfonyl, carboxy, thio, sulfoxide, sulfone, sulfonate ester, thiccyano, borenic acid, boronic ester,
and halogenated alkyl inciuding polyhalogenated alkyl. nisequal 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;-Cy4 alkyl, unsaturated C;-
Cyy alkenyl, unsaturated C;-Css alkynyl, acyl, acyloxy, alkyloxycarbonyloxy, aryloxycarbonyloxy,
cvcloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, arvl, heteroaryl, arylalkoxy carbonyl, alkoxy
carbonylacyl, amino, aminocarbonyl, aminocarbovloxy, nitro, azido, phenyl, cycloalkylacyl, hydroxy,

alkylthio, arylthio, oxysulfonyl, carboxy, cyano, thic, sulfoxide, sulfone, suifonate ester,
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wherein R, can be separately selected from the group consisting of a
mono-substituted, poly- substituted or unsubstituted variants of the
following residues: saturated C1-C24 alkyl, unsaturated C,- C24 alkenyl,
unsaturated C2-C24 alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,
heteroaryl, arylalkoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarponyl, aminocarbo henyl cycloalk lacyl, alkylthlo Ithlo
RSP RATR Bk OERRHE eﬁg“ﬁ* Ea TRkl s r‘? vk
breseiiccadic! B@F@nﬁs astbr caard mmg@WéwWEm@MW@awm

polyhalogesated alkyk g&ﬂ@@wa&m&d Gfod, BB weaua (@ 2 htheReRa halogen,
qugn(p u%hi%ixﬁfgcm ROf?OSQb {l?e%t of un {IESHZLI’EC% (V‘gria‘?tg 0 Ell)ie C}’aﬂ)\]:\;%g réls?lgugsr aerated G-

consistin en, mono-substituted, poly- substitute

Urisusdiel tean@%{vraﬁf‘s of tifesfolfdimi resiatiaaed alirdtad elk@&i alkgyl  acyloxy,
unlisdtyyetidoh @2 C 4 ddkerybouyisaturatbeh 2 C2dcalksmyl, doyly.acyttoakoxy, aryl,
GH&x&@asyp%rpaw@wy@wlozaxsﬁm%yﬁ%ﬂ %l@aﬁﬁah&m&kgﬂwc@}wyxy, nitro,

%cﬁoa'ho hge“”o ary'al'%oé‘/m?y%{}{f%ﬂ%' SHKQXY LALANVIAG e, sulfone,
amino ony noca dxy NItro. azido, phen ?

o%ﬁwmy%?aw, HyeRERy; &Wtﬁ.oa%%ylﬂrﬂ@ﬂ&xmﬁlforﬁw céﬂr&ﬁésewf-‘éyaalfa} including
thioyisldfendde aklifoneesuiidnate, ester, 167 thipeyanor bosanitmdidyore than 1, then
QQr%‘Be‘%ﬁé%m@@?’dh@é%gﬁ%ﬂ%e@m@ s'&leHQéHcg walyhalgaenated alkyl;

wherein each of E1 E3 and a substituted or unsubstituted
netoroatdE NAENT Rl b %é?éﬁéﬁ Udiediearwim e B
cnsistihite eparepdiod éinin Aalogernin thororsabstitiited, poly-substituted
or unsubstituted variants of the.following residues: saturated Cl- C24 alkyl,
unsaturated C2-C,4 alkeny

alkyloxycarbonyloxy, arylo ety

cycloalkoxy, aryl, heteroaryl, anylalKoxyq arbonyl alkoxy carbonylacyl
amino, aminocarbonyl, aminogirbéylex 0, azido, phenyl, oxy,

hydroxy, alkylthio, arylthi®; , cyano, thin, sulfoxide,
sulfone, sulfonate ester, thipey 'd, boronic ester, and
halogenated alkyl including pdlyhal alkyl, whereininis 0, 1, 2, 3,
4,5,6,7,8,9, 10, or 11 and if in"t§ more than 1, then Rs can be the

same or different; and where the substituents R5 can form a ring; and
wherein each of E]1, E2, E3. E4 and ES is a substifute un s itu
eerontoRES<5RK8 CORTRRLT B ERTh & RHBIG R S rapat 107 4

HHH H®p@rgaceutical composition of Claim 37, further comprising an an’sl—mlcrobsa } agent.

39. Use of a compound of any of Claims 1, 5, 25, 28, 31 or 34, and pharmaceutically acceptabie
salts and pro-drug esters thereof in the manufacture of a medicament for treating cancer.
40.  The use of Claim 39, |
wherein said medicament is to be administered to a subject identified to bencfit from the
administration of an anticancer agent;
performing the method on the subject.
41. The use 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 use of Claim 39, wherein the cancer is a drug-resistant cancer.
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H O O O 37. A pharmaceutical composition comprising a compound of

Claims 1, 5, 25, 28, 31 and 34. 38. The pharmaceutical composition of

Claim 37, further comprising an anti-microbial agent. 39. Use of a

compound of any of Claims 1, 5, 25, 28, 31 or 34, and pharmaceutically

acceptable salts and pro-drug esters thereof in the manufacture of a

medicament for treating cancer. 40. The use of Claim 39, wherein said

medicament is to be administered to a subject identified to benefit from

the administration of an anticancer agent; performing the method on the

stibject.TAt. tFhefuSmiof Elamh8einwherig-the tamncendsralivudiplet least one of the
followilEy RRMAA&RIOGCHY ?%&%?Fﬂéi@eﬁf%%&%%%eﬁ%%ﬁto_f the multidrug-

_adenocarcinoma, a non-small cell Iun% carcinoma, an ovarian carcinoma
resistange ASiH SR b cietdeddy SFRRthi e ine eRvelise TR (& $he drug’s target or
increasthgigrasistanigdaneed DNo8ABuaiheluseiof Gladiempdivibhendivahend the activation of

eytochHOPES StapLcancer displays at least one of the following: elevated
levels of the P-glycoprotein efflux pump, increased expression of the

iditidrug PSRN LRk Bt BrOtSint BRESEY By WIS, CRatitag contecting @
cancer grliguptbileyitteratiopoofidhe dinyg's Caiget Ior3.ia6reéasiigane ey ok pharmaceutically

acceptH¥GziRdyeSH RNAdamagg lteration of the apoptotic pathway and the
activation of c%/tochrome P450 enzymes. 44. A method of inhibiting the

gfowth ' Bafed bt ettt 8 EBh i SRETE SPilalsth B YU RSB T @t ify colorectal
carcinopea{ur ewsthtaceampoardbefanydefdCiaimsnd, 512628l 8diidnek34ycantha, an ovarian
carcindRAsMagaically acceptable salts and pro-drug esters thereof. 45. The

method of Claim 44, wherein the cancer cell is a multiple myeloma, a

corectal R ethBiA I} BRE REE ARG I o BRRLSIS BRIty GBRAN S el in
cultureneth smathgelhdurigmasCifibima, 1an. Afadérs icar S ambpbsranmeiaradimaccd@able salts

and pr(ﬁﬂm?gg%g{ei@gjbiting proteasome activity comprising the step contacting
a cell in culture with a com&ound of any of Claims 1, 5, 25, 28, 31 or 34,

ahtl phatnisfegrianyibiteepthmB aiivatigheppisititgdhestepsenisrape use!dn culture
with a methacobinhibitingNi -KB, astivatianeempiis g ine it soriapting 3a0elnd pro-
drug «4,Sultyre: with a compound of any of Claims 1, 5, 25, 28, 31 or 34, and

pharmaceutically acceptable salts and pro- drug esters thereof.
48. Use of a compound of any of Claims 1, 5, 25, 28, 31 or 34, and pharmaceutically

acceptable salts and pro-drug esters thereof in the manufacture of a medicament for treating an
inflammatory condition.

49, The wse of Claim 48, wherein the inflammatory condition is selected from the group
consisting of rheumatoid arthritis, asthma, multipie sclerosis, psoriasis, stroke, and myocardial infarction.

50, Use a compound of any of Claims 1, 5, 25, 28, 31 or 34, and pharmaceutically acceptable
salts and pro-drug esters thereof in the manufacture of & medicament for treating a microbial iilness.

51. The use 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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48. Use of a compound of any of Claims 1, 5, 25, 28, 31 or 34, and
pharmaceutically acceptable salts and pro-drug esters thereof in the
manufacture of a medicament for treating an inflammatory condition. 49.
The use 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. Use a compound of any
of Claims 1, 5, 25, 28, 31 or 34, and pharmaceutically acceptable salts
and pro-drug esters thereof.in thesmanufacture of a medicament for
treating a microbial illness.|51. Theluse af Claim 50, wherein the microbial

anthracis, Plasmodium, Leish "n@l, and Trypagosoma. 52. The
compound of Claim 16, wherein thetstrd K. 169HOH HO NOO H

pharmaceutically acceptable pro-drug esters thereof, in the

manufacture of a medicament for fhe inhibition of angiogenesis, inhibition

of a proteasome activity, or inhibitign of NF-KB activation. 170 54. A

method of inhibiting angiogensis comprising the step of contacting a cell in

clutlure with a compound of any of Claims 1, 5, 25, 28, 31 and 34, and

pharmaceutically acceptable salts K, nd pro- drug esters thereof 55. The

use of ay. of GlaIS AR HR:54 ) Bgk ibemethadiof.any of claims

44-47, further comprising the use of a (;Fem‘bthera’ eutic agent, an

ahti-andiohehfeayehtrarPRRtUMitahRiaioty - dgént 28r H prétéhgameharmaceutically
acceptabihikitor add prd-do poers dilasil) gntkie: steatuceref dFarmedadinandor the inhibition of

angiogARBIMAGSIHIGANY, BeceRiaRie salls andRig.drug estars thereof:
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IR Es E3 E2 ElItE4 Ri R3 Formula 11 wherein the dashed lines indicates

that the designated bond is either a single bond or a double bond, and

wherein R, is separately selected from the group consisting of a hydrogen,

a mono- substituted or poly-substituted saturated C1-C24 alkyl,

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

following residues: unsaturated C2-C24 alkynyl, acyl, acyloxy,

alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycloalkenyl,

cygloalkoxy, ary 'opﬁheﬂﬁ%lar@’ L, aéé%%'s‘%”éxn‘{ar@o%%aét‘égx% 89{88{‘%’ 1aCYL 10 clutture

amlnocarbonyci, aminocar onﬁo y, nitro, zﬂnog, phenyl, cyc oa-lqglacﬁ,
with a ggppRIEd Gk gRUTDRAEAGRY; Efaldndrid: BafrferateRiEiryy AsRpéplg salts and pro-
drug esp@bythategenated alkyl, wherein the mono-substituted or poly-substituted

saturated C,-C24 alkyl.ip.Rl is stiwted with one or more substituents

Hocted Ko b oty RS o ST S b e of Ulfms 46,
further SompERAS, BeBtitite dheObEIRGAIE eRsatkan phiseEerenER )6l aaREnIflammatory
agent, @CYpréeyaMINMBMINO, substituted amino, aminoacyl, aminoacyloxy,

oxyacylamino, cyano, halggen, carboxyl, carpoxylal keto, thioketo

o i O e T S P PR ocpraie s
and prgvetegsaieytoRsredfeterocyclic, heterocyclooxy, hydroxyamino, alkoxyamino,

nitro, -SO-alkyl, -SO-substituted /|, - SQaryl, -SO-heteroaryl,

-SO,-alkyl, -S02-substituted alky}, - aryl and -SO,- heteroaryl; wherein

the halogenated alkyl in R, is a Cl-24-alkyl poly=halogenated with fluorine,

bromine, chlorine or iodine; or the/F ; d alkyl is methyl or

C3_,4-alkyl mono-or poly-h&a with {fluorine, bromine, or iodine;

where n is equal to | or 2, and if n\ Tatte42, then R, can be the same

or different, wherein R3 is selecteg frorh the group consisting of a

halogen, mono-substituted, pon(—Fé)Jbsﬁfuted or unsubstituted variants of

the following residues: saturated cf-coa alkyl, unsaturated C2-
Formula II

wherein the dashed lines indicates that the designated bond is either a single bond or a double
bond, and wherein R, is separately selected from the group comsisting of a hydrogen, a mono-
substituted or poly-substinied saturated €;-Coy  alkyl, mono-substituted, poly-substituted or
unsubstittted variants of the following residues: unsaturated C.-Cy alkynvi, acyl, acvioxy,
alkyloxycarbonyloxy, aryloxycarbonyloxy, cycloalkyl, cycioalkenyl, cycloalkoxy, aryl, heteroaryl,
arylalkoxy carbonyl, alkoxy carbonylacyl, aminocarbonyl, aminocarbonyloxy, nitro, azido, phenyl,
cycloaliylacyl, arylthio, oxysulfonyl, carboxy, cvane, and halogenated alky! inchluding
polyhalogenated alkyl,
wherein the mono-substituted or poiy-substi’_suted saturated Ci-Coy alkyl in Ry is
substituted with one or more substituents selected from the group consisting of alkoxy,
substituted alkoxy, cycloalkyl, substituted cycioalkyl, cycloalkenyl, substituted
cycloalkenyl, acyl, acylamino, amino, substifuted amino, aminoacyl, aminoacyloxy,

oxyacylamino, cyano, halogen, carboxyl, carboxylalkyl, keto, thioketo, thiol, thicalkoxy,
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C24 alkenyl, unsaturated C2-C14 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 aIkyI wherein R4 is

separat selected from the group consisting of a hydragen, a halogen,

mono- §B%/§§fﬂ it e Cibstitited BY GRsubLatTRY arlSIOBY g heterocyclic,
followinigeresigiess s dturateeh Qb GR4atkylnounsaturatediGR-CR4saksetydd alkyl, -
unsaturgteehE.-Ga. Aoyt acoagiioxy. WOV EAEROMAIXY.S0,-aryt and -SO,-
aryloxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,
heteroa%;lerg?w Kikoxy carbonyl, alkoxy carbonylacyl, amino,
aminocarbonyllaminctaridytesateditieylazid8, phenyl; phnylpoly-halogenated with

cycloaligylagyd, fydraxvenlkylitbio.anyithio, oxysulfonyl, carboxy, cyano,
and halogenated alkyl includin polyhal genated licyl, and m is %qual to

L or 2, and if in'1$ BYOEESeS, Wen 'RACRH B8 e g Hllé“é’P‘H?fe’?glﬁ’t alogenated with
whereinleanie.dfr&iniEXERlE4 and Es is a substituted or unsubstituted

heteroaigim, and Witk the PraMise: tb@gtﬁqw,%d i§ PRt aReuRdddalR
or Comelgund 1-17. 57. com ound having the etrucﬂ[ re of Formula

and pharmé%‘euﬁé%ﬁdeé"&ece ’?g]b & Salts” anG procdiug e Sters thereor: *353 figd. poly-
MREsgEg EEspbRIRS FyipnsIef rhefv&ownefe?ﬁhﬁsﬁe washetCiresatfcaugrated Co-

tiat thegesighategdbondisatither acsingiel bendionadatbieidhondyardarbonyloxy,
?}85@@8 Jg?'cﬁ)%i%ﬁﬁteQ{k%%e%ﬂomwh%&{o%&%ﬁlﬁ' é?i&&ﬁyém&@ﬂ alkoxy

en, mano-substituted poly substituted or unsubstituted varjants'o

RO PR R S A o By T A b G 3B 20 hydrony
ke tyio, Lgiter ateduoORAealioytiy kyany| 2atyiurgsnaikydony cerlodinglolyhalogenated
agyaxycarbonyloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl,

heteroay Iér%';‘y llksos)%{am% I‘P ’te%l%oéytﬁ:e élt%)%gﬂoah%}élﬁnagrgﬁqiydrogen a halogen, mono-
aminocar onyl, aminocar OXy
substituted, peiy~sub%txtuted or unsu s‘ﬂtuted variants of the following residues: saturated Ci-Cay alkyl,

unsaturated C,-Cy; alkenyl, unsaturated C,-C.s alkynyl, acyl, acyloxy, alkyloxycarbonyloxy,
aryloxycarbonyvloxy, cycloalkyl, cycloalkenyl, alkoxy, cycloalkoxy, aryl, heteroaryl, arylalkoxy
carbonyl, alkoxy carbonylacyl, amino, aminocarbonyl, aminocarboyloxy, nitro, azide, phenyl, phenyl,
cycloalkylacyl, hydroxy, alkylthio, arylthio, oxysulfonyl, carboxy, cyano, and halogenated alkyl
including poiyhalogenated 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, E,; and Es is a substituted or unsubstituted heteroatom; and

with the proviso that Formula 1 is not Compound [-16 or Compound 1-17.
57. A compound having the structure of Formula 11, and pharmaceutically acceptabie salts

and pro-drug esters thereofl

(7, "

Formula I1
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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 R3 is selected from the group consisting of a

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

the following residues: saturated C-C,4 alkyl, unsaturated C2- C24

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

aryloxytArBEhfos ey e i ey B AR SrE Aoy 4y BIOHIR S ol o @ double

treteraasyltargilakoiyseerbohyichaikaixirovativonylacydnasmaof a hydrogen, a halogen,

%ﬁgjﬂ%ﬁ@d’@%@?ﬁ'ﬁp@m@&ﬁ&ﬁﬂéﬁ%Y'%ﬁbﬂﬂnli@d arajq@tsphewkomi@&ﬁiﬁsm@w ﬁatgrated Cr-

roxy, @lkylthio, arylt xysulfonyl, carboxy,.cyang, and.halogenate .

I;%/Eé‘w ig‘r%(fidir)néé‘s%‘g@%&;&%%%teéﬂé?@r; W “éareé“‘u"r? S zs'%zﬁaré%tgilfv%eleag%d aeYLORYs

RSN BonEsaRg Ay Ero fetei Hal Sy s ioridkosub Stittpdkpxy, aryl,

Geprkyysubstitited vatiant,ofltheyfoldaipgcsésidiies: GridRdteatiratéobearbonyloxy,

a“ﬁél,’ H@Q%ﬂd, G&’&lﬂ% @XJ %Q{Y@l@yﬁﬂ%%@éti&%@qfonyl, carboxy, cyano, and
olg-‘sulg%ngﬂgd é]rfpnsu sﬁaﬁuted tvgm nlts of the following residues:

unisaturated &2-c 24 alke y CBRSatutated C2-C24 alkynyl, acyl, acyloxy,

alkyloxydrbiyiasa) o drgi Sxaredfidngaastyo alkesaR c5pelbrliicornerne this®n

arylalkoxegartrnyl satkexyhear lienyagy koaising ,Aminetasnomyho-substituted, poly-

%UE%QJ Qp E%’%%qu%r%r%ig 91*' tﬂé(%f?a%ng%'é){&m&o sﬁﬁ)’zl%élf%}%}’a%fp GXJaturated Cy-
carboxy, cyano, and halogenated alkyl mcludlnqﬁ?olyhalogenated alkyl,

it P L ST 2CartiomYh PSRRI A R B T Qe FfebonyIoxy.
ovdifférentswheikeinthellmonocsdipdiitate deot. pbhesubstitenddheaturarbenyl. alkoxy

Caedalkyl, afysdoaliocysdaalkanylRhanl iBcR 4 ds:-sURSHIItQHMILh 8RRalkylacyl,
r more s ituents selected ol thce roup consisti }f alkoxy, . .
S R B S S SR NS T R o inctaing

sibditosertiesaibdikenyl, acyl, acylamino, acyloxy, amino, substituted
amino, ahemndG)ik sapatneaacyiaxy fooy doydamiroptyapof haydgem. earaxyla mono-
caaxdaliylokela,thioketothiot thinalkaxy. sulistituted thioalkmiahy bycloalkyl,

aryloxy, heteroaryl, heteroaryloxy, heterocyclic, heterocycloox .
AR, kSR it P50 DN L TRl Tyt o e v

SOty nBEsErdaniiestayRed Or Coutlimiee hRgloss ok aripnyloy.
-S0B-helemaidy Wwherein gaehiekE, 120k, B4 and:k, isssubativtedBronylacyl,
LH%%HP,%M@&'B&E?E%E%M%%&%@ ﬁﬁ% pﬁg}ﬂﬁ QI%Q)&EOJ:MO[ iérﬂ@ltm, oxysulfonyl,
Compound 11-16 or Compound. 11-17. 173 _
carboxy, cyano, and halogenated alkyl including polyhalogenated alkyl, and m is equal to 1 or 2, and
if m is equal to 2, then R, can be the same or different;
wherein the mono-substituted or poly-substituted saturated C,-C,, alkyi,
cycloalkyl, cycloalkenyl or aryl in R, is substituted with one or more substituents selected
from the group comsisting of alkoxy, substituted alkoxy, cycloalkyl, substituted
cyveioalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino,
substituted amino, aminocacyl, aminoacyloxy, oxyacylamino, cyano, halogen, carboxyl,
carboxylalkyl, keto, thioketo, thiol, thicalkoxy, substituted thicalkoxy, 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 —50,-heteroaryl;
wherein each of E,, E;, E;, E, and Es is a substituted or unsubstituted heteroatom; and

with the proviso that Formula I is not Compound 1I-16 or Compound H-17.

173



