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Description of Related Art
20 Tubulin-containing structures such as microtubules are important for

diverse cellular functions, including chromosome segregation during cell
division, intracellular transport, development and maintenance of cell shape,
cell motility, and possibly distribution of molecules on cell membranes (Bacher
et al., Pure Appl. Chem., 73(9): 1459-1464, 2001). Precipitation and

25  sequestration of tubulin structure interrupts many important biological
functions that depend on tubulin via the microtubular class of subcellular
organelles. For example, inhibition of tubulin polymerization or prevention of
the disassembly of tubulin polymer causes cell cycle arrest which ultimately
leads to cell death. As.a result, tubulinis a promising target in cancer

30 therapy.

Drug compounds that interfere with tubulin can be useful anti-cancer

agents. Three important binding domains have been identified on tubulin

where such drug compounds can bind. These drugs have diverse chemical



drugs is that they cause precipitation and sequestration of tubulin. 5
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While tubulin-targeting drugs are used clinically to treat cancer, they

have several disadvantages (see Bacher ef al., supra). The complex

15 chemical structures of these representative drugs make their synthesis
difficult and isolating them from natural resources is often difficult. Another
major drawback in clinical application of taxanes and vinca alkaloids is the
development of neurotoxicity. These drugs interfere with the function of
microtubules in axons, which mediate the neuronal vesicle transport. The

20  insolubility of some of these drugs makes administration difficult. Further, |
over-expression of transmembrane pumps results in development of drug

resistance to these agents. These factors limit the potential of these natural

products.
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5 Combretastatin A is a small-molecular weight natural product which

binds to the colchicine binding part of tubulin and inhibits tubulin
polymerization. Administration of Combretastatin A is problematic because of
its low aqueous solubility. A water soluble phosphate prodrug of
Combretastatin A is used in therapy. However the phosphate group is

10  hydrolyzed by phosphatases that are not tumor specific, to yield
Combretastatin A. Release of insoluble Combretastatin A away from the
tumor following such hydrolysis can cause administration problems.

There remains a need for anti-cancer compounds, preferably tubulin

binding anti-cancer compounds, especially those that are not substrates of

15 transmembrane pumps and/or do not interfere with the function of axonal
microtubules and/or provide an increased therapeutic index in the treatment of

cancer. The present invention meets these needs.
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@ (IV) M(MI) BxyQ@Bx A5 @Y N. Y \ BQI and b g\ AL &6 A
@B \ ( Q) nwonwes/3794QL Q2 Q2 (V1) (VIII) 5 wherei n eachp@Qi/us26gR/04mnsl Q6

i ndependently is hydrogen; halo; am no; Cl- C6 al kyl am no; di Cl-C6

al kyl am no; hydroxyl; Cl-C6 al koxy; nitro; cyano; Cl-C6 alkyl; Cl1-C6
het er oal kyl ; C2-C6 al ken C2-C6 a y. oal kyl; C3-C8
het er ocycl yl; aryl; het%‘%@ﬁ§UMW¥éE§% Jﬁljﬁ%V%ﬁég\ﬁng, 10 each @B-@b is
hydr ogen; hal AR v.@és(éficora sith@mavipg shydr oxyl ;
Cl1-C6 al koxy,qn qq{go cycgltgg%é?éy @%@t er c?aéit/) ; b SO02R15 gr PO3R15 W|th
t he provifsmtaielectedfyomne corrpound only one of @ b is hydrogen; B and

Q4 together form C3-C8 heterocycle, an aryl, or a heteroaryl; or QM and b
toget her forma C3-C8 heterocycl e, anxaryll or a 115 het eryary.

2006/ 057946 F&T/ U§2005/ 042095 Q7 d,s Wydrgen; anino; CR BCG di
Cl-C6 al kyl am dr oxyl ; C1-C6 4 I1tro; cya@ ClCG
het er oal ky®3— al=+ yé' 2% ) C3. C8 cyc

het er ocycl yl ; }af4l ; aryl; COREE;q.S0 5; P03R15 Qem accharl de;

with the pro¥ sqtha forrrul a1 1§ 5 Q7 /extludes 5 hydro@en,Q Q3st
hydr ogen; hal o; . C¢-05 al kyl am no di Cl-C6 al kyl am no; ydr oxyl ;
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wherein each Q1 , Q,, and Qg independently is hydrogen; halo; amino; C-
Ce alkylamino; di C4-Cg alkylamino; hydroxyl; C4-Ce alkoxy; nitro; cyano; C1-Cs
alkyl; C4-Cg heteroalkyl; C»-Cs alkenyl; Co-Ce alkynyl; C3-Cg cycloalkyl; C3-Cg
heterocyclyl; aryl; heteroaryl; COR15; SO2R15; or POsR1s;

10 each Q3-Qs is hydrogen; halo; amino; C4-Cg alkylamino; di C1-Ce
alkylamino; hydroxyl; C4-Cg alkoxy; hitro; cyano; aryl; heteroaryl; CORys;
SO,R5 or PO3R45 with the proviso that in any one compound, only one of Qs-
Qs is hydrogen; Qs and Q4 together form C;-Cg heterocycle, an aryl, ora
heteroaryl; or Q; and Qs together form a Cs-Cg heterocycle, an aryl, ora

15 heteroaryl;



each Q@ independently is hydrogen; halo; amno; Cl-C6 al kylam no; di 10
Cl- C6 al kyl am no; hydroxyl; Cl1-C6 al koxy; nitro; cyano; aryl; heteroaryl;
COR15; SP9RMw/m1re4pP03R15; X is 0, -NNHRL6, NR16, or NORRET/USY00s®41vysir ogen,
hydroxyl, or halogen; Zis -CH or -N; 15 R15 is hydrogen, Cl-C6 al koxy,
am no, Cl1-C6 al kylamno, di Cl1-C6 al kylam no, NHOH, NHNH2, C1-C6 al kyl,

Cl-C6 heteroal kyl, C2-C6 al kenyl, C2- | kynyl , - -
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al koxy, 1-C6 al kylamino, di Cl-06 al kyl ami no, NHOH, NHNH2, Cl- 06

0 18gel;
al kyl, C?Wg %%t’eroal kyl, C2-C6 25 al kenyl, C2-C6 al kényl , C3-C8
cycl oal kyl, C32g8 hydregenyttdlg] aminoyIG1-Gs alkdastine §ilC1-Coplkilamineoner or an

i ndi vi dugl | som racemi c or _non-racemn ) €. opf pi rs, a
pol ynor pﬁ)ydé%%&ag@, 5}50)8? B‘JT qjgcygpoaa%i\ﬁﬁépgémrq é%? S?@@?p% able salt or
sol vate tﬁagqu .. I n one enbodi nent, the conpounds are 30 tubulin binding

conpounds. I'n another aspect, the present invention prov@des .a cgnpound of
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SO,R15 or PO3Rs;
Xis O, -NNHR4g, NR1s, or NORg;
Y is hydrogen, hydroxyl, or halogen;
Z is —CH- or —N-;
15 Rys is hydrogen, C4-Cs alkoxy, amino, C4-Ce alkylamino, di C1-Ce
alkylamino, NHOH, NHNH;, C+-Cs alkyl, C1-Ce heteroalkyl, C>-Cs alkenyl, Co-
Cs alkynyl, Cs-Cg cycloalkyl, Cs-Csg heterocyclyl, aryl, or heteroaryl;
Ry is hydrogen, C-Cs alkyl, aryl, C1-Cg alkylsulphonyl, arylsulfonyl, C+-
Ce alkoxycarbonyl, aminocarbonyl, C4+-Cs alkylaminocarbonyl, di C+-Ce
20  alkylaminocarbonyl, C4-Cg acyl, aroyl, aminothiocarbonyl, C+-Ce
alkylaminothiocarbonyl, di C1-Ce alkylaminothiocarbonyl, C4-Cg thioacyl, or
thioaroyl; with the proviso that when X is NR1s, R1s excludes hydrogen;
R4 is hydrogen, hydroxyl, C4-Cg alkoxy, amino, C4-Ce alkylamino, di
C4-Cg alkylamino, NHOH, NHNH., C4-Cs alkyl, C1-Ce heteroalkyl, C>-Cs
25 alkenyl, C,-Cs alkynyl, C3-Cg cycloalkyl, Cs-Cg heterocyclyl, aryl, or heteroaryl;
or
a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
acceptable salt or solvate thereof. In one embodiment, the compounds are
30  tubulin binding compounds.
In another aspect, the present invention provides a compound of
formula (OXXD-(XXVII):



BN~ BP®QO5 QW QY / A QW1 A QQWNand 999 A4 B 06 Q4 B B QR
B QA 2B QR (XXIV) (XXV) (XXMI) YRBV~Y B\ ®)-4__Q A @
(@) n; nNWOW006@R7946XXVI 1) wherein each QL , @, and QGrcmadsp@sdenbiy is
hydr ogen; hal o; am no; Cl-C6 al kyl am no; di Cl-C6 al kyl am no; hydroxyl;
Cl-C6 al koxy; nitro; cyano; Cl-C6 al kyl; Cl1-C6 heteroal kyl; Cl1-C6 al kenyl;
Cl-C6 al kynyl ; C3 C8 cycl oal kyl; |, 5 C3- C8 heterocycl yl; aryl; heteroaryl;
COR18; SO02R1g; ‘or PQ3RL5; eackns(;B ONis hydrogen;ahallo; ino;, Cl-C6
al kyl am no; y: ynitro; cyano;
aryl; heté hs@mt hat in any
) e of By B ayg drogen; 1050718 Hydrogen; hal o;
am no; C1-C6 eﬂzsky damaao; di C41 B a<b6ky0am no; hydr8ﬁ(yl' C2: C6 al koxy;
n: Lr 0; I cyano; Ci- 6 al kyl; Cl1-C6 heteroal kyl; Cl1-C6 al kenyl; C1-C6
al kynyl; C3-C8 cycloal kyl; C3-C8 h ocycl I; aryl; h aryl; COR15;
SO02R18; or P03R1(é‘ X a m)nosaccharﬁéﬁﬁ vm'thyt he p?/ovi s?(%]ngt iyn formul a
(I'1) Q7 excludes hydrogen; 15 B is hydrogen hal o; am no; Cl1-C6
al kyl anino; di Gl-CB al kyl ani n@; Yydnoxyl; Cl-C6 af . nitro; cyano;
aryl ; heterofpyly CHRIS: S02R18 Yor /~RO3R 8 6 W 7946

i i ha § am no; Cl-C6
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1
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wherein each Q1 , Qo, and Qs independently is hydrogen; halo; amino;
C4-Cg alkylamino; di C4-Cg alkylamino; hydroxyl; C4-Ce alkoxy; nitro; cyano;
C4-Cs alkyl; C1-Cg heteroalkyl; C4-Cs alkenyl; C4-Cs alkynyl; C3-Cg cycloalkyl;

5  C4-Cg heterocyclyl; aryl; heteroaryl; COR1s; SO2R1s; or POsR1s;

each Q;-Qs is hydrogen; halo; amino; C4-Ce alkylamino; di C1-Ce
alkylamino; hydroxyl; C1-Ce alkoxy; nitro; cyano; aryl; heteroaryl; COR1g;
SO,R4g; or PO3R1s With the proviso that in any one compound, only one of Qs-
Qs is hydrogen;

10 Qy is hydrogen; halo; amino; C+-Ce alkylamino; di C+-Ce alkylamino;
hydroxyl; C4-Cs alkoxy; nitro; cyano; C4-Cs alkyl; C+-Cg heteroalkyl; C1-Ce
alkenyl; C4-Cg alkynyl; Cs-Cg cycloalkyl; C3-Cs heterocyclyl; aryl; heteroaryl,
CORys: SO2R1s; or PO3R1s or a monosaccharide; with the proviso that in
formula (II) Q7 excludes hydrogen;

15 Qs is hydrogen; halo; amino; C+-Cg alkylamino; di C+-Ce alkylamino;
hydroxyl; C4-Ce alkoxy; nitro; cyano; aryl; heteroaryl; COR1g; SO2Rg or
PO3R1s;



S02R18 or PO3R18; V is -NHR16; -NHNHRL16; -NHN(R16)2; -NRL6NHR16; or -OR1l7;
5 Y is hydrogen, hydroxyl or halogen; Zis -CH or -N; R15 is hydrogen,
Cl- C6 al kwoyeposasraae, Cl- C6 al kyl amino, di Cl1-C6 al kyl arcmazs20dsi@ih09NHNH2
Cl-C6 al kyl, Cl-C6 heteroal kyl, Cl1-C6 al kenyl, Cl1- C6 al kynyl, C1-C6

cycl oal kyl, Cl1-C6 heterocyclyl, aryl, or heteroaryl; 10 R16 is hydrogen,

0 allgl, o0k S U Ao BLEPYc, iy

al kyl'am ngg: inGLh ¥1G,-@ Akbxy:aiitrB Ok i ries: aroterodiyt DR s;
al kyl ani ng %%@Qﬁr@gyf , 9%@%1 éﬁ@%l kyI%m not hxlmocar lr)%nyl , Cl-Cet hi oacyl, or
t hi oar oyl SCaReks & POsR{51- C6 al kyl or aryl; with the proviso that when Vis

NR16, 15 R16 I h - ' - . i di Cl-C6

Ayl ami no: Ra% % SNETevguEhyer Vi AIRENHR G SO i os

al kyl am no, di Yi%y%,géhw}’@mégm H\gﬁén-NHNHZ, Cl-C6 al kyl, Ci1-C6
enyl, - a

het eroal kyl, C2-C6" alk C6 yrfyl , C3-C8 cycloal kyl, C3-C8
het erocycl yl, Aig+CHeorhd-eroaryl; 20 or a tautomer or an individual

I somer or a ragemni r_non- en ' en~oh | : obynor ph, a
hydrate, a pro pﬂaﬁyﬁr%gedhgﬁ&ggfg@r@aﬁwo,%g‘%ﬁ‘g@?ﬁ"@%@ d%rms[ol vat e
thereof. hkyRASNE TRRGHENHNHNESECkglpChGs leateroalkybuCi-Ts ailceiyh 1€ onpounds.
25 I'n anot hér asFect the present inventiop provides, prodrug conmpounds
wher ei n t Be altowyl, Codppeymieallsy!, CmCe ‘?ﬁﬁ@FRQYGp/Li%'YIbBﬁg@@e?%W hypoxi c
activgtor (Hyp) i r I ygel agyy Rt ngtr ogen

(- NHy I n theﬁﬁlta'g{}}la r%rﬁn(gflgag%ﬁlhg%hg?@G(r?-”g}rl%l{am@ﬁyé’spect ,Ifﬁj? Y}IéCtpl)r esent

i nvent i onCRakoxgesbphid ainccarpoyide -CGGlloflatirmearkaryll dik>bCadi ng
anti-cancer conpounds whereén t he tulbul i.n lndig C n&ound i s bonded to
the hypoxPKYERINQERABPNYki117C e 3Yh RIRYaATHYY i %lyy'g h-€- OHyp) or an am ne

ni t rogen }@%@ég{m%a{e?s%@%bai CRCRiaNdIAinctRBRA bRy, €6 RN r 946

PCT/ US200 OXl C activator can be nitrobenzene noieties,
ni t r obenz thicamyl; dndriR’de GeCealkgxr aryk mithtbeoravise thaisvhen VrisiNRdazol e
noi eties, nitraothi Oﬁ{/‘%%@pmi eties, nitrothiazole noieties, nitrooxazole

moi et 12s, Rip EXUdes, '

Fes,
R47 is C4-Cg alkyl; aryl; or di C4-Cs alkylamino;

Rsg is hydrogen, hydroxyl, C4-Cg alkoxy, amino, C1-Cs alkylamino, di
C4-Cg alkylamino, NHOH, NHNH,, C4-Cs alkyl, C1-Ce heteroalkyl, C2-Ce
alkenyl, C2-Ce alkynyl, C3-Cg cycloalkyl, Cs-Cg heterocyclyl, aryl, or heteroaryl;

20 or

a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
acceptable salt or solvate thereof. In one embodiment, these compounds are
tubulin binding compounds.

25 In another aspect, the present invention provides prodrug compounds
wherein the novel compound of the invention is bonded to a hypoxic activator
(Hyp) through a hydroxyl oxygen (-OHyp) or an amine nitrogen (-NHyp) in the
tubulin binding compound.

In another aspect, the present invention provides prodrug compounds

30  of known tubulin binding anti-cancer compounds wherein the tubulin binding
compound is bonded to the hypoxic activator (Hyp) through an hydroxyl
oxygen (-OHyp) or an amine nitrogen (-NHyp) in the tubulin binding

compound.



and nitropyrrole noieties. 5 In one enbodi nent, Is selected from X2=X2
2N X3 C(R30)2 O CO 02N---\ /-C(R30)2 O CO \ 4 Hgl(g-xz X2-)4 X2-X2 2 Xz
C(R30) 2 GwvoQmeNis7946H: : = C(R30)2 \CO 2 NO2 , 02N O O0OPCTR30)03/04X099 X2
IXz 11 /[ C(R30)2 O 2 2 1~1 OXz NR31 Nri R31 0 and O wherein each X2
Is Nor CR32; 10 X3 is NR31, S, or O each R30 S independently hydr ogen or

aIkI;R31|shdroen d I

cycl>/oal kyl, h'@%/%h){i%%q? 9P¥V%rx%%" B C?/Gbal ; Q'PE ’Hﬁﬂbexﬂc %'d

di al kyl a"érﬂf&e @5%39 mﬁ%g&%cfﬁé%h s%tr@ﬁnﬂ‘é%le%o@ﬁé@frﬂﬂf@tﬂloprﬁin@y| or

het er oar o rogen, a ogen, nitro, cyano, CO2H, Cl1- C6 al kyl
gr lEeltermaldtigb m&ﬂatrﬁﬁz@whanamg;|mtr@1xa2@l@mmatges aitroferan mgieigno, Cl- C6
i al kyl am no R7 2, Cl1-C6 acyl or heteroacyl, or aroyl or

het er oar o@’l‘d mtrgﬁérrﬁleomg © In an additional enbodiment, Hyp iys sel ect ed

[r0M 00 2000/ SH/ HBoBIFIEHSRIRR 94R0RR rdfh: Q 31 01 02N NQ(R30)2 \ CO

Xo—=— X2

et et
?M%—”fﬂ%%

Xom—X2
O2N

C(Rso)z

o]
X2
2 Xg o
| ‘ l \>7 C(Rao)z/é \CO"}ﬁ
NR X2 N n
Ra1
and o)

wherein each X; is N or CRay;

10 X3is NRsq, S, or O;

each Rg is independently hydrogen or alkyl;

R34 is hydrogen, hydroxyl, C1-Cs alkyl or heteroalkyl, Cs-Cs cycloalkyl,
heterocyclyl, C1-Cg alkoxy, C+-Cg alkylamino, C4-Cg dialkylamino, aryl or
heteroaryl, C4-Ce acyl or heteroacyl, aroyl, or heteroaroyl;

15 Rs2 is hydrogen, halogen, nitro, cyano, CO.H, C4-Cg alkyl or
heteroalkyl, C4-Cs cycloalkyl, C1-Cg alkoxy, C4-Ce alkylamino, C4-Ce
dialkylamino, aryl, CON(R7)2 , C1-Ce acyl or heteroacyl, or aroyl or heteroaroyl;
and

n=0,1.

20 In an additional embodiment, Hyp is selected from



R32 R32 02N O : (R30)2 0\ CO 02N 3 QRao)z O CO R32 R32 and R32 R3z wherein
X2, R30, R31, R32 and n are as defined above. In one enbodi nent, the
hypoxi ¢ awDiv@Bresss a substituted or 5 unsubstituted rctrrustensdaanes e
noi ety. I n another enbodi ment, Hyp is Me 2 NNO Cco, n-- CQ Nwhereinn =

O or 1, provided that in -Odyp n = 0. In another aspect, the present

i nvention provi des a ph rna eutlcal conposi tion . conprising a

phar naceuti cal IRy acce arrier ﬁﬂd a no npound or a novel

pr odr ug gzp¥“@E |ﬁ9 ntP@ Cgﬁb héP spect, the present

i nvention pro\|d a met hod of tr |n cancer canpr|5|ng adm nistering a
t her apeuti cal & fective anount of *a vel conpound or a novel prodrug
conmpound of R&he invention alone or in c®nbination'with one or nore ot her
anti-cancer agents to a ubj in need of such,treatnment. 15 These and
ot her aspects axnd enbodi f the pregent inventig are described in
greater detaid” | [ |cRRA ng seéti-op. Ewﬂ% TI ON OF THE SEVERAL
VIEWS OF THE NGS Figure®l |IIust\at graphi cal'by the time course of
m ce bodywei g O recorded during theexperinent in the three groups.
Figure 2 illgstraté&e graphicallgntihe tne céurse tunor vol une recorded

during the experinent in the three groups. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON 25 \Baeiein XeoRs, Tae Ra@nsii ﬁ‘{)gaéﬁﬁ ned 8RSV&r e provided to assi st

the reader. Uness e&%@%ﬁ%ﬁeg%%g%f ilatbeisBBsstitlited drot at i ons, and

other scientifi c 57946 PCT/ US2005/ 042095 terns or
t er m npl ogysulsEtltee hitrsimidazolemeietyd [h @niother entleodigent, AP iscormonl y
understood by those of skill in the chem cal and nedical arts. In

NO
/(CO\O n \ r{1 2wherein n =0 or 1, provided that in -OHyp n = 0.

In another aspect, the present invention provides a pharmaceutical
composition comprising a pharmaceutically acceptable carrier and a novel
compound or a novel prodrug compound of the invention.

10 In another aspect, the present invention provides a method of treating
cancer comprising administering a therapeutically effective amount of a novel
compound or a novel prodrug compound of the invention alone or in
combination with one or more other anti-cancer agents to a subject in need of

such treatment.
15 These and other aspects and embodiments of the present invention

are described in greater detail in the following section.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Figure 1 illustrates graphically the time course of mice bodyweight

20 recorded during the experiment in the three groups.
Figure 2 illustrates graphically the time course tumor volume recorded

during the experiment in the three groups.

DETAILED DESCRIPTION OF THE INVENTION
25  Definitions
The following definitions are provided to assist the reader. Unless

otherwise defined, all terms of art, notations, and other scientific or medical



sonme cases, terns with conmmonly understood neani ngs are defined herein for
clarity and/or for ready reference, and the inclusion of such definitions 5
her ei n shwol2dogmstodbe construed to represent a substanti acrdistésnengse over
the definition of the termas generally understood in the art. Before
describing the present invention in detail, it is to be understood that

this invention is npot limted to.particul o'tion . rmul ati ons or
process plarArdpENinolagydys Hfa%\ﬁlf edvtﬁqig\)’estb i e%?'gégto be

under st Oogor%ﬁwddmh HBRRT BY BRIsRoNf s?mrﬂmetharmbﬁﬁcarw Metanams.elf or the
pur pose o escri |ng artlcular enbodi nents of the invention only, and

are not i somedEsest terins withtemmpnhyaundeesteost meaﬁmg@rﬂrearﬁﬁne ASrSAs, and

publicati nt i her ei n f eb

i ncor por a Oé&'%ﬁy@é‘%é‘?r RE&ady rﬁf’erfepgénﬁdrﬁé%&ug@ Ags} %@Qﬁﬁ@r’[@ﬁ% %/he terns
‘a’ ors' aHeréW%Héufdﬂﬁot'b@@ns@rnu@d t@rreg@%@npa subBta@tial diffetened dver thar, " C - C6

al kyl" or (Cl-C6) | refers to substituted or unsusbstituted straight

or branchéﬂfll@lt‘i@m@fm& masoapRerdy ngersteod iy therdrtat oms such as, for
exanpl e, met hyhtefqreh&;esig&ﬁbg%e bSO ‘Fé/r{tronr]nl?féttﬁL | it |§Z§ b%%n@%héﬂ)o

tert-butyl, sopenty neopent exy? 3- hexyl

and 3; met mdttﬁmatrmlrentalfeanépaﬁl@itéuItommmlammnpcrmtyortsefomwiatms«yr bonded to

an atomw thin a nolecule of interest via any | 1y sujt ortion

of the cmrqgesmna,rarr@tergﬁs sueh- '"OQYQW&HUfS%rva(bl g‘saw W%éﬁ E’qdu?t her

substi I ? )f@,ngp, y, am no, nono

or di l(l %t%%}ﬁﬁgﬁwtﬁga%a%@gﬁ dé%g@%%éﬁ e et %gprurﬁ%%ﬁ% nitro,

et henyl , deb(ymrmhg pairticult ahkodrmerﬁ&ommlhkgmmdn only, ambare naoniendasono- or
i-(G - CG%ga ){ - car boxam do, -SO2NH2, -0S02- (Cl-C6)al kyl, nono or

di ( C1- 06) IR Sn- amido, aryl, and heteroary. Substituted O -C6 al kyl

groups i ncl ude Bliéat a4
- CH2- CH2- NH2, A&—ﬁ%t%l—iz @’l‘eﬁt a%ﬂ'@a&@ﬁ% %p&_{z Cliggg-l\rlnl—l?%l—lz Cﬁlgﬁgq and

- CH2- CH2- Mot~ smma@mrﬁraj araderelneincogparsted eraserencetie their entirePe| oal ky!

Car bols. The oy Geakgrrelt s ol A R ombaRb 3o b Fas00s
have doubln%,-@o'nds whi ch may but not necessaril y be referred to as

"cycl oal kene" or "cycl oal kenyl". The cycl oal k ring be optionall
As useyd herein, “CX—CG alkyl" or {C4-Cs) aﬁéyl refers to S bstﬁute% or y

unsusbstituted straight or branched chain alkyl groups having 1 6 carbon
atoms such as, for example, methyl, ethyl, propyl, isopropyl, n-butyl, sec-

20  butyl, tert-butyl, pentyl, 2-pentyl, isopentyl, neopentyl, hexyl, 2-hexyl, 3-hexyl
and 3-methylpentyl. A C4-Cs alkyl substituent may be covalently bonded to an
atom within a molecule of interest via any chemically suitable portion of the
C1-Cs alkyl group. "C4-Cs alky!" or (C4-Cg) alkyl may be further substituted
with substituents, including for example, hydroxy, amino, mono or di(C+-

25  Cg)alkyl amino, halogen, C2-Cs alkyl ether, cyano, nitro, ethenyl, ethynyl, C4-
Cs alkoxy, C1-Cg alkylthio,

-COOH, -CONHj,, mono- or di-(C4-Ce)alkyl-carboxamido, -SO2NHz, -OSO»-
(C4-Ce)alkyl, mono or di(C+-Cg)alkylsuifon- amido, aryl, and heteroary.
Substituted C4-Cg alkyl groups include, for example, -CHz-CHz-OH, -CH2-CHz-

30 halogen,

-CH,-CHay-NH,, -CH,-CHa-0-CH2-CH,-OH, -CH,-CH2-CH2-NH-CH2-CH,-OH
and -CH>-CH,-NH-CH,-CH2-OH and the like.
As used herein, the term "Cycloalkyl" refers to a monovalent cyclic

hydrocarbon radical of three to seven ring carbons. The cycloalkyl group may

10



substituted i ndependently with one, two, or three substituents sel ected
from alkyl, aryl, arylalkyl, heteroaryl, heteroarylal kyl, cycl oal kyl al kyl,
hal o, ni two,2066/03y®680, hydroxy, al koxy, am no, nono-al kylpemiusey05/042095

di - al kyl am no, hal oal kyl, hal oal koxy, -COR (where R is hydrogen, alkyl,
cycl oal kyl, cycl oal kyl al kyl, phenyl or phenylalkyl), -(CRR')n-COOR (n is
an integer from0QO to 5 R, and R' are inde endEntW P?gjydrosgen or al kyl, and
Ris hydriayendouhiryionds ydieamay butipt ngseRsaArlY RE reTefiedi01as 10 or

phenyl al k - (! W R~ [ . rf mOto 5 R
and R ar@%‘r‘%&@{&é‘ﬁdgﬁﬁy&%} r géﬁ%%%l%lw rﬁRq'gag]r?'XB%g@oe,d"?ndependently of
each ot hegybshiyted gedepealdieptly withcoms ltwp| or thyed sebstjtuantsyseleqied iipim or

el o, S aplopy iAo ey helesgad BBk oAbyt Bl By 1 '
4-car hoxy, oohgéyctxg, glké%,c?rhl?@,(%rﬁpaﬂ‘(}‘@hﬁh@,_ titkylamino, haloalkyl,
ocar bonyl -cycl o ke

2-di met hyl'am n hexyl, and the |1 ke. ~As used herein, the term
" Het er oal halbalkorgn<CQR (whieye Rriadiydadgers alkybfayelealindraicloallialkyne, two or

t hree subSWent% inldﬁ(%ndently selected from cyano, -OR, -NR' Ry, and
-S(O pRz P O pe8YaYnt eger from0 to 2 ), with the 20 understandi ng

that the peRIR"OICEORAENERIM infigdriioretie B/ knd Ragiedatiependdntiyugh  a

carbon atom of the heteroal kyl radical. R" is hydrogen, alkyl, cycloal kyl,

cycl oal kyhydrolggh.orailil,.arer Ras hytrogeink alkyl aybloaikyl, aycipabyiatisyl bpingy]
carboxam do, ~or nono- or di-al kyl carpanoyl. Rx is hydrogen, alkyl,

cycl os kybr plegmylalkyRydr-(GREF),-CHONR Rr (whesalnkiglan irtedes fieptiPdgén R al kyl |
cycl oal kyl, cycl oal kyl -al kél , aryl, 25 araalkkyl, jal koxycar b&n%tﬁ,

ar yl oxycaahdi/|aredadenseaentls hyaeiaen oraliyl. RapRY IR A5ae¢rebdetiNgt sul f ony! .

RZ is hydrogen rQVi t hat | ,

cycl oal kyfg"?‘grl1 nye?, ﬁﬁfg,agg’réa]a Ik§Y¢I8%@|h8?éI§r%lk¥|? zli%;% Ha?{hylr%% pr(‘:lelr]ylezlalml))/l am no,
<23rhhédroxwtwﬁé%sbegmgauggﬁmdtam m:l@alaglmhgademgbudg?mp&nh | ,cgtxlap‘pjlrzyj, ol 2 30
- hydroxyet hyl, 2, 3-di hydr oxy- propyl ,  2- oxye enzyl oxyne :
cyanoet hyFyclahexyl. exclahexenyk @H?Py@{ﬂ9hgx¥g§4"’@§{q¥y8%lpﬂ%xyé Ve, yR‘ " yR', R,

and ca yeyal ' [ hi a, nihedikedi -
al ky::\)gsm' nga%gﬁgg{rlagﬁggéygﬁé@ﬂ% ?’gﬂgﬁyﬁm? ﬁie:a%lrogl? |r ﬁm%%]édggﬁrﬁg thbeenunber of
11 WO 2006/ 057 dd6udedTHduSR) i teta0Hetemmitybhmaaos@anaky radicRl &0) refers to

t he total 1mb f, b t in the .. ' f I
excl usi vedBHnehBeE AN Mo Nuthias Sastierty BReTsab e EGRE fin 1P
"het eroal kyhno by itself or in conbination with another term also refers

to a stabl'g strai ght or branched . _
-ORY, -NR*RY, and -S(0),R* (where p is an integer from 0 to 2 ), with the

20  understanding that the point of attachment of the heteroalkyl radical is through
a carbon atom of the heteroalkyl radical. R" is hydrogen, alkyl, cycloalkyl,
cycloalkyl-alkyl, aryl, araalkyl, alkoxycarbonyl, aryloxycarbonyl, carboxamido,
or mono- or di-alkylcarbamoyl. R* is hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, aryl or araalkyl. RY is hydrogen, alkyl, cycloalkyi, cycloalkyl-alkyl, aryl,

25 araalkyl, alkoxycarbonyl, aryloxycarbonyl, carboxamido, mono- or di-
alkylcarbamoyl or alkylsulfonyl. R*is hydrogen (provided that p is 0), alkyl,
cycloalkyl, cycloalkyl-alkyl, aryl, araalkyl, amino, mono-alkylamino, di--
alkylamino, or hydroxyalkyl. Representative examples include, for example,
2-hydroxyethyl, 2,3-dihydroxy-propyl, 2-methoxyethyl, benzyloxymethyl, 2-

30  cyanoethyl, and 2-methylsulfonyl-ethyl. For each of the above, R", R, R,
and R? can be further substituted by amino, fluorine, alkylamino, di-
alkylamino, OH or all.<oxy. Additionally, the prefix indicating the number of

11



5 chain, or cyclic hydrocarbon radical, or conbinations thereof, consisting
of the stated nunber of carbon atons and at | east one heteroatom sel ected
from t he woroesmsemssi sting of 0, N, Si and S, and wher eipoTiUs2008i042005EN and
sul fur atons nay optionally be oxidized and the nitrogen heteroatom nmay
optionally be quaternized. The heteroaton(s) 0, Nand S and Si may be

pl aced at 10 interig 0 of, th erer t he
posi tion %r%ﬂ 3P %9a|¢y&15 t?£h EO?%{&%@O r%f?%hbcg{ergm@%%enr ﬁjtgf t he
mol ecul e. p ExaATR) B hé’t%"é&% @B e&bl@sw@toflthéfbyéﬁot 0, -CH2-CH2- O GH3,

- CH2- CH2-'NH- CH3, - CH2- CH - CH2- S- CH2- CH3 CH2- CH2- S( O) - CH3,

- CH2- CH2--SIRY, 2NBBY, ore&(:@)i,Fé mons 1$he :tsiemmtsroaﬂmhébmsﬂlfm and

- CH=CH N( CH3 Wo het t ch as, for
cxanpl &, ORI AiheP et B TRETo Sl SRR e

" het ersoal iig N6 cyelic hy@Ricariesn asdica ér mmbmaabhgthambonmenmg wétves a
di val ent radical derived from heteroal kyl , as lified ot limted

by, - CH2- @HECG\@HQGIOP@CWQ@B at@mg agd@iqje@q;ong)heﬂﬂr sqi%q:teﬁgfcgp kyl ene
gr oups, @yﬁrg &gﬁ&ﬁng%‘(y Pgﬁ&gyaﬁ{i( ereifi'the l?\‘i’[?&bﬁ?skaﬁ&@uﬁuhaétﬁn{ser mi ni

(e.g., ene | OXY, eneam no yl enedi am no, and the

l'i ke). St ikl dpsiohBly be bRidizédk ghe tiee aitnd»gbatrmt@mlaktyhemm/ opiionallydeyr oups, no

orientation of the ljinking grou l.i ed the dir i,on in which the
forml a omuatﬁaﬂlmda kg f@#@feﬁtqm&m N ahd SF%'Pg é& ke p%dfa@ﬂﬂm a 25

- O)l%ﬁ 3}?‘1 fpﬁ &%? he%r@)aﬁ@, gro%Bd% ratthé ngmon%‘f vﬂﬁ@r@'tﬂlﬁélﬁyﬂ the

terns eroc erocyc et erocycl oal kyl
"cycl ohetgwrotm@l |k)athéchmdittstl'£e &HnanndEEdf tbe rooleatier £>ea1mr>lﬁenncdudmbutc cyclic

ot er oat oS B BakEHSr rHET:HRR-Ehreicd reHe had e sbER ARG en or 20
al kyl') or %O)p (Wnere pis an integer fromO to 2), the remaining ring
at ons be| ng C, where one or two C atons (ﬁ_&oguonal |y be replaced by a

car bony| @ﬂﬂSpCHT-Iﬁ?d-I&e@blzfﬁlylerSﬂO)-ﬁHng Grely- (9)2dfrhs - Hfpl Pl d

[ ndepe de or_th S d fromal kyl,
aryl, ryT { V\% %é_{ze(ﬁglar'\{/&l_'ﬁ&ngr Qﬁ@ﬁ%%?ﬁ oaﬁk@ﬁ\}vgcycl oal kyl al kyI
hal o, nit h@ter@é{t@ﬁ%mhyfﬂieqz%se@hﬁ@e%uchh% Tt S3065105THANPIDOUEAAS/ 042095
am no, nono- al kél am no, -al kyl am no, hal oal kyl , hal oFI koxy (where R

i s hydr ogeH2-8)- g(CHsbyo‘ﬁlaalafly» h%%ﬂ"c?hﬁ@@%!kk‘?ﬂe B%Eﬁ%’ OBPS@@ | al kyl ),
" § gﬁogeﬁngp&ﬂgﬁﬁ&ﬁsﬂt @H@bg@@%@@g@% def 9§r.véﬁ fr%ﬁp?gelr@élﬁv' ?ggpﬁgfg nt 'y|V,
phenyl or exemplified, but not limited by, -CHQ-CHz-S-CHz-CHQ- and -CH2-S-CHx-CH,-
20 NH-CH,-. For heteroalkylene groups, heteroatoms can also occupy either or
both of the chain termini (e.g., alkyleneoxy, alkylenedioxy, alkyleneamino,
alkylenediamino, and the like). Still further, for alkylene and heteroalkylene
linking groups, no orientation of the linking group is implied by the direction in
which the formula of the linking group is written. For example, the formula
25  -C(O):R’- represents both -C(O),R™- and -R'C(O)2-.
As used herein, the terms "heterocycle”, "heterocyclyl”,
"heterocycloalkyl" or "cycloheteroalkyl" means a saturated or unsaturated
non-aromatic cyclic radical of 3 to 8 ring atoms in which one to four ring atoms
are heteroatoms selected from O, NR (where R is independently hydrogen or
30  alkyl) or S(0), (where p is an integer from 0 to 2), the remaining ring atoms
being C, where one or two C atoms may optionally be replaced by a carbonyl
group. The heterocyclyl ring may be optionally substituted independently with
one, two, or three substituents selected from alkyl, aryl, arylalkyl, heteroaryl,

heteroarylalkyl, cycloalkyl, cycloalkylalkyl, halo, nitro, cyano, hydroxy, alkoxy,
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5 phenylal kyl), or -(CR R')n-CONR'Ry (where n is an integer fromO to 5 R
and R' are independently hydrogen or alkyl, R' and RY are, independently
of each wohessosmadr ogen, al kyl, cycl oal kyl, cycl oal kyl achyiszooshenys or
phenyl al kyl). Mre specifically the termheterocyclyl includes, but is not
limted to, pyridyl, tetrahydropyranyl, N nethylpiperidin-3-yl,

D St S S i, oo R hark ™
tet rahydr @hylidcan, a‘n%ﬁ @%}’%ﬂlh&ﬁd’eﬂ%ﬂéﬂkyl bhénwcﬁ nylalkyl), (CR'R"):-

hexahydro t et rahydr ol m dazo 5- %h)éﬁ yridi nyl
i m dazol i GOOR (mepam arzteggt froen@ tpb pR’ antl R y@ﬂﬂdepéﬁdeﬂ M@'iqg\%‘tqrves

Fofers t oakb gl it iale ST SRR RIGR RSB 1 e
cycl ohet eﬁg@ﬁ%éﬂkylzrorh%R'F?‘;,}L@ONR’Q’(VC(%er@mbw inigef flohe Ortorsy &’ ao]

het er oat o , nment, Rx and RY together is heterocycl I. Mor e
speci f i caRl"aré melependenthyhydiogeo@salkyh R ard Réare. independargly of

20" As sty gy A8, S HedRiahdf A G Malkd e oo

al kyl  gr oyge@ficdllytiRe femr hBastoajNTENcloNEs, dnlt liy nbiolimieat] tog pymidglkygen atom A

Cl - C6 al koxy group has the general structure kyl) wherein al kyl
is as detatratydopyravd. Nane |F&P6er5349‘3gy|oUp@em%gﬁﬂ%!'d'q‘%ryleza)rrpI e, met hoxy?/

et hox pr.o

5 b2 Wont BEISIEnLRRBURR G lallr RibOY beRASnie £ bYrok@hi, Rfetiiioyl - pent Xy
?epg?OX%’ m&bﬁ?lmwwllﬂw Qé&‘ahﬁﬂotwadylhtertmhydrdtmmfmnall Robedisaobonyl "

T b il ST LY A,
wher ei n agh}grailﬁ Iaﬁn@z)f}gérl 2.4 ‘éﬁd tﬁ@déﬁvé'ﬁ’\%& théfeﬁ‘ifn Thelprefikb

al kyl am n unsubstituted al kyl group of 1 to 6
car bon at mCatmgathermjnybémfcthmmatdms (e.9A Ca1C o) refers/ioalineriotal N aias t he

| .
C1 O61h ket GATtiY a5pBiadt Mapetin SitoP kBBt Barilan R MBI anino.
propyl am %gcl%gg/et&“tﬁé Alhiber o?F:ﬁe’t@?ogt%ﬂ@ 0@?&4&9@6&%&0%@4@0&5 As used

her ei n, al k ether” refers to an ether substituent wth to 6
carbon at dxnmthplols|I'teteﬂ®@MC‘SflAcMofﬁapefaﬁCa”éfa*b@ tejine aph Msddes. ot |'§nq”‘ocat ed on

ei ther si 38‘%“ n@‘ N |PU§QQWPH1§E%MQWa%hthﬁ@Hd tHeSd Wstitdited

substi t ut
forms thereof.

20 As used herein, "C4-Cs alkoxy," means a substituted or unsubstituted
alkyl group of 1 to 6 carbon atoms covalently bonded to an oxygen atom. A
C4-Cg alkoxy group has the general structure -O-(C4-Cs alkyl) wherein alkyl is
as described above. C4-Cg alkoxy groups include, for example, methoxy,
ethoxy, propoxy, isopropoxy, n-butoxy, sec-butoxy, tert-butoxy, n-pentoxy, 2-

25  pentoxy, 3-pentoxy, isopentoxy, neopentoxy, hexoxy, 2-hexoxy, 3-hexoxy,
and 3-methylpentoxy.

As used herein, "C4-Cs alkoxycarbonyl" refers to an alkoxy group
covalently bonded to a carbonyl. A C4-Cs alkoxycarbonyl group has the
general structure -C(=0)-0-(C+-Ce)alkyl wherein alkyl is as described above.

30 As used herein, "C4-Cg alkylamino," means a substituted or
unsubstituted alkyl group of 1 to 6 carbon atoms covalently bonded to -NH-.
A C4-Cg alkylamino group has the general structure -NH-(C+-Ce)alkyl wherein
alkyl is as described above. C1-Cs alkylamino groups include, for example,

methylamino, ethylamino, propylamino and butylamino.
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5 that include one or nore nonocyclic or fused ring aromatic systens. Such
noi eties include any noiety that has one or nore nonocyclic or bicyclic
fused riwg a06m38d46C Ssystens, including but not |imtedpto/yshesphoand
napht hyl . As used herein, the term "hal ogen” or "halo" refers to fluorine,
chlorine, brom ne, and/or iodi ne 10 As used herei n, "heteroaryl" refers

to substituted,or unsusbsti, ycld ¢ g5 or 6
ring atoms, orAM’?@gﬁﬁrﬁ@ ' b % él%lkélle r’rﬁ?f%s Bl "%@eﬁg@b%@tﬂ%n{]\%}fég at ons,
i n which id‘@ chiith oS p¥sfiohed Guck that¥R leS5¥onedarboartormits leszréd one  of the
ring atoms is a heteroatom i.e., 0, S, SO SO, or N. Heteroaryl groups

i ncl ude f on edkanpide addhe OxKgen atoroci nyl, 15 benzi ni dazol yl, benzof uranyl ,

b t hi o-f Ni.

benzotht 0t X e ARSI S0 S0 o SORGRUEATI ey DEOTRILN Rt
benzi n§ dagdtiimlide 6A6 RRAGOY mohbtyehe batwded rlng:ard@)@éﬂimWStemsh ermtﬂyI
chromenyl, cinnolinyl, dithiazinyl, furanyl, furazanyl, i m cﬁié Plﬁ% nyI

i mi dazol i ygietiasninelyigelgny, moiely shsit ias aneRN BRYE mOﬁﬁamliCrﬂn icy nyl
ndol 1. g aS?&RSHé%g#Ee .nclucﬁﬁg%h?gp%nea%&gﬂol Anéf na ﬂﬁﬁgndw nyl,

|50|ndoly , o o1rsoquin , 1S0 I SOxaz ridinyl,

oct ahydr oi soqUAsqlsiedweremmeitazﬁlhﬁnogema::dha‘aldi’ erecs mﬁamlrwl chioxiagpl i di nyl ,
pyrinidin%I, phenant hri di nyl, phenanthrolinyl, phenazinyl, phenothiazinyl,
phenoxat hPIHPINE, Bﬂ@ﬁ%%ﬁ%ﬂﬁyl pht hal azi nyl, piperazinyl, pteridinyl,

purinyg, pyrangsy, rﬁérb[w '“hetBYda’?‘gl@?éf%ké‘bd subs%ﬁ:t@ér b@m%ugb!étituﬁé\dr azol yl ,
pyridazinyl, pyridooxazo pyridoi mdazolyl, pyridothiazole, pyridi nyI

pyridyl, pwnamychcnaﬂomaiwgmlupb haqlmgrﬁmo&rmg atoqm aofused ring Q@Vﬂlm(al i nyl,
qU|nucI|d|n t et rahydroi sqqui nol.in dro |noI|ny etrazolyl
t hi adi azi ﬁ‘ﬁ Mt IEPSARMING Bﬂ gﬂtarji? yln Wﬁ hZE e, ?mse?‘fﬁé o5,

thi enot hi %)'s'd),[ JrN BRA%X 3 ¥he Jf Bh& AL HtEMER Hihetdragitenyl O 18,1 azi nyl

and 30 xant henyT. Unless indicated otherw se, the arran enent of the hetero
atoms wi 80, h@rrN ngiat@rpanégmupsanpwﬁlge‘ﬁéﬁxarapleoa@wl , BERCIMIndi ng

characteristics th eroaryl gr oups

may big fL‘PP{‘ﬁ'g}'d%’d%' E?ﬁ?@@""%ﬁ?&i\ﬁ@?@wg be%%t{h' ‘or exanpl e,

hydr oxy, @@hmaz Nsertfotbiaz6lit, %hzb’dﬂxalzobymbm\zo‘fmﬂatzgm bmmaablyyl et her,
cyano, nitro, 2006/ 057946 PCT/ U82005/042095 et hen et hynyl, G - CG

al koxy, Cpegglsgth@qqui, benzigidazolinglorprbazehhdNHgarkazolyl, czrbolmyl
(G0 5)  tkafancugiiy SR, FR0R G 9) ubrory IRty
" hydr oxy ( @nidagpnyihiidazdlel, indazolyl, sndalenylutretlinyl, indolizinyl, indolyl,

20 isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl, isoindolyl,
isoquinolinyl, isothiazolyl, isoxazolyl, naphthyridinyl, octahydroisoquinolinyl,
oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl,
phthalazinyl, piperazinyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl,

25  pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazolyl, pyridoimidazolyl,
pyridothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrrolyl, quinazolinyl, quinolinyl,
quinoxalinyl, quinuclidinyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl,
tetrazolyl, thiadiazinyl, thiadiazolyl, thianthrenyl, thiazolyl, thienyl,
thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiophenyl, triazinyl and

30 xanthenyl. Unless indicated otherwise, the arrangement of the hetero atoms
within the ring may be any arrangement allowed by the bonding
characteristics of the constituent ring atoms. Aryl or heteroaryl groups may be
further substituted with substituents, including for example, hydroxy, amino,

mono or di(C4-Cg)alkyl amino, halogen, C»-Cg alkyl ether, cyano, nitro,
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S or unsubstituted aliphatic group having from1l to 6 carbon atons, and
further conprising at |east one hydroxyl group on the main carbon chain
and/ or orwe 206s/@de946hai n. Hydroxy (G - C6) al kyl groups i nclragais2éesnsmesnnpl e,
-CH2-CH2-OH and -CH2-CH2-CH2-OH. 10 As used herein a "protected form of
fornyl" refers to acetals, oxinmes, and hydrazones. As used herein, a

"hypoxi c activator” or "hypoxia activated tr] r" t

moi ety t lmihemxd, ethyanl. £19%s alkpwarngs ahvithios 'égﬁ:g'&uﬁ)é,ﬁ[ﬁ:@ﬂng'sg%%[ P ot
anti neop :[' S nal o re n [ Rsicdii@n. In 15 one
enbodi men(?;S1 %ﬁ%@@ﬁ%&bﬁé‘a@‘é |’vgté3t\lp§’s%;ég§g§b (’{%ﬁ?gﬂ ] ?C{:apabll(ecqof r el easi ng
t he anti nggalkgruifenagridb, aryl,amal logierddrgk eof upon reduction of the hypoxic

activator under hypoxic condition ut es .npt release a | | asti
agent or anal @Uﬁ@@h%ﬂn@ﬁitérrﬁoﬁ}ﬁ‘?@i’% 1@‘%&%)@#‘&5’?3? aaﬂé)sﬁ@tt%@ggfi gZdl iCn
more qet giJ dx%‘?{b%ﬁut&&‘%nm&@qrsug%wf?bm' $tcP6 RGN Biohag, Glrdl fuhher may be 20
substituted w a varirety of groups.” O her exanples of hypoxic activators
i ncl ude, dumpasingmbiedstohedydraxyl graumpen e edin aarian iRin 28AMS On a

ni trobenzoic acid anide i\troazol es,. nitraolm | es I &LOH ophenes
ni tr ot hi a¥de é"E‘,a'n-nﬁ*Vg]%Xé:m&@)?[kyﬁg'EQ“&SLIPQHQ,G’O%H&Q%&%J dp'yrl_pzb P(gg,a}ll\/\,hgre each
of these sses of noieties may be substituted or unsubstituted, such

that the redox potential for 25 the group lies within a range where the
group can-Ghid€HyeCHedMdtion in the hypoxic regions of a tunor. One of

skill_ in the art wil/l understand. | i » LBl BRinfeer ei n, how
to subltitute .ﬁéksgdme'&%é’lr%.eoifbéﬁ (gf‘gf)ﬁéyl E‘%}%{%@S%‘!’JQB gﬁps fo p,rovi de
a redox pgh@hidmizohBat |ies within said range. Additional exanples of
hypoxi c activators are described in Matteucci et al., 30 PCT F;ubl i cation

No. WD 04/ 0870/48 used heseipas "hyppyic agkivater osoBynayda @stivateddig@freh i s

I ncor por at ed herei . I | '

Tune: t nersan phiet GpRAFER is CEECH HeleB0Rg ot oo o et

ggﬁévié% ?%I*E IB% %h&?itfr@@ﬁlﬂstibdgem glganz?gge\gazrgef llamm bypaxa aedusiionr 80 ps, or
of suc roups. For 0

L

SubSt [ Ut 60k Mk SRR a6 ShERESGRoflon Bbb Joauguuprof hanyudiing but ol

limted to net r amne groups, to provide a hypoxic activator

Vn\fmt Qt ;he detpiatedunesiohyxicecridiians butdassmet releaspiany amiweaptastidyrrol e

agent or analog under normoxic conditions. For example, and as described in

more detail below, one hypoxic activator is a nitroimidazole that may be

20 substituted with a variety of groups. Other examples of hypoxic activators
include, but are not limited to, groups based on nitrobenzenes, nitrobenzoic
acid amides, nitroazoles, nitroimidazoles, nitrothiophenes, nitrothiazoles,
nitrooxazoles, nitrofurans, and nitropyrroles, where each of these classes of
moieties may be substituted or unsubstituted, such that the redox potential for

25 the group lies within a range whére the group can undergo reduction in the
hypoxic regions of a tumor. One of skill in the art will understand, in view of
the description herein, how to substitute these and other hypoxia labile
protecting groups to provide a redox potential that lies within said range.
Additional examples of hypoxic activators are described in Matteucci etal.,

30 PCT Publication No. WO 04/087075 and US Pat. Appl. No. 60/695,755 each
of which is incorporated herein by reference.

( Generally, one of skill in the art can “tune” the redox potential of a

hypoxic activator by substituting that activator with electron withdrawing

groups, electron donating groups, or some combination of such groups. For
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S can be substituted with an el ectron withdraw ng group, including but not
limted to cyano, carboxam de, -CF3, and sul fonam de groups, to achieve a
group w twotb&/desicred redox potential. For this purpoper/usteosngoes ect ron
wi t hdraw ng groups such as cyano, sulfone, sulfonam de, carboxami de, or
-CF3, and m |l der electron 10 wi t hdraw ng groups such as - CH2- hal ogen, where
hal ogen is -F, -d, or -Br, _can be used '

conpound exempleanitrothigghens. draiurauran anﬁé’t’%‘%‘i‘l“?%erg%?w&rﬁ@‘ \%‘eggr gg;lvleft gd
to an aCts%)%Sﬁftaa W En G intFe %%Hﬁ%%na‘ﬁﬁa@%ﬁﬂs tifclubmgaastmegpondi ng

prodrug uce a prodrug, a cytotoxic, = 15 pharmaceutically active
conpound |phited &Ckiesioyl, mleﬂ‘fcﬁ(qf ocamnhmgrmmISf ioemrwmwwpoycmtw&tﬁder it |less

t t b he ch
o o hwih Benesire 1AdcxISREATy T8 poTeh xS bl nk hirdE i ARtiedl Bctile
or other %}rﬁb@%hﬁ iU PHRR SRSele OIS RitAlratling brétﬁbﬁh@luéﬁ'@ buteeegni ze,

however , rodrug synthesis does not necessarily require use 20 of the
active drlhgltmtcsymmretoacboxmdmedl ate. A prodrug can have, relative to the

dr ug, alter I t abi | .t i
cf focta, GFs andrsuioareids Stues. bk BIRRRIPRG delba gy oFhar °
%gmsg é; yp%ﬁggpmﬁ@ pUMBBSEE st fond ¥IEefiéh wfthuﬁwlhgxgrﬁ’ﬂ% suchiNewv York, pages

used herein, "substituent” refers to_a nolecular noiety

that is cyamm,sutfbpe miivaamide garaexamigie ar 1oks, HCSBIIRr JJECHR erest . As

used herei the term "subst 0 n en at
ina ﬂ;bl eWEh%raV‘QWl%WRSeS%ﬂ# 3;6@6' gdl’gféh E%Q%%gngﬁhtﬁe%\}yﬂ%g on thgm
desi gnat egh gbamgehor exanple 4 for car bon) i's not exceeded, and a
chenically 30 stable conpound (a conmpound tha

char act er i zed, Asnigegrhereiss aeBradsHg hisA 6@?@9‘1‘”‘;&@% ?895 é&%&fﬁt’[f@gi’on}ﬂ\is
combi nati on té)tg%l%é?%rj&tf‘fgﬂ\h e n\\/@r{édiw §|§ab1f\/e°8rr sl @ivetopdunguch a

combi nat i OIF e or chem cally feasible conpound. A stable
conpound esmphesd &ﬁtHeycdrmthmgqmmﬁmgidTm pmzdw:e a pwdrog, alegloteed cal 16 WO
2006/ 057946 PCT/ US2005/ 042095 struycture is bst ant | al tered when
kept B apbarpasaticady getive @@POP%@QWWU{WQ c,C@n W@dk%égre or ot her

tcﬂgms g?r:al ¥h @L‘lﬁilg‘rfﬁ {%ﬁ% |g I'eggt%\cgf/?]bg ?45:024/@3@& tRe WhelknicAlonpditicatiortisat have

such that an active form of the compound is generated from the resulting
prodrug by metabolic or other biological processes. Those of skill in the art
recognize, however, that prodrug synthesis does not necessarily require use

20  of the active drug as synthetic intermediate. A prodrug can have, relative 1o
the drug, altered metabolic stability or transport characteristics, fewer side
effects, or lower toxicity (for example, see Nogrady, 1985, Medicinal
Chemistry A Biochemical Approach, Oxford University Press, New York,
pages 388-392).

25 As used herein, "substituent" refers to a molecular moiety that is
covalently bonded to an atom within a molecule of interest.

As used herein, the term "substitution" refers to replacing a hydrogen
atom in a molecular structure with a substituent such that the valence on the
designated atom (for example 4 for carbon) is not exceeded, and a chemically

30 stable compound (a compound that can be isolated, characterized, and/or
tested for biological activity) results.

A combination of substituents or variables is permissible only if such a
combination results in a stable or chemically feasible compound. A stable

compound or chemically feasible compound is one in which the chemical
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5 nature or sequence of bonding of their atons or the arrangenent of their
atons in space are terned "isoners". Isoners that differ in the arrangenent
of their woeum/gsmspace are terned "stereoi soners”. Sterewivseesnsobhat are
not mrror inmges of one another are ternmed "di astereonmers” and those that
are non-superinposable mrror images of each other are terned 10
"enantioners”. When a conpound has an aj%/n’metri c _center g;gro exanple, it

I's

i s bondedtiustyreus net selstantiallyrajtgsed whepiart gt adraINGIBHE? Cfissible. An
enant i ongr C | ﬂ,{gﬁ /b Yehakions, Pf dtt s
asynmet ?ﬁ‘éssgzﬁtt'iéfa%%@s‘sﬁ@?ﬁ%%f (ﬁ@é‘rt e II-C té‘faltl(r?\(ISI(S’CQZSh?Ig/Squencli ng rulaes of
Cahn and |Bagl ®#@eelkr by the manner in which the nolecule rotates the plane

f 15 polarized |ight and desigpated t I tat
(e, s (+) Gompupos hanbevedbe save el iarfolhedit BardflEE can ot st as
el thets | MliEURSeqURBIO DRk ofheft i8S & né BRfapgbmeft BT et @ cont al ning

equal “proportions the enantioners is ca a "racemc mxture". The
conpoundsatofng ihi spaice\aea téroredrtigoraeisst |samensethabiifiemin the arsangament2o t hey

possess one or nore.asymetric centers ar_a dau ny nmetric

subst i tut‘?fdheﬁr%‘?mﬁﬁé?é??ﬁ gre %ﬁ'ﬁ‘ es{?f%%ﬁg@gg%sb#t%ﬁé)@g%ﬂgﬁs fﬂsa% gféleoi Somer s
or as m ?‘ﬁ%ﬂrﬁﬁr rtﬂ'%§§§onﬁéra%%Hd?é&@ﬂ’ieﬁﬂ‘idiéét@rétﬁﬁ@fsﬁ”lahUQhosTcstHa’otended to
i ncl ude i ndi vi (?ual tereoi soners as well as m xtures. The nethods for the

det er ni nadreamresupeimpessideinitroy images plecadpaingr aeh ifMmed2s st er eoi soner s

O M Ry SPATORRFY | JHASh a\gR BROLSEHAS sy uliar e Rleh. R AMIIEP 7 ©
" Phar mac etidiiddtodsGemtraRint gsalps, sofaivocamantiomiensespsssibeal Ant hat i s

pharmaceutical |y acceptabl e and t hat posssg)illses tnﬁe desir dt phar macol ogi cal
30 acti vi epamiiornercarbe AhastrHasly BeaPseMte LonHgHATN Cffi)“' aci d addition

salts, forne AN k ' clsd(ipﬂﬂ 3 g ' | hydr obrom ¢
acid, sul ?W‘ﬁ@%@lﬁé&% ?6‘?(‘:§%%$%F?B%ph spﬁﬁi %H%g gééué;{ncgj@t Iék%géélj?fke; or fornmed
wi th or gaghanariddBretols; lor &y the ehacnerdn whigh thel molecuis fatatesibe ptanecobici d,

20061 a7 oRelePE bl dasindietias deximip el ardeuSroBibf et b ml |
5y X2 it ot g ratipeniol .
met hanesuthamiiamecodas anhiatus dhéreof.cAagixtlre coptainingrraual PERAERIE Ohci d,
2 hydroxy gt hanestl fQuiS cafdd's -RRURSEFRALFGN ¢ acid, 4
The compounds of this invention may exist in sterecisomeric form if
20 they possess one or more asymmetric centers or a double bond with
asymmetric substitution and, therefore, can be produced as individual
stereoisomers or as mixtures. Unless otherwise indicated, the description is
intended to include individual stereoisomers as well as mixtures. The
methods for the determination of stereochemistry and the separation of
25  stereoisomers are well-known in the art (see discussion in Chapter 4 of
ADVANCED ORGANIC CHEMISTRY, 4th edition J. March, John Wiley and Sons,
New York, 1992).
"Pharmaceutically acceptable salt” of a compound means a salt that is
pharmaceutically acceptable and that possesses the desired pharmacological
30 activity of the parent compound. Such salts include:
(1)  acid addition salts, formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
and the like; or formed with organic acids such as acetic acid, propionic acid,

hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic
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5 chl orobenzenesul foni ¢ acid, 2-naphthal enesul fonic acid, 4-toluenesulfonic
aci d, canphorsul fonic acid, 4-nethylbicyclo[?2.2.2]-oct-2-ene-1-carboxylic
aci d, gl uwohemimmie aci d, 3-phenyi propionic acid, trinerbyhmeasiosoasi d,
tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamc
acid, hydroxynaphthoic acid, salicylic acid, stearic acid, nuconic acid,

and the like; 10 or (2) salts fornmed when a]n, aci.&'ifcgpr.oton p[rfﬁse t in the
parent @sithsoalanisi SucsinearidcalipRcd. peglgic acidh uplagic acld tply; et 4
ion, an hihi L2 eiPr3-a ' \Pbenbic G, dirrairtie Wi th an
organic @%idé%'tbggﬁﬁgggg %‘gn%c?l“gr% er,]%(fidg}, anoq@r%iege,lct riet hanol am ne,

t ri met hylgaid, reandélic Heidyehbiylagesulforic acidastharesulfokis acidrrie?-€thangy gr oup”

ol ecul e diRBRC SERcR BYIBPBIAREOTR det SRtEROPp ot b Gl kes Sof P "
prot egti @@@%@EW@W%W%%n@’sagamcfa@w,a—@uéwasanfoniBRcrEdl VE

GROUPS | (Wley, 2nd ed. 1991) and 20 Harrison and
Har ri son alid,adampHoG@iaxDE BdOR-BYYHyoD [2RGAN - AeTedpsarboyyis. 1-8 (John

Wley and Sons. 1971-1996 Represent ati ve .am LG + O s include
fornyl, é&é@@?cq]fﬁp%?% P&QE & @F@nyﬁgﬂggﬂnjc g‘fb'gggry[}ﬁ %tgglégéﬁ%%ﬁa E%B%ip

tert-but W?I%EQ&E‘%&M,( BOR) sulfbfiEBERY blugbhld adidMutardic acid, |
trimethylsif{yl-ethanesulfonyl .SES§I, trityl and substituted H’Ilk%! groups,
25 al | yl dygraxynamhthoi®acidusa D@W?IW%‘@OWPW'FV@E;{?WN pdlke;

veratryl %_ycar bonyl (NVOC) and the l|ike. Representative hydroxy protecting
grouﬂQ I nCl ude those where the hydroxy group is either acyl ated or

al kyl ated suc)as daRA¥meddHan drvhcidicherotorapresent indbeglskght et her s,
t etrahydropyranyl ethers, trialkylsilyl ethers ahgqol al | yl. ethers. 30 As
used her esampoyng eigharis seplagedpyametd) i £-9y AP QM O dthn but  nore

generally, er . . f bldinhiast hdi Bereci ate
that the ﬂgglhbedga%rﬁg?\cgﬁp%lﬁng@?&n‘?torr]EBPH/IQ%%SOV{@%C%E)E%MJ%gg to treat
cancer orghhes efhaperapiinkj diettwriolaminies rietbanolaming, trieeteiaming INrdi ng non 18
WO 2006/ 057946 PCT/ US200 /0%1{5%95 human primates, and experinental nodels
of hudan WgHBdglacamine; ABd tR&HERi ment, the patient is a human patient. As

used herein, " HiRg ' L 5it9R Rhuply FitomeltRatwhen kttkthgd & eps to
obt ai n benefi cﬁﬁ%tgpﬁggg@?l&eﬁ%ﬁmr apegﬁt }jg rbesul ts, including clinical

resul ts. & réectivkigroap iroa nialstulednasies:; spdugascor prevppts thatleggdyibut are not
lim ted tIg)’(amples of protecting groups can be found in T.W. Greene and P.G. Wuts,

PROTECTIVE GROUPS IN ORGANIC CHEMISTRY, (Wiley, 2nd ed. 1991) and

20  Harrison and Harrison et al., COMPENDIUM OF SYNTHETIC ORGANIC METHODS,
Vols. 1-8 (John Wiley and Sons. 1971-1996). Representative amino
protecting groups include formyl, acetyl, trifluoroacetyl, benzyl,
benzyloxycarbonyl (CBZ), tert-butoxycarbonyl (Boc), trimethyl silyl (TMS), 2-
trimethylsilyl-ethanesulfonyl (SES), trityl and substituted trityl groups,

25  allyloxycarbonyl, 9-fluorenylmethyloxycarbonyl (FMOC), nitro-
veratryloxycarbonyl (NVOC) and the like. Representative hydroxy protecting
groups include those where the hydroxy group is either acylated or alkylated
such as benzyl and trityl ethers as well as alkyl ethers, tetrahydropyranyl
ethers, trialkylsilyl ethers and allyl ethers.

30 As used herein, “patient” or “subject” typically refers to a human but
more generally refers to a mammal. Those of skill in the art will appreciate
that the methods and compositions of the invention can be used to treat

cancer or other hyperproliferative diseases in any mammal, including non-
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alleviation or anelioration of one or nore synptons of cancer, di m ni shnent
of extent of disease, delay or slow ng of disease progression, palliation
or stabiwozatdmmsef the di sease state, and ot her benef ipcrals2eesudobs, as
described below 10 As used herein, "reduction"” of a synptom or synptons
(and grammti cal equi val ents of this phrase) neans decreasing of the

severity or fre ncy o thes |mnat|n thes ton(s As
used herehHmaﬂfﬂf ?§t%‘?‘i§ ﬁ&pergp n&ﬁ%ﬁ PﬁFP%‘ﬁ'“&?”%" PN% yrrp SlrIE)j )ect

(and o agfibbehertoiiorhesttts shupirppatiedse) can | ncl ude di rect 15

adm ni stration, 1 ncluding self-admnistration and/or indirect
admi ni strati onAs uusadlhnadellmg ‘réadingt 8 aondifiarser patiang refers iglaking sterail e, as
used her ei

wh t t f t d
o or o BbtaiE bR HheiR theHBbEIES Rofufe lctRlind i %'gre?QH%S'msn.eétZr.Lsg
the dryig Banbfi@alsHdedived tﬁér%b%@ﬂc'ﬂ&lﬂtsﬂlan@e Biif Setiotdindtseltal * or a

"therapeutically effective 2 nmount" of a drug I s an ampunt, of a drug
that, wheallexiation et @ameliotation of Gpp&rtmorg syMptoneeef eanceRydigtinighment

e oo BB bGP B o ke B s L,

el i m nat i epbiifzafee oPthaBceas@Bistedrat oies beheficincresults, ag tescriesease i n t he
subject; or (ii) a prophylactic effect, e.g., preventing or delaying the
onset (or bg®W.eoccurrence) of disease or synptons or reducing the

l'i kel L@ood of %@%S%Hﬁfﬁtrem( @Fed‘l?ﬁ’fgfﬂgfﬁﬁﬁﬁhtoq‘f‘ O%Zﬁ@ar | f)(a&yrrpt ons. The full

t herapeutic or ~prophylact ot nec y occur by
adm ni st rgtamma@&almmhisnts @frilis phnase)cmeans decedasing efdhierseyeriytdaron of a

series of doses t hera ficall r pro ctically effective
anmount caﬁeaaeawn%t%/mq*ﬁs) %ﬁm@aﬁﬁﬁﬁ%@ §$@Hﬁ3“¥d triattion)s/ As us:a\d/
herein, a pro%xlé%ﬁtﬁé}éld y%%fn?s%hﬂ%@ﬂeg%t %ms%n@n@f’twdn&gt@na amount of a

drugthat when adm ni stefed to a su w || have the intended
pr ophy| acsibjeet Gaewdtgramrgatlcqireguwaten’hg ob this ehrgaen gantieclude elrecor

reoccurrence). di seas or d of th
onset 13 or & ér?q’%fhd'é(ju %@F@%E@ Wﬂg%ﬁép%@@ﬁu%ﬁodl geaseeor
Synpt ons. indidihg the a&mﬂbﬂeééﬁblgg afdragt Fépesafmile necessihétein,aecur by

adm ni stration of one dose may occur only after admnistration of a

series of physieian Wiheinstracks @@ﬁ??@d@l&%ﬂ'&@mgﬂﬁéﬁﬁﬂ\%@ aRgientPradgesa
adm ni st er efgéﬁv@?g Cpgré%% AaF, 'Hrt% rsaéal‘?\r\'ﬁsteﬁnﬁ‘?hé'aﬁfb R Shtieht.

phar mace®er € carrier or exci
As used herein, an “effective amount” or a “therapeutically effective

20 amount’ of a drug is an amount of a drug that, when administered to a subject
with cancer or any other hyperproliferative disease condition, will have (i) the
intended therapeutic effect, e.g., alleviation, amelioration, palliation or
elimination of one or more manifestations of cancer or other disease in the
subject; or (i) a prophylactic effect, e.g., preventing or delaying the onset (or

25  reoccurrence) of disease or symptoms or reducing the likelihood of the onset
(or reoccurrence) of disease or symptoms. The full therapeutic or
prophylactic effect does not necessarily occur by administration of one dose
and can occur only after administration of a series of doses. Thus, a
therapeutically or prophylactically effective amount can be administered in

30 one or more administrations.

As used herein, a “prophylactically effective amount” of a drug is an
amount of a drug that, when administered to a subject, will have the intended
prophylactic effect, e.g., preventing or delaying the onset (or reoccurrence) of

disease or symptoms, or reducing the likelihood of the onset (or reoccurrence)
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means a carrier or excipient that is useful in preparing a pharnmaceuti cal
conposition that is generally safe, non-toxic and neither biologically nor
ot her wi sewondesisrabl e, and includes a carrier or excipi egtr/usbas/oim9s
acceptable for veterinary use as well as human pharmaceuti cal use.
Exanpl es include 10 any and all solvents, dispersion medi a, coatings,

anti bacterial and antifungal__ agents, iSo ents absor%_lon del ayi ng

agents, aRfdliseRsel QN MPIOSE- i the fWll PrePByaFY ‘Ele ﬁc I AISEEEa ¥ cal
cOnmposi t '@&ug-ggéc#ﬁlﬁls%fatl% ﬁg%%eaaﬁd rﬁ&FBééJrfdPﬂy Qﬂéif AqeRIKthivn active

subst ance art. Except 1nsofar as any conventi onal

nedi a or @geséridssof dmsHmaThltﬂ e pmphylah’ecaltyteffastIYS am\:y,rrﬁ@ﬂ@y]be its use in

the phar maceut i cal conpositions, or rmaceutical formul ations of the
S

i nvent i on2drRINiSAEship oear MelRATRRIAYAI9NSctive i ngredients can be
I ncorporated i AL 9555‘%e‘?é’iﬂpgsbﬁérﬁ{h%e@ﬁlcélﬁ}ﬁatéé&éﬁléQ:@mé% or' lvigiemteut i cal |y

acceptabl e carrier or excipient” as used in the specification and claimnms
i ncl udes imeths aneardedonexapiehbihabiscusafohingaepagng amhexeiggeeltal 20 Conpounds

The conpounds aq |nvent n _can be c r npounds whi ch
can bind ?W“P%{E‘P ﬂ"atdﬁ@eﬁﬁ Vﬁa ’tr}ﬁ)@rg)ﬁc %@%ﬁg't ér}ndg&é’b ﬁ?‘@%éﬁfc activator.
In one e Mi%@tundegﬁaﬁm%‘rﬁbffu@és?a@@?ﬂlemrr@@rplé?rﬁ thanisaoudptabte ch Can
bind to tu and prodrugs t hereof conprising a hypOXI cdw%tlvator

one errbodfamatenrlahyeusemswel 3s hu@agwhafmaC@utl@mtuSB cFa?FﬁfBP egdRiRds whi ch
b to t t t
w1 18 aReane ' D, FESLRbRimbaR, E8pundy HRpaLBaPafl BibaACE 121 O

conpoundsagémsk@@mlc BEBAtsOhbsdrptivhaet e agdits apma thﬁehké arsedamfer t her apy.
A nunber of synthetic tubulin binding t‘ljgr{)o_kmds bi d to tedﬁ col,chi ci ne
bi ndi ng_r BtsiRaaticn i pharmagRUticH sAMRAY B VSR @ ﬁHﬁ'&fn &P milarities

W th col Cg?&ﬂtﬂ%Zo n&éﬁﬁé&éﬁﬁa I8 dubstatfuds! 8w wRNknoWrEihitRE Q. VEXdept he

function tot1c spi n es causi ng depolynerization and
di sappear gizofarefs amgbwmvemmhameduazcﬁr AR 09 B1c0sRtiblePaith Us2 @0%Ye0 42095

k t ubul bul dl
For nat3 on ngEeleRbdaiSedn iR POR TCaraicel RaTRPRLORS orppauneRitaEl aphace.
Cancer cek cérﬁ% sPoflth8 fnveien ¢ cSﬁﬂe‘mpﬂétédSls?urpp?léMeﬂfér?@cﬁde by mitotic

arrest an concentrations of Colchicines can conpletely Rr event cells
from ent emgngdleﬁtsm:ambe $ncarperated imgo thre gempogidians of the invention.

"pharmaceutically acceptable carrier or excipient” as used in the specification

and claims includes both one and more than one such carrier or excipient.
20

Compounds
The compounds of the invention can be described in part as

compounds which can bind to tubulin, and prodrugs thereof comprising a
hypoxic activator. In one embodiment, the compounds are anti-cancer
25  compounds which can bind to tubulin, and prodrugs thereof comprising a
hypoxic activator. In one embodiment, the compounds are synthetic, anti-
cancer compounds which can bind to tubulin, and prodrugs thereof
comprising a hypoxic activator. While a number of synthetic small-molecule
tubulin binding anti-cancer compounds are known, none of them have been
30 approved for cancer therapy. A number of synthetic tubulin binding
compounds bind to the colchicine binding region of tubulin, and show
structural and functional similarities with colchicine.
Colchicine binds to tubulin and interferes with the function of the mitotic

spindles causing depolymerization and disappearance of tubulin polymers
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I'n addition, a Colchicine-like tubulin binder such as Conbretastatin A can
sel ectively target the vascular systemof tunors. The norphol ogi cal

changes iwoduo&msrsact he endothelial cells of the tunor'spbirasdiosesmes s
irreversibly shut dowmn the blood flow to cancer cells while |eaving the

:)I BOFI_ 18_ sgppl y to healjt hy cells intact. Conparing the structures of

ubuli n bi ndi ng conpounds Col chicine and Conbretastatin A.inpdicates that

t he ph?r ﬂmcwpkﬁﬁlr@quc@}B—Wﬁﬁ- @@apﬁﬁaﬁ%@?rc’q mlﬁmﬁnﬁ?tﬁeﬁﬂﬁ}*n%s@ Qins two aryl
rings fu | : TaNA tHsh nunber of di -
and tri E&'ﬁé}@%%%gnﬁé\mkgfv‘gﬁ%hmﬂﬁﬁ ﬁ{éi%rr%%&ﬁg@%g%wgy ﬁgée been

synt hesi Zeghcesealls tuith Ekighphts ofNeet divisian ar@uaffectedvby mititisrarrest gog,

10: 1697-1722 and Hsieh eta!., US ' '
of whi oh High poRGIGHEsa heldiangs crararaeey b gL PRI el e oo
benzo%urqﬂitosnge aﬂagtiﬁbgﬁagﬁécont aining tubulin binding di- and tri-aryl

conpolnds ‘constitute~a sub-class of these conpounds 20 (see Namet a!.
supra). These Inaapitiong s, Cdlchicinealis tibulinbinden suel egtGembriagdalin &Aich as an

| | - ; . yoos
Y Lty aven Sarevehcaisahd yBRGRY sibef e L MR THR ORERES LS (oo
ove OH Qlﬁ?{geﬁgﬁ\@uc@@' iaMhé bRBoHRITAT GIRSHfahE furdor &BRoaMEessee MeO \ / R20 R,
Ove 2 O H MO N

R4 R, H H 21 WD 2006/.057946 PCT/ US2005/ 042095
R is COioevensbly 58ui dowh theeblepd, flay o cancascslls whilgdeaying the éé@o re methyl

gir Scé\‘\ég-r yS-I;Jr[]D%|)P{O Seeemhyi Oyention arises in part out of the unexpected
Comparing the structures of tubulin binding compounds Colchicine and

Combretastatin A indicates that the pharmacophore responsible for their
tubulin binding contains two aryl rings functionalized with methoxy and/or
hydroxyl groups. A number of di- and tri-aryl compounds having tubulin

15 binding ability have been synthesized (see, for example, Nam etal., Curr.
Med. Chem., 2003, 10:1697-1722 and Hsieh et al., US Patent Publication No.
2003/0195244, each of which is incorporated herein by reference).
Heterocyclic indole, benzofuran, and benzothiophene containing tubulin
binding di- and tri-aryl compounds constitute a sub-class of these compounds

20 (see Nam et al. supra). These compounds, for example, have an aromatic
moiety such as an aryl or an aroyl
(~CO-Aryl) moiety or a CH group in the 2 position (as illustrated in structures

below).

MeO MeO N
1INHCOMe
MeO MeO @
MeO @ OMe
o OH

OMe
OMe
Colchicine Combretastatin-A
MeO OMe
OMe MeO
RQO\Q\/[LF‘1<;§—R4 R OH
N
N>-R;  OMe OMe
H MeO N
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that replacing the aromatic noiety or the CH group with a N atom at the 2-

5 position on the heterocyclic portion of these conpounds yields an

i ndazol e woanmmmsneiewi t h anti cancer activity MeO O n 2- Pesiritisesnshefoid QL OH
Ove wherein Ql= Hor -- -~ OHIn the above conpound when QL was substituted
with a noiety the corresponding propargylic conpound denpnstrated about 10
fold higher 10 cancer cell killing ability i n(b&n a%prol ef ﬁ}@tl on assay,

conpar ed R1dsz§30©®rQ|ézs;ﬁ’on@i‘h@n%tbbfb@urﬂd)r@é‘wln%” of the
present i entl on also arise in part out of the discovery that the proper
spati al 05|t|on(|. . a conformation) between the aryl noieties in the

tubulin bi nd| ”@éﬁm@hﬂmem beses abpari Deﬂofdinelmemecteﬂ i9¢AMEHY a hydr ogen
bond donor | ace of the keto roug}ﬁa{: t he ar Oﬁh %@gﬁ W%s illustrated
bel ow, sttba’ir@ Lﬂlﬁ?%@fom?tt\ﬁé@ﬁ'eg)‘& HQroHR Wiha s“A and B from
co- pl snardqs}'q%r{'é’r‘?ir?é?ﬁé‘tte%&jﬂlu@ oﬁﬁ&Pbﬁﬂwé%ch@ouﬁ@&yi@ds gﬁnidsrzawél on of a

conpo e presen |on In col chicines- |ike conformation. 22
VO 2006/Qﬁﬂﬁﬁﬁhﬁﬂiﬂﬂm&&&aﬁmﬁ#ZEQBHyN@C)0 MeO ::: MeO ~ N\ B/ Owve e NHCOWw
H M0 Owve B \ Owe CH Ove, NeQ N NH tween MeO A H RMe ii  Colchicine
Conbr et astvadj n_A h ffﬁ”eﬁ? conf or mati ons of a conmpound of the invention. B
is the Col chi e & conformation In one enbodi nent,a conpound of the
present iywpee i conformation can have a col chicine-1i ke
structure; w@|I [ t her
Q, OH
OMe Mwmmg=Hoﬁ::—/

OH
In the above compound when Q; was substituted with a '“:_————/ moiety the
corresponding propargylic compound demonstrated about 10 fold higher

10 cancer cell killing ability in an antiproleferation assay, compared to a
corresponding compound having Q1 as H.

Compounds of the present invention also arise in part out of the
discovery that the proper spatial disposition (i.e. a conformation) between the
aryl moieties in the tubulin binding compounds can be stabilized by

15 incorporating a hydrogen bond donor in place of the keto group of the aroyl
moiety. As illustrated below, steric repulsion between proximal atoms can
move rings A and B from co-planarity. Hydrogen bonding stabilizes the
desired conformation of a compound of the present invention in a colchicines-

like conformation.
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5 conformati ons have a non-colchicine like structure. These latter

conformati ons can reduce the effective tubulin binding of the conpound. By
provi di ngwve 2gesp4ehi ch is a hydrogen bond donor, the spatriwboddiospoesition
of the aryl groups can be nodul ated toward a tubulin binding conformation

via hydrogen bonding. R NN,H | ~- Hydrogen bonding MeO/ N, NH
stabilizing Colchicine Ilike conformation MO\ Me 10 OMe In addition
to the nitrogen atom (-N=) at the 2 position, in one=exbddi npat, this

invention further provides, an enol =C(OH)- and geo Mieet y at
t hat posiMs g : céptors. Also, an - NH @ a =CH group at
t he sanme pos gen bond donor Me@5 apd 'ﬁ%tabi lize a
t ubul i n bueod YN bondi ng to a hydrogen bond

i uI e. 23 WD 2006/ 057946
¥ N-H, ASY RHN, M} \1® MeO NH MeO NHY MeO MeO Me V& W
W Y = hal oge d The present inv@¥tion al sdiefreridesrpdrugs of known
and novel tubuN n binding conmpounds\ of this invent nder stand t he
prodrug aspect t he i nvelfrie FRUSIPCNHer st andi e o bi ol ogy is
hel pful . Cancer 5 i 11?395. ‘Y& nore freque {an normal cells.
Tubul i n binding-drug nedia TEPRERYer th api es incldde cytawoxi c agents
sel ective foE lc(Hljcivi ding cells. . For exanple, A bi ndfing conpounds
target cancer’ceélls, as opposed to normal cells, generally because cancer
cells undergo cell division nore frequently thafekoddmhaiaakd S.

compound of the invention.
B is the Colchicine like conformation

In one embodiment,a compound of the present invention in one
conformation can have a colchicine-like structure; while in other
5 conformations have a non-colchicine like structure. These latter
conformations can reduce the effective tubulin binding of the compound. By
providing a group which is a hydrogen bond donor, the spatial disposition of
the aryl groups can be modulated toward a tubulin binding conformation via

hydrogen bonding.

H
| Z «—— Hydrogen bonding

N stabilizing Colchicine
like conformation

10 OMe
In addition to the nitrogen atom (-N=) at the 2 position, in one

embodiment, this invention further provides, an enol =C(OH)- and a

=C(halogen)- moiety at that position as hydrogen bond acceptors. Also, an -

NH- or a =CH- group at the same position can act as a hydrogen bond donor
15 and stabilize a tubulin binding conformation by hydrogen bonding to a

hydrogen bond acceptor suitably disposed in the molecule.
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10 However, drugs targeting dividing cells do not kill all of the cancer
cells in the solid tunor. One reason for the lack of this conplete killing
is that wenoe&vrose®mbl s can acquire nutations that confer pdrug26esumbaNce.
Another is that not all cancer cells divide nore frequently than norma
cells. These slowy-dividing cancer cells are generally located in the
hypoxi ¢ region of the 15 tungr and can be as, or even nore, insensitive to
such inhibitors as normal cellg. The formation ﬁﬂg cgpsequences of the
tumor hypoxic region is de ibéq bel ow. As a B NNngMB, it requires a
bl ood supply and, consequenthy, growth of new vascyl at
vascul ature that suyg gt h is MeQ i~
significant regi ons of
vascul ari zed regi onged
regions are unable to ge gZel| division. These
under -vascul ari zed and bl ocked re&gi ons of the tunor becone hypoxic - they
have a | ower oxygen concentration’than the correspondin@wﬁbrnal ti ssue. 25
Thus, the nedian oxygen concentration of only ten percent of solid tunors
falls in the normal ralgehdbget0rd®Hmm Hg, and fifty percent of solid tunors

exhi bit nedi an_pxygen concentrati ons I WO
5006/ 057946 PCTRERRSGEE J15698N aﬁ%pwﬁ%a @éﬁéﬁ%ﬁfﬁ%ﬁfvﬂ%ﬁg{‘aﬁé‘r can
consti t ut g plisibiifd E8MpoURBSION Bhis ivientieNc dlo weddrstandshe peaodrugo t her apy.

CGeneral Iy, low tunor oxygen levels are associated with a Lﬁoo response to
t her apy, aspeciat&ie mventonsusUnderstansing okiumankiplogy js belpf yﬁﬁﬁn‘ierregi on of

a tunmor, capcer ¢ . Vi y ; mal
cells, an‘aglgsage%eégwg'ivg%aﬁt%tr? g’eﬁkgﬁtgg@%@ igﬁ(;BrHaa‘igg:%EI% gﬂ%ﬁmg[s)mpu u(ljllrur%]r bi ndi ng
conpoundspididtet 2ba6ér tevasies inahedd sytotdxieagentstdetectye for dividing cells. s
conduci ve to biochem cal reduction that car% be us% to_genera e reduced
deri vat i vEGr examplgatylkuilip de@Sé%ﬁ"é%BUf@rS&afﬂf ceneg’ 'Fkﬁﬁ%pé’f’s% 10 1993,

Cancer anﬂ?}c\fﬁéx erar&PeZéU%éanc@?%eﬁQ(uﬂH@FHdJQéﬂ @lisor @lopxi ns can be

devel oped P Igi suc ypoxi c regions (see,” Mtteucci et al., PCT
Publ i cat i fraqliontly\¥Baf4iddBiED¢Bl)s. Conpounds of the present invention arise in

part out of the di scover hat,. cancer cells in Vs ' j can be
target®d by pr g’lﬁ’?"(@‘de&dﬁﬂéﬁ 99889@#‘4@?%&9!;\3?jﬁﬂlﬂtf‘ﬁﬂﬁa'b&éﬁ%ﬁ%&% g{}lgé;i n and a
hypoxi a | gbiHcsdiiQhfRr] ThedFcdidbn foheiBIost tis ebinpleté kiling lsehhinor  gener at e
the active toxin fromthe inactive, relatively non-toxic prodrug. The

active dr cgncérf dallseanfacomirerputajioos ithateenfer dibg rrReislagicen Anotherkis
that not all cancer cells divide more frequently than normal cells. These

re. The new
y,der ed, | eaving

slowly-dividing cancer cells are generally located in the hypoxic region of the
15 tumor and can be as, or even more, insensitive to such inhibitors as normal
cells. The formation and consequences of the tumor hypoxic region is
described below.
As a tumor grows, it requires a blood supply and, consequently, growth
of new vasculature. The new vasculature that supports tumor growth is often
20 disordered, leaving significant regions of the tumor under-vascularized and
even the vascularized regions subject to intermittent blockage. Cells in these
regions are unable to generate the energy required for cell division. These
under-vascularized and blocked regions of the tumor become hypoxic — they
have a lower oxygen concentration than the corresponding normal tissue.
25  Thus, the median oxygen concentration of only ten percent of solid tumors
falls in the normal range of 40-60 mm Hg, and fifty percent of solid tumors

exhibit median oxygen concentrations of less than 10 mm Hg.
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cells in adjacent regions, including the nore frequently dividing cells.
The hypoxic region acts as a drug-factory to produce a cytotoxin within a
t unor f orwbizbde/osgesadj acent nornoxi ¢ cancer cel |l s | eadi ngcrasaoosiogives 20
concentration of the cytotoxin wthin the tunmor, relative to norna
tissues. As a result, by enploying a prodrug to generate the cytotoxin

Within the t " toxic side-eff i si . i ci
can be r educete MRS FamonE ahier g can s e A TPREE EsFERIr of *t ne
tunor, guég% BN RSHiG nFEﬁI'\elg%ﬁP”GeﬁéfaW?(lbWl@!ﬁﬁbrsdﬁgbndé\yéléiai’@- At this

poi nt, cells can be by 25 the tubulin binding cytotoxins
gener at eda$scwiatet evithr @ poog respopsearia thesapy Hnereasad engtagiasesr apg poor

adm ni sterin 0 unds of this inventi ' ' | i th th
AR Y M Ty EE R AP A R S, Y S
anti - %‘“Cﬁgnﬁmﬁﬁﬂms@-thénggjrﬁg@lpga@ iah@ de@rbe PsupstaeK tatthegapeutizpoxi ¢

activator on the ‘tubulin I ndi ng conpounds of the invention to yield a

pr %dkxg% gavgemﬁswpgagddblaﬁn bﬁfiwmoeslummt@ml digiEhns cok®095 0 N, NH
rpvi de A . i ) i
o1 R 67 ek s BRATY ofpfEn ad blopRelcal ek ®ifihat 17

I someric N net wer e T'ess poten ling O

N, NH Ne@a%@us@éﬂéger@%tb&eﬂb@é‘d Hbevativestofragvdristy of cHémicabgmupsd OVe W
when al kylated with

5 hypoxi a(ens Vosrae o ol 1995 LPaRe ISR InaT oS- 4P SAYpoxi o aot | vat or
:\/Z Nr USS%JE(%UQS kﬁ@%@%ﬂé e50bB%HEVBRpRAE Wxplditduth ryp¥kic fédibh(stleNH N. N.

Matteucci et al., PCT Publication No. WO 04/087075). Compounds of the
present invention arise in part out of the discovery that, cancer cells in the
hypoxic region can be targeted by prodrug compounds comprising a tubulin
binding cytotoxin and a hypoxia labile protecting group. The hypoxic cells of

15  the tumor generate the active toxin from the inactive, relatively non-toxic
prodrug. The active drug diffuses from the hypoxic cells and kills the cancer
cells in adjacent regions, including the more frequently dividing cells.

The hypoxic region acts as a drug-factory to produce a cytotoxin within

a tumor for killing adjacent normoxic cancer cells leading to a higher

20 concentration of the cytotoxin within the tumor, relative to normal tissues. As
a result, by employing a prodrug to generate the cytotoxin within the tumor,
toxic side-effects arising due to normal cell toxicity can be reduced. After the
cancer cells die in the normoxic region of the tumor, a hypoxic region can
become normoxic and start dividing. At this point, such cells can be killed by

25  the tubulin binding cytotoxins generated from the prodrug compounds of this
invention, or by administering compounds of this invention in combination with
other cytoxins, including for example, tubulin binding compounds and other
anti-cancer cytotoxins.

A suitable site for incorporating a hypoxic activator on the tubulin

30  binding compounds of the invention to yield a prodrug was discovered as
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MeO Me OV MO Ove OVe Ok OMe  Active cytotoxin Less active conmpound NO2
MeN O2N N MeN O N, NHON M NNONXRXNO MO/ MO P ~N~ MO/ NNN
+ + MeO MeO20Mps@Me MeO OVe OVe MeO Active cytotoxi n OMeCcONs20030410he OVe
Hypoxia | abile Prodrug Hypoxia ,,,,CNe xNOH N The hypoxic activator can
be attached to the nitrogen atons via a - 10 C02- linker as well as shown
schematically below. 26 WO 2006/ 057946 PCT/ US2005/@42095 02N~__ N 02N MeN
MeN 4 (r) NNH O N.N.CO2~ O C02 Meo MO NN + MO M Meo Ove Owe
MeO Active cytotoxin Ove Ove Hypoxia labile pr poxia M: N  ~ NOH
N The present invention also provides noveMegr«d eviously known

tubulin binding anti-cancer conpounds. In this )e g tubulin 5
bi ndi ng conmpound is bonded to the hypoxic amdOvat ol t hrough a
hydr oxyl provided below. For example methyiation of, OMe yields

two isomeric N-methyl derivatives each of which were less potent in killing

N.
7 NH
e Re
. MeO OM
cancer cells than the starting toxin. The compound e OMe

when alkylated with N-1-methyl-2-nitro-5-imidazolemethyl group can yield a
5  hypoxia activated prodrug. Under hypoxic conditions the hypoxic activator is

reduced and removed yielding the potent toxin.

OMe

n
Active cytotoxin Less active compound

NO;

MeN’( ozN/<
/ “NH / N N N02
MeO MeO
O Q o
Me
Me Me MeO

Active cytotoxin

N Hypoxia labile Prodrug

Hypoxia
Me
\[NVNOH
=N

The hypoxic activator can be attached to the nitrogen atoms via a -

10  CO-- linker as well as shown schematically below.
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oxygen (-OHyp) or an amine nitrogen (-NHyp) in the tubulin binding
conpound to yield a hypoxia actived prod rug. The hypoxic activator can be
el ectron wefn@imndseni t r obenzene noieties, electron defi ecentsesionmbenzoic
acid amide noieties, nitroazole noieties, nitroimdazole noieties,

ni trot hi ophene 10 noieties, nitrothiazole noieties, nitrooxazole noieties,

nitrofuran noieties, and nitropyrrole noieties. In one enbodi fi, the
hypoxi c activator is a substituted or unsubstituted nitroim dazolg=goiety.
I n one enbodi ment, the hypoxic activator (Hyp) i$:Nelected fromya=X2 02N

\\ X3 C(R30)2 O\ CO 02N-\ /C(R30)2 O\CO " Xz Mo\ X2 X2 X2 | 22 2 O Xz

X2=X2 X2 C(R30)2QCOX2 O X/ n | \Q\ C,“(R3gé N2 Xri 3X2)@23 5 NO2
02N 2.7 WD 2006/ 057g46NIPCT/ US2005/ 042095 R30)2 \ CO 0 X2 X2 11|

hydr ogen, My . TA\C6 al kylmeor het,
heterocyclyl, CL (6 al k8%, C1-06 al kKyTami nd' yl -

het er oaryl, Cl-AGivacytbtogin het er oacyl, aroyl, or het er oar oyIOMGRBZ i §Me
hydr ogen, hal ogen, nitmng, cyano, COZH, C1- C6 IEk)bxi@Tabile prodrugs

The present invention also provides novel prodrugs of previously

known tubulin binding anti-cancer compounds. In this aspect, the tubulin
5  binding compound is bonded to the hypoxic activator (Hyp) through a hydroxyl
oxygen (-OHyp) or an amine nitrogen (-NHyp) in the tubulin binding
compound to yield a hypoxia actived prodrug. The hypoxic activator can be
electron deficient nitrobenzene moieties, electron deficient nitrobenzoic acid
amide moieties, nitroazole moieties, nitroimidazole moieties, nitrothiophene
10  moieties, nitrothiazole moieties, nitrooxazole moieties, nitrofuran moieties,

and nitropyrrole moieties. In one embodiment, the hypoxic activator is a
substituted or unsubstituted nitroimidazole moiety.

In one embodiment, the hypoxic activator (Hyp) is selected from:

X o o=
OZN\< TC(RMJ\/ \co%ﬁ °2N\<\ />C<Rso % O\COJ%
Xo—Xa n Xa—X, n ,
x2__x2 % J}» e N
\Q\C(R”h \>—<\ />~ Rao)z/% O\coJ}r
Xo—Xz n
,

15
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het er oal kyl, Cl1-C6 cycl oal kyl, C1-C6 al koxy, Cl1-C6 al kyl am no, Cl1-C6 10

di al kyl am no, aryl, CON(R7)2, Cl-C6 acyl or heteroacyl, or aroyl or

het er oar oyD;2006203cb46=0, 1. I n an additi onal enbodi ment, kgp/ussosekmesed from
R31 O R31 0 02N C(R30)2 CO 02N-_\ N C(R30)2 \Co n X/ 2 X2 15 R32 R32
OO0\ g 0 02N C(R30)2 CO 02N C(R30)z \CO \ / n\ n R32 R32 and R32 R32
wherein X2, R30, R31, R32 n,are as defined above. |n another

enbodi ment, Hyp is M N) O n \ /1 wherein n =0 or 1, provided
that in -O—Iyp n =00. Fgf eﬁ@ tubul i n bi nd| ng conpounds can be
derivatized to vyi followi ng structures 28 WO

| d prjodr ugs V|ng t

2006/ 057946 PCT/ 42095 N (r) Xy )\ |ve X Ox P-r 0 M
NC2 or Tﬁ i yatized conpoynds Fn g ko) r\do S active or
i nactive corrparé . parent conpd&und di ng a hypoxi‘a acti vated

prodrug conpound. Yn certain embodi ment , the prodrug conpounds
denonstrate a 5-1000 fold | oss 5 ahgantig&ancer activity upon derivatization
with respect to the starting ound. In general, such activity data can
be obt ai ned frwheddseached is bltcm@ grse activity relationship data, and via

search tools ch S fromthe Anerican Chem cal Society,
Bei | stein fro?r%Ld ﬁ%éf Slvzi’lrgfi US Patent and Trademark O fice's Patent and

Pat ent Appl i cagheRSER N iBlepatiténbyrydesgen dlalkat ent Office's Patent search.
5 R3¢ is hydrogen, hydroxyl, C4-Cs alkyl or heteroalkyl, C3-Cs cycloalkyl,
heterocyclyl, C1-Cg alkoxy, C1-Cg alkylamino, C+-Ce dialkylamino, aryl or
heteroaryl, C1-Cg acyl or heteroacyl, aroyl, or heteroaroyl;
Rs» is hydrogen, halogen, nitro, cyano, CO2H, C4-Ce alkyl or
heteroalkyl, C1-Cs cycloalkyl, C4-Cg alkoxy, C1-Cs alkylamino, C1-Ce
10  dialkylamino, aryl, CON(R7)2, C4-Cs acyl or heteroacyl, or aroyl or heteroaroyi;
and
n=0,1.
In an additional embodiment, Hyp is selected from

et gt
et et

wherein X,, Rao, R31, Ra2 and n are as defined above.

15

In another embodiment, Hyp is
co-
/( Omré wherein n = 0 or 1, provided that in -OHyp n=0. For

20 example, the tubulin binding compounds can be derivatized to yield prodrugs

having the following structures
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I(ln) o?\e/I ﬁsg)ectQ, g(he present invention provides conpounds of fornulas
- @B XzZ,NQ N XNN@BYD®B\NV N/ BOANQ O @ 1
Q A Qg WoboeB796 2 ° QA4 B B @ A B 6 2 (1) (I PrT(Us20050¥209X Y X X
NB Bz Bz BN BONBONQA P AL PQAQP@AQA BB R
B BBEBRBBR(IV) (V) B(VDBXY Qn6Y Qdand B @ QL QL 4
@B (@)n; n=0-3 Q@ @ (Vlrxll) (VMI11) wherein each QL, @, and ®
i ndependently is hydrogf whal o; amino; 29 WD 2006/ 0579
PCT/ US2005/ 042@2975 éa } no; d 1- C6 al kyl am nfo;y hydr oxyl; Cl1-C6
al koxy; nitro; gxago; CM KY'N; @gtero ¢< al kenyl C2-Co6
gb;é%l @P(%R%c al Eyl C3 hheteruey ylor aryl; haﬂeeroa?ryl CCR15;

or eac i S dr hal 0;,. am no; I NO;
S s st o s Haeed 0 le58, 2C R e e Syl 2 o

Qgtrggﬁﬁ{jytjo th%ﬁggént ccﬁﬂ@rﬁ@%l& Qiggﬁ/g h%\"'aétﬂ’étélf BP'('JcFr?% ggtﬁiﬁgpﬁggm Cc);gecg
Eg: g: ggzgclt?algn@rgﬂriodlmems dhe bmdafuga:lompouods@emnst@eta@éﬂa@fold@@ a C3-C8

of antlcanceyactmty upon derivatization with respect to the starting

compound. In general, such activity data can be obtained from described

structure activity relationship data, and via search tools such as SciFinder

from the American Chemical Society, Beilstein from MDL Software, US Patent

and Trademark Office’s Patent and Patent Application search, and European

10  Patent Office’s Patent search.

In one aspect, the present invention provides compounds of formulas

()-(VIII):

(VII) (VIID)
wherein each Q4, Q2, and Qg independently is hydrogen; halo; amino;
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heteroaryl; 10 Q7 is hydrogen; am no; Cl-C6 al kyl am no; di Cl1-C6

al kyl am no; hydroxyl; Cl1-C6 al koxy; nitro; cyano; Cl-C6 al kyl; Cl1-C6

het er oal kwb;206625@G6al kenyl ; C2-C6 al kynyl; C3-C8 cycl oaChkys2006841085

het erocycl yl; aryl; heteroaryl; CORL5; SO02R18; PO3R18 or a nonosacchari de;
with the proviso that in fornula (1) Q7 ech udes hydrogen 15 @B is

hydr ogen; hal o; am no; Cl-C6 al kyl am no; C | hyd | ;

Cl- ﬁG le k@g@e%%ﬂaraln%%ﬁo@eﬂ'w'amm @VG%EW! ét&efﬁ‘ éo@&‘?scﬁ 'ﬁog%ﬁ

eac | ngl h Cl1- Co6
al kyl am ng %%eé(] ¢ —Y)e(h%t%)%ﬂ&éeﬂ%’% %lk{__ép '@grg%gﬁi%/n@@d%(% er od;l?{/l COR1S,;
20 SOZRlSC@rCBFP@ab&ycM lasyIQheteINbHRH,@Olars, Mmmr mﬁ, Y i's hydrogen,

hydr oxyl hal
Y 1. % neagH BiiQrfS HyRiregBsg™ala; aing! LGNS, HGESe o1 oo al kyl
C1- C6 et @kyl%'nwb hﬁo&ﬁ el '&%rark?x;ﬁ%m yéhlS)’éWl he@@ro(é%dcodmel kyl, C3-C8

het er ocyc et &roar i § hydrogen, -C6 al kyl aryI
Cl- C6 al k&[)iﬁthpboﬁy]e,&gamﬁ‘i the pmwdo thatllin amgy ame@sasrwundnqmly onei ofdar bony !

o ot hi oA DBHgT00et: Ceghd s s Ber Rt Keaea PR g oA bet &' & ot
al kyl am nﬁé@r@&ﬁkﬁfé%‘ano@&@géﬁepﬁﬁwa ORICs hétieRGdyRId, :anvdriyh of Be provi so

that when X is R16 excl udes hydrogen R18 is hydrogen, hydroxyl,
Cl-Cs al kbageroarryi no, Cl-C6 al kylanino, di Cl1-C6 al kyl ani no, NHOH, NHNH2

L 2L ST, oL Nl i o1

het er oar ybﬂ-Cé)élk@X}t m}@rﬁg@n@r Ca+C4 amdyrvc:du}gl hetewatkyl,oC,-6¢ bileayl; C6Ce

non-racem ¢ m xture I somers ynmor ph, a h dra pr
phar maceuélkyayk @3@@@@&%"8)61 e3de hetgr,ocg@}yl,%m hﬁ@ry"é%w EQ]& §%gir%gydiorreﬁt

Q1§ hyaP QB Sha AR EhaRge TORP MWDy Ropa R TR Q) T o P 215

hydrogen
15 Qg is hydrogen; halo; amino; C4-Cg alkylamino; di C4-Ce alkylamino;
hydroxyl; C4-Cg alkoxy; nitro; cyano; aryl; heteroaryl; COR1g; SO2R15 or
POsR1sg;
each Qg independently is hydrogen; halo; amino; C4-Ce alkylamino; di
C1-Ce alkylamino; hydroxyl; C4-Cg alkoxy; nitro; cyano; aryl; heteroaryl; CORg;
20  SOzR1g or PO3Rys;
Xis O, -NNHRg, or NR4g, or NOR1;
Y is hydrogen, hydroxyl, or halogen;
Z is —CH- or —N-;
R1s is hydrogen, C4-Cs alkoxy, amino, C4-Cs alkylamrno di C1-Cs
25  alkylamino, NHOH, NHNH;, C4-Cg alkyl, C1-Ce heteroalkyl, C2-Ce alkenyl, C,-
Cs alkynyl, Cs-Csg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
Ris is hydrogen, C4-Ce alkyl, aryl, C4-Ce alkylsulphonyl, arylsulfonyl, C+-
Cs alkoxycarbonyl, aminocarbonyl, C4-Cs alkylaminocarbonyl, di C4-Ce
alkylaminocarbonyl, C4-Cg acyl, aroyl, aminothiocarbonyl, C1-Cs
30 alkylaminothiocarbonyl, di C4-Cg alkylaminothiocarbonyl, C4-Cg thioacyl, or
thioaroyl; with the proviso that when X is NRg, R1e excludes hydrogen;
Rys is hydrogen, hydroxyl, C4-Cg alkoxy, amino, C4-Ce alkylamino, di
C+-Cs alkylamino, NHOH, NHNH,, C4-Cs alkyl, C4-Cs heteroalkyi, C2-Cg
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PO3R18; R13 or R13; 2 is R13; R13; Cl-C6 al koxy; halo; am no; or hydroxy;
each B, 4 and ® independently is hydrogen, Cl1-C6 10 al koxy, hal o, am no,
hydr oxyl ,wQRo@nd7994 t oget her i s nethyl enedi oxy, or 4 amdT@S200539¢tber is
net hyl enedi oxy, provided that in any conpound only one of the @B, Q4 and
@ is hydrogen; Q? Is Cl-C6 al kyI optional ly substituted independently with

a1y am ke, Beifis S bCRIHS: CHBREN, SR Be kP rag ORI

nonosacchgride; each @ and @ is hydrogen; R13 is hydrogen; Cl-C6 al kyl,
Cl-C6 heteroal kyl, C3-C8 cycloal kyl, C3-C8 heterocyclyl, aryl, or
het er oal kyl eaalhamipmemmlalnynduhiuall tsotmeat LS tadeyrie Ox yppn- F@Qem(%”@{m@(y

-6 _al kyl
RI5 1% hyet BOaIISIR BTN e e arahon g e eeualam no, di ci- os

al kyl am ngcc#;{gme ggww%oh@;e@@e,@bkyl 01 C6 heteroal kyl, C2-C6 al kenyl,
C2- C6 al kyny C3-C8 cycl oal kyl, -C8 het erocycl yl aryl, or heteroaryl

o][ SSt autoner br o emboidimenialthe prasent weatipn EoNideHEOMBAURGS 8Fi ¢ i xt ur e

o] I so ! d t |

accept abl st(lg& ﬁgo"\’)g |r} Qé?{se%férgﬁeﬁ’nﬁégd né1||t?oér?n€@§r1m“§(? R@ﬁe d

pr esent |nvent|on provi d&s conpuynds of forrrul%! (1) -1, V\/nerel n QL is

hydrogen; hal o; cyano; COZAEI:@-‘\Z R13; or RlS%\:';:ﬁ(each )

Lﬂdependeﬁﬂsﬁﬁs ;s—hydfegen, Cl- C8¥s; Q&OSWW3 hal o; afehe;- %ra‘h%woxy; with
e proviso that. in co

hydr ogen; Blro 3“?'%953&’@%’9”%%%5% 34406{%06? "%rre[; éh%gﬁw%bdd@ggg%ﬁﬁ

PCT/ UﬁooérMﬁQ%io Sird, hYERIRYE, @ ambQ,ltegethiet ignethylenedfioys oms, a
pol ynorph, a hydrate, a prodrug or a phar maceutlcall%/ acc St abl e salt or

sol vat e t ABE & togpthesiemeindenading; Pcrﬁ\é'dﬁid daalin any
V1o oftg OR TR dsje oo i o N oL o Gt MeO qvév'&vg' v
Ove OV ' MeO QvHs Q1 alkyl optionally substituted independently with one or more
aryl, heteroaryl, hydroxyl, amino, C4+-Cs alkylamino, di C4-Cs alkylamino,
15 CO,H, or CONH,; COR1g; SO2R¢g; or PO3R1g; or a monosaccharide;
each Qg and Qg is hydrogen;
R4 is hydrogen; C4-Cs alkyl, C4-Cg heteroalkyl, C3-Cs cycloalkyl, Cs-Cs
heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, C4-
Cs alkoxy, amino, C4-Cs alkylamino, di C4-Cg alkylamino, NHCOR15, or CORs;
20 and
R4 is hydrogen, hydroxyl, C4-Cg alkoxy, amino, C1-Cs alkylamino, di
C4-Cg alkylamino, NHOH, NHNH,, C4-Cs alkyl, C1-Cs heteroalkyl, C2-Ce
alkenyl, C,-Cs alkynyl, C3-Cg cycloalkyl, Cs-Cg heterocyclyl, aryl, or heteroaryl;
or a tautomer or an individual isomer or a racemic or non-racemic mixture of
25  isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically acceptable
salt or solvate thereof
In an additional embodiment, the present invention provides compunds
of formulas (I)-(VIIl), wherein Q is hydrogen; halo; cyano; COzH; CONHy;
==—R43; or =Ry3; and each Q - Qg independently is hydrogen, C4-Ce,

30 alkoxy; halo; amino; or hydroxy; with the proviso that in any compound only

one of the Q3, Q4, and Qs is hydrogen; or a tautomer or an individual isomer

31



(r-1) (rrr-i) (1v-i) xYZxYx MONZMON Q MO NN- N.\/ Q@
MO MeO OV OVBE MeO OV OV QL and Owe (V-i) Ov (M-i) (M1-i) Y XY
MeO \ QL whke®ddsko4Me 5 (VIII-i) wherein Q is CH20H, @HZNIS20050430b5 CONH2,
PO3H2 CH2PC3H2 CH3, C=CH OH C(Me)20H, CH(Me)COH EEE N CH2OH (CH2) 20H
-CH2-CH2- OH, -CH2-CH2-CH2-OH, -CONH2, -CO2H, -CN, or halo; and X, Y, and Z
are defined as above, or a tautonmer or. an i ndi wg[a j somer (%r a 10 racemc
OF non- r A@EATRCANILIANMENTACEEYAEIEUre,OLiSPIIRLS o PO 2 VIR B 8drug  or a

phar maceu anot her 32 WO
2006/ 0579&@%%[@%&%@% %gg@g@k/tang%%t%%é’mé éﬁohggigrgggtgﬁtéqfnvent I on provides
conmpounds of frong embodirhént, tl(@@ﬂels)anhhweetmn ¥rovides companod$hief enbodi ment

t he presergrmlu?élse t)l ?ﬂ Is) (Rylld?\? it ISO&RPL; d(%"tornul a: 0

& 7

/

Me OMe
(S (11 5)) (Iv-)
X Y
X
IZ MeO N
MeO N © \>
Qq -
MeO \ / MeO N-N
OMe OMe , oMe \ /—q; ,and
(V-i) OMe
(VII-)
Y
X
od
MeO Q O
MeO OMe
5 (VII-i)
wherein Q4 is
CH,OH, =————CHyNH,, =———CO,H CONH,
POsH2 CHyPOgH, | =————CH;, C=—CH
' OH
C(Me),OH, ——CH(Me)OH C
— . ——CHOH ———(CH,),0H
N > 2 2

~CHy-CH,-OH, -CH»-CHy-CH2-OH, -CONH,, -CO,H, -CN, or halo; and X, Y,
and Z are defined as above, or a tautomer or an individual isomer or a
10  racemic or non-racemic mixture of isomers, a polymorph, a hydrate, a prodrug

or a pharmaceutically acceptable salt or solvate thereof. In another
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N, NH MeO MeO Ove 5 Ove wherein QL is defined as above, or a tautomer or
an individual isoner or a racemc or non-racemc mxture of isoners,
pol ynor phwoaobsydrase, a prodrug or a pharnmaceutical ly acraptasiogossl
sol vate thereof. In one enbodinent, QL is CH2OH, C02H CHs, C=CH 10

CH(Me) OH , CH2- CH2OH CGH2OH (CH2) 20H In anot her enbodi ment, the prese
i nvention provides the compound of formula: 0 MO/ MO OV% 15
one enbodémbodimariether presant inkertian W@VW%QOWJHHEU%( ﬁlgfvfml as

(1X) - (X1 Qi 33 WD 20064057946 PCT/ US2005/ 042095 0
N G o5 Wi X8 C® oo o o G

Q2
NI

| A XS 1 GBI NGB N\ BQAAADA

% %@%N@In%dﬂgier B ot }he(pfeseMt invehtion p@vidésth@amm@unds N
of formula:
o]
N.
7 NH
MeO
Ve
MeO

5 OMe OMe

wherein Q, is defined as above, or a tautomer or an individual isomer or a

racemic or non-racemic mixture of isomers, a polymorph, a hydrate, a prodrug

or a pharmaceutically acceptable salt or solvate thereof. Inone embodiment,

Q1is

CH,0H, COH, =——CHs, C=—=CH ,
10 ————CH(Me)OH , CHp-CH,OH ——  CHOH  ———(CH,),0H
In another embodiment, the present invention provides the compound
of formula:
0
MeO Q 8
MeO OMe
OMe

15 In one embodiment, the present invention provides compounds of

formulas (1X)-(XI11I):
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04 B QP QA A Q9 QA Q@ Rand @ Q@ (XI1) (XI1'1) wherein R4 is H M,
or B(OH)2; and QL-(® are as defined above; or a tautonmer or an individual
i SOMEr Orwe 20@&QB8Mmi46 Or non-racemic mxture of isoners, paTpBkysDIPh; a
hydrate, a prodrug or a pharmaceutically 5 acceptable salt or solvate
thereof. I n another aspect, the present invention provides conpounds of

formila (IXi)-(Xx111-i) 0 RI4 HO OO MO N 1 NHMO|I NMONN N
MO I | N O MeO O OVe R13 Ofe_Ri3 Me R13 OV OMVe (I X-i) (X-i)
(XI-i) HON N MeO #4N MeO &/ NU° MBO MeO OMVe ov@aRlaaﬁ OVe R13 |,
OVe (XII-i) i) N34 WO 2006052946 PET/ US2005/ 0,209 erein RI13 is
H M, CHRO . CH2CH2OH ; MPPOBH2, POR c-or or CONH2
and Rl4 is H QM fof BUOH) 2: orq; Q;

Qs Qp Q @

d Q, Qs Qo
(IX) (X) (X1)

, and

(X1 (X
wherein Rq4 is H, Me, or B(OH)2; and Q1-Q9 are as defined above; or

a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
5 acceptable salt or solvate thereof.
In another aspect, the present invention provides compounds of
formula (IX-i)-(XIll-i)

MeQ
MeO O
e
OMe ~== R13
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a tautomer or an individual isomer or a racemc or non-racemc m xture of

I soners, a polynorph, a hydrate, a prodrug or a pharmaceutically acceptable
5 salt orweabssatsesssher eof . I n anot her enbodi nent, the presarstoosnympsi on
provi des a conmpound of fornula (XIV): Q7 @ @& @B X4 (XIV) 10 wherein
R13 R13 Q1 is R13 or R13 R13 R13QZ is R13; R13; Cl-C6 al koxy; halo;

am no; or hydroxy; each B-Q is hydrogen; hal o; am no&%‘!ﬁh C6 al kyl am no;
di Cl-C6 al kywhereioR:higdtdg) CHeD , Girl2Glgz Haryl

het er oary form C3-C8
heterocyc¢@2%§’r§¢)3H6%§w’h%rC§p§g¥ 25%"? d R%éjip %&%B?‘% Eer forma C3-C8
het erocycj %uté\*ﬂeﬂbvbn |ﬁ>cﬂlwdualh§©me®®m|racmmonmm-mmmmdnkhae ofn any one
conmpound, only one of - is hydrogen; R13 is h | kyl ,

Cl- C6 hetispmgrsd polmlowl @i@ycifatqqﬁ pmé@UQ:@f a@@aﬁ@? %‘%ﬁ'b’ﬁcce%‘%ie

heter%al kg/ eacqll‘ﬁqgﬁb%%% Iy substituted with hydroxyl, Cl- C6 al koxy,

am no, Cl di Cl-C6 al kyl am no; COR18 or NHCOR15; R15 is
hydrogen, hydriggtathérlebodihiemt ythegpriesent ifter@®rapioyideasi acpmgpundof Os

al kyl am no, NHO4, NHNH2, Ci1-C6 al kyl, Cl1-C6 heteroal kyl, C2-C6 al kenyl,

C2-C6 al KiphyHla @4VES cycl oal kyl, C3- C8 heterocyclyl, aryl, or heteroaryl:
25 or a tautoner or an indivi dual e-:- Q:a racem c or non-racemc
)

m xture of isomers, a pol ynorph, e, a prodrug or a
pharmaceutically acceptable salt at® thereof. In one enbodinent,
the present invention provides a‘'cgapound of formula (XIV), wherein QL is
R13; or WD 2006/ 057946 PCT/ USZO@S/OZO 5 RI13

(XIV)
10 wherein
Qi is==—"Rnor :R13,
Qg is =Rus; :Rm C+-Cg alkoxy; halo; amino; or hydroxy;

each Q3-Qs is hydrogen; halo; amino; C4+-Ce alkylamino; di C4-Ce
alkylamino; hydroxyl; C4-Cs alkoxy; nitro; cyano; aryl; heteroaryl; COR1s;

15 SO,Ryg, or POsR1s; Qs and Qg together form Cs-Cg heterocycle, an aryl, or a
heteroaryl; or Q4 and Qs together form a Cs-Cg heterocycle, an aryl, or a
heteroaryl; with the proviso that in any one compound, only one of Q3-Qs is
hydrogen;

Ry3 is hydrogen; C4-Cg alkyl, C1-Cg heteroalkyl, Cs-Cs cycloalkyl, Cs-Cs

20 heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, C4-
Cs alkoxy, amino, C4-Cg alkylamino, di C4-Ce alkylamino; COR1gor NHCOR1s:

Rys is hydrogen, hydroxyl, C4-Cs alkoxy, amino, C1-Ce alkylamino, di
C4-Cg alkylamino, NHOH, NHNH,, C4-Cs alkyl, C1-Ce heteroalkyl, C2-Ce
alkenyl, C2-Cg alkynyl, C3-Cg cycloalkyi, Cs-Cg heterocyclyi, aryl, or heteroaryl;

25 or

a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
acceptable salt or solvate thereof. In one embodiment, the present invention

provides a compound of formula (XIV), wherein Q1 is == R4s; or



R13 R13; and each @ - b independently is hydrogen, Cl-C6 al koxy; hal o;
am no; or hydroxy; with the proviso that in any conpound only one of the
@B, A amloQ@od/s7dagdr ogen; or a tautonmer or an indi vi dugCTivseemsn4mps a
racem c or non-racem c mxture of isoners, a polynorph, a hydrate, a
prodrug or a 5 pharmaceutically acceptable salt or solvate thereof. In one
enbodi nen;, the present invention provides corrpounds selected from /0 \ \
/O1 \ \ -~ P(®(0OH 2 O P(O)(C]—I)Z /0 0\ O*~" CONH2 01-1 COCH O O

CH2OH O~ C%QNHQJFO,I n od I % Vi des the
conpound of  formift gnd %8@?—6\%@ |%M§m9 ,g&g@@qerﬁ %ﬁ%f
- CH2COH or haloChird:br hyarod; m&héfﬂrediﬁoH@fllmamﬁfdnwmnlyndeaoftthet orrer or

an individual isonmer or a racem c or non-race ture of isoners,

pol ynor phQsaQnpadReis Amaal: @ aotaulP R | Y"é'é@'l IFOMEL R %%‘F'@'Cs al t or
| te t t t
e e e TSP, ARy o

5 pharmaceutically acceptable salt or solvate thereof.
In one embodiment, the present invention provides compounds

selected from:

P(O)(OH)2

10 In one embodiment, the present invention provides the compound of

formula:

wherein Qq is

CHaOH , ————COH —————CHy

C

CH, =—=—CHOH ,or ==————(CH;);0H
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wherein R13 R13 QL is - R13 or R13; R13 R13 10 @ is = R13; 4~\R13; Cl-C6
al koxy; hal o; am no; or hydroxy; each @B, X, and b independently is

hydr ogen;wbabesjosasssno; C1-C6 al kyl ami no; di Cl-C6 al kylpemiusegoshympoxyl ;

Cl- C6 al koxy; nitro; cyano; aryl; heteroaryl; COR18; SO02R18; or PO3R18wi th
the proviso that in any one corrpound only one of B-@b is hydrogen 15 Q7

i's hydrogen; am no; Cl-C6 al ky Iamcp di Cl-C6 al kyl am no; droxyl Cl-Co6
al koxy: nitro:arg areutoneres ag) Ikg|vidug] isese(Rred LAHEIF O BPNTRC mkCEnyI Cl- C6
al kynyl ; eautdall CO?lS
SO02R18; %3%55,9@}&%0@%@]%@@@@ yﬂodd?;%&aﬂﬁﬁfrﬂéo R3 |¥ hydr ogen,
hal o, Ci- &&e@té&)‘lé saliioy lsobvatdntiereofar yl ; R13 is hydrogen; Cl-C6 al kyl, C1-C6
het er oal kyl , C3- cycl oal kyl, C3- heteroc cJ |, ar eteroal kyl
each opt| onal IW%”LFBE%/'" F3RESH t\Lf?Ftpr{eﬁ%' Y&ﬂt'onél s4 %Qfﬁéouri#no o, Cl-C6

al kyl & &&Y)% al kyl am no; NHCOR150or COR18; R15 is hydrogen,

hydroxyl {LT koxy, amino, Cl1-C6 al kylLam no, di 25 C1-C6 al kyl am no,
NHOH, NHNH2, Cl-C6 al kyl, Cl-C6 heteroal k 5I, £1-C6 al kenyl, Cl1-GC6 al kynyl,
C3-C6 cycl oal kyl, C3-C6 het erocyclyl, ar or heteroaryl; R18 i s hydrogen,
hydr oxyl, Cl-C6 al koxy, am no, Cl-C6 al .o, di Cl-C6 al kyl am no,
NHOH, NHNH2, C1-C6 al kyl, C1-C6 heteroal kyl, C2-C6 37 WD 2006/ 057946

PCT/ US2005/ 042095 al kenyl, C2-C6 nW «, C3-C8 cycl oal kyl, C3-C8
heterocyclyl, aryl, or heteroaryl; taut omer or an individual isomner
or a racemc or non-racemc mxture g of oi soners, a polynorph, a hydrate, a
prodrug or a pharmaceutically 5 acceptable salt or solvate thereof. In one
enbodi ment, the present invention prov(?(yés a conmpound of formula (XV),
wherein each ein b independently is hydrogen, Cl-C6, alkoxy; halo;

am no; or hydroxy, wth the proviso that in any conpound only one of the

@B, A and B is hydrogen; wg1gomr or an individual isonmer or a

racem c

Qqis=—"FResor Ris;
Ris
Riz
10 Qq is =Rz, Riz; C1-Cg alkoxy; halo; amino; or hydroxy;

each Q,, Qu, and Qs independently is hydrogen; halo; amino; C4-Ce
alkylamino; di C4-Cs alkylamino; hydroxyl; C4-Ce alkoxy; nitro; cyano; aryl;
heteroaryl; CORg; SO2R1g; or PO3R1g with the proviso that in any one
compound, only one of Q3-Qs is hydrogen;

15 Qy is hydrogen; amino; C4-Cg alkylamino; di C4-Ce alkylamino; hydroxyl;
C4-Cs alkoxy; nitro; cyano; C4-Cs alkyl; C1-Cs heteroalkyl; C1-Ce alkenyl; C4-Ce
alkynyl; C3-Cg cycloalkyl; C5-Cg heterocyclyl; aryl; heteroaryl; COR1s; SO2Rs;
or PO3R1g or a monosaccharide;

R is CH, or CO;

20 Rs is hydrogen, halo, C4-Cs alkyl, aryl or heteroaryl;

Ry is hydrogen; C4-Cs alkyl, C4-Cg heteroalkyl, C3-Cs cycloalkyl, Cs-Cs
heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, C+-
Cs alkoxy, amino, C+4-Cs alkylamino, di C4-Cs alkylamino; NHCOR15 or CORs;

Rys is hydrogen, hydroxyl, C1-Cg alkoxy, amino, C-Cg alkylamino, di

25  C4-Cgalkylamino, NHOH, NHNH,, C4-Cs alkyl, C+1-Cs heteroalkyl, C-Ce
alkenyl, C4-Cs alkynyl, C3-Cs cycloalkyl, Cs-Cs heterocyclyl, aryl, or heteroaryl;

R+ is hydrogen, hydroxyl, C4+-Cg alkoxy, amino, C4-Cg alkylamino, di
C+-Cs alkylamino, NHOH, NHNH,, C4-Cs alkyl, C4-Cg heteroalkyl, C2-Ce
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10 or non-racem c m xture of isoners, a polynorph, a hydrate, a prodrug or
a pharnmaceutically acceptable salt or solvate thereof. In one enbodi nent,
the preswotoéemsenssi on provi des a conpound of fornula (X¥rjusedvsneions R18 is
hydrogen, Cl1-C6 al kyl, Cl-C6 heteroal kyl, Cl-C6 al kenyl, Cl1-C6 al kynyl, C1
-C6150ycljoal I(;ylI Cl- C6 heterocyclyl, aryl, or heteroaryl or a tautoner or
an i ndi vidual_ isoner or_a racemc¢ or n-racem i sqners,

pol ym)rpha|k§nWy@rZ'&?teealkH‘}ﬁyr@dﬁ&g’v‘%paél(yw%a*ﬁ%&@@{ﬁrpﬁ ?YI s'iegﬁmé‘r@alt or
solvate t Freof I n one enbodi nent, the present |nvent|on provi des a

conpound of formula (XV), wherein QL is CH2OH CH2NH2, CO2H CONH2, PO3H2
CH2POBH2 CH3, gtfitofddr or GrViajiRatal Gldqidr)abid BeRhiCla? Obin{rabRMROmMIXtare - CH2- OH,

- CH2- CH2- CH2- OH, - - alo. In one e ment, th

pr esent |ﬂf/'§ﬁme(5$r Vmﬂ)éehaagaﬁf?g\‘rﬁjpm‘ﬁug(?fﬁﬁ rWnPWC'I reinn QL ies CH2OH
Ct o %w%,th%fmzm CH2CH (CH2) 20H 25 In anot her

aspect 't d)resent

I nventi1on provides a conpound of the forrrul as (XVv-i),
(XV-ii) and (thome emidOdR0est, OBQQ%GPUWBSHOOW@AQ@QS CORHOUWEI®IMEO ¥ ¥ T4

(R )1(V||t)~\/\z9 ] WJ Whe)re"\/\??e‘géﬁ é H”SGRE“?,%‘M 'ﬁ%’gngaemd%fl%saa}ﬁ&%ogen or

met hoxy; Héloaahﬁh’é Qirl?fyd%xy,wm fl*félp’rbdi@élthaﬁﬁrmfy SUmpBburRESHy ©rey offtthe- r acemi ¢
m xture of i|soners, pol ynor ph, hydrate, a prodrug or a

phar rraceuﬂsc@latlayld@smémy&imge@,a)rta tautorgglr 9raRp indiwdualisomer or a racemic
10  or non-racemic mixture of isomers, a polymorph, a hydrate, a prodrug or a

pharmaceutically acceptable salt or solvate thereof. In one embodiment, the
present invention provides a compound of formula (XV), wherein Rig is
hydrogen, C4-Cs alkyl, C4-Cg heteroalkyl, C4-Cs alkenyl, C4-Ce alkynyl, C+ -Cs
cycloalkyl, C4-Ce heterocyclyl, aryl, or heteroaryl; or a tautomer or an
15 individual isomer or a racemic or non-racemic mixture of isomers, a

polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof.

In one embodiment, the present invention provides a compound of

formula (XV), wherein Q1 is

CH0H , CHNH; | COsH , CONH,,
P03H2, — CH2PO3H2, — CH3’ CECH s
OH
C(Me),OH ————CH(Me)OH :<
— N ———CHOH ——
20 \ 7 , (CHa)0H ,

'CHQ'CHQ'OH, ‘CHQ'CHz'CHQ'OH, -CONHQ, 'COQH, -CN, or halo.
In one embodiment, the present invention provides a compound of

formula (XV), wherein Q4 is

—— CH,0H, ——CO}H, =——CHs, C—CH ,
==—CHMe)OH, =—=——CHyCHOH ——CHOH ———(CH,),0H
25 In another aspect, the present invention provides a compound of the

formulas (XV-i), (XV-ii) and (XV-iii)



I n anot her aspect, the present invention provides a conpound selected from
formulas (XVI)-(XX): @6 @& U Q RBRE@B N @B N NQ BNQ I I i Q7
7Qe QL Qe Wb 206/0M9462 QZ , 10 (XVI) (XVII) (XVI11) QS brc@use¥bsiomobs| Q Q7

7 BB ~NN OQB QA G QA @, and @ (X X) (XX) wherein R13 RI3 Ql
is R13 or R13, R13 R13 15 2 is R13; R13; Cl-C6 al koxy; halo; am no; or

hydroxy; each each B-(b is hydrogen,hal o; am no; Cl C6 al kyl am no; di
Cl-C6 al kyl am no; hygr oxyd,; Cl-C6 al kixyp nitro; cyafid; aryl; heteroaryl;
COR18; SO2R18; or Poﬁwth the prg o that in any e corrpound, only
one of B- B is hydg ~oddD 2006/ G *Q46~oRCT/ US2005/ 0%2095" Q@ is

hydr ogen; hal o; ng; Cl-C6 al no; di Cl-C6 al kyl anifio;
CHs O N\ O oM
Q; ” Q; H Qs N

o1 , o and o
(XV-i) (XV-ii) (XV-iii)
wherein Q; is C4-Cg alkoxy; and Qq is hydrogen or methoxy; or a tautomer or
an individual isomer or a racemic or non-racemic mixture of isomers, a
5  polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or

solvate thereof.
In another aspect, the present invention provides a compound selected

from formulas (XVI)-(XX):

Qs Qs
Q4 Q
Re Rs O O
Qs /N\ Q3 N
= N-Qy / >

== N

@ Q N O O I
Q7

Qg Q4 Qg Q
Q; Q , Q 5 Q2 s

10 (XVI) (XVII) (XVIIT

Q ,and Q2
(XIX) (XX)
wherein
Rqs
o Rq3
Qi is=—"Ruor Ri3;
Rz
L :R13
15 Qp is =Ry3; Ria; C1-Cg alkoxy; halo; amino; or hydroxy;

each each Q3-Qs is hydrogen; halo; amino; C4-Cs alkylamino; di C4-Ce
alkylamino; hydroxyl; C4-Cs alkoxy; nitro; cyano; aryl; heteroaryl; CORyeg;
SO,R1s; or PO3R45 with the proviso that in any one compound, only one of Qs-

Qs is hydrogen;



hydr oxyl ; Cl-C6 al koxy; nitro; cyano; Cl-C6 al kyl; Cl1-C6 heteroal kyl; Cl1-C6
al kenyl ; Cl1-C6 al kynyl; C3-C8 cycloal kyl; C3-C8 heterocyclyl; aryl;

het er oar yWo 206@R185 S02R18 or PO3R18; 5 Q7 i s hydrogen; pamiusegos0d20a6

al kyl am no; di Cl-C6 al kyl am no; hydroxyl; Cl1-C6 al koxy; nitro; cyano;
Cl-C6 al kyl; Cl1-C6 heteroal kyl; C1-C6 al kenyl; Ci1-C6 al kynyl; C3-C8

cycl oal kyl; C3-C8 heterocyclyl; aryl; heteroparyl; . 5; ,SP2R18;

_P03:318; or n@m&%}t{ifﬁ%ﬁdl@?'ohemi"@g@d&@@@bf%%éﬁ’b‘?'c@?&@?l né'PQoxy?r 10 R6

is forny PFOL .Qfm .t of; - L1sch ' - | kyl, Cl1-C6

het er oal _k?/’?c,iro@’- %%tc%;é(:lﬁng@@ é@f‘%b’ @EF%&?&%F@?%@’?E% e)r/oal Kyl

efiﬁhl opt i allkegjlly(éms’rllkjllm},ll;?aﬁgdﬂgtdyclbﬁmyh@d-cg betergeychylkany;, hetatoasyl; C1- C6

al kyl am nq, di Cl- a m no, NHCOR15 or COR18; RI15 is hydrogen,

hydr oxyl ,8%1%3@?'%6@@', ééﬁgﬁo Cl-C6 al kylam no, di 15 Cl->(/36 algkyl am no,

NHOH,  NHNH2, Gy @g&@b - Sfired (ﬂ%ﬁ‘?ém bkyihe; §&4,C8; alkylernivib; hdrol; al kynyl ,
F, - Heterocycly ,

C3- @8 cycl oal kyT, : aryl, or heteroaryl; R18 is_hydrogen,
Cl- C6 al k6x3Ge alkixyo nites;-aganal RyiCaraling; CaiCotietemaliv; iGi-GaitenyRiGorCs NHNHD,

(%llcIcga?lk%Jky@g}%ﬂ'c%f?g&&ﬁ{?g@@r%'cag%%cgﬁlmk/ﬁ%r%%q\%ﬂa%loﬁkg%g]%bp a?u%ﬁ(r?ér or an
of

i ndi vi duapr PEQREBS: ofla Mohas&ciharide; non-racem ¢ mxture | soners, a
pol ynmor ph, a hydrate, a prodrug or a pharmaceutically acceptable salt or

sol vate ther eoRs is hyregesnbalei aehi-Cetdléo®tesent i nvention provides a
ndopbhdent 1y e bt 8o b L oxy. “halo or amino: and
FEE S, Ot R B0 GBR CL g CrChampeakbCus et SO0 01|
one enbod hﬁiﬂﬁ@‘?ycmearyb rcgm%/roaﬂsgybﬁé%)épﬁg%IV@@SE@E%%M%%&@? P (r)6r71| "
ot e, G i Sy BIAn S AR o B,
hfé Sur gggcgyt,o Rwisahynjfrogfm,elnMOWl,. C{-@gmmam@i-ﬁs ahelamiesedt i nvention
T Ub 008 tammiodamia, M HaNRRFE or-bo A o CaPEiSTBRfYN ock ot 4 0\ <1
4 Q@9 \ /all@nyl, C,-Cs alkynyl, Cs-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
Rys is hydrogen, C4-Cg alkoxy, amino, C4-Cs alkylamino, di C4-Ce
alkylamino, NHOH, NHNH, C+-Cs alkyl, C4-Cs heteroalkyl, C>-Ce alkenyl, Cz-
Cs alkynyl, Cs-Cs cycloalkyl, Cs-Cg heterocyclyl, aryl, or heteroaryl; or
20 a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
acceptable salt or solvate thereof.
In one embodiment, the present invention provides a compound
selected from formulas (XVI)-(XX), wherein each Q; and Qs independently is
25  hydrogen, hydroxy, C4-Cg alkoxy, halo, or amino; and each Qs, Q4, and Qs is
OMe. In one embodiment, Qz is hydrogen, hydroxyl, fluoro or methoxy; Qs is
hydrogen, hydroxyl, fluoro, methoxy or amino. In one embodiment, the
present invention provides a compound selected from formulas (XVI)}-(XX),
wherein Rqs is hydrogen, C4-Cg alkyl, C1-Cs heteroalkyl, C4-Cs alkenyl, C1-Ce
30 alkynyl, C1 -Cs cycloalkyl, C1-Cg heterocyclyl, aryl, or heteroaryl.
In another aspect, the present invention provides a compound of
formulas (XXI)-(XXVII):
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QL
" (Q0)

QB B QR BI QB RBQB R (XX) (XXIT) (XXII1)
N @ @ N' 4
\Y

QBVQR0EFH5@6 ( XXI'V) (XXV) (XXVI) Y Q
n=0-3 @ (XXVIl) wherein each Q, @,
hydr ogen;

QVY®BVYz BV
NNand 4 Q@B @B Q@
Y QeCT@$2608/0%2005 QL 3

and Q6 i ndependently is

hal o; am no; Cl1-C6 al kyl am no; di C1- CG al kyl am no; hydroxyl ;

D P®AQW~~P®A A X

V4

Cl- C6 al koxy; n\jtro cyano; Cl-G6 alkyl; C1-C6 hetervoal kyl; Cl-C6 al kenyl ;

Cl-C6 al kynyd ;

al kyl ami n®;
aryl; hetergat
heterocycl & am ag)

aryl ; heteroaryl;
mNno Cl-C6
'é1ro; cyano;

C3- &8 9g7cl oal ky¢ C:iﬁ- C8 het erocygg yI \

het er ocycl e, an aryl or a 10 het eroari/l with the proviso that i n any one

conpound,

only one of @B-B is hydro en; Q7 is hydrogen; . am no;

Cl-C6 al kyl ami no®¥ C1- 06 al kyl anid®®  hydr oxyl ;  Cl- C6 oxy nitro;

cyano;

excl udes hgdr
5

cycl oal kyl ; C3-C\§ het er ocycl yl ,anryl ‘het er oaryl; 1 Cg?15; SO02R18; or
PO3RL8 or a ®eno acgharide; wit @vi so thés forr'\ﬁula(ll) Q7
; 4]J Qs N
% aQ >
Q 1 4
. Qgg\ p Qq Q S Q3Q9 \/N , and
Qs Q @ P & Qs h
Q2
(XXV)
(XXVD

10

15

(XXVII)
wherein each Q4, Q,, and Qg independently is hydrogen; halo; amino;
C+-Cs alkylamino; di C4-Cg alkylamino; hydroxyl; C4-Ce alkoxy; nitro; cyano;
C4-Cs alkyl; C1-Cs heteroalkyl; C1-Cg alkenyl; C4-Ce alkynyl; C3-Cg cycloalkyl;
Cs-Cs heterocyclyl; aryl; heteroaryl; COR1g; SO2R1g or PO3Rs;
each Q3-Qs is hydrogen; halo; amino; C+-Ce alkylamino; di C4-Ce

alkylamino; hydroxyl; C4-Cs alkoxy; nitro; cyano; aryl; heteroaryl; CORys;
SO,R4s: or PO3sR1s; Qs and Q4 together form C3-Cg heterocycle, an aryl, or a
heteroaryl; or Q4 and Qs together form a Cs-Cg heterocycle, an aryl, or a
heteroaryl; with the proviso that in any one compound, only one of Qz-Qs is
hydrogen;

Qy is hydrogen; halo; amino; C4-Cg alkylamino; di C4-Cg alkylamino;
hydroxyl; C1-Cs alkoxy; nitro; cyano; C+-Cg alkyl; C4-Ce heteroalkyl; C1-Cs
alkenyl; C4-Cg alkynyl; Ca-Cs cycloalkyl; C3-Cg heterocyclyl; aryl; heteroaryl;
CORy5; SO2R1g; or POsR1g or a monosaccharide; with the proviso that in

formula (1) Q7 excludes hydrogen;
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WD 2006/ 057946 PCT/ US2005/ 042095 @8 is hydrogen; hal o; am no; Cl-C6

al kyl am no; di Cl-C6 al kyl am no; hydroxyl; Cl-C6 al koxy; nitro; cyano;
aryl; hetwoeasls794€0R15; S02R15 or PO3R15; each Q@ i ndependesnsioy20bs

hydr ogen; hal o; am no; Cl-C6 al kylami no; di 5 Cl-C6 al kyl am no; hydroxyl;
Cl- C6 al koxy; nitro; cyano; aryl; heteroaryl CCR15 SO2R15 or PO3R15; V
i's -NHRL6; - NHNHRL6; - NHN( 6)2 @6 H - S h dr ogen,
hydr oxyl or haQ@dﬁeh)’d'Z’G% ehaammo - i@ 'Pg Vi r'% YIRINBs al koxy,

am no, Cl K | C6

i K, a8 ARox @% N BN, bR INDBR NIIR; 61 6 al kyl
Cl- C6 hete a?kyl ,18(221-@8Xa Co al kyrrryi C16s cyc? oal kyl, C1-C6
het er ocycP@sRgryl, or heteroaryl R16 S hydrogen Cl-C6 al kyl, aryl,

Cl o i am B “°r2i6§dn3@8 énfa‘i“%th@ggpcﬁr@ ﬁlﬁ%a%bﬁ%*kvaﬂhé"aﬁ;f")”y"
aroyl , 5 anmpnet @Iﬁﬂéﬁm%‘mydr&%@hlcglglgéﬂ@”hmt% rdignykterdan/SLOR;s;

al kyl am not hicocar bonyl | oaroyl ; and Is Cl1-C6
al kyl or 8QgRis o PRsRhs prow so that when V is NR16, RI16 excludes

v ogen. o1 o e SN N R ey RIS BTGy i o,
NHOH, NHNHZ2, CS(@@IgHgé Hydird¥9/1 behglbgahkyl , C2-C6 al kenyl, C2- C6 al kynyl,

C3-C8 _cy_cloal ké heterocyclyl aryl, or heteroaryl; or a tautomer or
an i ndi vi dual Zd8m&iHoer 2Nracenic or non-racemic nixture of isoners, a

poly ph a hpg%%tﬁ{drgggﬁoéhggg Bnﬁ]é 1«ra%|tgn érﬁ{mBCS?@} @QI e 25 salt

or so ate t he ne' e |nveht|on provi des a

oLttt et e 5
Itro; 1 R1 R13; R13
Cl-C6 al Q@@ky%r% Casyrigalkyh Gy Sﬁg iprogys Qi‘eg?maé' i nde:oanent ly is

corpound only Sig S dEdeny®i-By o . €-G ”ﬁ%é%‘hh%?vbﬂ%'““ ik
opt i onal | Csaikesdycarktoayl,iamiapearibonyl, ¢w@daikyiamlmca1rb®@ylady¢1 -Chet er oar yI 42
15 alkylaminocarbonyl, C4-Cs acyl, aroyl, aminothiocarbonyl, C+-Ce
alkylaminothiocarbonyl, di C4-Cs alkylaminothiocarbonyl, C4-Cg thioacyl, or
thioaroyl; and R’ is C4-Cs alkyl or aryl; with the proviso that when V is NRye,
Ris excludes hydrogen;
R47 is C4-Cg alkyl; aryl; or di C1-Cg alkylamino;
20 R1s is hydrogen, C4-Cg alkoxy, amino, C4-Cg alkylamino, di C4-Cg
alkylamino, NHOH, NHNH,, C4+-Cs alkyl, C4-Cg heteroalkyl, C2>-Cs alkenyl, Co-
Cs alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl; or
a tautomer or an individual isomer or a racemic or non-racemic mixture of
isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically acceptable
25 salt or solvate thereof.
In one embodiment, the present invention provides a compound of

formula (XX1)-(XXVIl), wherein Qq is hydrogen; halo; cyano; nitro; CORg;

R43 Ri3

2 :R13 22 :R‘IS
: i R13; Ris; C1-Ce

Riz; Qo is =

SOsR4g; PO3Rg; =—"FRu or
alkoxy; halo; amino; or hydroxy; each Qs, Q4 and Qs independently is
30 hydrogen,C+-Cg alkoxy, halo, amino, or hydroxyl provided that in any
compound only one of the Qs, Q4 and Qs is hydrogen; Q7 is C1-Cs alkyl
optionally substituted independently with one or more aryl, heteroaryl,
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WD 2006/ 057946 PCT/ US2005/ 042095 hydroxyl, amino, Cl-C6 al kyl am no, di
Cl-C6 al kyl am no, CO2H, or CONH2; COR18; SO2R18; or PO3R18; or a
nonosacchwoi2desosRu8 i s hydrogen; Cl1-C6 al kyl, Cl-C6 het ecwaiskyos,041085 C8
cycloal kyl, C3-C8 heterocyclyl, aryl, or heteroal kyl each optionally
substituted with hydroxyl, Cl- 5 C6 al koxy, ami no, Cl-C6 al kylam no, di

Cl-C6 al kyl NHCOR15 COR18; R15 hyd
iy Sheiaicuot v g B e . o
al kyl , C%%é?$8r§1aagyFosﬁl F 5 ﬁ’x'oh%ggéohaﬁé al kynyl, C3-C6 cycl oal kyl ,

C3-C6 heteéro ®heter oar is hydrogen Cl1- C6 al koxy,
am no, Cl- 06 aRlgikdydragendiC,@s myn@aa:émtamaﬂoﬁ OO, cyoloaihi®s-Cel- Co

Pt or oal KIATSTIOh ABAPEheEHRARIATL T BLE ADR IS yﬁﬁi&éd%%ary'a %
ol k1 am 16, gy, @ lr] A AARO TS, O Gl GOSN ORly o DO

het er oal ky cycl oal kyl -
heterocyclyl, Risis, hydrogmft, dyderyl,;Cofs a&oay,tamtrm:& -G alkmlamiawdidual i somer

or oar g orRoteaRsa A FHIHe G G pUSE Tt CopBeBokPR s Sor” I 7' Gne”
enbodi rrer'g|k§oel{*|i I _J@S@%w rw(ifz%o@[@w - BeRD dagifl orfhytesmlaa;ﬂ (XXl -i),

(XXI1-1) i) and (XXVI1-i):"V.V NNHN MMO/ N
QQL 20 I\/EO ORles |smf-y rom 6 wuﬂoxy\,emmowe@ ﬁs\alwl@mnq\/@w@% OoMe,

( XX - 8 (a ylaml o(lzfﬁHI-ll,'Ar)NHﬁl?—lg,VE—%%oeﬁk)ﬂ?& 6 hpgr/og%@qj? @489§§alk§ﬁ YVYz
C3-Cg heterocyclyl, aryl, or heteroalkyl, NHOH, NHNH>, and
Ris is hydrogen, C1-Ce alkoxy, amino, C4-Cg alkylamino, di C4-Ce
alkylamino, NHOH, NHNH,, C4-Cs alkyl, C4-Cg heteroalkyl, C,-Cg alkenyl, Co-
Cs alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl; or
15 a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
acceptable salt or solvate thereof.
In one embodiment, the present invention provides a compound of
formulas (XXI-i), OXXI1-i), (XXIN-i), (XXIV-i), (XXV-i) and (XXVII-i):

N VooN
7 “NH //
MeO Q MeO N
Q Q
O 1 \4{
MeO
20 OMe OMe , OMe OMe ,
y .
"
MeO \ N
Q
MeO [
© OMe OMe ,
(XXI-i) (XXII-i) (XXI1H-i)
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NEONNEOQlQ_l MO Ove OV , MeO OV OB, and V MO MO O OMWe.
(XXV-1) (XXVII-i) wherein QL, V, Y, and Z is defined as above; or
a t aut omewoanocas7d4pdi vi dual 5 i soner or a racem Cc Or nNORCTABEISO4200Xt ur e of

(XXIV-1)

i soners,
accept abl

a polynmorph, a hydrate, a prodrug or a pharmaceutically
e salt or solvate thereof. |In another aspect, the present

i nvention provides prqﬁrug conpounds as quined above wherein the tubulin

bi nding ¢
hydr oxyl

onpound ivs bgnded to the hyjgoxi g

activator (Hyp) through an
rogen (-NHyp) in the tubulin

bi ndi ng cgog ngbe electron deficient
ni trobenzene eny niyrgbhenzoic acid amde
noi eties, nit 5( i dgol/e noi eties, nitrothi ophene
moi eties, MeProt iy ni bieoxaz ol Mikfi es, nitrofuran
noi eties, 15 and nitropyr Ol'e noieties. In one enbodi nent, the hypoxi c
activator is a supstituted or unsubstituted nitroimdazole noiety. In one
enbodi nment , sgted from X2X2 O2N-\\ Xg O \\ /j-C(Rso)z O NCO
zN \ C( R38d X2--X2 | 2 X2 O:::= X2 C(R30Q)2 \CO C(R30)2 O 2
NO2 ~ 02N 44 946 PCT/ US2005/ 042095 0 0 C(R30)2 \CO O 2 X2 X2
MeO
OMe.
(XXIV-i) (XXV-i) (XXVII-i)

10

15

wherein Q4, V, Y, and Z is defined as above; or a tautomer or an individual
isomer or a racemic or non-racemic mixture of isomers, a polymorph, a
hydrate, a prodrug or a pharmaceutically acceptable salt or solvate thereof.

In another aspect, the present invention provides prodrug compounds
as defined above wherein the tubulin binding compound is bonded to the
hypoxic activator (Hyp) through an hydroxyl oxygen (-OHyp) or an amine
nitrogen
(-NHyp) in the tubulin binding compound. The hypoxic activator can be
electron deficient nitrobenzene moieties, electron deficient nitrobenzoic acid
amide moieties, nitroazole moieties, nitroimidazole moieties, nitrothiophene
moieties, nitrothiazole moieties, nitrooxazole moieties, nitrofuran moieties,
and nitropyrrole moieties. In one embodiment, the hypoxic activator is a
substituted or unsubstituted nitroimidazole moiety.

In one embodiment, Hyp is selected from:

XZ:XZ
ON % N OuN ©
\< TC(Rso)z cOo \ / C(R3p)2 \CO
n , Xg\)(2 n

Xg——Xz >
Xz:X2
X/ C(Rap) %O\ J>ﬁ X X2> ixzzxz 0
2 Rao)2 co \ N
\>2 / n )|\ \ /> —C(Rao)2 co"}l\
X3 Xo—Xo n
NO, , O2N ’
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O ~1 CR30)2 CO ~ X211 X2 NR3B1 Nn R31 0 and O wherein each X2 is N
or CR32; X3 is NR31, S, or O; each R30 is independently hydrogen or alkyl;
5 R31 i s wpdo@ysm4sshydr oxyl, Cl-C6 al kyl or heteroal kyl pcCarse®soymboal kyl ,
het erocycl yl, Cl-C6 al koxy, Cl-C6 al kyl am no, Cl1-C6 di al kyl am no, aryl or
het eroaryl, Cl-C6 acyl or heteroacyl, aroyl, or heteroaroyl; R32 is

hydr ogen, hal ogen, nitro, cyano, CO2H, Cl1-C6 al kyl or heteroal kyl, Cl-C6
cycl oal kyl, C1-C6 al koxg, 6 kyl am no, Cl-C6 10 di al kyl am no, aryl,
CON(R7)2, C1-C6 acyl or{%eteroeyl, or apoyl or heteroaroyl; and n =0, 1.
I n an addi ti onal [

N~C(R30) z CO 02N 2.\ CO C X n; X2 R32 2 02N 0 C(R30)2
CO 02N S C(R30) ﬁﬁO\ /Xz/ n 15 R32 R32 4nd Bad- heggi’n X2, R30, R31,
R32 and n are asx,defi r@bove. In a h odi ment \ Hyp/js Me N~-NO2

co_o n // wherein = 0 or 1, provided tHat irfs-OHyp n = 0. In one

enbodi nent, the pregsent invention ggpvidgs conpounds of the 20 invention
wherein X is -NN(Hyp) R wherein Hyp and R are defined as above. In another
enbodi ment, t hevharemesach XyisliosChRwovi des a prodrug of the conpound of

formula (1-1): X3 is NRs1, S, or O:
each Rag is independently hydrogen or alkyl;

5 Rs; is hydrogen, hydroxyl, C4-Cs alkyl or heteroalkyl, C3s-Cg cycloalkyl,
heterocyclyl, C4-Cs alkoxy, C¢-Cg alkylamino, C4-Cg dialkylamino, aryl or
heteroaryl, C4-Cs acyl or heteroacyl, aroyl, or heteroaroyl;

Rs» is hydrogen, halogen, nitro, cyano, COzH, C4-Cgalkyl or
heteroalkyl, C1-Cg cycloalkyl, C+-Cg alkoxy, C4-Cg alkylamino, C4-Cg
10 dialkylamino, aryl, CON(R7)2, C4-Cg acyl or heteroacyl, or aroyl or heteroaroyl;
and
n=0,1.
In an additional embodiment, Hyp is selected from

Raq 0. Ray o
O2N NYC(Rso)z/é \Co‘%r O.N N C(Rso)z/% \co’>F
9 : WI :
X2 Xo
R R

32

N H
O,
o O,
O,N C(Rao)z% \CO‘%F O,N s C(Rao)z% \COJ}P
\ / a \q n
Raz Ra2 and Raz Rz .

wherein X2, Rso, R34, Ra2 and n are as defined above.

15

In another embodiment, Hyp is

Me
N _-NO,
co. )
/( Omz/ wherein n =0 or 1, provided that in -OHyp n = 0.

In one embodiment, the present invention provides compounds of the
20 invention wherein X is -NN(Hyp)R wherein Hyp and R are defined as above.
In another embodiment, the present invention provides a prodrug of the

compound of formula (l-i):
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45 WD 2006/ 057946 PCT/ US2005/042095 x N, NH MO QL MO W Ove (I-1)
wherein one or nore -NH, enol formof a C=0O, and/or -OH npiety or noieties
MV NQ@RONoos/dsko4bIN NQ2 therein is converted to o Me pcoruski@s@43des NO2 | n
one enbodi nent, the present invention provides a conpound of fornulas

(XXVILT)-()(XXI1): Hyp Hyp @B x ZINHp @B X N@B x ZN B QO B PO QA B
QP@Q1 P®QA QY BPYBRBAB®EBBELBRBQEB R (XXVIH) (XXIX)

( XXX) Hyp @BV ZNHp®BVN ( _ (
or B @B QB Q@ (XXXI') (XXXl 1) Zrein b.'ch QL, @, and 6 independently is

hydr ogen; hal o; am no; MeEOE y=am no; di Cl1-C6 al kyl am no; hydroxyl;
Cl- C6 al koxy; nitro; cyano; Q ,Qm C6 heteroal kyl; C2-C6 al kenyl ;
C2-C6 al kynyl; C3-C8 cycl grbkyl c8 heterocyclyl; aryl; heteroaryl;

COR18; SO02R18; or PO3R18i each @"QQS I sOMedr ogen; hal 0; am no; Cl-C6
al kyl am no; di Cl-C6 al kyl am no; _\ﬁjroxyl Cl1-C6 al koxy; nitro; cyano;
aryl; heteroaryl; COR18; 15 SO02R18i ‘or P03R18; @B and 4 together form
C3- C8 het ghegais loke ormeveyINH-0knal form of a C=0, and/or -OH moiety or moieties

_‘( _/q\}lj\Noz “AN _/[N Bl\

therein is converted to" Me NO2 or

_ L

O
5 f\f II\\lAe NOz,

In one embodiment, the present invention provides a compound of
formulas (XXVIIH-(XXXII):

(XXXI) (XXXII)
wherein each Q4, Q2, and Qg independently is hydrogen; halo; amino;
10  C4-Cgalkylamino; di C4-Ce alkylamino; hydroxyl; C4-Ce alkoxy; nitro; cyano;
C4-Cs alkyl; C1-Cg heteroalkyl; Co-Cg alkenyl; Co-Cs alkynyl; C3-Cg cycloalkyl;
C3-Cg heterocyclyl; aryl; heteroaryl; COR1g; SO2R1s; or PO3R1s;
each Qs-Qs is hydrogen; halo; amino; C+-Cs alkylamino; di C4-Ce
alkylamino; hydroxyl; C4-Cs alkoxy; nitro; cyano; aryl; heteroaryl; COR1s;
15  SORys; or POsRqs; Qs and Q4 together form C3-Cg heterocycle, an aryl, or a
heteroaryl; or Q4 and Qs together form a C3-Cg heterocycle, an aryl, or a
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heteroaryl; or 4 and & together forma C3-C8 heterocycle, an aryl, or a
46 WO 2006/ 057946 PCT/ US2005/ 042095 heteroaryl; with the proviso that in
any one cwopowndyenly one of B-Qb is hydrogen; B ispraoydse@snizobal o;

am no; Cl1-C6 al kylam no; di Cl-C6 al kyl am no; hydroxyl; Cl-C6 al koxy;
nitro; cyano; aryl; heteroaryl; CORL5; S02R15 or 5 PO3RL5; each 9

i ndependently is hydro en; hal o; amno; Cl1-C6 al kylam no; di _Cl-C6

al kyl am nbetdrganbwith tf@]prgmsemthaw any @ne cormpaHpd, ey enerdi@QrBaly | . cor1s;
S02R15 or g?R%ﬁ V is -NHNHR16; - HNR16; - N(Hyp) NHR16; -NHN(Hyp)RlG or 10
- N(Hyp) N(qu Wherein Hyp is a hypoxic activator as defined above;, X is

0, -NNHR16, NRf{iis hPNd@em Rif; anfindiBLOylatkytamingl 6i Cs-CekliBamilcky! , aryl,
Cl- C6 al kyl sul phaon aryl sul fon |, Cl- al kox nocar bonyI

Cl- C6 aI ki‘b’dfﬁm{b&ar%ﬁBVPXYdmtr@lcmoalan Q@ﬁwg%’%ﬁ’ %@ZF%@or acyl, aroyl,
am not %ﬁ konyl, Cl-C6 al kyl am not hi ocarbonyl, di Cl-C6 15

al kyl a dear bonyl Cl-C6 thioacyl, or thioaroyl; wth the proviso that
when X is NRl@;aclRm, |ade|bend@entlwslhggmgen\/hak) Iaryrdnog@nCelaMQHmyio, dior

Q?LSF’S% n&1- %¢alm?+@@rl%dﬂy§rw§/¥' 51 -fe a%%ﬁ?mﬁﬁ%n? c?ﬁ %ﬁ@erﬂ'@@ 5

het er oal ky nyl, C2- C6 al kynyl, C3-C8 cycloal kyl, C3-C8
heterocyclyc?2 1glr>F/:F‘Oa3lr\]‘§?heteroaryl R16 is hy rogen, Cl-C6 al kyI aryl,

Cl-C6 al kyl sul phisniHNHRyd; sHNRasiy-N(HgR)NIR 1! tHydBmylor ani nocar bonyl |

L e BTyl i ATPRSAERY, o ot B8l oY1
al kyl am not hi ogast9NNHR;, CF@?EMNWMW)RJI% ortlhomgWNérean&nSt(b@Cprow so
that when X is NRL6, R16 exclu drogen; R18 is hydrogen, hydroxyl,

Cl- C6 al kaMyl, amh fo; Cecaﬂkﬂsuhﬂhnpylamlﬁylfomwl @iCepkaxysarb@Nho, NHOH, NHNH2,
o S Aol AR G5,
an indivi g alr%@r@hlrwthlacémm C1Cs aiﬁylarmn@uhﬁdbartlbm‘tw,rm CpCel soner sI ta
Eg: {gﬁ (rgpth refljlﬂ(;gz@mlno(:cirtm(gcarbol;)1§/IOdCr1EJ gt(l?uroaacl;yP o?rtrrlrl%g%% Wlﬁl I'%/e pr%(\:/i:s%pt%ap wﬁena or
X is NRys, R1s excludes hydrogen;
Y is hydrogen, hydroxyl, or halogen;
Zis —CH- or —N-;
R1s is hydrogen, C4-Cg alkoxy, amino, C4-Cg alkylamino, di C4-Cs
20  alkylamino, NHOH, NHNH,, C4-Cs alkyl, C4-Cs heteroalkyl, Co-Cs alkenyl, C2-
Cs alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
R4 is hydrogen, C4-Cs alkyl, aryl, C4+-Cg alkylsulphonyl, arylsulfonyl, C4-
Cs alkoxycarbonyl, aminocarbonyl, C4-Cg alkylaminocarbonyl, di C1-Cs
alkylaminocarbonyl, C4-Cg acyl, aroyl, aminothiocarbonyl, C4-Ce
25  alkylaminothiocarbonyl, di C1-Cs alkylaminothiocarbonyl, C4-Ce thioacyl, or
thioaroyl; with the proviso that when X is NRys, R1s excludes hydrogen;
R+ is hydrogen, hydroxyl, C1-Cg alkoxy, amino, C4-Cg alkylamino, di
C1-Ce alkylamino, NHOH, NHNH_z, C4-Cg alkyl, C+-Cg heteroalkyl, C>-Cs
alkenyl, Co-Cs alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
30 or
a tautomer or an individual isomer or a racemic or hon-racemic mixture

of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically

acceptable salt or solvate thereof.

47



47 WD 2006/ 057946 PCT/ US2005/ 042095 In one enbodi nent, the present

i nvention provides a conpound of formulas (XXVII11)-(0(XIl), wherein QL is
hydr ogen;wbabejoseysano; nitro; CORL5; R13 R13 2 R13 R13p80aRI@s0PHSRLS; R13
or ~ R13; Q2 IS R13; R13; Cl-C6 al koxy; halo; am no; or hydroxy; each @3,
Q4 and & independently is 5 hydrogen Cl1-C6 al koxy, hal o, am no, or

hydr oxyl provided that in any onpound only one t he , . and b is
hydr ogen; R13 i@ﬂ@ﬁﬁ@@éﬁnefﬁlﬂ”@p@ﬁ?m '”V@Tt'%p%@(gﬁ%%lcf?m 0“@%’&8

Subst 1 ut SRR RS RN Eerg i s Qo SRR MArRATIEPRIORS o) 1. o

al kyl am no; NHCCR15 or CCR18 R or a gautomer or an"®endi vi dzgal |sorrer or a
racem c or _non-racem c_m xture oner I r ok, dratéz
pr odr ug oﬁOaRpmMe,u‘f—T—_c_rRPWaccept abRie Q28T or '¥8l vate t ner &81C8 I n one

Fypo 0N 2ok ik RN, R e R tarR sheierpauBendingy ] [ 25 © o 1UP
hydr ogen, hididgbh,C/CER Bk xEdRdtb G, &wm&wmmmm OH C(Me) 20H

Cr(ve) O N - ol (o) 201 - - o oy G, O G- O, - CONv, - O
-CN, or hﬁ@'@POBIﬁdQnM%LRQfT@@Q? Qi aNAdRs ISdYAo9%¥bner or a racenic or

phar macet  cal 197 SabBhede SA0E Rl RGN e D oa rent .
is 48 WO Bé%éé;&mwyPﬁfmmﬁéwméphonally substituted with hydroxyl, C4-
Cs alkoxy, amino, C4-Cg alkylamino, di C4-Cg alkylamino; NHCOR15 or CORg;
10  or a tautomer or an individual isomer or a racemic or non-racemic mixture of
isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically acceptable
salt or solvate thereof..

In one embodiment, the present invention provides a compound of

formula:
o o)
/N\N.Hyp
Qs Qs
2 O
Q Q4
15 tG Q Qs

wherein Q1 is hydrogen,

CHzOH, ————CHyNH, | =————COH CONHy,
POsHy — CHyPOsHy , =————CH3, C=—CH
OH
C(Me)OH ——CH(Me)OH j
E— \—7 ——CHOH  ————(CH,),0H

-CH,-CH2-0OH, -CH2-CHy-CH2-OH, -CONHa, -CO,H, -CN, or halo; ora
tautomer or an individual isomer or a racemic or non-racemic mixture of

20 isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically acceptable
salt or solvate thereof.

In one embodiment, Q1 is
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CH2OH , CO2H, CH3, C=CH , CH(Me)OH , CH2-CH20OH CH20H (CH2)20H. In one
enbodi nent, the present invention provides a conpound of selected fromthe
group consoveeng7ab: Hyp Hypo O O/ ; N N N Hyp N N Fe@usb@sheol QL QL
Meo Ove Ove MO OVe OVe, and MeO W OWe 5 wherein Hyp is as defined above.
I n one enbodi nent, the present invention provides a conmpound of fornul a:
Hyp ONN ijpONN I\/leO/\I\/leO/Ql_Ql(Fﬂ{tg3 Ove or MO Ove Owe .
wher ei n H;cp:rs—‘ﬁ'z@'éfl ned—abo¥€2H 10 Fr—anot b6t ment, the present

i nvention provides a conpound of formula (XIV): QL @ QS @B A (X1V)
wherei n; each B-@ is hydrogen; hal o; am no; Cl-C6 al kylam no; di Cl- 15 C6
al kyl ami nE=hydeidegloH ,Cl-Ea—at-oekH,0H t res—cyafdCHaryd——hetapparyl ; CORLS;
SO02R18, or PO3R18; B and 4 together form C3-C8 heterocycle, an aryI or a
het eroaryl; or |r@na@mm@iﬂlmegenmeprémhlwemewrmd% amﬂmur@rﬂfar yl, or a

het er oar yl he proviso that in any one conpound,
at | east S%‘ﬁgt O#‘%%GQQQUW%V%'”%P( NHyp); 20 QI, @@, R13, R15 and Hyp
are as defined above; or a tautoner or aip i ndi vi duaIHypsngar or a racemc or

non-racem c mxtyre of isoners, agol er ph, a hydrate, perdr ug or a
phar maceutical |y W9 N. .Hyp

7

5 wherein Hyp is as defined above.

In one embodiment, the present invention provides a compound of

formula:
H
e
4 N,Hyp N\N
MeO MeO
b T " O
OMe OFr
wherein Hyp is as defined above.
10 In another embodiment, the present invention provides a compound of
formula (XIV):
7 Q4
"
Qg Qs
Q
(XIV)

wherein;each Qs-Qs is hydrogen; halo; amino; C4-Cg alkylamino; di C4-
15 Cgalkylamino; hydroxyl; C4-Cg alkoxy; nitro; cyano; aryl; heteroaryl; CORqg;
SO,R1s, or PO3R1g; Q3 and Q4 together form C3-Cg heterocycle, an aryl, or a
heteroaryl; or Q4 and Qs together form a C3-Cg heterocycle, an aryl, or a
heteroaryl; (-OHyp) or (-NHyp) with the proviso that in any one compound, at
least one of Q3-Qs is (-OHyp) or (-NHyp);
20 Q1, Qo, R43, Ry5 and Hyp are as defined above; or
a tautomer or an individual isomer or a racemic or non-racemic mixture

of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
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WO 2006/ 057946 PCT/ US2005/ 042095 acceptable salt or solvate thereof. In
one enbodi nent, the present invention provides a conpound of fornula
(XI'V), whwoenw/sss R13; or R13 R13 R13; and each @ - pQE/uspaspendently is
hydr ogen, Cl-C6 al koxy; halo; am no; or hydroxy; with the proviso that in
any conpound at |east one of 5 B-Q is (-OHyp) or (-NHyp); or a tautomer
or an individual isoner or a racem c or non-racem ¢ mxture of |soners, a

pol ynor phaccephahle sl or solyatrithejeobr Inpnsembadisagntc g R/reﬁéﬁte'ﬁ’!%{’bt!cé‘ salt or
| vate th | di d
T T L R

R13 R13anere|nQ1|s R13 or R13 R13Q2|s R13; R13; ClCGaIkoxy

hal o; ami no—or~h{idroxy; each QB &, and i ndependent |y is hydrogen;
hal o; ani no; Cl &6; and eatk @ansdndepercents l%hk@ﬂ%@ﬂn@f@ﬁﬁi’ﬁ@%l Cl- C6

O hA el 5 Y PR By ey BB 062 nd

toget her HoIAN i3 (‘GHES) ot ENPIVER Yt Ltavtdmar gt an Q’fdmdhatleomerwa with the
provi so that 1n any one conpound, only one of - hs h dro&yaru 20 Rl is

CH2 or coracamn@ or RPETTagRINIC Mitdre cfiisersers, @molymmhoﬁ R13 is
hydr ogen; cl oal kyI C3-C8
het er ocycﬁ"'yzf1 pﬁgpﬁ%f&&g Caﬁ%?er O&%Ea Qea!é%éoohﬁ%éona ﬁf substituted with

hydroxyl, Cl- Inone embodiment, the present invention provides a compound of

formula (XXXIV):
Qs
X\\ :04
Ry Qs
Rs
Q; N
10 Q4 Hyp
(XXXIV)
Rq3
L :R13
wherein Qq is =—Rs or Riz;
Rz
_ Rz
Q; is =Rz Ris; C1-Cg alkoxy; halo; amino; or hydroxy;

each Qs, Q4, and Qs independently is hydrogen; halo; amino; C4-Ce
15  alkylamino; di C1-Cg alkylamino; hydroxyl; C1-Cs alkoxy; nitro; cyano; aryl;
heteroaryl; CORg; SO2R1s; or PO3R+g; Qs and Q4 together form C3-Cg
heterocycle, an aryl, or a heteroaryl; or Q4 and Qs together form a Cs-Cs
heterocycle, an aryl, or a heteroaryl; with the proviso that in any one
compound, only one of Q3-Qs is hydrogen;
20 Ry is CH; or CO;
R; is hydrogen, halo, C4-Cg alkyl, aryl or heteroaryl;
R43 is hydrogen; C4-Cs alkyl, C1-Cg heteroalkyl, Cs-Cg cycloalkyl, C3-Cs
heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, C+-
Cs alkoxy, amino, C1-Cg alkylamino, di C4-C¢ alkylamino; NHCOR1s or COR4g
25 R1s is hydrogen, hydroxyl, C4-Cs alkoxy, amino, C1-Cs alkylamino, di
C4-Cs alkylamino, NHOH, NHNH,, C4-Cg alkyl, C+4-Cg heteroalkyl, C1-Ce
alkenyl, C4-Cs alkynyl, C3-Cs cycloalkyl, C3-Cs heterocyclyl, aryl, or heteroaryl;
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C6 al koxy, am no, Cl1-C6 al kylam no, di Cl-C6 al kyl am no; NHCORL5 or COR18
25 R15 is hydrogen, hydroxyl, Cl-C6 al koxy, am no, Cl-C6 al kyl am no, di

Cl- C6 al kwbanmensy94bHOH, NHNH2, C1-C6 al kyl, Cl1-C6 het er ealrhyskoos6d2006

al kenyl, C1-C6 al kynyl, C3-C6 cycloal kyl, C3-C6 heterocyclyl, aryl, or
heteroaryl; sn WO 2006/ 057946 PCT/ US2005/ 042095 R18 is hydrogen, hydroxyl,
Cl-C6 al koxy, am no, O -C6 al kylam no, di Cl-C6 al kyl anmj no, ,NHOH, NHNH2,
Cl-C6 al kyl, ORsgd6 Hyém@e@ahwroxytz&eﬁe a@spmé,r@mmocéhc%e alkWamino. ¢3- cg

cycl oal ky het e I cO a hypoxi ¢
acti vat orb &6%@3'{‘@& B‘%@ﬁ NHA\AQ? NS élkgf s F‘?’ ecg?alngpgé?m Zpor
non- raCGnélReH}(IXC'zUC% allgfnyl, SOE; Tycalkgl, \BRC p heterobyaylaaryl, cr heterdang; or a

phar maceut i ca accep table salt or solvate thereof. In one enbodinent,
the present i nHB!ﬂﬂS bYPCm'Q)@PTdfé%IO'é CI’forrpound of formula ()=IV-i), ()=IV-ii)

and () =l V-0 él}g&%?’&%ﬁy@wcﬁ‘él rf(g d@@m&@or%—rﬁce,rﬁi%tﬁ%e oH /|

(XXXI V-I lc):f iGHPRENY/-d polymonpler  hpdi@Re,i 3 pGitn@s oa Bkiharmacduiallys hydrogen or
met hoxy; or a tautomer or  an |nd%V| dual isoner or a racenm c or non-racenic
m xture oRcGeptpRlesaltor sehAeHIeROT-a hydrate, a prodrug or a

phar maceuti cal f deofenbodi nent
the present i nbﬁ%ﬁgﬁﬁgﬁ%ﬁge@%p@%ﬁéﬁwhgﬁ 9{%\{!@&§ggozdk% (OMX): @S QS

& QQ RBidgRGUNa DXOXIREH)NDOEV -ipamd QBXOKIMyiti) \ | \ N Hyp

MeQ

MeO MeO Qs
Qq Q4
oL X @m
Ry OMe Ry OMe
CHs
10 o , & , and
(XXXIV-i), (XXXIV-ii) (XXXIV-iii)

wherein Q. is C1-Cg alkoxy and Q4 is hydrogen or methoxy; or a tautomer or
an individual isomer or a racemic or non-racemic mixture of isomers, a
polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
15  solvate thereof.
In one embodiment, the present invention provides a compound of
formulas (XXXV)-(XXXIX):

Res Rs
Qg N
~ J )
Sass o
Hyp
Qg Q
Q, Qq Qz N
(XXXV), (XXXVII)

20 Q , and
(XXXVII)
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BQ QA RQ , & Q@5 (XXX, (XXXVI) (XXXVI 1) BB A4 &4 N HYP
HYP B N@B 0 GBI QL & QA 20 @, and Qz (XXXVI 11) (XXXIX) 51 WO
2006/ 05796 26¥sl051E8005/ 042095 wherein R13 R13 QL is RlpcouskiBdjo4i8d8 R13 2
Is R13; R13; Cl1-C6 al koxy; halo; am no; or hydroxy; each B3-Q is

hydr ogen; hal o; am no; Cl-C6 al kylam no; di Cl-C6 5 al kyl am no; hydroxyl;
Cl-C6 al koxy; nitro; cyano; heteroaryl; COR1l5; SO02R15; or PO3R15 ; B and
A toget her Whgreinc3- cs het erocycl e, an aryl, or a heteroaryl; or 4 and ®
together forma C3-C8 hetermgycle, an aryl, or a heteroaryl; with the
proviso that in any one conpgund Bﬁly one of B-QB is hydrogen; 10 Q@6 is
hydr ogen; hal oQ,agEme—KilofC6 al ky no; di Cl-C6 al kyl am no; hydroxyl;
Cl- C6 al koxy; nltro cyang, C1-C6 al kyI Cl- C6 heteroal kyl; Cl1-C6 al kenyl;
Cl- C6 al kynyl; C3-C8 cycl oal kyl ; @3 C8 het erocyclyl aryl; heteroaryl;

COR18; SO02R18 dg_g_ﬁ.;BJ.BR Q7 s 66&6%){1 ha aﬁﬁn% W%I di Cl-Co6

al kyl am no; hy yl 15> C1- C6 al l?bxy nir cyan Cl-Co6

het er oal kyl ; Céa@@C@C&?Mydr@%e@Gwal@* Jimd; C1 g él&ylemh@ail IG4HCe CS cs
het er ocycl ﬁﬁy het er oaryl; CORL5; SO2R18:  or POB%% %
nonos&tcha lﬁéﬂlnRBhYCb’Ohy'dpo alkepgy; ditresroy@nochetareayly COR1s; SO2Rus;

or POsR5; Q3 and Q4 together form C3-Cg heterocycle, an aryl, or a
heteroaryl; or Q4 and Qs together form a C3-Cg heterocycle, an aryl, or a
heteroaryi; with the proviso that in any one compound, only one of Q3-Qs is
hydrogen;

10 Qs is hydrogen; halo; amino; C4-Cg alkylamino; di C4-Ce alkylamino;
hydroxyl; C4-Cs alkoxy; nitro; cyano; C4+-Cs alkyl; C1-Cs heteroalkyl; C4-Ce
alkenyl; C1-Ce alkynyl; C3-Cg cycloalkyl; Cs-Cg heterocyclyl; aryl; heteroaryl;
COR1g; SO2R15 or PO3R1s;

Q7 is hydrogen; amino; C4-Cg alkylamino; di C4-Cg alkylamino; hydroxyl;

15  C4-Cg alkoxy; nitro; cyano; C4-Cs alkyl; C4-Ce heteroalkyl; C4-Ce alkenyl; C4-Ce
alkynyl; Cs-Cg cycloalkyl; C3-Cs heterocyclyl; aryl; heteroaryl; COR15s; SO2Rus;
or PO3R1g; or a monosaccharide;

Rs is hydrogen, halo, or C4-Cg alkoxy;
R is formyl or a protected form thereof;

20 Ri3 is hydrogen; C4-Cs alkyl, C1-Cg heteroalkyl, Cs-Cs cycloalkyl, Cs-Cs
heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, C+-
Cs alkoxy, amino, C4-Cg alkylamino, di C4-Cg alkylamino, NHCOR+5 or CORs;

Ris is hydrogen, C4-Cg alkoxy, amino, C4-Ce alkylamino, di C4-Ce
alkylamino, NHOH, NHNH_, C+-Cs alkyl, C1-Cs heteroalkyl, C,-Cs alkenyl, Co-

25  Cg alkynyl, Cs-Csg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;

R4g is hydrogen, hydroxyl, C4-Cg alkoxy, amino, C+-Ce alkylamino, di
C4-Ce alkylamino, NHOH, NHNH,, C4-Cs alkyl, C4-Cs heteroalkyl, C,-Ce
alkenyl, C,-Cg alkynyl, C3-Csg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;

Hyp is hypoxic activator; or
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R6 is fornyl or a protected formthereof; 20 R13 is hydrogen; Cl-C6 al kyl,
Cl-C6 heteroal kyl, C3-C8 cycloal kyl, C3-C8 heterocyclyl, aryl, or

het er oal kyb 2e@if37@pt i onal | y substituted wi th hydroxyl, @t1/uStoealokmay,

am no, Cl-C6 al kylam no, di Cl-C6 al kyl am no, NHCORL5 or COR1l5; R15 is
hydr ogen, Cl-C6 al koxy, am no, Cl-C6 al kyl am no, di Cl1-C6 al kyl am no, NHOH,
NHNH2, Cl1-C6 al kyl, Cl-C6 heteroal kyl, C2-C6 al kenyl, C2- 25 C6 al kynyl,
C3-C8 cycl oal kﬂtau@n@goh@m éﬂ‘b‘ﬂ?%'ﬁomﬁf ora raﬁerﬁ@t%frrt%}"gﬁcenﬁﬁém?@rﬁydrogen,

Mo K oo R d HeombfBd, S yfofaEha o Sondimagetaedl! 9 & T0 ot
C3- C8 cyclagebptoble §3t 6Bsbiehtw theyadfy| | aryl or heteroaryl; Hyp is hypoxic

activator; or 52 WD 2006/ 057946 PCT/ U82005/ 042095 4@ tautoper or an
i ndi vi dual i sofe@ngthes eml nbrthe preseit dpyentionarayides prodiligner s a

pol ynokph, FQ%(HI, t tically acceptable sal t or
sol vaté t ﬁ:g?n H?rﬁ%@?ﬁi@%ﬁ%o@bné Oglﬁ@{sﬁgegjﬁesent i nvention provides

prodrug 5 conpownds s ed flquthe geoUp consiP8€i ng o C OHC PHyp,
OHC NNeO N HYP Hyp O MO OHC p F a er or an

i ndi vi dual i soner ™™ cem C or/ v _RCEeHl C m X sOners, a

pol ynor ph, a e, a prodry phar mpceut \ Naccept able salt or
sol vate thers 0 tn one enp t he prese | nvenjg on Provides a

conmpound of 0 EXXXV) @ and B i ndependently
is hydrogesy hydroxy, O -C6 al koxy, halo, orMe@im no; and each s, 4, and

@ is Owe. In one enbodinent, @ is hydrogen, hydroxyl, fluoro or nethoxy;
Q@ is hydrogen, hydroxyl, quoro met hoxy or amno; or a tautomer or an

i ndi vi dual 15O|_LCS a raeemc or non-racemc nmixture of isoners, a

pol ynor ph, a S pr oofr ug or a pharmaceutically acceptable salt or
sol vate thereof LD enbodi nent, R18 is hydrogen, Cl1-C6 al kyl, Cl-C6

and a tautomer or an individual isomer or a racemic or non-racemic mixture of
isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically acceptable
salt or solvate thereof.

10 In one embodiment, the present invention provides a compound of
formulas (XXXV)-(XXXIX), wherein each Q2 and Qg independently is
hydrogen, hydroxy, C4-Cg alkoxy, halo, or amino; and each Qs, Q4, and Qs is
OMe. In one embodiment, Q. is hydrogen, hydroxyl, fluoro or methoxy; Qs is
hydrogen, hydroxyl, fluoro, methoxy or amino; or a tautomer or an individual

15 isomer or a racemic or non-racemic mixture of isomers, a polymorph, a
hydrate, a prodrug or a pharmaceutically acceptable salt or solvate thereof. In
one embodiment, Ryg is hydrogen, C4-Cs alkyl, C4-Cg heteroalkyl, C1-Cg
alkenyl, C4-Cg alkynyl, C, -Cg cycloalkyl, C4-Cg heterocyclyl, aryl, or
heteroaryl; or a tautomer or an individual isomer or a racemic or non-racemic

20  mixture of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
acceptable salt or solvate thereof. f

In one embodiment, the present invention provides a compound of
formulas (XL)-(XLIII)
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al kenyl, d-C6 al kynyl, Cl -C6 cycl oal kyl, Cl1-C6 heterocyclyl, aryl, or
heteroaryl; or a tautonmer or an individual isonmer or a racemc or

non- r acenwo 286/0s79gbur e of i soners, a pol ynorph, a hydrarer/ms2@sotionsy or a
pharmaceutically acceptable salt or solvate thereof. In one enbodi nent,
the present invention provides a conpound of formulas (XL)-(XLIIl) 53 WO
2006/ 057946 PCT/ US2005/042095, 6 &6 &6 A 4 A \ I 1 1 1 B N®B B N

NHyp Q H3C- N N* HYP HBC N I]- - - and, (XL) (XLI) (XLIT) Q& A4 Hyp B
N N H3C N 1) 5 whéPefnyeach - hyq;pogen; hal o; amino; Cl1-C6
al kyl am no; di -C6 al kgl a0 1Q; hydr ox - O al koxy; nitro; cyano;
aryl; heterd&aryrl; ; proviso that in any
one conpound, en ene of B=—QMU s ’hydrogety, 1+0/R15 i s hydrogen, hydroxyl,
Cl- C6 al koxy, i 1- C6 al kyl am no, NHOH, NHNHZ2,
Cl- C6 al Ky % C2-Cg, al kynyl, C3-C8

cycl oal kyl -C8 heterocyc , aryls; or heteroaryl; nlayp i s hypoxic
activator; or |hautoner or a lindi vi dual i spqgry or a racemc or
non-racem c mXxture 15 of isomers, a polynorph, a hydrate, a prodrug or a
phar maceutical | §J° acceptable salt or solvate thereof. In one enbodiment,

t he present %nyen ionHErovi des a conpound of
Y

/
N

N
Y

(XL
5 wherein
each Qs-Qs is hydrogen; halo; amino; C1-Cs alkylamino; di C4-Ce
alkylamino; hydroxyl; C4-Cs alkoxy; nitro; cyano; aryl; heteroaryl; CORys;
SO,R45; or PO3R45 with the proviso that in any one compound, only one of Q-
Qs is hydrogen;

10 R+s is hydrogen, hydroxyl, C4+-Cs alkoxy, amino, C4-Cg alkylamino, di
C+-Cg alkylamino, NHOH, NHNHz, C4-Cs alkyl, C4-Cg heteroalkyl, C2-Ce
alkenyl, C2-Ce alkynyl, C3-Cg cycloalkyl, C3-Csg heterocyclyl, aryl, or heteroaryl;

Hyp is hypoxic activator; or
a tautomer or an individual isomer or a racemic or non-racemic mixture

15 of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
acceptable salt or solvate thereof.

In one embodiment, the present invention provides a compound of
formula (XLIV):

Q
Q, 4

Qg
C T
N
\
Hyp

20 (XLIV)
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formula (XLIV): @B A @& QB RO NHyp 20 (XLIV) 54 WD 2006/ 057946

PCT/ US2005/ 042095 each @B-Q is hydrogen; halo; am no; Cl-C6 al kyl am no;
di Cl- C6 wbkyécasraae; hydroxyl; Cl-C6 al koxy; nitro; cyamroyr/useens/042095

het eroaryl ; CORL5; SO02R15; or PO3R15 with the proviso that in any one
compound, only one of 3- (b is hydrogen; 5 R9 s C1-C6 al kyl; aryl; or

het | ;. R15 hyd hyd | Cl- C6 | kox Co6
e kyl o ho. a1 2300 X0k % by AreoE: PRI ELCs SRy B RPKY! G- g
het er oal kﬂlliylﬂmgf’hya}dsﬁgﬁf-ngmgﬁy%{%”%)Lanocé SEFORFI; ‘Obe C3 3

het er ocycl tero t omer or an 1 ndi vi dual
i somer or Sf)erag,eam rOelR1nwith ﬂmcmomsorth&t inrany arfe cempousd, anlyeingmdiQh, a

hydr at e, pr rug or a pharmaceutically acceptable salt or solvate
t her eof . Iac?ﬁﬁ%é(dé‘?%dhl ment, in the conpound of forrmula (XLIV), RO is: 00

190/r rrSI gS( I)(E\/?n@gqgiqu@%[@ afr%eonpﬁ@t%%ﬁryl nvent | on pr o\\llvlndes a conpound of
hydr ogen; hal oRsais hydrogenBydiokyll @mcggalkaxy, Inan @&Iﬂ?éﬁ%&%zph%r (()gzy: >
C1- G5 al kv idi%iinSY AMOH AUMNH, "B L8k ¢,-ESRReroalkyl, Co-Co

alkenyl, C>-Cg alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;

or

10 a tautomer or an individual isomer or a racemic or non-racemic mixture

of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically

acceptable salt or solvate thereof. In one embodiment, in the compound of

formula (XLIV), Re is:

O, OO0

15 In one embodiment, the present invention provides a compound of
formula (XLV):

(e]
Lo LI
Qs ~o0 N\
Hyp
Q4
Q3
(XLV)

wherein each Qz-Qs is hydrogen; halo; amino; C4-Cg alkylamino; di C4-

20  Cgalkylamino; hydroxyl; C4+-Ce alkoxy; nitro; cyano; aryl; heteroaryl; COR;s;
SO,R15; or PO3R15; Q3 and Q4 together form Cs-Cg heterocycle, an aryl, or a
heteroaryl; or Q4 and Qs together form a C3-Cg heterocycle, an aryl, or a
heteroaryl; with the proviso that in any one compound, only one of Q3-Qs is
hydrogen;

25 R15 is hydrogen, hydroxyl, C4-Cs alkoxy, amino, C1-Cg alkylamino, di
C4-Cg alkylamino, NHOH, NHNH,, C4-Cg alkyl, C1-Cgs heteroalkyl, Co-Ce
alkenyl, Co-Cg alkynyl, C3-Cg cycloalkyl, Cs-Cg heterocyclyl, aryl, or heteroaryl;

Hyp is hypoxic activator; or
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SO2R15; or PO3R15; B and 4 together form C3-C8 heterocycle, an aryl, or a
heteroaryl; or 4 and b together forma C3-C8 heterocycle, an aryl, or a
het er oar yWo 2086/d37948€ provi so that in any one conpound, eglryusens/ 0efoofB- QB is
hydr ogen; 25 R15 is hydrogen, hydroxyl, Cl-C6 al koxy, am no, Cl-C6

al kyl am no, di Cl1-C6 al kyl am no, NHOH, NHNH2, Cl1-C6 al kyl, C1-C6

het eroal kyl, C2-C6 al kenyl, C2-C6 al kynyl, C3-C8 cycl oal k C?{

het erocycl yl, atgutomsr digndhaiyidpal isamer ra REEHIE OF RO r\ggeéycmgfut@s WO

2006/ 05754 Bl LSRG 4058 ek e BRI e BTyehFlckadyy sorer or a

racemc o r I'sO ydrate, a
prodrug oac@m@aermmnsm@\téyhemoﬁemm ermaatitmmt eabhzﬁsth; Fe@blsf.. 1 n one
enbodi nent, each - n on di ment. the resent nventi on

provi des a cowﬁb@ﬂ@embfﬁ'mﬁt‘m%pf%ﬂ?ﬁ nve@?orpﬁgg)wdeq_@& rtdﬁVI ) wherein
Rio |55 C1 o%u‘f’et )¥L 6.nd Hyp is hypoxic activator; and a tautoner or an
i ndi vi dua I SO a racenmic or non-racem c mxture of isomers, a 10
pol ynor ph, a hydrate, a prodrug or a
sol vate thereof. In one enboio

t he present invention provides
R12 R12 R11 N\ Hyp R12 R12 15

and each R12 is hal ogen, nethoxy, tIhyI itro, or amno; Hyp is defined
as above; and a tautomer or an |nd| v¥ dual ®@r or a racemc or
non-racem c m xture of isoners, o%r{agph, a hydrate, a prodrug or a
phar maceutical |y acceptabl e sal t or te thereof.

wherein Rqg is C1-Cg alkyl and Hyp is hypoxic activator; and a tautomer or an

‘bhar maceutical |y acceptable salt or
*Q is nmethyl. In another enbodi nent,
compound of formula (XLVI1): O
erein R11 is nethoxy or nethyl

individual isomer or a racemic or non-racemic mixture of isomers, a
10  polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof. In one embodiment, R1g is methyl.
In another embodiment, the present invention provides the prodrug

compound of formula (XLVII):

o Rz
R.
\ O 12
R N
" Q \Hyp Ri2
Ri2
15 (XLVII)

wherein R4, is methoxy or methyl and each Ry, is halogen, methoxy, methyl,
nitro, or amino; Hyp is defined as above; and a tautomer or an individual
isomer or a racemic or non-racemic mixture of isomers, a polymorph, a

hydrate, a prodrug or a pharmaceutically acceptable salt or solvate thereof.

20 In one embodiment, the present invention provides a compound of
formula (1)-(XLVII), wherein Q1 is
CH,0H, CHNH; | COH , =————CONH,,
POsH2 ————CH,POgH,, ==—=—CH;s, C=CH ,
OH
———C(Me),OH ——CH(Me)OH :<

I

Z/
R

J T CHOH ——=——(CH,),0H
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20 I'n one enbodi nent, the present invention provides a conmpound of fornula
(1)-(Xtvil), wherein QL is CH2ZOH , CH2NH2 CO2H CONH2, PO3H2 CH2POB3H2 CH3,
C- - CH OH wO(hm)i3@dHe CH( Me) OH - CH20H (CH2) 20H 56 WO 2006 ,0DAB34@5/042095

PCT/ US2005/ 042095 - CH2- CH2- OH, - CH2- CH2- CH2- OH, - CONH2, -CO2H, -CN, or
hal 0. In one enbodi ment, the present invention provides a conpound of
formula (1)-(XLVIL), V\hereian_! is CH20H , C02H , ,  C=CH CH( Me) CH ,

CH2- CH2 OH-CH2 & H-Eli)-6i14-ClH2-Giaa @t r EONH2 -eOaplochibls OhB%I0ng f or mul as
(1)-(Xvil) ab t i i et i alts

t hereof, and pger{ﬁngu%}g??@&%ﬁg’ﬁg?rﬁ%ﬁti'%rﬁ@ha@?gg{%b %ﬁgg?'?l'sd? er eof .

Still furfdremulat(BeXLMIi@nvhenein @glisides conpounds that are single isoners of
t he above _formula (e.g.,_single enaan'—emeré of Ceina_?unds having a single
chiral certer), 4@l | as—sol¥%tle, 10 hydrat®, Saprodrug and tautoneric
forms thereof. In other enbodinents isoners include single geonetric
isomers such as cis, trans, E and Z forns_of congounds w th geonetric

i somers, eF=singHMa@t oners—ofChedpeinds—ravi (120 we—eF —miei)08ut oners. I n
anot her enbodi nent, the present invention provides prodrug 15 conpounds

sel ect 8d from tlh@dgitipmiosempasnidsdiaying Brmuas(dpellovl s viecihas2005/ 042095
O Qv O %ga»@%%ﬁtm%ﬂhér ihc’\Llf%gszpsaTt‘s%ér‘éof,oal% pé(ﬁf%ulékr@!\’e MO N Ove Hyp

Hyp Owe
pharmaceutically acceptable salts thereof. Still further, the invention includes

compounds that are single isomers of the above formula (e.g., single
enantiomers of compounds having a single chiral center), as well as solvate,
10  hydrate, a prodrug and tautomeric forms thereof. In other embodiments
isomers include single geometric isomers such as cis, trans, E and Z forms of
compounds with geometric isomers, or single tautomers of compounds having
two or more tautomers.
In another embodiment, the present invention provides prodrug

15 compounds selected from the group consisting of:
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OF OF3\ I ~ MO MO\ MHypand Hyp O \' I ~Ov M N Hp OB OW
Hyp is defined as above; and a tautoner or an individual isoner or a

racem c wO 0@snsraeeni ¢ m xture of isonmers, a pol ynor phpca/usgasatms a
prodrug or a pharnaceutically acceptable salt or solvate thereof. In one
enbodi mrent the 5 present invention provides the foll ow ng conpounds: 58 WO
2006/ 057946 PCT/ US2005/ 042095 (pzl 11IO0R 1 OR NO1-10R "OR MO\ / \ R
MO R MeO OV OVe MO OVe OWe R OLP~OR N\ N~P~ FOR\ / \ MO R
MO R MeO Ove OV MeO OVR~OM N~ NH NH OMe

MeO

MeO

o

OMe
SN O ~
Hyp OMe
OMe ’
[0}
F
=
IS
MeO NQ
Me Q Hyp ,and

e
Me O
e

Hyp is defined as above; and a tautomer or an individual isomer or a racemic

(o]
OMe
Hyp ,
OMe
(o]
CF3
Hyp
o}
oM
N
N
AN
Hyp oM
OMe

or non-racemic mixture of isomers, a polymorph, a hydrate, a prodrug or a
pharmaceutically acceptable salt or solvate thereof. In one embodiment the

5  present invention provides the following compounds:



OMO/ \ MOP, --OR - OR OR MO MO OV OV OV OV O1,P~-ORCOR O O 11

~P-_ ~NRO~-OR MO\ / \' R MBOR MOOW OV MO OW OV O- P /OR
FOR O NHvolgBEg/R7946MeO OVe OVe wherein R is a group whi ebTwsd@sgemss a t unor
specific release such as triggering under hypoxic conditions and R = NH2,

OH, d, F, and Br In one enbodi ment, the present invention provides novel
prodrug conpounds of t faollow ng tubulin binders: 59 WD 2006/ 057946
PCT/ US2005/ 042095 T4380 7><l9fvobu|it }1~90¢c" j f HO %N Mh I, '
IT flA4 UD 04131 NF H ] ©RNHCOU orCONHU [ “u_ U =Cl-C3 al kyl
(U'=ClorBr and n=1-3) wh§rejn each -NH or OH noi 8Fy<?31 a structure above
is replaced wwth - N(Hyp wherein Hyp is defined=ds &@bove. |In another
enbodi nent, one PN s

M

MeO OMe OMe MeO OMe OMe
7
o] R
N —
0§P/0R Z2RINEAN
“oRrR

OMe OMe
o)
Q N Z~ "NH
Z~ "NH
0 MeO V4
MeO a O Q R—OR
P\ OR OR
OR
MeG MeO OMe OMe
OMe OMe .
Oy__OR
P{

o% /OR
P
OR
o)
7 NH
MeO Q Q R
MeO OMe OMe

wherein R is a group which undergoes a tumor specific release such as triggering

under hypoxic conditions and R' = NH,, OH, ClI, F, and Br
In one embodiment, the present invention provides novel prodrug

compounds of the following tubulin binders:



noiety in each structure is replaced with -N(Hyp)-. In one enbodi nent,
where 5 a structure has nore than one -NH noiety, tw of those are
repl aced wibt2006/05Mablyp) - . | n anot her aspect, the present pcmuspiosomops ovi des
a pharmaceutical conposition conprising a pharmaceutically acceptable
carrier and a novel conpound or a novel prodrug conmpound of the invention.
10 In anot her aspect, the present invention provides a nethod of treating
cancer conprising admnistering a therapeutically effective amount of a
novel conpound or a novel prod rug-E&fpound of the i vEi8n al one or in
conbi nation with one or nore ’é};ﬁggﬁ anti-cancer “dgemt's 6 a sybj.est in need
of such treatnent. In anottref, aspect.,t he presefit “iiwentTon provides a 15
nmet hod of treating a hyperprolfi?’sze ‘atifve' di sease conplising adninistering a
t her apeuti cal | Yective ampynt of a novel conpound orcuabewsFlA-for od rug
conmpound of t invention to a subtj et in need of ssugh-tr zfm:vrrent. In one
enbodi nent, exampl es of comﬁgy"ﬁ‘d%goj.@e present i E&[@{: &S

y N5 O

: T i do'l,i ncl ude but are
not limted to th¥fol | owimg Gemplvads™ 20 HON O°N, 0 | ° \

"\ 1 NHO N-NH 60

WD 2006/ 057946 52005/ 042095 9 10 HOB N O ~ e N--NH Iphal | ~Oe
11 12 O NI 0 o o o
,I:ll Ry e i‘@ B oy ‘;;..»"
U= NHCOU' orCONHU' F I L
U' = C;- C; alkyl ~ “{_mgj”“*“}f_@ H
(U"=ClorBrand n=1-3) Ry

wherein each -NH- or OH moiety in a structure above is replaced with -
N(Hyp)- wherein Hyp is defined as above. In another embodiment, one -NH-
moiety in each structure is replaced with -N(Hyp)-. In one embodiment, where

5  a structure has more than one -NH- moiety, two of those are replaced with -
N(Hyp)-.

In another aspect, the present invention provides a pharmaceutical
composition comprising a pharmaceutically acceptable carrier and a novel
compound or a novel prodrug compound of the invention.

10 In another aspect, the present invention provides a method of treating
cancer comprising administering a therapeutically effective amount of a novel
compound or a novel prodrug compound of the invention alone or in
combination with one or more other anti-cancer agents to a subject in need of
such treatment. In another aspect, the present invention provides a

15  method of treating a hyperproliferative disease comprising administering a
therapeutically effective amount of a novel compound or a novel prodrug
compound of the invention to a subject in need of such treatment.

In one embodiment, examples of compounds of the present invention
include but are not limited to the following compounds:

20

TNH

Q
Q,
2 O
IT
/O
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OHN- NH O13 14 OO I-N\Oe OO \ e N 016 17 61 W 2006/ 057946
PCT/ US2005/ 042095 \ N\O/ o~ 19\ o -0 OO\VW\\ o\ -ON Il -ON 1
Cd N N woHooddis7420 21 22 o M 1-ON N o=5=0 S~0 5proTNsbidz/042095

16 17
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23 24 o\o ~oo 0 ~O~"N,~Ory\ \ OO- 25 26 27 62 WO 2006/ 057946

5-0 |
PCT/ US2005/ 042095 -0 0 \0 -ON OO-00- N \0O0OBOO=1=0-0N/ N N
OHII \' H' @ecofds200s/041095 o HO

-0 A OCogoQodslosire4® OH 28a 28b 29 -0 N O
30 31 -0\0-0-0-ONM O ON I \' / \ SAO

5 ON NH;
23 24
—o ] \,
\0
—0 N\
99
25
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OMNM O NNO 3233-00 00010 ONNO _ N NIl / HO34 35 63 W
2006/ 057946 PCT/ US2005/ 042095 -0 -o 'mpo N 1 s OX N HH 11 ~ HO HO O 36
37 -0 / WoQoos0570A6N O N\ \'/ NBr I | Br N_ NH NPOT/US2005/042095
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02N 38 39 \0F OO 'Y 1V /7 N0l e NN\NHN-NH 5 eOe0 42 43 0 HNNH O

/' NO I ~Oe NNNH O N~NH e0 44 45 64 WO 2006/ 057946 PCT/ US2005/ 042095
p Br O NvO2069/0879451 O p~ 0,/ 47 48 -0 0 -O 0- O N -0 NeciHus@eoB04194 0 49
50 00 O \O \ NAOO I~ e /N O Br

44 45
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O\V/ Br 05/ 51 a51b0 ONNHO OHNF OFF O/ 52 65 W
2006/ 057946 PCT/ US2005/042095 O NHO ~0 SNH2 O N~ OS 0O\ HO HO 53540
-0ON 0 GMOQo&3/0s7d%6N OO\ H O HOB55 56 0 0 ON O NRAT@SRMS042095

51a 51b
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'-10 00 =NOOO 5NR257580 ON~OVMN \VNH VI / NHO OO0OOO O
OH NH2 Oj 59 60 66 WO 2006/ 057946 PCT/US2005/042095 0 0 ONNHMNM N

2
\O/ OH 2006/3790% 61 62 0O O O NOH N N- 0" ~NH2 ®8Th%52008/042095

NHy
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VL
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5@ |

/ 0\ O

/INNNH NHOOH OHOOO 565660 OON O/N/ I\ /\ NH

f / 67 68 67 WO 2006/ 057946 PCT/ US2005/ 042095 O

/ NHO OO0l o0 R O OH 69 O 70cDu3200804900

H )NHO OH72 /0 71 00 OO NH2 i0O\ N-OH
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OO0\ -AN~O O74 73 0NO O0ONNX® /075 00 00\ ~NoO N NHNH O
0O O/ HOI-1/0/ 0 57677 00O0O\ NN I "N OOI \ NH OOHOO0 O
O/0 68 WO2BrA67946 PCT/ US2005/ 042095 78 79 0 i 0 IpcCir/oseoos/o6d09s p ' N-N
o iI0OOH OHO~NNHO OHHO 80 81 and a tautoner or an individual isoner
Oor a racenmc Or non-racemnc

68



5 mxture of isonmers, a polynorph, a hydrate, a prodrug or a
pharmaceutically acceptable salt or solvate thereof. In one enbodi nent,
conpoundsw®,20déhs794é, 14, 21, 22, 30, 35-45, 52- 61, 64- Per/umpebsin62084 are
bonded t hrough a hydroxyl oxygen or an anmine nitrogen to a hypoxic
activator (Hyp) to provide a hypoxically activated 10 prod rug havi ng
(-CHyp) or (-Nk%ﬁ). Functi onal characteristics of ngulin bi ndi ng
conmpounds:. In e enbodi nent, the conpounds and odrugs suited for use
in the invention afe tubpulin binding conpounds when administered to a
human, non-bunpg pHi ma 015 other manmal. As is usual in the

phar maceut i cal ‘ anal og of a conpound (e.g., a

tubul i n binging \s\‘pharma ol o ? active. Active forns can be
identified by r ng of t {_the invention for the
activity. A vafie gEsays and tests es ‘ 0 Aassess

phar macol ogi calork ity of a conmpound gor progdf ug® of the 20

invention, inclhaligg in vitro assays, such as tHose described bel ow and
el sewhere her eig in vivo assays in humans, non-hurman primates and ot her
manmal s, and/ or Qinical studies. In sone enb®Hi nents of the invention in

uhi ch a tubul i nakd BdalGMAEAIRRHAEIVidu &Y 4 FRATRY: Rh-REEHRNT | on. Of
cancer or its manifestations, 25 a tubulin binding conpound W simlar
apopt 0S¥ s-Mixdurei ofgsamersia golgmerplara hydratata bdaaybr atpdsrmbiceutieadlyphosphat e

is selected, Th i.n so epbodi yrents of the invention, a topoisonerase
i nhi bitor %%gptqﬁ%&@@sorsgﬁlg& gfqrgo.n cancer cells such as H460, PC3, CCRF,
LNCaP, HT29, MER%e aiboBiert, Bormboadds bi $0e1 £t 4 91t peabCcasasl 5069 WO

2006/ 057946 PCT/ US2005/ 042095 In sonme enbodi ments of the invenhtion in
whi ch a t Ubulb473i anrd AE-Soaredwangedsthraiegh @ bydroxyboxygen orampemient i on of a

h Ui s : . P . . . bul i ndi
conpouna T R0Sh K8 pAWREEE @b BT nETRia BBty Feial® hat "o
Conbr efttastmbdrugthdvind ¢spHgp eori (sSNBighgct ed. 5 Thus, in sone enbodi ments of

the invention, a tubulin binding conpound that induces apoptosis in skin,
epithelial or endothelial, nerve, and T cells, is admnistered to treat a

hyper pr ol 'Slf @bpgﬁcﬁéra%?ﬁncse Brubbf rb'n?ﬁr') comnBBH é.‘?;lg oscféeﬂg\gg«}ngfeqth one

aspect, t Hbe goeyEnindsrarenpiodrugs switetefor aise imthelindenfior arertubalinl 10 - VI 1)
having a %%r?c?nng%o%?podn%'ssOWhgr{ aclzlnc%?r(mlls’coefrec‘?l P(g) gthu(r)riaon(?%otnc-)hl?rlrjlgHtpri%)a(%g, ng about
15 other mammal. As is usual in the pharmaceutical arts, not every structural
analog of a compound (e.g., a tubulin binding compound) is pharmacologically
active. Active forms can be identified by routine screening of the compounds
of the invention for the activity. A variety of assays and tests can be used to
assess pharmacological activity of a compound or novel prodrug of the
20  invention, including in vifro assays, such as those described below and
elsewhere herein, in vivo assays in humans, non-human primates and other
mammals, and/or clinical studies.
In some embodiments of the invention in which a tubulin binding
compound is used for treatment or prevention of cancer or its manifestations,
25  atubulin binding compound with similar apoptosis-inducing activity similar to
that of Combretastatin A-4 phosphate is selected. Thus, in some
embodiments of the invention, a topoisomerase inhibitor that induces
apoptosis in cancer cells such as H460, PC3, CCRF, LNCaP, HT29, MESSA
and PWR-1E is administered to treat cancer.
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0.01 to about 100 nm about 0.1 to about 50 nM and about 1 to about 10 nM
in a cancer cell antiproliferation assay. In one enbodi nent, the present

i nvent i onrwpnoss/desica conpound of fornmula (1) having a Gee@/usroos@donf about
0.01 to about 100 nm about 0.1 to about 50 nm and about 1 to about 10 nm
15 in a cancer cell antiproliferation assay. In various enbodinments, said

antiproliferation assays enpl o er cell ding but not limted to
gastric, col ol SBF@a@'F‘bOQﬁge \éﬁ?gﬁamve%q’m |r] ﬁ{j’l]!‘c in Qindiggr i ous
enbodi nmen [ éﬁ[ﬁ% i %ﬁ%

resi st ant EMM%Q%EPJ;&& e C”Sﬁ’g#r%‘ﬁ@gp c{c:fe pﬂéllg%%ggé Hglet%ﬁe br east
cacner celor itssnadifdstatidis, adobulirmbindihghoompowhd withl similangpeEiosisr cel | is
HA60 ceII" n.one resent | ye t'on royi des .a cqnpound
v ng. - a i G Ao eBOS pRabisoiet of Coranaaetay A phoSaln sEseidui

anti pr gl i el irPSomBTAOdiSAR SPtheliReRibATRlBbURPBRRARYSoRPourd that® 54

55, 66, 68, /0, 71, and . I'n one enbodi nent, the present invention
provi des induges Sam)niowammgklaSGDImﬁi@bndehdmhﬁbﬁlanel‘V@SandfT cellsuls n

polymarizatlon .1 to about 10 oM as determned jin a tubulin

Dol yror | 2 SETORISteTRRdR eh QubRPTolteAR BEr S S 6 B A pBufiald 8o an ao.
I n one aspekitis! RStEHEIE Menigh'SidistAe IRfiRYHIESS, andIRakigRsodYosiR. when
subjected to a |iver mcrosonmal stabi ity study, remal ns about 10 to about

100, 30 about Ip@necrspsstthaoresessinvestion provides aigumpeunkelboniized. 1n one
nbodi t | dy 60, 20-
20, 00' H‘;” HSwhp"aeél ég? sl?%ﬁbogjlbﬁ%n{%\@on@%(z&ﬁoegbéﬁf 188 M9 Bod

nrnu I'ver m crosone IS enployed

in the st m;m td=sboul €30 AMm, abopblNds atRuab0inhg, &6 206t 76 ¥ ROQGAINS 7946
PCT/ US2005/ 042095 wunchanged in a nouse |iver m crosomal stability study

i ncl ude bum agiaBoRs ool TRPRUeraton eevpbURENeRMDBAIMER, thaWeresant | n’ one
aspect, @%%v{d%ged"&drﬂﬁﬂ@ﬁd%f it tu?algP%\gHagaoéhgﬁﬁ? I(‘!‘;@o af%g'PJ ect A)ed to

aplasna sta Ins a
unnet abol |Oz@3‘blto iabouh‘eo(bnbodbnu’n@ 1 torabopit §6 men sarababotiy1 m ablgutﬂs{) gmnduct ed

f b 10-60, 2 5 { I mbodi , th |
enpl oyéd 18 arGasKer PR A e e T P S ayed
0 the | vikipfIRe@Eaelsstabioldy cadihboll TR byt hot ARAURIBastRa! Ni ng

80- 100% unchan I n a nouse plasna stabil E/ udy 1 nclude but 10 are not
limted t@olczm?meaﬁdsnemuon%nalmell long canger2ln variascembpdionents,Hbepr esent

| nvention g%s? Yc' géar?ce% el TRYS I\/}II\:&§§R otfRorubicin resistant MESSA/DX5 cell;

the colon cancer cell is HT29 cell; the breast cacner cell is T47D cell; and the
20  non-small cell lung cancer cell is H460 cell.
In one embodiment, the present invention provides a compound having
a Glsp or ICsg of about 1 to about 50 nM in a cancer cell antiproliferation
assay, such as, for example, compounds 30, 37, 39, 54, 55, 66, 68, 70, 71,
and 72. In one embodiment, the present invention provides a tubulin binding
25 compound having an ICsg of tubulin polymerization of about 0.1 to about 10
MM as determined in a tubulin polymerization inhibition assay, such as for
example, compounds 30 and 39.
In one aspect, the present invention provides a compound which when
subjected to a liver microsomal stability study, remains about 10 to about 100,
30 about 20 to about 80, about 80 to about 100% unmetabolized. In one
embodiment, the liver microsomal study is conducted for between 10-60, 20-
40, or 25-35 minutes. In one embodiment, mouse liver microsome is

employed in the study. Examples of compounds remaining 80-100%
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adm nistration to a human cancer cell xenograft tunor bearing mce, can
reduce the tunor volune to about 5-70% of a control tunor volune. In one
enbodi mrenwvo 2béwsegpound is of formula (1)-(XLVI1). |In eoesrmedivent, the
15 conpound is of formula (I - VIIl). In one enbodinent, the human cancer
cell used is H460 cell. In one enbodi nent, the conpound adm nistered is of
formula (1). An exanple of a conmpound useful in reduci n% m ce xenograft

Y

tunor i s eochanged iB@ Mowse livengigresomahgapilivssivdyiincldde Pghate Rl des a
phar maceut i cal | 2 cc fornmul-ati on of the conpounds of the

I nventi on','m&ﬁgft%i??rgﬁiun%hp‘%@?aogg f?@l@y acceptable carrier, dilutent, or
exci pient is sp| ghedspesmh preskitinbghitorep@ivides a CBREount whicke waiebodi ment ,

t he pharmaceutically acceptable fornul ation conprises 0 nd, of
formul a ($ybjesteditp)a plaﬁn“@rﬁab@%%iadwmal%ébaHngQré@Qu?S-@g)b gb)gﬁ-é tabl e

formulati gn ' a = .icl N 0One
enbodifren%, Uﬁ'ﬁ‘%‘%@?ﬁgcéﬁ??%W@?@éﬁ'{‘%@@"ﬁ%%@u "g%/i%i[)drgycl(s)rrpri ses a
conpound @ibn(lilglwulf(?’ hiétWeeﬁIdm@@(Dl,l IrTZD-aO, or ZﬁBglemimmpé&, incame bmbbdimentat ed wit h
a PEGto yie a pharmaceutically acceptable_fornulation. 3 hods of
Synt hesi sthenplga@aaipetoyed i frepelienzama § ﬁ?‘?éﬁfﬁﬂ%v@ih%g‘(%loﬂﬂﬁﬁ?dﬁs f or
the synt | ot p b, d Nt t al.

Tet r anwdr SRS in R S8 RAGBSa Bl sy QT Er@olSSer BmR0Rae ) o' 1 ogs,
23 (6): 1385Maib3AP80HMOO8G kecharigeal in,a hoube pdasig stakjlitgiséudy, ingloge, but

25:327-331, Makosza, et 71 WO 20 7 CI/ 005/ 042095 al., Eur. J.
ag. tﬁhenﬁfeQ@éﬁ!’ﬁﬁq?‘%}@M“%?&g\%’zé%ﬁ?“ﬁés. J. Og. Chem, u1994,
30(11): 1724-1)¢8ne 'é('s:ﬁe?&@’th@%lbe%bnt ink3RBon pRIVIIESH GoRtpoudd. wiicAbbn1022, Wi

et al., J. Fluorine Chem, 2 12252) :171-174, and Scholtz et al., Chem
Ber., 19l1admidistrattmyta athenmaicesncssellixpaogreftiomardrearing sight @i s of

various 5 aroyl-heterocygles, us 5 r d f
Ui s v ERBaHFiol B PR L ALY 5170%Shn EhnPi GERTSeuMicln $8925 ™ °©
procedur egmbolifRet, dé cothpoahe is anfurmiuts(IP{XILVIl) Inrorenémbodiesentbihe

synt hesi zed by adapting known nethod to synt hesi zlgﬁglrjo | indazol es usef ul

for oiher coppoppdds ohtuBIdR fg YI§)+ Heone eRBIEIBRBY it QUBIAN FANSST R¥ent i on.
CommousaaleETTRRHBEREL 1 Do RGN, et Y TR s, e 101,
as starti rgmuaiBr iAn exdtmpleroftautarpouid oskfubincredpcingdsicanenogtafbds of t heir
synthes| Stumor is compound 30.
In one aspect, the present invention provides a pharmaceutically
20 acceptable formulation of the compounds of the invention, wherein the
pharmaceutically acceptable carrier, dilutent, or excipient is selcted from a
polyethylene glycol (PEG). In one embodiment, the pharmaceutically
acceptable formulation comprises a compound of formula (I)-(XLVII). In one
embodiment, the pharmaceutically acceptable formulation comprises a
25  compound of formula (1)-(VIil). In one embodiment, the pharmaceutically
acceptable formulation comprises a compound of formula (I). Compound 30,
for example, can be formulated with a PEG to yield a pharmaceutically

acceptable formulation.

30 Methods of Synthesis
In one aspect the present invention provides novel methods for the

synthesis of the compounds of this invention. The Fedenok et al. Tefrahedron
Lett., 2003, 44: 5453-5455, Yokoe et al., Heterocycles 1985, 23 (6):1395-
1398, Hachiken et al., J. Heterocyclic Chem., 1988, 25:327-331, Makosza et
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are described, for exanple, in the references, Martino et al., J. Med.
Chem, 2004, ASAP articles; Mihboobi et al., J. Med. Chem 2001, 44,
4535-53; Wb 2@matspes et al . J. Med. Chem, 1998, 49, 496PpcTAiS28a0kmps et al .,
Pure Appl. Chem 2001, 73(9): 1459-64; Lee et al., WD 98/39332; Conbeau et
al., WO 02/072575; Namet al.; and Hsieh et al. (supra, each of which is

I ncorporated_ herein by reference). |In another aspect th resent invention
provi des @I-,r@ffhddorg)rc%ﬂsmegi SntPt Nefrgevigga f&f’ﬁ% “Er(@ge e[Mhventi on

conprisin 4o i f 5t I N NH
o STl R0 ISR bd Daspma g shoton B N
Ve Ve  250\wher &i,1V. Bludrisie@herr, 2003, 1 22(2)i1)7 1ep7hoand ISghokaet ahgChemduct - 1

o op ner ) !
PCT/ US200BP 0438155 4! EeplaroBsonRercbeuleRHor THoRulRes s & Vamaus oduct - 2
of Tarmuba,QnMAbEMQul 7 QN pifposds. NNBveffbsuridl dfthis CO2H, or

pr ot ect ed
invention can be synthesized by adapting these aforementioned procedures.

The aroylindazole compounds of this invention can be synthesized by
adapting known method to synthesize aroyl indazoles useful for other
purposes according to the methods provided by this invention. Prodrug

10  compounds of this invention can be synthesized using the novel compounds
of the invention and known tubulin binding as described herein as starting
material. Known tubulin binding compounds and methods of their synthesis
are described, for example, in the references, Martino ef al., J. Med. Chem.,
2004, ASAP articles; Mahboobi et al., J. Med. Chem. 2001, 44, 4535-53,;

15 Gastper et al. J. Med. Chem., 1998, 49, 4965-72; Bacher et al., Pure Appl.
Chem, 2001, 73(9): 1459-64; Lee et al., WO 98/39332; Combeau et al., WO
02/072575; Nam et al.; and Hsieh et al. (supra, each of which is incorporated
herein by reference).

In another aspect the present invention provides a method for
20  synthesizing a compound of the present invention comprising the steps of

(i) halogenating the compound of formula

0
/N‘NH
age
MeO OMe oMe
to yield product-1 of formula
QAN
7 “NH
MeO
e
MeO OMe oMo
25 wherein Qq is Cl, Br, or |;

(ii) optionally reacting product-1 with H-Q1 wherein Q, is
OH

SiMes COH,
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5 forns thereof,
(ii) to yield the conmpound or

step (i) we pevdsessged by enpl oyi ng N- hal osucci ni m de.
is perfornmed by further

enmbodi nent ,
PA(I11);

step (ii)
Pd(0) based catal yst.

and (iii) optionally reducing product-2 obtained in step

prodrug of the invention. In one enbodi nent,

POTAISRE05 212095
10 enploying a Cu(0); a
I n anot her enbodi nent, step (ii) is perforned

by enpl oying a Sormgashi ra coupling. Methods for making conpound of the

pr esent
~0/ KO
MeO \ f
Ar COC1, A

a0 N cicH2CcH2Ca,

W 0 ArCOCl/ bi phenylor N N di phenyloOet
WD 2006/ 057946 PCT/ US2005/ 042095

i nvention/arfe described below in Schemes 1-5: Scheme 1 CH
Ba—MEO-Y | i guid—tHCRACOB phERCBddorBsNheyeof tyiRidBProdEch2IE0  MeO
Ove 80% MeO Ove\ >90% MeO Ove OMe 15 50% OH Schene 2

s MO O

reflux, N \

.~ 16-24 h MO N 70% MO W W
wer/reflux MO N MOW W W 73
*NH

MeO
Ve
MeO
OMe OMe
OH NH;
wherein Q1 is ————/ e —— , ———COH, or protected

5 forms thereof, and

(iii) optionally reducing product-2 obtained in step (ii) to yield the compound or

prodrug of the invention.

In one embodiment, step (i) is performed by employing N-

halosuccinimide. In another embodiment, step (ii) is performed by further

10  employing a Cu(0); a Pd(ll); Pd(0) based catalyst. In another embodiment,
step (i) is performed by employing a Sonogashira coupling.
Methods for making compound of the present invention are described
below in Schemes 1-5:
Scheme 1
/OH
s S kS ko
MeO 8 o %%ﬁ?THF o MeVK;COyMe,CO o
MeQ 3 . Q
8% =gl =gl o, 10
cu MeO ome 80% MO OMe >90% MO ome
1 5 50% OH OMe
Scheme 2
ArCOC!, AlCl,, o)
N CICH,CH,C], reflux, N\
\ \7 16-24h MeO \ 7
N — N
\ 7/ 70% MeO OMe \_//
OMe OMe
A'rCOCl/biphenylor ¢ N
(/N diphenyl ether/reflux y, o v /
N J . N
MeO \ 7/
e

N\ /
OMe

OM
OMe
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Schenme 3 ArCOCI/ xyl ene/reflux 2 days or ArCOCI, A Cl3, 0 ClCH2CH2C1,

reflux, 60 h N MeON N30 1 NMOOWw Ow OB Schene 4 CF3C

F2X/ DVBQ woHbddris204b2O O 80- 1000/ 24 h/ 50% O F Br MO / pciafS20dsMh420020 |/

MO OV O OWe 5 Schene 5 0 0 COAr RN NN ON + ° N K2C03/ THF/ MO MeO

MeO overnight MO \ MO MO/ Owv Ov OWw -)2s Desired product: I,

separated by colum chromatography In one enbodi nent, nethods for the
ﬁeﬂ@

synt hesi s _ 3conmpounds of this invention can be identified in
accordance with the presgdbcrkimvenki on via
2 days
or
ArCOCI, AICl, 0
CICH,CH,C], reflux, 60 h
%\,N MeO\Q)\%\,N
N:j — N:<(
N\ / MeO \_ 7/
OMe
OMe OMe
Scheme 4
CF;CF,X/DMSO/KOH/NEt;
MeO o i 80-100C/24 b/ 50% 0 F
I-
MeO - /)
MeO N  ———— N
| ) MeQ N/,
MeO = ° OMe
OMe
OMe
5 Schemeb
o)
= COAr 2
HoN N <N
N(% —_— \ +
MeO d /
\_)  K,COy/THF/ N MeO \ o
MeG overnight MeO \_/ MeO MeO—\ /
OMe OMe OMe
HO?S/\@\ Desired product:
separated by column
~ chromatography

In one embodiment, methods for the synthesis of the compounds of
this invention can be identified in accordance with the present invention via
10  search tools such as SciFinder from the American Chemical Society and
Beilstein from MDL Software. lllustrative methods for making anti-cancer
compounds of the present invention in accordance with this disclosure are
provided in the EXAMPLES section below.

15  Pharmaceutical Compositions

For use as a prophylactic or therapeutic agent, a compound of the
present invention disclosed herein (including pharmaceutically acceptable
salts, solvates, hydrates, and prodrugs) is usually formulated as a
pharmaceutical composition comprising the compounds or the prodrugs of

20 this invention and a pharmaceutically-acceptable carrier. The term
“pharmaceutically acceptable carrier” is art-recognized and refers to a

pharmaceutically-acceptable material, composition or vehicle, such as a liquid
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10 search tools such as SciFinder fromthe Anerican Chem cal Society and

Beilstein from MDL Software. Illustrative nethods for naking anti-cancer

conpoundswof2oddns7@sesent i nvention in accordance with tpcsusbasienus e are

provi ded in the EXAMPLES section bel ow. 15 Pharnmaceutical Conpositions For

use as a prophylactic or therapeutic agent, a conmpound of the present

i nvention disclosed herein (including pharnmaceutically acceptable salts,

sol vat es, ohgaliddfilkes, dituent pexsinients polventieuanegpsulating matetiaksinyolved in

phar maceuti cal conpositi.on |: S e gs of 20

Phi s 1 mvereTono SaarpRl R SR g B R0 Rent e 00V D

" phar miceUhé@?g?érV, ARGRRAGRBF Breddy, & Anbtheriorgdie o goirticrtobing boefyer s to a

pharmaceutical T y-acceptable material, conpositjon or ver}j | e, %uch as a

| quid 74ERch ZeUEIoBUSUE: facrepieRiRi S dhe 98se f PEIHPIPMRALRLS With e ent |

exci pi gnt 0l v o | atl | | | rying or

£ anspor t PG §TbeBfER SR Ermeh et Shiot MMy RbateRt Y S O gan.

or portion of Pharhadsutidad campbbitions fgeoral admitstrateon cdn badomudgtedEach

carrier nust be "acceptable"” in the sense of being. ctﬁrrp@il{.ig(!e with the 5
e FE N

subj ect céﬁhﬁ‘@sﬂhﬁrm%%ﬁﬂysa%@ﬂw&ﬁ?@”'eé%éi"erln'dﬁnoi‘"ﬁ]' ©RE®Pat i ent .
Phar rraceu%!ﬂfg%|? RGP b{:iiarﬁilﬁﬁtrétﬂfn.%ééh @Qme@t%é@ﬂe!tﬁ@ phaimBeeliiamul at ed using

phar maceu y accep e carriers we nown in the art in dosages
sui t abl e tompositibnadaibei fetmalatenhas tabiétsc pillsj drageeaatapsuless ligwdsmaceut i cal

| ti be fornmul d bl , Rills, d ,
i B0, SeyavapsssiR Lariend kiRl ndRARY 1EIBARHE;

| ngest i O“F*hérﬁqﬁﬁelwérﬂl)%?‘éparaﬁ’é}% 1RePHLISEEaPbe RBEANE@BFoligh comblininge can be
obt ai ned t hrough conmbining active conpounds with solid excipient and,

opt i onal | yetive bempoungs witissolid eixginiertand, eptionalimethar @mpeyidsabl e f or

parenteral_,,adm nistration can be. f I ' snl utions,

pr ef er abl >l? haﬁmﬁﬁ?‘éﬁ' qi%fl ‘é{?ﬁ%ﬁsc%%&?‘% f}&}@%&gﬁtgﬁl@ %ﬁ%@ﬂﬁﬁggh&]ks,

sol uti on, fhimgstedsnRjusbusRoluEibneyeferably ingiHygidloditailvecbmpatiilime. Aqueous
i nj ection suspensions can contain _substances which jncre Fe t he ¥| scosity
of  t hé5 sudbpifars eich askanks’ sabdionmRIRGY S §PHteR, O F&a'ﬂqmigé,y @BE%S‘? ol, or

dextran. FEgr 1 ORi : ﬁ@%l WU o i ﬁ{ge ppropriate to

the parti g%["&é' 89&?{3%&%@) e Sp% %5@5 %ide&%stae@%ﬂuﬁkﬁ e %C\)N'?or mul ati on. Such

penet r ant sn@easdthevistositykafdhe suspémsioar suchFas stdiumdearbbkgmethyt echni ques

for formulation and adm ni strati gn can he foudin.th%.latest eqition of
g@'é? io tran

Reni ngt on'cellpRae.eRrBIeL ShAeXFa LN O nasal administration, penetrants
appropriate to the particular barrier to be permeated are used in the

20 formulation. Such penetrants are generally known in the art.

Further details on techniques for formulation and administration can be
found in the latest edition of Remington's Pharmaceutical Sciences (Maack
Publishing Co., Easton, Pa.); GOODMAN AND GILMAN'S: THE PHARMACOLOGICAL
BASIS OF THERAPEUTICS 10™ EDITION 2001 by Louis Sanford Goodman et al.,

25  McGraw-Hill Professional; PHARMACEUTICAL DOSAGE FORMS AND DRUG
DELIVERY SysTEMs 7™ Edition Howard C. Ansel, et al., 2004, Lippincott
Williams & Wilkins Publishers; PHARMACEUTICAL CALCULATIONS 11%™ Edition,
2001, by Mitchell J. Stoklosa et al., Lippincott Williams & Wilkins;. PHYSICAL
PHARMACY: PHYSICAL CHEMICAL PRINCIPLES IN THE PHARMACEUTICAL SCIENCES

30 4% Edition by Pilar Bustamante, et al., 1993, Lea & Febiger.

Dosages and Administration

A variety of routes, dosage schedules, and dosage forms are

appropriate for administration of pharmaceutical compositions of the
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Publ i shing Co., Easton, Pa.); GOCDMAN AND G LMAN S: THE PHARVACOLOG CAL
BASI S OF THERAPEUTI CS 10TH EDI TI ON 2001 by Louis Sanford Goodnan et al., 25
MG aw HwD 2BWenisesisi onal ; PHARMACEUTI CAL DOSAGE FORMVS ANRDTDRRESS/0RIBh VERY
SYSTEMS 7th Edition Howard C. Ansel, et al., 2004, Lippincott WIllians &
W | ki ns Publishers; PHARVACEUTI CAL CALCULATIONS 11th Edition, 2001, by
Mtchell J. Stoklosa et al., Lippincott Wllianms & WI kins;, PHYSI CAL
PHARMVACY: InvemtipGAAPErEmiatadoprofiechetdes antipodem el adminstationavimeces 30

4th Editi %’f(ﬁn Dosages and
Admi ni strgpp i’tc%/g'h@tﬁ?ﬁ ?%‘ﬁ?%g’fra%‘é'é’geéaé he é‘tﬁgﬁ%ggosage forms are
appropri aﬂ%cfdyur@dndnrs:‘ahaie deteahirpubusing esutineapharogpotidicainsethbdshe 75 WO
2006/ 057946 PCT/ US2005/ 04 095 i nvention. Appropriate dosage schedul es and
modes of ABfHORiethaes giesaired Bereikypparent to the ordinarily skilled
practigioner u dicpe E;,\,dé et er m ned
usi ng %outl ne grdnoa%%b ogl CJ?a%t ngsxoﬁ' #r@frh'étﬁat od ﬂggg:?ﬁ be(?@herel n. 5
The dose, asdlmecﬂmd)@rugmftUeunra/tandmnuf/illai@pbndsmraat/amth@fffa¢terSCoTrh§i)und and/ or

d f th t nd f fact
Pactor . oprittsy G5ton of cRuents B8 Gbies S8 shRrie Mok B H7MERTg of |t o

present | 'fW@ﬂFés%Et irfeR86n. CRREL |ﬂ’€Borfe#ﬁ"fé’ét§rs'|ﬁ§IhH€Qhé %@ea%igh\'\@hght and
heal th of the subject, the severity of synptons, the subject's
medi cal 1behitls pbthe sahject ﬁwm&réy ofjsymptamsy.if amy, dlpaysué»ects oredwalvent i on of

| , f d., nod f | at
iseq: Tfia: nisrs: PhafRAR, Spalle 3‘9E‘ﬁo@w&aﬁm%%ﬁn&@m@éﬁ%@e"rS“CSWLSEM
and/ or a prsFefdd rRbdé BEadmistratidh sRihefrugadBifoirhuelied ugkdap4atse i n the

range of about 0.1 ng to about 500 ng of a 15 conpound and/or prodrug of
t he i nventesnonsertoithe srup g theildge: of the patient to be treated per day,

optional |y wt kgucerfhan, ofigoAaSR0RHS LBAHITor ALTHILER &) BsT day,  and

typically with y Ho5E be ng a | pl'e consecutive

days. |n admieisterdd aeatdoselin th@mmdﬁabduttmenmﬁsamm 500vmgtafen i ncl ude
novel compounds of the |nvent| novel IPO rugfth reof, and nO\{eI

prodr d§s GPMPSSRA W%HEFHQE}JQ‘P ko o%&hlﬁep’f RAUSD

prodrug o] he range of
bout 0. 8 5 be T Rbr 05y %?ﬁg“*’“ﬁ% B S g “about
1.5 ny toadtmmstéi‘éd pey ey, anacheﬂlyoNlﬂgtheﬁealeainseZming@dngn|swmednon2 5 ny

multiple consecutive days. In one embodiment, the compounds of the present

invention include novel compounds of the invention, novel prodrug thereof,

20  and novel prodrugs of known compounds. In one embodiment, a compound
and/or a prodrug of the invention is administered in a daily dose in the range
of about 0.5 mg to about 400 mg/Kg; about 1.0 mg to about 300 mg/Kg; about
1.5 mg to about 250 mg/Kg; about 2.0 mg to about 200 mg/Kg; about 2.5 mg
to about 150 mg/Kg; about 5 to about 100 mg/Kg; about 10 to about 50

25 mg/Kg; and about 10 to about 70 mg per kg of body weight of the patient to be
treated.

Cell culture studies are frequently used in the art to optimize dosages,
and the assays disclosed herein can be used in determining such doses.
For illustration, a therapeutically or prophylactically effective dose of a

30 compound and/or a prodrug of the invention can be administered daily or
once every other day or once a week to the patient. Controlled and sustained
release formulations of the analogs can be used. Generally, multiple
administrations of the compound and/or prodrug of the invention are

employed. For optimum treatment benefit, the administration of the
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to about 150 ng/ Kg; about 5 to about 100 ny/Kg; about 10 to about 50 25
ng/ Kg; and about 10 to about 70 ng per kg of body weight of the patient to
be treatwd.2o6alsh946ul ture studies are frequently used i rcrhms2@si041005

optim ze dosages, and the assays disclosed herein can be used in

determ ning such doses. For illustration, a therapeutically or

prophyl acti cal | ffective dose of 30 conmpound and/or a prodrug of the

i nventi on B@Phﬁécﬁﬁﬁ@n@@@@dﬁ)&&i $3n B copfinueddes Mulipigsiaygasudl asffe a week
to the patag ' r ' f the

anal ogs can EgStu%&rgg%gﬁkﬁpgﬁ’ﬁﬁfgﬁgfwaﬂgﬁﬁ?%t‘&%%h@bgg H? %'g conpound
and/ or pr otRvVejabieeksol moent IroanaembaelipEoly due cHmpooptiamdrortpredtuteot

benefit, t . l.histrati.on of the 7 006/ 057946 PCT/ US2005/ Q42095

pr ophyl acttl!ﬂga{ﬁ?é}héqq 'éﬁ%we's&‘%f&g%@Qg\@oﬁeﬂpﬁdgt&’gfwe Vleﬁiﬁg)’@é Ur sych as
for ats | e@nbs gy acliyOHdeVEVeH Yheralt) @bHEOr bRk at ééi@(%@r\{ W\%a”d
often for sever(gl ?week's or rmreé&! n one e@bogi l;nentpf the co e(i)‘ellj( and/ or
prodrug oftreatment iy epntinuedi for adarindsrasging fooro dhiapodgys tottwiooweghks dj , t hree
tinmes (tioﬁén oF four 5 tines (qid) a day or once every other day (god) or
once a wee ?qv‘veek), and treatment is continued for a period ranging from

three days to tioneaksect thelaseit inléntiheprasidesta mdifodfopr$Ratingnvent i on
provides a nethod for treatin cancer or other hyperproliferative diseases

by adnmi ni sERI1GERET P8eL yReTRERtiferativedispases ly adméiniajsyingtie eewitieat in
ocar b, 7k Y B Ao R AT RHO B o8 BLE ArROIRYRY, 01 T,
treating caoderg compbbed offheeinpention.efradne/ embddiraent shdpreaent ni st eri ng
nvent i on INPERBLPICNRES Fiedaet! ST (oG SPnEAEPCaer PHPeDroeI i Bodi ment . a
T The rarge aqe TP aiiefih dbut DUER Al oPR ARG LE Bfolia B 4ot “300
nmy/ Kg; abduediugcompoondibbiite ibv¥ontieri i¢ga patienttin nzed ofghémpgiihetec?00h ng/ Kg;
about 20 e BABEMCR ComPA i FRTET aooauat 16e @R iay wei ght of Che
(i £ dosags B of B! (RS PAGRS ahBMelNG RiRbtg -
conpound cbauid .G maeierakawt B890ampAtg;about h.5nwedo sbout RGP amyKghabeuf .
2.0 mg to about 200 mg/Kg; about 2.5 mg to about 150 mg/Kg; about 5 to
about 100 mg/Kg; about 10 to about 50 mg/Kg; and about 10 to about 70 mg
20  per kg of body weight of the patient to be treated. In one embodiment, the
present invention provides a unit dosage form of about 1 to about 200 mg of a
compound or prodrug compound of the invention to a patient in need of
therapy thereof.
Additional guidance concerning administration of the compounds of the
25  present invention may be obtained from such information known for other
tubulin binding compounds. For example, Combretastatin A-4 phosphate
(CA4P), a tubulin-binding compound is reported to have a maximum tolerated
daily dose of 60 - 68 mg/m?, and has, for example, been administered to
patients in clinical trials in daily doses of 27 and 36 mg/m?, by a 10-minute
30 infusion, once every 21 days (Young et al., 2004 , Expert Opin. Investig.
Drugs, 13(9):1171-82 and Bilenker et al., 2005, Clin. Cancer Res.,
11(4):1527-33). The compounds of the present invention can be administered
in similar daily doses for treatment of cancer. Therefore, in one embodiment,

a compound of the present invention can be administered in a therapeutically
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Addi ti onal gui dance concerning adm nistration of the conpounds of the 25
present invention nmay be obtained from such information known for other

t ubul i n bwodvesgpsecmspounds. For exanpl e, Conbretastatin fAcd/yshasphabe
(CA4P), a tubulin-binding conmpound is reported to have a maxi mum tol erated
daily dose of 60 - 68 ng/n2, and has, for exanple, been adm nistered to

patients in clinical trials in daily doses of 27 and 36 /2, by a
10- mi nut eaffectivef dailysloseqfabasikdfyto Zbogh a0 Ma/imhgakeutd0 to %%-ﬁ,soéxpert Opi n.

ros. . Sagi el 31 AU AN Sp6ikTto fbofl oo i il wDouToc

admi ni st engdo abBuSHFTGM daitteat danesr. fotose tratygm? cah beasuraertetiteraef ore, in
one enbodi ment, a conpound of the present ywpnti og ce];n be ?ggl nistered in
a t her apeta/kadpge invadlt baans Pyodigidipgrthespans; daspya 1a¢Ef PelNai |y dose

of abaqut i L4 a , gabout 30 to
about O#O %@}%nqg‘%géttré%goﬁégg%vdﬁhggédwé?ﬁﬂgaﬁﬁ&@i %ﬁ‘tboagégﬁ’)aabout 55 ng/ n2
to treat cempoUndAf tsprasentinivetioncabdecamimistectd io satherapdudicalge i n adul t
humans by divi ding the n2 dose, by, a factor of 37:. in chid dren the

cor r esponaffagtive daily; qﬁefr%cqt&u"ioss i%.gbq"ﬁ %IH\Q?WquQétO %Oﬁégound of the
present | i 12 dapduid > ReEBBE BiAGKY, aRd fapeut ve daily
dose of aﬁﬁ?é’o%#grga%g%t m%?ﬁ%@aﬁ%ﬁt% 6to abou?ﬁg.kg arrg/ kg, about
0.9 to aboéut tRalloutd. & ghg/Rptautreat @Ganaerabout 1.8 ny/ kg, and about 1.4 to

about 1.6 ng/kg. to treat cancer. O caurse noder t apy often
i nvol Y&s adm n?%ftCQPereH‘ Cﬂ?ﬁf@fjtg@'@@k't%n"n?’?llvég?@ﬂﬁ@gﬁegﬁgl &:‘%ti - cancer
drugs ar edRARS pfieRERHhYse VRN dHtséaced dhiystarpesiémpatdriiuslyrhe novel
conpounds of  the present invention and the prodrug conpounds of the

i nvent i onadeninistered élaicansac patiente s rayeb compounds glitna Pe§enb or in
There rmy erRaRcER (e prRife corpafuif SngVeHRh b ses in fusp. 2gcavse

t here may'rB'@ are nornoxic and Tocated

adj acent treraplagnsiet il 86di6on ab o i sustitutivreofceve of moreokthentmdi nent of the
i nvention, co-adm nisteri n‘% a prodrug of the inventi 0ﬂ§_m th one.or nore

ot her L3ir uggministered digegs. ndlsapRecausa fhere Maydhr CaReRIASHS N @ Ratient that
hyperproli ' ' ' i PN PRt g of
angi of i br 8&%hgé@égg%@?ﬁgé%gps%cﬁ%%%ﬁgﬁgpﬁyggggHlé |orﬁ§fpeg€ pl aéi%a, co_r’ }leal graft
rej ecti onpnea@thbodimait of thesingehtion, abi-adrabéstering ayzrodeaig éfrthednventsny

di seases such as inflammtory bowel disease, . ischenic heart and peripheral
vascul ar ieQp@or m&r%ggi%@féa?%?rqggﬂeffagﬁc ceflls.

In one embodiment, the hyperproliferative disease is selected from the

20  group consisting of angiofibroma, atherosclerosis, benign prostatic

| hyperplasia, corneal graft rejection, gout, graft versus host disease,
glaucoma, inflammatory diseases such as inflammatory bowel disease,
ischemic heart and peripheral vascular disease, Karposi's sarcoma, keloids,
life threatening infantile hemangiomas, macular degeration, myocardial

25  angiogenesis, myocardial infraction, multiple sclerosis, neovascular-based
dermatological conditions, Osler-Webber Syndrome, osteoarthritis, psoriasis,
psoriatic arthritis, pulmonary fibrosis, psoriasis, rheumatoid arthritis,
restenosis, rheumatoid arthritis, scleroderma, telangectasia, and wound
granularization.

30
Combination therapies

In one embodiment, a compound and/or a prodrug compound of the
invention can be co-administered in combination with other anti-cancer agents

(“anticancer agent”). Without intending to be bound by any particular
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life threatening infantile hemangi omas, macul ar degeration, nyocardial 25
angi ogenesi s, nyocardial infraction, multiple sclerosis, neovascul ar-based
der mat ol ogocads/sondi ti ons, Osl er- Webber Syndrome, ost eoaCtrhuskdois®42095
psoriasis, psoriatic arthritis, pulnonary fibrosis, psoriasis, rheumatoid
arthritis, restenosis, rheumatoid arthritis, scieroderma, telangectasia,
and wound granul arization. 30 Conbination therapies In one epnbodi nent, a

_coerOlrthr;q dneskanismer adiegh EhsuAdmisistiation GavErRanh CReer BEOVdR 8Bfi ni st ﬁr ed
it ondt ng &g bsvara] Sy ARtadds S kaB B aek ARANES AN TRk bos) 042005

mechani smexangflé eotadrsinistrationasfra compowaid and/oam prodrgneoropsesd pf the de one
or nore of several vant ages over known cancer, t herapi es uch ,as, for
exanpl e cd%ﬁﬂﬁ%%‘ﬁi’ﬁ YHIGHNCEr BIFYSIATER aHrTaIstis egéﬁggﬁén@{fi‘ﬁ&md of the

i nvent kon §-C y ; ; LS | [ ction of
5 eancar Caftel 68 Bt e nRAR RO brobidug HEEH oo e redli tRAN et Ot

t han admadmsinisitation obthe heticandec ageet alagene.gal greeter @llgviatigneat er

al l eviation or nmel [orati on of one or re s tgons. of th ancer,,

di i i sheESiralg ghons o Mresyabogs ok ihe ALFR ARG ME R S Sstent
progressi off digéeel QERY! GHBloWiRlg! df%ﬁéé‘ééeq:lro?fés%mrl, IapdliopatioH, dalRtiBhgpase
state, partial or conplete rem ssion, prolonged 10 survival or other

benef i ci alstabilizatipsuefitbe disrasesstateh padial atapmipietedemiasiari, pgolevgpdund and/ or

a prodrug conpound 0 . nyentd on i ncreases the sensitivity of
canpeﬂlbcelsil'gvn@gpqr éhgaﬁgﬁ?ﬁﬁﬂ%@be%@-ﬂ'?Y%ﬁhf'féw ng | ower doses of the

anti cancer agent Th& chadnififstRitivh &f etonfpduiti and/oe atprodrugl dampogndn
anticancer agent to be used for 15 treatnment of cells otherw se resistant

to the antqopape@id efdbainntigmiaeigeses thasergtidiyot@ncreaeeittheceneral Iy
anti - Canceﬁntﬁ:gﬁeétsa}%ég{t,g%iqvﬁﬂa!lakéﬁr (?iés‘é's e at‘f‘l‘ﬁl:%ﬁceérr"]é O‘F.té‘%m)x' c region,

t he prodrug conpou e¥invention targe Xic cells in the
r egi ons ofadmimisterethtatthapationt oredifowing ahlanticahtedadent thee usedifoancer agent

nvenlfon {SAUTER! ol Anerus TeR AN RO NG EACEEAVEH GIGRPN{SF <o rof er r od
| vent 1 on S e e B R R rer apy.
cells in the normoxic region, the prodrug compounds of the invention target
the hypoxic cells in the regions of tumors that are not efficiently killed by the
anticancer agent alone.
20 As used herein, a compound and/or a prodrug compound of the
invention is “co-administered” with another anticancer agent (also referred to
herein as, “Agent”) wherein a compound and/or a prodrug compound of the
invention and Agent are administered as part of the same course of therapy.
In one embodiment, a compound and/or a prodrug compound of the invention
25 s first administered prior to administration of the Agent, (i.e., the initiation of
the other cancer therapy), and treatment with the compound and/or prodrug
compound of the invention is continued throughout the course of
administration of the Agent (i.e., the course of the other therapy). In another
embodiment, a compound and/or a prodrug compound of the invention is
30 administered after the initiation or completion of the other cancer therapy. In
other embodiments, a compound and/or a prodrug compound of the invention
is first administered contemporaneously with the initiation of the other cancer

therapy.

79



I n one enbodi nent, a conpound and/or a prodrug conpound of the invention 25
Is first admnistered prior to admnistration of the Agent, (i.e., the

i ni tiati owmoabos/dshemeot her cancer therapy), and treatnent pertus2dlsesmonpound
and/ or prodrug conpound of the invention is continued throughout the
course of admnistration of the Agent (i.e., the course of the other
therapy). In another enbodinment, a conpound and/or a prodrug conpound of
the invention ilgoBe exabedimand,agompound @ng/ard piogiidroBPOEBEATdRe on of t he

ot her canger_ther. .. [ Lent. n r a prodrug
conmpound g&"?rﬁ'@)ﬁi'ﬁséﬁﬁd@”n%&%&jip?@?géﬁﬁ\%gﬁ%ﬁ%@&)%%t rgtf %é\@ousl y wth the
i ni tiati onrgdftmiehtwnlh figs cemiporind dniagsrainpdrutPcot@paded bDtheEdihGention is

PCT/ US2005/ 042095 I n one enbodi nent, a conpound and/or a prodrug conpound

of the i ne@mtinded plier thesgessalipniof pdmusisation ot heAGeMi 48 OR€i on of the
Agent , ' h
ovent 7 on Srab@REE o odfnbBuhd B ARTROMBL AT E6MpoBAAE ek FRERAUAT fist "2 e

In ?ne 5 @mmd itl|stered ,prigrwniﬂnumdtraﬂci}ﬂi of the Agertt; agd treapoeniwibh thée i nventi on
is first adm nister rior to admnistration of the Agent, and treatnent
Wth the COBRBURENNIEN BodaaPuRONBmSE RINSPRIRR 1S SRAUAUESAYBCERAE | nued
during pards ihn@hefillf PS8R RELGHBT tﬂb%&qe?ﬁ,' %r%rtéfh%(;ﬁ@%{‘éucféé cBRAfAI N
drugs, suc as certain topoisonerase 1n I bitors, admnistration of a
conpound daddisomarasecidhibitots) acipistrationfof almompaend ardfoc arprbdrugni ti at ed and

conpl eted prior to the. admnistratiogn of the second drug. .In the presence
of oxjéen,cpqugoqféa? '%Vﬁrg]'r?nf%”ﬁ%ﬁd o ané‘g%t@gi%?rg? e reacts with
oxygen to g4Rihiiates opisl8edsith fbug. Superoxide is a cytotoxin and the

production of superoxide in nornoXic tissues can |ead to 15 unwanted side

effects. |In one lerbegiresence efrxygeasibetradivgéanioprfomned upes the et hod

wh i d/ ' ti | ni st d
- Combi ndBHORAN R ot Plyb 6 YRR pPlon REandT kiR, sBBprciice ™ = =
Chenopr ot ¢t siotedardri eopreductierabt supdroside en hoamokibeisstexicanéddet s of

I n one enbodi nent, the chenoprotective 20 agent is a

anti cancer drugs. )
t hi ol 16r alf’dﬁl@'g@ql pide effectondn eRd smbesiment Hae BIRSAOHIDIEBEPRMIOVERS ar educe
P ehoe - Fagk RS o R s pERRIBRE A faidch 1P (e
i nvent i on aiminjsteredin coMbihaton wite eptheniogrotectiveagentgr ai t h prot ei ns and
nuclei c aCclh(ija'moprotec:tant. Chemoprotective agents protect healthy tissue from the

toxic effects of anticancer drugs. In one embodiment, the chemoprotective

20 agentis a thiol or a disulfide. In one embodiment, the chemoprotectant can
reduce superoxide. In another embodiment, the chemoprotectant can react
with the “Michael-receptor” generated from a hypoxia activated prodrug of the
invention and prevent “Michael-receptor” from reacting with proteins and
nucleic acid.

25 Anticancer drug therapy today typically involves multiple rounds, or
“cycles,” of administration of the anti-cancer agenti(s). In the context of
administering a compound and/or a prodrug compound of the invention, each
cycle of administration (as well as a complete set of cycles) can be viewed as
administration of a second drug. A compound and/or a prodrug compound of

30 the invention can be administered in any or all of the multiple cycles of
treatment with the other Agent; in general, the compound and/or prodrug
compound of the invention is administered on a daily basis for at least two or

more days during each cycle. In one aspect of the invention, a compound
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25 Anticancer drug therapy today typically involves nultiple rounds, or
"cycles,"” of adm nistration of the anti-cancer agent(s). In the context of
admi ni st ewongoswseawpound and/ or a prodrug conpound of treTiUsz@sikmO; each
cycle of admnistration (as well as a conplete set of cycles) can be viewed
as admnistration of a second drug. A conpound and/or a prodrug corrpound
of 30 the invention can be adm nistered in any or_all of the miltip

cycl es ofand/mre@plm:imgwompqu@ oftthe invendien: is ica-agpiaisigred; with Q&Tﬁ%ﬁ‘fd and/ or
prodrug co ?%ad%FyS%H[?n eﬁ)%gte%]‘# dFBU'P] lystered on a daily basis for at
ri

| east two Qﬁo fh one aspect of the invention,

a conpound 80 Vﬁé’r@@é&W@éﬁh@@féﬂﬂﬁaww&ﬁtm@%ncmﬂdﬁng the far axinpaurebmpound
of the invention is co-admnistered with the Ag entwag rd| n&#to a schedul e

r epeat ed and/ena RrodiugEonppwikohitbe dnvantion. thecorapg 'W§ cancer
usi ng %cﬁgﬁg‘.ﬁﬂ%gWe Iﬁ{)g[‘.tﬂ{n i a‘?irngﬂfs@teﬁqm%%%é% ort Wih 'a'PlVé‘FEC'hQé‘ the

conpound odrug conpoun e invention 1s admnistered in
conbi nat i gmowhttdf arie ef neee bhemommapeutw agerdsoan effectivchamouhtofipeut i ¢

agents, an effective anount of radiother an ri.ate_sur ery

pr ocedur el2digtheliapy cBRIFPRERRTIFHE SHIGRTY Iﬁ"’ocrﬁiﬁ%’l Y &ﬁgﬁﬁ&t g0 of GHe
conpound g conpound of the invention is 10 used |n
conbi nat i %ﬂr;tﬂ(}m %?%%Bgémre of the additional therapies, the conpound

and/ or prodrug \t\dtmoandanomueand/wmprQﬂTugrmnmndefrtbe lmmw@pys can be

adm nj stered at e sane time or can b . st er.ed ely. For
exanpl®, $eda'n&9rﬂ|3@0ﬁg°%ﬁ‘@}hoqneaorp'f0859 PLY c%}fﬁ%ﬂ}?ﬁt%ﬁraﬁﬁ ention is

admi ni st egsdpaiAd ﬁ&/o?‘iﬁb&ﬂu@%mﬁ&ﬁf@éﬂﬁéaﬁ\%iﬁbﬁ aﬁﬂﬁﬁ@dltlbhﬁl thempggent s can
15 be adm ni ster ea si mul t anéousl'y or can be adm ni stered sequentlal ly with

some ti mecarebeadministared it the same. tinmper eandieiadministenes sgpardiely- Kefder st and

nmet hods of adm ni.stering the t tially and
possi bl e FX3EP Iﬁeﬁlao%@ntvo\%gﬂg’%g%%oé @%@%HSB@EH% @ﬁ@g% be

adni ni st epgRimstetdtPwiBE additorid eheniotRérabeuticihgénto tise ami agentshmn

adm nistered via the sane or different routes. Chenot her [) I c agents

that tan be adsueistaied simulianeansin et ¢an he a eaﬂlﬁ%%ssﬂuﬁﬂﬁa tion
i ncl ude, B&%g%@gqgﬁwéérgh@% §t9%_ol?1|‘éstﬂ)ﬁé‘6fs | FPERSa b unBbRes f an,

benzodepa one on dam ne and anal ogs t her eof
(refrencenminsds ofgﬁdtﬁmﬁﬁteﬂm@lme aga&rusesdaphanétﬂjslyerntépaquammallgtm ne,
matinib, p;[) lk?l r’}%lwg Bgﬁgég g‘eRNeen administrations.
The Agents can be administered as the same or different
20 formulations and can be administered via the same or different routes.
Chemotherapeutic agents that can be used in combination with the
compound of the invention include, but are not limited to, busulfan,
improsulfan, piposulfan, benzodepa, carboquone, 2-deoxy-D-glucose,
lonidamine and analogs thereof (refrence apps), glufosfamide, meturedepa,
25 uredepa, altretamine, imatinib, triethylenemelamine,
triethylenephosphoramide, triethylenethiophosphoramide, »
trimethylolomelamine, chlorambucil, chlornaphazine, estramustine,
ifosfamide, gefitinib, mechlorethamine, mechlorethamine oxide hydrochloride,
melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil
30 mustard, carmustine, chlorozotocin, fotemustine, nimustine, ranimustine,
dacarbazine, mannomustine, mitobronitol, mitolactol, pipobroman,
aclacinomycins, actinomycin F(1), anthramycin, azaserine, bleomycin,
cactinomycin, carubicin, carzinophilin, chromomycin, dactinomycin,
daunorubicin, daunomycin, 6-diazo-5-oxo-1-norleucine, mycophenolic acid,
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triethyl enephosphoram de, triethyl enethi ophosphoram de,

tri met hyl ol onel am ne, chl oranbucil, chl ornaphazi ne, estranusti ne,

i fosf am dwo 20&fdstassi b, nechl or et ham ne, nechl or et ham ne poxiU$2005/042095
hydrochl ori de, nel phal an, novenbi chin, phenesterine, predninustine,
trof osfam de, uracil 30 nustard, carmnustine, chl orozot oci n, fotenustine,
ni musti ne, raninustine, dacar ba2| ne, mannonustine, m tobronl tol,

m t ol act dﬂogeli@wg%ﬁﬁ\fpmyféﬁi %%‘P'ﬂﬁ'wm RUCaRYEINNB 'E‘P'T‘l‘yﬁ'(‘lpur%q‘n’?’anym n,
azaser i ne reﬁltgﬂl iRl Bre tﬁ%&h “@:ﬁ%%n&m ElBéngr\eﬁd Dincsfdti, 28RN, chronmonyci n,

dactlnony0| auhoru I'crn,’ dauno di azo- 5- 0xo0- 1- norieu0|ne
ny cophenodéroperinl, pt&ﬁoﬁtﬂlﬂﬁﬂﬁveﬁ@iaﬁéﬁ fIBdﬁfahﬁm)(Ehthmeunogal amycin,

ol ivonycin, peplonycin, pl f
st rept oni t@l‘arﬂ'fpr'ﬁ??&b‘? n‘f:"lca?%ﬁé'tn@v g%\c' "&'Bgzﬁ(’; 3 %?ﬁ??fh'r’ zor ubi ci n,
denopteri % @l&éé)ﬂfurlhfdenﬁbf(ﬂiﬁﬁaﬁle tehHéi?db‘Wé rﬂ%)xuﬁdﬁﬁ gapt opurine,

thiampri t hi dguani anc¢itabi ne, azacitidine, 6-azauridine, carnofur,
5 cytar abfllumfoucba[letegﬂﬁmn draapar@wnasamuImoawneeaoeglamene fl oxuridi ne, 5-

fl uorouraci,l eqaf ur spar a | na noz y.1e :

al dophospﬂ'QPrP'a% %@?lglhéc Sﬁfﬁ R4V V?"Hﬁq' agtqz % %ﬁ?@i@gkgéﬁg@%@trabucil

bi sant renﬁsaﬁﬁéﬁé’%a?bb?latlﬁede%ﬁﬁmﬂé; derieeRIny, apziglicid, eifentthirad,f or ni t hi ne,
el i ptinium acetate oglucid, flutam de, gal liumnitrate, hydroxyurea 10

interfer oallllaﬂlmhm acatate, etoghucidclutamice.cgallims mitgiamBydrowydiede uki n- 2,
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conmpound tm‘msfp@tmw&ntarboplatnm anmboxeplstion of these conbinati on net hods of
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invention can be used in combination with an angiogenesis inhibitor including
20 but not limited to Avastin and similar therapeutics. In one version of the

combination treatment methods, a subject is treated with an angiogenisis

inhibitor and subsequently treated with a compound and/or a prodrug

compound of the invention. In one version of these combination methods of

treatment using an angiogenesis inhibitor, the method is used to treat breast
25 cancer.

In another embodiment, a compound and/or a prodrug compound of
the invention is administered with an anti-cancer agent that acts, either
directly or indirectly, to inhibit the epidermal growth factor or EGFR receptor.
EGFR inhibitors suitable for coadministration with a compound of the

30 invention include gefitinib and erlotonib.

In another version, a compound and/or a prodrug compound of the
invention is administered with an anti-cancer agent that acts, either directly or
indirectly, to inhibit hypoxia-inducible factor 1 alpha (HIF1a) or to inhibit a
protein or enzyme, such as a glucose transporter or VEGF, whose expression
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e ro | .Z-1 M dazo ulride), eyr ot i - & p noxal I ne , &4-
di oxiy s;fD &aﬁqa%ﬁldab@ﬁﬁl@éﬂ@gﬁ'3%69@{7}#‘?‘?’86@?@0%?}5@“6%@5 and ot her NO

donors; W@?'@WXFZB% ; ol afsubitid): BRURRIFOPKOLE) quiii@fifie (1 -

met hoxyestra ,vincristines, taxanes, epothilones, 15
di scoder ndloxitkes; aadiudebiitysatedaBof sediymotitroplerasice goNY :andaihar NS ;
barbi turi ins; and YC-1, a

conpound 8%‘2'%?Fﬁi‘g@?@@"ﬂﬁu@@%%hﬁ@%&i"é’?’%"i@%%% . 61(8): 947- 954,

i ncor por ahRghokRisHiadidor 2aVIBRE Nascristingds, thsanes, opithietes, | n anot her versi on,
a conmpound and/’or a prodrug conpound of the 20 invention igarasjm' ni stered

with an adiscodagnolitemiandgsivativesef agy abthedpregaing; GaHrpa¥iNg garoituric

anti - angi L. 3 f Si st fq angi ostatin,
an agont AHAORAMGRIE SR 505 CAMbEMEAE BEPLEt 2 HRBnd e

bat i mast ajesesisdpy Blochemt Phiaapeacolgris/Apr 200,16 1(8).94 &8s tnebrporatedost at i n,
I nterl eukin, |avendustin A nedrox ‘oregesterone acetate, reconbi nant human
25 pl at el BerginPydeterengg,and its %%‘Q%Vgﬁ t hal i donmi de, thronbospondi n,

TNP- 470, In another version, a compound and/or a prodrug compound of the

20 invention is administered with an anti-angiogenic agent, including but not
limited to anti-angiogenic agents selected from the group consisting of
angiostatin, an agent that inhibits or otherwise antagonizes the action of
VEGF, batimastat, captopril, cartilage derived inhibitor, genistein, endostatin,
interleukin, lavendustin A, medroxypregesterone acetate, recombinant human

25 platelet factor 4, Taxol, tecogalan, thalidomide, thrombospondin, TNP-470,
and Avastin. Other useful angiogenesis inhibitors for purposes of the
combination therapies provided by the present methods and compositions
described herein include Cox-2 inhibitors like celecoxib (Celebrex), diclofenac
(Voltaren), etodolac (Lodine), fenoprofen (Nalfon), indomethacin (Indocin),

30 ketoprofen (Orudis, Oruvail), ketoralac (Toradol), oxaprozin (Daypro),
nabumetone (Relafen), sulindac (Clinoril), tolmetin (Tolectin), rofecoxib
(Vioxx), ibuprofen (Advil), naproxen (Aleve, Naprosyn), aspirin, and

acetaminophen (Tylenol).
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met hods andciotuipngds iassemblydés tneabeahdeer ei n provi des a variety of synergistic
conbi nati ons of the conmpound and/.or. pradrug co und,of the invention and
ot her1@nt i - cancdp 3@?5@§‘¢°¥H%§8 in lgln|qc%q ﬁgmﬁgﬁgﬁtanggﬁq@@gwg, det ermi ne
the anti {g uﬁ@roé(?ﬁt%'gﬁ/ehhéﬁ VA the AGEE HebEmsed ¥Bowd, e dreseipound and/ or
a prodrug conpound of the invention as described herein. For exanple, the
r ef er encematbadeand conmpaisiticnsaiessfibad haegin prevides andriely offsimergisliet ens to

the Selection qf Ne ts for Aini Trial, " i i s of
Cancer . CROTGHIORyS! 107 FPIReuRG Arclh PHE elfinpoyh 8 IRGOLSAERnaf s 5 °
Herren 20 o@lerdnti-carR@P dride! atheaki oikilfin ke MirtusanTteamily Yotiehting the dhtedi cti ng

Cinical Activity for Anticancer Drugs," Proc. Am soc. Cancer Res. 26:
330, &achcancenghiugn that agicaynaseistieallyh Bt alcamn%méraé@i@,a REXKYY be et hods

to aid in gﬁﬁaquﬂato%rtﬂé W&nﬂga%{soq&?h%ﬂ hk n.drF‘Eﬂ%x?ﬁplé,%HEeriie?%"\é@ ly.

Wil e syn not tequire erapeuti c bene I'n accordance 25
with the neindlets "RelelesceidFdamepiaitablei Anioted-TarhodSystemns tolilke pr esent
' nvention erlgc\:éc%o?weosf l\?evﬁg%%?s ofr (.(‘,:Iﬁ\ri]ga?[I'rifal’,'eBthr?\gbol\cl)mchgFégsits% rCea\r{c%rSyner 9y
Chemotherapy, Williams and Wilkins, Baltimore, 1975, and Simpson Herren
20 etal., 1985, "Evaluation of In Vivo Tumor Models for Predicting Clinical
Activity for Anticancer Drugs," Proc. Am. Assoc. Cancer Res. 26: 330, each of
which is incorporated herein by reference, describe methods to aid in the
determination of whether two drugs act synergistically.
While synergy is not required for therapeutic benefit in accordance
25  with the methods of described herein, in one embodiment, the present
invention provides a method of cancer treatment, wherein there is synergy
between a compound and/or a prodrug compound of the invention and
another anticancer agent. Two drugs can be said to possess therapeutic
synergy if a combination dose regimen of the two drugs produces a
30 significantly better tumor cell kill than the sum of the single Agents at optimal
or maximum tolerated doses. The "degree of synergy" can be defined as net
log of tumor cell kill by the optimum combination regimen minus net log of

tumor cell kill by the optimal dose of the most active single Agent. Differences
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t han t hose standard, dosages. The adm nistration

e e o asToh e SRBte AEARR N bor of

stopping cancer cell growth as well as diminishing unwanted side effects of

20 the other therapy. In other versions, the other anti-cancer agent or agents will
be administered at the same dose levels used when a compound and/or a
prodrug compound of the invention is not co-administered. When employed
in combination with a compound and/or a prodrug compound of the invention,
the additional anti-cancer agent(s) is dosed using either the standard dosages

25  employed for those Agents when used without the compound and/or prodrug
compound of the invention or are less than those standard dosages.

The administration of a compound and/or a prodrug compound of the
invention in accordance with the methods described herein can therefore
allow the physician to treat cancer with existing (or later approved) drugs at

30 lower doses (than currently used), thus ameliérating some or all of the toxic
side effects of such drugs. The exact dosage for a given patient varies from
patient to patient, depending on a number of factors including the drug

combination employed, the particular disease being treated, and the condition
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t hese cl assygemasedahibiters, @strogen resepiopmogilatersofolatetantageristsrent wi th any

such drug.or conbinatiqn of.2 uch . I L onpound and/or a
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administered prior to or after treatment with any such drug or combination of

20 such drugs. In addition, a compound and/or a prodrug compound of the
invention can be administered in combination with a biologic therapy (e.g.,
treatment with interferons, interleukins, colony stimulating factors and
monoclonal antibodies). Biologics used for treatment of cancer are known in
the art and include, for example, trastuzumab (Herceptin), tositumomab and

25 '3 Tositumomab (Bexxar), rituximab (Rituxan).

Alkylators useful in the practice of the methods described herein
include but are not limited to busulfan (Myleran, Busulfex), chlorambucil
(Leukeran), ifosfamide (with or without MESNA), cyclophosphamide (Cytoxan,
Neosar), glufosfamide, melphalan, L-PAM (Alkeran), dacarbazine (DTIC-

30 Dome), and temozolamide (Temodar). In accordance with the methods
described herein a compound and/or a prodrug compound of the invention is
co-administered with an alkylator to treat cancer. In one version, the cancer is

chronic myelogenous leukemia, multiple myeloma, or anaplastic astrocytoma.
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and GCE) Negk,r#DA).for treating | ynphomas. (Tidnmarsh et al., US Pat. Appl.

s, $01 636 505, 0S80 A3 B9 LS B el o of pgens
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present i 'ﬁ"é@ﬂhé@ﬁn@éﬂ?@ damirfstaih edcarhpotng ahifog agaodrig bympdundibst eri ng a
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part of the GCE (Glufosfamide, Carboplatin, and Etoposide) or RGCE

20 (Rituxan and GCE) regimen, for treating lymphomas. (Tidmarsh et al., us
Pat. Appl. Nos. 60/638,995, 60/680,451 and 60/719,787). Additional
examples of Agents include Terciva, Iressa, Cytarabine and Erbitux.

In one embodiment, the present invention provides a method of

treating cancer by administering a compound and/or a prodrug compound of

25 the invention with a cancer treatment regimen using at least a platinum
coordination complex alkylator. In one embodiment, the platinum coordination
complex alkylator is Cisplatin. Cisplatin can be used to treat cancer of
bladder, head and neck, endometrium, small cell carcinoma of the lung, and
some neoplasms of childhood. Cisplatin alone or with cyclophosphamide is

30 used to treat advanced ovarian cancer. Combination chemotherapy of
Cisplatin with Bleomycin, Etoposide, and Vinblastine is used to treat
advanced testicular cancer; and with one of Paclitaxel, Cyclophosphamide, or

Doxorubicin to treat ovarian carcinoma.
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30 used to treat advanced ovarian cancer. Conbi nation chenot herapy of
Cisplatin with Bl eonycin, Etoposide, and Vinblastine is used to treat
advanced webismshes cancer; and with one of Paclitaxel, pCyalsomsospbsam de,
or Doxorubicin to treat ovarian carcinoma. 87 WO 2006/ 057946

PCT/ US2005/ 042095 Ant hracyclines useful in the practice of the methods
descri bed herein include but are not limted to, doxorubicj (Adr| arryC| n,

Doxi |, Rubex), Anthraexpinesritsefuldyine peice of g Msitepds E’Pﬁ%(?ﬁé.hﬂf
val rubi ci Exg@élaeb%@a%ré noemﬁnte br&'&&rbglc ﬂﬁcﬁ%‘iﬁ}cm'ﬂoﬁmﬂm& ce with the

et hods de: retn a oun or a prodrug conpound of the
I nvent | OnmitstQﬁtradGKNbsérﬁrcmé) Mahllblaln (wamymywblrulelctro(\tmﬁalt) aadicer. In one

version, the cancer is acute nI tic le
oy oot ot e CRRGEN (Elengel |BasearANCRPHS TR MetO S asaloe R aE Dy ary and
?éga%%) a%ﬁqﬂ)gﬁim g oreé(gﬁgglr@g EQ&@%@?H’BQ%@H% invention is co-administered

al pha. - L- tk@rhantbpgeyatios yd freat/¢ariey! homieoyersions tiee nzanc@“tlsahv@ro 6,8, 11-
trihydr _ox - 1- met hox fﬁ 2- napht hacenedi one, E’E %{fdn
doxor ubi c anl VT@O@C&'{)/‘P fmia, W%\éﬁﬁr?‘?f@aaﬂ'iosiﬂ 8t°iaE‘C?§c9¥ &4 C?P%% ‘cul tures

of Strepflféf{é(&%ﬁc%ktﬁﬁémsl%fwéov&@eéhé%re&ﬁ)&@h@étC' n has been used

successfu to produce regression in dissenm nated neopl astic conditions
such 15 as acutAs byerghamplesthieccdrepdend 68S,40%)-40{dPorna3.6-trideer a,

car o1 Wm0 NEXP By DR KBy TR Bl PO e SARERCRD tThom, ¢ nyr oi o

car ci nonagidarBRRTBRetHky- BT NinEBREHscBnadidnB OmoHe dakinorly kaswn rsonchogeni ¢
carcinomn, and dastric carcinoma. Doxorubicin is typically admnistered in

a dose i ndpkerubigiagssf CYCiOZG Frshragyrin@antibistic iokateA fFoR) 64 §S|qlﬁj ection
admi ni st e@@%p%ﬂ%g&ﬁég%é&ﬁ@rv\é?l EaeSI%? PB?(%IIU'B JitHEE YR YegCt i on at doses of

20 ny/ n 0Seés on ree successi ve days repeated
every fousyvesdsiully to prodacelmyressibhiin dtsfsenﬂmtbddmo@lasttime:amdﬁlbnd$u¢hscr| bed

herein, a conpound and/or_a prodrug e |nv on is

co- add ni @sacsie bmphabigstisiedienia, é‘ﬁHtecg\E(?rét'?fﬂsz'ﬁ logkem {"Fué tumor,

adm ni Str abj,AhiQ toﬁ@(%ﬁﬂtﬁsgu@ afH b?iﬁfé%#@éﬁr%s(Wea%f cér‘?;‘ﬂ%mé’%ﬁan Cyclic

Ant hracycli'ne cytotoXi n prodrugs usef in the practice of the nethods

descri bed chmimbmaatrangitional ded dha}dderezarelhemnﬁwm@t@ammpm hnphorpras Pat ent
n.the ractl

Apl i cat SQ5/ 0816 f
net ngsl gg?ggb I'bée &’ nogy Pﬁgkﬁ&élg% S@Pé‘%‘?m? Cﬂ{ N r@a@%f‘%gwm n,
act i nony cichrdihd/Has &&Nibicin is typically administered in a dose in the range of 30-

20 75 mg/m? as a single intravenous injection administered at 21-day intervals;

weekly intravenous injection at doses of 20 mg/m?; or 30 mg/m? doses on
each of three successive days repeated every four weeks. In accordance with
the methods of the methods described herein, a compound and/or a prodrug
compound of the invention is co-administered starting prior to and continuing
25  after the administration of doxorubicin at such doses (or at lower doses).
Cyclic Anthracycline cytotoxin prodrugs useful in the practice of the methods
described herein are provided by the reference Matteuci ef al., PCT Patent
Aplication No. US05/08161.
Antibiotics useful in the practice of the methods described herein
30 include but are not limited to dactinomycin, actinomycin D (Cosmegen),
bleomycin (Blenoxane), daunorubicin, and daunomycin (Cerubidine,
DanuoXome). In accordance with the methods described herein a compound
and/or a prodrug compound of the invention is co-administered with an

antibiotic to treat cancer. In one version, the cancer is a cancer selected from
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bl eomyci n (Bl enoxane), daunorubicin, and daunomyci n (Cerubi di ne,

DanuoXone). In accordance with the nmethods descri bed herein a conpound
and/ or a woadésng7ewenpound of the invention is co-adm ni rensdoosiottvonn
antibiotic to treat cancer. In one version, the cancer is a cancer selected
from 88 WD 2006/ 057946 PCT/ US2005/ 042095 the group consisting of acute

| ynmphocytic | eukem a, other |eukem as, and Kaposi's sarcoma. Aromatase

i nhi bi t or theugksiupl cansisting qfragtite yapitoaytie levkenrtiasothies igukeBues. léidei n i ncl ude
but are ng(t limted to anastrozole (Arimdex) and | etroazole 5 (Femara). In
accor dancERPEH PHEMR hods described herein a conpound and/or a prodrug

conpound of the ArBreRhsPIMNilsitorS uaBHl i Blegiractiov dhthanmethodsaiessebéedhi bi t or
to treat cancer. In one version, the cancer is breast @g ncer.
Bi sphosphbatgie inciuiebubare naidimited to anastigzale: (Asknigex) A %é&%é@@ 10

descri ped LR | yes meta). In
accord nc&ﬁ%?hé’)t kﬁg%ﬁqﬁ%&g \ggégplggﬁe%}hhg% g?%rg&gﬁ%%ﬁg%gﬁ@/o (()Jr%ea pr odr ug
conmpound ahdidre prodend tompband of deminvieatien edcovatmiristeredhosthtaonat e i nhi bi t or
to treat cancer. In one version, the cancer is a cancer selected fromthe
group congrenaiasednhibiler iojreatRANceka N %@)‘?\éerﬁéirhyﬂ%%gc?rr'ﬁﬁﬁr%%?ti d tumors, or
15 prostag_gn&%ncer. Cycl o- oxygenase inhibitors useful in the practice of

t he net hods éscribed herein include but are not limted to cel ecoxib

(Cel ebrex). In Bisplooshonateninhibitdne usefuhodibedwacti¢ehetitheenethods conpound

and/ or _a prodru conpound, of the inventiqn i 0-a, istered with a
cycl olgxygéﬁ%@egq hﬁfeg;iﬁ)f Udﬁ)b‘t”iﬁrfer@gﬁ'méfﬁggrZI.O?qCﬁ'OBﬂé%:mseft 0 \rl:ne cancer is
col on canggr,RfandeRliftt $RMAEIHIAS d<s@RBbd hefeik B¥¥mBsuh@Bhd/orb Frea@ngrat ous

pol yposis. Estrogen receptor nodulators useful in the practice of the
net hods desmounddfibe diventinoliside-asiministered avith @ wiphasphenatgrdpkibiten

Nol vad d, ful vest Eas| pdex) . ] hod
descr | beo BOPE! FPikess Th AR yeIOR Aok e APAEC ARSI Br IR Tvent on
I's co- admigRbsh B6RSlsting bimaRipks hiyedshal beepinetastasks frioar sdlid turmeas, eancer. | n

one version, the cancer is breast cancer or the treatnent is adm ni stered
to préfentpresiate eearr ence or reoccurrence of breast cancer. Fol ate

e on pur e OB AR GRS AR TR SRS Midodg el
described herein include but are not limited to celecoxib (Celebrex). In
accordance with the methods described herein a compound and/or a prodrug
compound of the invention is co-administered with a cyclo-oxygenase inhibitor

20 to treat cancer. In one version, the cancer is colon cancer or a pre-cancerous
condition known as familial adenomatous polyposis.

Estrogen receptor modulators useful in the practice of the methods
described herein include but are not limited to tamoxifen (Nolvadex) and
fulvestrant (Faslodex). In accordance with the methods described herein a

25 compound and/or a prodrug compound of the invention is co-administered
with an estrogen receptor modulator to treat cancer. In one version, the
cancer is breast cancer or the treatment is administered to prevent the
occurrence or reoccurrence of breast cancer.

Folate antagonists useful in the practice of the methods described

30 herein include but are not limited to methotrexate and tremetrexate. In
accordance with the methods described herein a compound and/or a prodrug
compound of the invention is co-administered with a folate antagonist to treat

cancer. In one version, the cancer is osteosarcoma.
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accordance wth the nmethods descri bed herein a conpound and/or a prodrug
conpound of the invention is co-admnistered wwth a folate antagonist to
treat cawoenos/dsm4ene version, the cancer is osteosarcomraT/i32009042095

2006/ 057946 PCT/ US2005/ 042095 As one exanpl e, the conpound
N-[4-[[(2,4-diam no-6 pteridinyl)nethyl nethylam no]benzoyl]-L-glutamc
acid, comonly known as nethotrexate, is an antjfqlate drug that has been
used in the treAsopaexemplgabeanaprunddNddilie4réPR¥RRSand in the treat nent

of patients.with 5, chori U j is al so
asefal 1 miergnyDmabhEiR AR AL S TaR 2L bR KROf &3 15 T
t he treatfiBfHotreikatcaivam antictaeairugithatessheerf usemirdibe. tradtmieot péxat e i s

adm ni stered as follows. For choriogcarci nom%, i nﬁr a,[rrus ul ar injections of
doses of gastatiprzd chefpcareingma and inthedrepimept phpatients Wthyay course, such

courses r ' L Oof e weeks
I nter Soseﬁ@hﬁggﬁﬁgﬁaﬁﬁgﬂggﬁq ngreg@b ;?_B%Eé.l gdféﬁfégjs%,,eﬂgl\;mﬁ?i weekl y
i nt r amus cybgtidnjof alivaredastagea dfimalighantdgmiphodus asd ot thedtreajment ofor

nycosi s fungoi des, weekl I nt ranmuscul | nj ections ,of .dos f 50 mg or,
al t er nat i ayancegfcases pyTHICESIS Hﬂgﬂp??e%h? @e\@é’gm'sﬁ%ﬁ&iégordance with

the met hadg, des ¢l QﬁG‘r(ijcgan’a'rEiianal,gnﬁarﬁggélﬂé'f‘iﬂjeﬁi%g lof d0BES T 48 t6 dopound of

the invention is co-a nistere with methotrexate adm ni stered at such
doses (ormgtareaseninistesed Jdailgfovea fiye-day course, such courses repeated as

3,4,5-tri h 1).-amn thyl 1-2. 4-qui ' i api monl
nowriOas. Ro9RE WERHER perob Al Gncer hiy vaes (iR Mgy BgLRes(somEnt Y
co- adni ni gersd F8f bhkemERBRIBBRIVESKY Pitratnuctirugjectiomoarel of the
i nvention. 20 1 norganic arsenates pseful in the practice Cff t he met hods

descr i bedadministiered indloses a0 @mgénnotor Mmypeeis fuaoeifesmeekly i oxi de
(Tri senox%‘pgh?n%g;%tagﬁﬁ(i%@%e s %\‘}éﬁées | mp%@safij&%%ﬁ{/é}gdo% ﬁiedrqae% conpound

and/ or a nventi oh IS co-adm ni st with an
I nor gani ca@ffétered ficd ekl amaecordahce oiith themaethods descrilaart berais,

refractory acute pronyel ocytic | eukem a L). 25 M.crotupul e.inhibitors
(as uked g@pmnﬂungi a '@’r%P%/FEﬂIPG qot‘??ﬁ%%n@d?(fﬁﬁ?i”‘@rﬁg'ondﬁgﬂ'tacgﬁ'afﬁ?rﬁger feres
ith th ' : foy ' ti

w ° ARG ukatl ARMARIBIOY QfsuthUcRbURYE SFbviet GbUbs). BavibtilBract i ce

of the ne descri erern inc ut ‘are not limte vi ncri stine
(Oncovi n) [(3/4 Bairiassthavey phdalyhaminojraethytlx4Hquiresotinedireirs ommenhbr el bi ne

i ther . akeoWD SECHRERBIPIES DANPIEr aBMRRIT LS i FancebodlinGRRd™: ne”
met hods  dgsard BSApbeHEhRdAr &OFIRRNIS caMPband BY 8 wgeafiori.he i nvention is
20 Inorganic arsenates useful in the practice of the methods described
herein include but are not limited to arsenic trioxide (Trisenox). In accordance
with the methods described herein a compound and/or a prodrug compound
of the invention is co-administered with an inorganic arsenate to treat cancer.
In one version, the cancer is refractory acute promyelocytic leukemia (APL).

25 Microtubule inhibitors (as used herein, a “microtubule inhibitor” is any
agent that interferes with the assembly or disassembly of microtubules) useful
in the practice of the methods described herein include but are not limited to
vincristine (Oncovin), vinblastine (Velban), paclitaxel (Taxol, Paxene),
vinorelbine (Navelbine), docetaxel (Taxotere), epothilone B or D or a

30 derivative of either, and discodermolide or its derivatives. In accordance with
the methods described herein a compound and/or prodrug of the invention is
co-administered with a microtubule inhibitor to treat cancer. In one version,
the cancer is ovarian cancer, breast cancer, non-small cell lung cancer,

Kaposi's sarcoma, and metastatic cancer of breast or ovary origin. As one
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co-adm nistered with a mcrotubule inhibitor to treat cancer. In one
version, the cancer is ovarian cancer, breast cancer, non-small cell |ung
cancer, Kapaseo/s7s@ar comn, and netastatic cancer of breastTaS2e08@42099r i gi n.
As one 90 WD 2006/ 057946 PCT/ US2005/ 042095 exanple, the conpound

22- oxo-vi ncal eukobl asti ne, also comonly known as vincristine, is an

al kal oi d obtained fromthe common periw nkle plant (Vinca roses, Linn.)
and is uséexample thesompeangeda-oxp-vicalaskoblastipeaalse CORUBORYIHMEERS shown
to be use i ' | ] t | | kreatment 5
of rodgii ieriag 8 ah kgl bklbool i 108 E0Irtho pBRGRTe plark (Finks

r habdony osege minn. nand (hlssfubimtheareitithtrotatutateukevhiacltiretsi also been

adm nistered in weekly intravenoys doses of 2 [n2 for . children and 1.4
mg/ m2 f or SRAWNte beysefieldn coamriBatign with RinerRq 'Cdaé@@% Kb@’%?%tmﬁma

compound 3RS o) i AL S URPHBEaRb Peliclifiilédsdréorg; adm ni stered with

10 vincristine~adm nistere such n one version, a conpound
and/ or  proabdgmyasapcemd, néutdidastomanandiVire'srtomondviinaiisting isd prior to

treatment wt.h, ' t | e i nhibi , h t byt t her,
i ni ot  Z0TIISETed 1 WERBRL AU G e el B3 At dent ton i s
admi ni st eggmShrHANCRIEcorbids Hth e Hiethddd ausdimed Hered, week af ter

initiation treatment 15 with a mcrotubule inhibitor. Mdifiers useful
in the praomparndfandier predhsglsonpeond Ioé thehivention isrea-adminigterad avithot

limt to.Leucovarin (Wl | covori Lch i d.w h ugs such
ns5- 19 uor Ty aubiipibteced @B EErh Bbses dhiber erkRRCa obloa b WiaiBr P,
met hods  degediugbniissitidloftheqnsitide i8 Mdt adndfietdred ploneomestnaént24tt he
invention is co-adm nistered with a nodifier and another anti-cancer agent

to treat camieiptubule iphibitparstichras g fiaxanen but ratheg adpninisiiatian of Bn one
| on, HiE ‘ohe) . ity of |
Vo S ke usoRsAror bibgid EBRENIAY bPfle IERST RoadifridiBled | v O & c€

N- hydr oxy wiraaltafdeousiycwith Yu dthith afewelmysite powe ek after initiztiooeoftiteataent i t y of a

cell to take up 2 25 dec_)xy_g_l ucose (see the reference Smth et al., 1999,
CancedS Letwith 8 migrptukyse inRiBéRy: por at ed herein by reference), and

adm ni stration %O%Ey%g%gp{nﬁggﬁ?cﬂc%v&!tﬁerrﬁ@mbgﬁgeggrjgé@ hersis

2- deoxygl ucose upt eukem a together with admnistration of
2- deoxygl umcade dotare wairijnoited took ewdoyorin f\Mellcowarin)s whith isarssidonitiof t he
a conpound

R g e e
oxi de or &yifH tHd mePHddRIRCABEH Hefein BUEdmPsudd and/or prodrug compound of
20 the invention is co-administered with a modifier and another anti-cancer agent
to treat cancer. In one version, the cancer is colon cancer. In one version,
the modifier is a compound that increases the ability of a cell to take up
glucose, including but not limited to the compound N-hydroxyurea. N-
hydroxyurea has been reported to enhance the ability of a cell to take up 2-
25 deoxyglucose (see the reference Smith et al., 1999, Cancer Letters 7147: 85,
incorporated herein by reference), and administration of N-hydroxyurea at
levels reported to increase 2-deoxyglucose uptake or to treat leukemia
together with administration of 2-deoxyglucose and a compound of the
invention is one version of the therapeutic methods provided herein. In
30 another such version, a compound and/or prodrug compound of the invention
is co-administered with nitric oxide or a nitric oxide precursor, such as an
organic nitrite or a spermineNONOate, to treat cancer, as the latter

compounds stimulate the uptake of glucose.
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organic nitrite or a sperm neNONCate, to treat cancer, as the latter
conpounds stinulate the uptake of glucose. 91 WO 2006/ 057946

PCT/ US20080Q4@08m46Ni t r osour eas useful in the practice eCttdseoosmiivosis
described herein include but are not limted to procarbazi ne (Matul ane),
| onustine, CCNU (CeeBU), carnustine (BCNU, Bi CNU, diadel Wafer), and
estranustine (Enctyt). In accordance with the nmethods described herein a

conpound 5 and/ dlitrgsasireas usefu suthe riaeties opthednathogsasseHBedMSr®IB i nventi on

I's co- adm nistere | RS : : version, the
cancer | sheBsTEte it dufted aEHp 2T iRhe fIAESIne (HENE)
gl i obl ast aDEeBU), IcafMUBEne NBCNLL BiORUaGllaeigs Wisfef)uand estramustinet i ce of the
nmet hods described herein include but are not |imted to nercaptopurine,
6- MP ( Pur (Er@ewdl in agepripnee withdbe metboﬁ@d@ﬁaﬂ%i H]?r,e”% RiCOHIRAHY e, 6- TG
Thi oguani | ik i 0oCyt),
1l oxurt di RASPEpBHE R Ao edriy bBRRRG or b RVeRubh 1286
pent ost at hdmimkteesd withcd aitioisburea tolireattcanicer. By or@dydrsiaye e cabéerds (Genzar) ,

and capeci tabi ne (Xel oda). In accordance with the hods descri bed herein
a conmpounBregidesansenar gl '@%q‘?ﬁ?ﬁaH?;Fq‘d)‘i“”gH@C‘i"ﬁemtrﬂrﬁ'QH%‘%‘gﬂn?@‘d@%ﬁmﬁ'ni st er ed

W th & nucl eosi ARchARAY ohBIcH RN MRS prechce e/ REfis dédsibeancer | s

B-cell |ynphocytic em a , hairy cell leukema, adenocarcinoma of
t he pancr hesein irefuds hui arcnatdistiteddoosercaptopwira, B-MBI(Puringthplcancer, or

t ti I ' . As o th
511 ath o- Buauracis Ry AR MBinctamea pElC Lo higHr ) e aE es,
fl uorour ag%drebf, %@Btﬂé@ﬁ@%rlwm@p@d:?@,sﬂ&@raw CUBRS, ghidaysbine t he
pal liativ managénent of carci noma of the colon, rectum_ breast, stomach,

and panc(Eagdaia), azadyddine (Midaza)eperdasiador(dipeni) clagibing (L elistafie# or ot her

nmeans. 5- rouracil. i 1L.Ni St er 10§ ni ti e ' of 12
o e gi v on BoEH0ERGRERAD). Sl Ghelghab el p@lodal VI RS RRER R 17
dose not {RSnRMSRRAIEBRA Harein 4 compbanrd Giridyor rodhugecoragoand afithet i e
during the course of the therapy, 6 ng/kg are given intravenously on the
6th, 8h, IWHQ”@@IO@QWHIS&%@Q.W'&baﬂH&%&ﬁWQ angipq ihtreat ?%C%tﬁf)oﬁ h, 9th,
or 11th d : | Ska_ | : ey ' equat e
it 7111 ongP g8 8ahatt B5-gBREHTAL I0gkRfie RS IR el BUREMBLEE % oy,
wi th the ddehgcatopenmedf thecpattiraas, 406tastativgprebst camceoxian-syaillsebser ved at

Ot h days. S FANSEAGY MEGSToRNCUTEeRR CHFINOREn. ABPIe BAMB M8 A sequence of
i nj ecti ongofhothliBRAuGIEAM 1§, 3FDIBHhiidneliche: @osrfonly known as 5-
20 fluorouracil, is an antimetabolite nucleoside analog effective in the palliative
management of carcinoma of the colon, rectum, breast, stomach, and
pancreas in patients who are considered incurable by surgical or other
means. 5-Fluorouracil is administered in initial therapy in doses of 12 mg/m?
given intravenously once daily for 4 successive days with the daily dose not
25  exceeding 800 mg. [f no toxicity is observed at any time during the course of
the therapy, 6 mg/kg are given intravenously on the 6th, 8th, 10th, and 12th
days. No therapy is given on the 5th, 7th, 9th, or 11th days. In poor risk
patients or those who are not in an adequate nutritional state, a daily dose of
6 mg/kg is administered for three days, with the daily dose not exceeding 400
30 mg. If no toxicity is observed at any time during the treatment, 3 mg/kg can
be given on the 5th, 7th, and 9th days. No therapy is given on the 4th, 6th, or
8th days. A sequence of injections on either schedule constitutes a course of
therapy. In accordance with the methods described herein, a compound

and/or prodrug compound of the invention is co-administered with 5-FU
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t herapy. I n accordance with the nmethods descri bed herein, a conpound and/or
prodrug conpound of the invention is co-admnistered with 5-FU 92 WO
2006/ 0579%6 206s105E8005/ 042095 admi ni stered at such dosesTas20usbiobhe
prodrug form Xel oda with correspondingly adjusted doses. As anot her

exanpl e, the conpound 2- am no-1, 7-di hydr o- 6H puri ne-6-thi one, also
commonly known as 6- thioguanine, is a nucleoside analog effective in the

t her apy ofdminstererat su@ygmmmth thareadrag forgr Xel W%l Pne is orally

i |y dosEotaPasEagy et Bited, AR NPty SRR ST ol 208 B Chi s

I evel thepming1! mdirugaf@ﬁﬁmﬁunﬁne -6ithiengosleaeopanohly leawni assly increased to 3
ng/ kg/ day. |n accordance with the nethods described herein, a conpound

and/ or pr &mwmmspﬁmau@ew%amel«mwwT-f@ herapmehrcyie el wi t h 6- TG
adm ni st eb?ﬂgﬁ%ﬁ;@ﬁ:lguﬂgﬁfﬁ (& IE|'h?c{ uaniVels éjrgﬁ’)gé%m St ?é’&lir?‘% dd\byi bitors

usef ul I"ce ods descr ern |nc ude but are not

limted tabpam ?k@bﬁbbé\y adight pekdaycd'(btectatmea\Aytibsetdaa beegiedst descri bed
herein a conpound and/ or prodru npound o 15 invention is

co- adni ni 80 fiEe- wif PSR PRSI Qosﬁﬁﬁl%l ‘ﬂ'ﬁﬂe‘f%?q‘?r@d? NOJRPEPVeeNt, e
version, {hey Ean Pe %%hﬁBuCM%'ir%rQé’élﬁi {F3 ﬂﬁ/ﬁ%/@éx‘)fln BeesfancaWid . and

one or nore a |ona ant1-cancer agents are co-admi nistered with a
conpound Methqﬂsodesxghedrfmemdambmﬁmmdwmmn prodriRy abmpownd @fhainds

useful in the practice of h scrlbe erein nclude but are
not | 1% tgﬁ’ef‘Bg F%B‘Pé’tdlnﬂn'(s rﬁfl |V‘ﬂ&] (?'q—;% Emlﬁtgb?ddﬁfﬁunlﬁ%‘?fp %AAn) . In
accor dancg,Wrtdyskle nethods described herein a conpound and/or prodrug

conpound of the |n ‘ention is co-administered with a platinum conpound to
treat cancer. Irﬁ)sjeeclaet‘ ihibitors weefobindbe practine:efdhatmmethpdsdesor cancer,

net ast ati ovarl rci S, 25

bl adder cgﬁ ﬁ898§?a'h‘§\1'£"'{et°ﬂt8 %ﬁgg%eéﬂge%gm%néeé 0?‘1%%63@:"3“ num
(1, CO”ﬂWﬂrﬁétM&é’@eﬁ%nb@dﬂi&r@Weﬂcomﬁ)ouﬁ@famH/drrprbbﬂJgOQdeaumdlef theeat nent  of
nmetastatic testicular and ovarian tunors, and for the treatnment of

transifi oiyventieriis cotasmiaisterad swth ampslgockash inhibiiasia dreat caneer dar y or
di oth
3 PP e b BB, cpostong|

every t hr epetod nierer additieds antircamcenadenisearaidso d:dsmdnahistmieddmﬁm i bed

herein, a conpound nd/ or, prodrug c und of .the invention is
co- admi ni §pg\p@gnq,,a{r}¢7gr grgpgilg q;pmpgunc? n?&e Invention.

Platinum compounds useful in the practice of the methods described

20 herein include but are not limited to cisplatin (Platinol) and carboplatin
(Paraplatin). In accordance with the methods described herein a compound
and/or prodrug compound of the invention is co-administered with a platinum
compound to treat cancer. In one version, the cancer is metastatic testicular
cancer, metastatic ovarian cancer, ovarian carcinoma, and transitional cell

25 bladder cancer. As one example, the compound cis-Diaminedichloroplatinum
(1), commonly known as cisplatin, is useful in the palliative treatment of
metastatic testicular and ovarian tumors, and for the treatment of transitional
cell bladder cancer which is not amenable to surgery or radiotherapy.
Cisplatin, when used for advanced bladder cancer, is administered in

30 intravenous injections of doses of 50-70 mg/m? once every three to four
weeks. In accordance with the methods described herein, a compound
and/or prodrug compound of the invention is co-administered with cisplatin
administered at these doses (or at lower doses). One or more additional anti-

cancer agents can be co-administered with the platinum compound and a
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adm ni stered at these doses (or at |ower doses). One or nore additional
anti- cancer agents can be co-adm nistered with the plati num conpound and a
93 WO 200806Q506246048CT/ US2005/ 042095 conpound and/ or pr edrusasmpmund of
the invention. As one exanple, Platinol, Blenoxane, and Vel bam can be
co-adm ni stered with a conpound and/or a prodrug conpound of the

I nvention. As another exanple, Platinol and Adrianycin can be

co- adni ni sorapednaiani/ar prodigueampeidid of thegnurittian. As eormxanpler t he

| netude DREtRPL Ea0ORE e \obpEodt 6F b Rl B AL i

(Panreti nypadend @ﬁlﬂﬂig)&@rﬂﬁo(aﬁ'@bﬂﬂﬁ invEntidr) A@C@@cﬁtﬂéﬁéﬁal‘f?td) Ridtinoret hods
descri bed herein a conmpound and/or a prodrug c ound the invention is

10 co- adniénd fdsieanycin £an derceradivinistercd wiha cameeand prdisia RrefBi%n, the
cancer.is from the group consisting of APL, Kaposi 'S
sarcon% 3§@p$aﬂﬁ§rﬂﬁ?ehr§hﬁ . Topoi sonerase 1 inhibitors useful in the
practice of the Ratinddtsusefasinrthd prladtivesdfiihé ndthdés detcidved hereid i mted to

t opot ecan (Hycantin) and 15 irinotecan tar ln _ accordance with the
met hods disideoait arernatdmitedde isiinen. a%‘{ﬁ/ﬁl(vﬁs%?%ﬁg FHUEHRYBuUNd of the

i nvention to treat
cancer . ThiSeinE AdbSkRoEhe (Yafdtefn). RS ERAwkn LROIRIA®S |° he
practice @éséribediedfeida oofnndnmdmrmyena prodrug rconto undeofthenindsdionris t he
ref erence Matteuc al ., US Pat | ication 20 60/ 629,.723. I n one
versi &9, F%@d@%iﬂ@g?repé"”ﬁb?é@ﬂ%ﬂ' 30 EA%}S??& @‘fo'?%¥er%rtpe CRRTIHS Bor

t t b
rectum Oﬁﬁﬁ%@rjéfgg@lﬁ?gwﬁwgg%ﬁcor@st% STARD oI WaY&ma, 4y Pne ver sion

of the met adm ni Stration of a compound and/or a
prodrug coelpbumgharhat he i nvention elther precedes or follows, or both,
adm ni stration

| t but 1.nLst d 25
concurrently thi’@ﬂ'? gﬁ'%g 'Qgﬁ?éﬁ%%i:! FJ ﬁﬁglp[rgptéceagpﬁ?%lrﬁgﬁ‘oﬂ Z S;:ctice
of the meybgeihedRERin nﬁ%d@bﬁla”relmﬁIllwﬁ@dbuttomt@caﬁt(Hycamtm)cbrﬁd) et oposi de,
VP- 16 (Vepesid), teni BOSI g VM 26 (Vunpon), and et opomgg%fhosphate

( Et op@@hogmotecran dearop {0 aecardaneewibdae melbeds sesh hergit8npound
and/ or ?g@@gﬁg é %ro%ﬂpocﬁbg gﬁ\ﬂdﬂ‘ﬁ%@f'tﬂ@ld\/%n%Bna}g%IHﬁﬁlﬁfsf%eW th a

tOpOI sone cancer n one ver sl on, € cancer is a
cancer selgtetbpoisuménge Oihbiktor to sieat cagenf Topbistrheragetiatdbitarsl ar t unors,

refractor >énfilcpl#(t)c(jarulg% t glge%f%gteflul in the practice of the methods of the present

invention are provided in the reference Matteucci et al., US Patent Application

20 No. 60/629,723. In one version, the cancer is metastatic carcinoma of the
ovary, colon, or rectum, or small cell lung cancer. As noted above, however,
in one version of the methods described heréin, administration of a compound
and/or a prodrug compound of the invention either precedes or follows, or
both, administration of a topoisomerase 1 inhibitor but is not administered

25 concurrently therewith.

Topoisomerase 2 inhibitors useful in the practice of the methods
described herein include but are not limited to etoposide, VP-16 (Vepesid),
teniposide, VM-26 (Vumon), and etoposide phosphate (Etopophos). In
accordance with the methods described herein a compound and/or prodrug

30 compound of the invention is co-administered with a topoisomerase 2 inhibitor
to treat cancer. In one version, the cancer is a cancer selected from the
group consisting of refractory testicular tumors, refractory acute lymphoblastic
leukemia (ALL), and small cell lung cancer. As noted above, however, in one

version of the methods described herein, administration of a compound and/or
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| eukem a (ALL), and small cell lung cancer. As noted above, however, in one
version of the nethods described herein, adm nistration of a conpound
and/ or 94vURV@ABEI4©57946 PCT/ US2005/ 042095 a prodrug ofrcrhus2e080enbs on
either precedes or follows, or both, adm nistration of a topoisomnerase 2
inhibitor but is not adm nistered concurrently therewith. Tyrosine kinase

i nhibitors useful in the practice of the nmethods described herein include
but are naprodmigtaidhe nviention sitber prasedes pr falloves, f bothyaderiniptraon ®é net hods

Co: adm ni SERSHORETTAR PP R R e PR AR EheT =" % e

version, the cangpisins kirlbe Mhibitomt@fidlin thedpradtivees €@d algltisodsal i gnant
gastrointestinal "stromal tunor. Loni dam ne anal ogs usef uL l n the practice
e

of the p;@@%@fibeidﬁ%’ﬁiﬁ ipaludedut aoe poblimtied to inatiibl{eleqvesee!PCT Pat. Appl .
Nos. RCT/ US20 / J 4. Thus,
de:cri50edaﬂ%qrggﬁgéﬁaﬁﬁg?ﬁgeégggdggéa In@&%ﬁﬁégﬁ%f%%ﬁgpégg%@ nd anglsor

a prodr ugcEPPBaHa &f efe inkeniidy B¢o-administergthwithees Bud sinalkinasedulsibitorabl e sal t
t hereof and one or nore additional anti -c_am[ agent ;h%re 15 adm ni stered
to a patiénireatgpnceri i 9Re ¥eEHRN.Jhe SaRFEIIE Ma "R Ayent s i ncl ude

S nout wufiesttidie MM, ofidi@stinat sy Pheny! ) am nol - et byl

2, 4- qui nazoli'nediamn a’ pharmaceuti ca acceptable salt thereof, (8S,
| OS)-1 0-(3- anibenidaninéenalatmousefal ipltilee prdctice-dfdke pyesant ¥wentivnjare-
glycoloyl-7,8,9,1 0-tetrahydro-6, 8 l-trih =1 -512 20
napht HhceREMHIdRIRI g@é@%ﬁ%%@@dﬁ?%%\w'-ﬁ%ﬁ%@ﬁ@%@%mw 5-f | uor o-
2,4(1 H, 3|db7-,'9 o] ' JOPCT/Wassamesadacal |y acceptable salt thereof;
2- am no- 1, g?ﬁ%rg{) I—?%t%?’l ne-6-thione or a pharnaceutically acceptable

salt thereof; Zhusxdesdried kererbasmiethodsrofdrasimoraanset incwhich aaccept abl e
salt thereof; . . .

2-bi s[ ( 2- EAMBRYBARNGAA RISArYg camperpd sfithe invention or & pharmaceutically 5

oxi de, or zacHRAbEBSALhEFRIflandaseseBF Moté agatibnahanteehincer agents are

N-[4-[[(2, 4-di am no-6- pteridinyl)nmethyl]-net h%gm no%benzorylé -L-glutam c
aci d, Ior admjnistered suaipedient, Speeiic yprsonsPh sydheplbsy anticancer agents

o150 o ALl BB Shdbyr B 2 Shrs bRy SRE IR NeLfypes boer
skill in pheqeifazelihddismiroot 2 phbhabceutizdily acetptabie saltithengofovenents are
within the scope and spirit of the invention, as set forth in the clains
whi ch f ol (&% 0%1)11%Wmm?&n@rt%ﬁﬁpwé?@?ﬁi-'bj&'méﬂP%"a{"ﬁawi%yi:%' publ i shed
pat ent  apglyeilyiaTs o, ULt dRAPYR-b B PH1iHESHy-1-methoxy-5,12-

20 naphthacenedione or a pharmaceutically acceptable salt thereof; 5-fluoro-
2,4(1H,3H)-pyrimidinedione or a pharmaceutically acceptable salt thereof; 2-
amino-1,7-dihydro-6H-purine-6-thione or a pharmaceutically acceptable salt
thereof; 22-oxo-vincaleukoblastine or a pharmaceutically acceptable salt
thereof; 2-bis[(2-chloroethyl)amino]tetrahydro-2H-1,3,2-oxazaphosphorine, 2-

25  oxide, or a pharmaceutically acceptable salt thereof; N-[4-[[(2,4-diamino-6-
pteridinyl)methyl]-methylamino]benzoyl]-L-glutamic acid, or a
pharmaceutically acceptable salt thereof; or cisdiamminedichloro-platinum (I1).

Although the present invention has been described in detail with
30 reference to specific embodiments, those of skill in the art will recognize that
modifications and improvements are within the scope and spirit of the
invention, as set forth in the claims which follow. All publications and patent
documents (patents, published patent applications, and unpublished patent

applications) cited herein are incorporated herein by reference as if each such

95



applications) cited herein are incorporated herein by reference as if each
such 95 WO 2006/ 057946 PCT/ US2005/ 042095 publication or docunent was

speci f i cavbyoesnd7dsndi vi dual |y indi cated to be incorpor acedsheseinidy
reference. Citation of publications and patent docunents is not intended
as an adm ssion that any such docunent is pertinent prior art, nor does it
constitute any adm ssion as to the contents or 5 date of the same. The

i nvent i onphllidatign owobementivesrspssificelly aag irdiviguplly idicaged & Pt i on and

exanpl e, those o kill in the art wll r I.Z€ I nventi on can
be practi @garqq{a%dil?ﬁrpgtg,y Eﬂfere‘?ﬂ?(?di%lpg (ﬁfpﬁﬁ){ﬁﬁéﬁo#{%ﬁq @?@8& ng
descri pti gc@hdnis! i Wt Ml B8 LACRIBsIBNTtAAt My poctedo@imentsispl i fi cation

and not [imtation of the follow n_g@cl ainms. 10 EXAMPLES Exanple 1: 0 NH
MeO Synt hesitinent pNe@rovordass it perstiEgianyeadmission 25 todhe @EeRIaQrves

t here [ rovi ded bel . =Sl . 0 0 O %N
4 00°0 f:e?f/tbﬁsﬁﬁﬁ--fﬁ\%!QV%”BSPIQ&"‘}Q&@B%E@GQPEP%%3’7&4&‘@“ mpound 2
A 50-nL t yesEmsionchridossmplel thsedofiskilisik the wirpwitidevogrize that the

invention can be practiced in a variety of embodiments and that the foregoing

description and illustrative methods are for purposes of exemplification and

not limitation of the following claims.

10
EXAMPLES
Example 1:
K N
2 "NH
o R
Meo . . ) »
Synthesis of OMe OMe, intermediates thereto, and derivatives
thereof is provided below.
_\Si/\\ O/
I
g , \ / § )No,
) O o O q 0 g d
1 2 3 H
RS Ve
N/ \\
4
/
/ / 0
9 0 o0
d o} g ()-NO, N
R AN
Qo= M= o, s i
| N\
“/Si“ \\ O\ /O
15 5 6 7 4
Compound 2 A 50-mL two-necked round-bottomed flask equipped with

a septum, a stir-bar, and a water condenser topped with a nitrogen inlet was
charged with a mixture of compound 1 (588 mg, 2.0 mmol), PdClx(PPhsz)2 (70
20 mg, 5.0 mol %), Cul (19 mg , 5.0 mol %) of, and triethylamine (TEA, 15 mL).
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a septum a stir-bar, and a water condenser topped with a nitrogen inlet
was charged with a m xture of conpound 1 (588 ng, 2.0 mml), PdCl2(PPh3) 2
(70 20 nwo2o06s/05m46%9 , Cul (19 ng , 5.0 nmol % of, and tciraisbysamone ( TEA,
15 nm). 96 WO 2006/ 057946 PCT/ US2005/ 042095 Trim ethylsilyl acetyl ene
(0.47 nmL, 3.4 mol 1.7 eq.) was added to it at room tenperature (rt).

After 30 mn the solution was heated to 50C under nitroge After conplete
consunpt i Erirrmth)dsib{iadahgena(@ﬁﬁmL (8ol 847 B9 )Wﬁsrﬁdd@(igtp it @hi9Rkt ogr aphy

(TLO)) th mxt v i b lid
was washe%rW?‘?rﬁ‘ {’ﬁg‘a@??%%?)'%%%n% hé*ﬁtj t#%ﬁtgg{ g% \?vggﬁ)gterﬂe sol
concent r apgdr uaﬁl.greté @dH§@@lpﬂ6ﬁ@ssuamﬁg)rr@nwﬁala(mnudmdowﬂm1ayan/n| ch was
separated by ash chromat o%gaph on si I ica O}E 00: 10(v/v))
to give ﬂh?gﬂ@oﬁﬁam@b@hbt Yye Wan el 8°:§tél1'(‘5jﬁr9é’8h/ ‘it?ﬁ&@é‘ﬁt ai ni ng
conpo 1M
tetra tyﬁ}ﬁﬁ%ﬁjﬁ‘&%Wagﬂégav'&%d'Fmgfdﬁﬂéth@gg(DW’ géi'ggf [ngli%é%jﬁ/g% was
stirred ab%MKﬁé@n{ngér re@‘dggd Oﬁirétfl_sﬁﬁefwgme aesude produet] whiclewaseduced
pressure, was adde e organic h h t
and dL i edS@D@ﬁg%b‘ﬁfmsﬁﬁh"QfBﬁf@QFﬁWt%SUﬁ%Qle "E gﬁgﬁ;rﬁﬁ&/‘ﬂf e \rNgs?:jue
was chro 5(Hex AcOEt = 100:15 (v/v to gi
conpoundngf\%g@gp@g f%%o"?&)doduﬁbgz a sol uti on cont ai ni ng E:onpz)zmd 39(\2/20
mg, 1.25 Qomyoureid 4-i odo- eBsolutlmmaomMIBg(cBnﬂJamd 21(479 moplWateete added

), e R éﬁé%a?& Ll e s MoEtesy B Mg bl by The

f' '”ate g@ ?éhﬁﬁtm@%g SEI%HC&QT Bué te AfERIRITBbI0BRERAY of the
resi due n |ca ge Hex: AcCEt = v/ V) %?ave 380 ng (88% of

conmpound nemoEe(dmpder @dmaﬂmna@tswse@@%(&w )Wegs r Bl PragAl€ onpound 5

égcig( PPh@%?S? M’aéé"’%gheo"[\d'tﬂeﬁf‘@qgrlgﬁ %3%&%' f{@ﬁ@ﬁ aﬁdr&?"’ﬁéﬁtr&é@ga"de%a (70

nL). The p&@sdddosreBbdtielEhe HaddUd Was elrovmbiograSiéd emeilitalgeer ed through a
silica gel bed, the og&anlc | ayer was washed wth water, and dried over

Na2SOtS ~ THeexACEE T §aMi8 (VAK)sio dike corprsiaatd (59Mahd purfied by
(550 of " CARBROHEFE™" 035, 3olHef cERicATG comptiny 5‘@‘?‘“9?3215’2%6 g (6,64
mmol ) of neeonendd-odors-Ritrdaniedle (345 thgril. IHmmah dve?® addetl ( 20 rrrml ) of 1 M
PdCly(PPhs), (44 mg, 5.0 mol %), and Cul (12 mg, 5.0 mol %) in TEA (15
mL). The mixture was stirred at 55°C for 3 h, cooled, and filtered. The filtrate
20 was concentrated under reduced pressure. Chromatography of the residue
on silica gel (Hex:AcOELt = 100:40 (v/v)) gave 380 mg (88%) of compound 4.

Example 2
Compound 6 Compound 6 was prepared from compound 5 (3.35 g, 12

25  mmol), trimethylsilylacetylene (3.3 mL, 24 mmol), PdClx(PPhs). (0.42 g, 5.0
mol %), and Cul (0.114 g, 5.0 mol %) in TEA (70 mL). The reaction mixture
was diluted with EtOAC and filtered through a silica gel bed, the organic layer
was washed with water, and dried over Na2SO4. The dried organic layer was
concentrated and purfied by chromatographic separation using (Hex:AcOEt =

30 100:10(v/v)) gave 1.66 g (55%) of compound 6.

Compound 7 Compound 7 was prepared from 1.66 g (6.64 mmol) of
compound 6 in 3 mL water, 70 mL THF, and 20.0 mL (20 mmol) of 1 M
tetrabutylammonium fluoride solution The reaction mixture was diluted with
EtOAC and filtered through a silica gel bed, the organic layer was washed
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tetrabut yl ammoni um fluoride solution The reaction m xture was diluted with
Et OAC and filtered through a silica gel bed, the organic | ayer was washed
97 WO 20080Qb06246948CT/ US2005/ 042095 with water, and driped/use@s/odpasSO4. The
dried organic |ayer was concentrated and purfied by and chronmat ographic
separation using (Hex:AcOEt = 100:15(v/v)) gave 1.08 g (91 % of conpound
7. Compound 4 can also be prepared by a simlar procedure from5 conpound
7 (100 ngwith.vistemand)drickbaverNa23$Qdo-Thexdded pigasidleygbwasene (0.53 mmol ),

) he. PeseGrER At afabey e EtamiledreeteAteal b T Ly ' (i ough

silica geLHéB@ﬂcth& 1UCQ¢B(WV)')QWé 1VES g (@79 &f vbinpowadar., and dried over
Na2SO4. The dried organic L%ﬂer was concentrated and purfied by 10

chr omat ogr aphi Eosusainat 4 san@sioke prenared Owta similgo PABBALES fTOM40 g (76%)

Cusponea ool gt Pgso B TRRH" i i SpU Zp i hobriggn D ) aS

m xt ure Q@Bseﬁ\hb@t pdclj@bphgz(@ig nid,)5.6 mabli Yo rareo@die(s. { 3@ §9.md.%3) nmol )

B L2 MR (T et mhie et oA wm
Ch t f /
ohr ot 98Bl Slsdheoorifg] P o IR R R R e, SEREY 1) g

"0 0 O O oveBNERSOH0O ThH¢ Griet Ordenitayer wad (ﬁaﬂcﬁntra@d aimdxlp(lrf@dl\by NH O

10  chromatographic separation using (Hex:AcOEt = 100:40(v/v)), 140 mg (76%)
of compound 4 was obtained.
Compound 8 Compound 4 (140 mg, 0.41 mmol) was suspended in
EtOH 95% (15 mL) and heated at 80°C for 30 min. To this mixture
concentrated HCI (0.017 mL) and iron powder (230 mg, 8.3 mmol) were

15 added. The reaction mixture was refluxed for 2 h, cooled, and filtered. The
filtrate was concentrated under reduced pressure. Chromatography of the
residue on silica gel (Hex:AcOEt = 100:40(v/v)) gave 62 mg (49%) of
compound 8.

o\
O | Q | Nl’NHZ
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O \zI’
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=
A
—0 o—
s O
o]
\

12 R=Me 13 R=Me
14 R = 1-N-methyl-2-nitroimidazole-5-methyl 15 R = 1-N-methyl-2-nitroimidazole-5-methyl
16 R=Bz 17 R=Bz

20
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'00- O 1819 +tOORON OI NNRO'O O 0- 12 RFMe 13 =M 14 R =
1-N-net hyl - 2-nitroi m dazol e-5-nethyl 15 R =

1- N- et hywe2eewdsraasm dazol e-5-nmethyl 16 R=Bz 17 R=Bz 2@Cc®8/sY€s2016% 057946
PCT/ US2005/ 042095 Exanple 3 Conpound 9 To a sol ution containing conpound 8
(170 ng, 0.54 mol) in 1:2 water/acetone (10 nL) of was added dropw se 10%
HCl (3 nm.). The resulting m xture was cool ed down to -10C. A sol ution of
NaNC2 (56 ng, 5 0.81 mmol) in wat eEx@ampld 3 was added to the reaction

I Xt d st f 30
renct on HOTRLBIE. ot R ook SpetRl B S0 P et e

with AcoEanQélﬁerxN&br/acht@ﬂegﬂgaﬁL}:ofpm§@dme@ dv@siied 18% MHAIQINNAHCOB and
wat er, dried over , concentrat ed under reduced@ﬁressure

Chr onat og?rlapmgsumrlq rixture eEs coolabdaapie v1Q°Cor A splutioaseiNaNen(28 Mda gel

cont ai hi ng-HIASHHA eeted (TR Foded B Aefet AR B el IO ) Ol
refl uxed 80thih &0 to r&’ma\u\/@mre(lso(mnpwtaerm@euythau@)acudm mmeams The
sol vent was renoved under reduced pressure. %SI was dissolved in

DCM anddpwarmeddomystwr@gé@ra%@ gén it ¢, @P@)@Xﬁ(@@?ﬁ “ith /(\W)’“Lt 54di ve
conpoun
comouna” {5, 20, ARS8 R o MO COBBGRAIT 8 rpoU © (5

gver ”: gh;NaerO@ aﬁd %(mtienl\med en@am@dunddrprewhmzed:mommgrephwhe resi due Was
i ssol ved in DCM an
10  (Hex:AcOEt =1 (l)J EIIOIV/V%?OP %/hep res urea<t)r|1 \él cr;lr Ig';gl gﬁle rde'é 10% mg ((1502/()\// v)) to

of compound 9.

Example 4
Compound 10 A solution containing compound 9 (5 mg) and hydrazine

15 (5 mg) in EtOH (1 mL) was refluxed until starting material (monitored by TLC)
disappeared. The solvent was removed under reduced pressure. The
residue was dissolved in DCM and purified by preparative TLC (Hex:AcOEt =
1:1(v/v)) to give compound 10.

20 Example 5
Compound 11 A solution containing compound 9 (5 mg) and

hydroxylamine hydrochloride (7 mg) in EtOH (3 mL) was refluxed overnight.

The solvent was removed under reduced pressure. The residue was
dissolved in DCM and purified by preparative TLC (Hex:AcOEt = 1:2(v/v)) to

25  give compound 11.

Example 6
Compounds 12 and 13  To a solution containing compound 9 (10 mg) and

CHal (6 mg) in 3 mL dry acetone was added K,CO3 (30 mg). The mixture was

30 refluxed for 2h and filtered. The filtrate was concentrated under reduced
pressure. The residue was dissolved in DCM and purified by preparative TLC
(Hex:AcOEt = 1:1(v/v))to give compounds 12 and 13.
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25 give conpound 11. Exanple 6 Conpounds 12 and 13 To a sol ution containing
conpound 9 (10 ng) and CH3l (6 ng) in 3 nL dry acetone was added K2C03 (30
mg). The woxbewes7vas 30 refluxed for 2h and filtered. Pog/dseddsnadoes was
concentrated under reduced pressure. The residue was di ssolved in DCM and
purified by preparative TLC (Hex:AcOEt = 1:1(v/ v))to gi ve conmpounds 12 and
13. 99 WO 2006/ 057946 PCT/ US2005/ 042095 Exanple 7 Conpounds 14 and 15
Novel prodrugs 14 and 15 of th| s | Exempled can be synthesized foll ow ng

and 15 oy COmRATRE 1LALAR, o GlPlRas  Repllt GhinEriohfort RBKTCS '

COprundSs%r@héQﬁeﬂolT&mﬁgwé ptamm@@bécmewro@mswmegns(oto my) and benzyl
brom de (1 in 3 nmL dry acetone was added K2C03 (30 ng). The 10

m xture was refluxed for 2h and filtered. The filt & concentr at ed
under r?%ﬁ@@uﬁaga%@ﬂ bg ré@@tir?j—'@o uisd 9sathved i anstepdroff i ed by
preparative AcCEt = v/v to give conpounds 16 and 17.

Exampl & 90H33|Corrpound 18 A sol ution containing conmpound 9 (5 ng) and NaBH4
(1 ng) in EEOH (0.5 mM-) was stirred for 3 h at rt. The sol vent was
renoved under reduced pressure. The residue was dissolved in DCM washi ng
wth water. The organic phase was Ekanggde gver Na2SO4, concentrated, and

purified by preparative TLC (Hex: AcOEt = 1:2(v/vV) e conp nd 18. 20
Exanpl e 1€ompeididsql@andd7a s msawtleaﬁpatam'ﬁg Cea%%mﬁigé{ ﬁ@}]i in

dry tol uggﬁéljbrmnﬂe OTﬁ%‘e 3T gg%a@@t%nécs’\%dad& 55@@8&3@%%‘ leHére was

heat ed at overni g was renove duced pressure. 25
The regi dusixives wissefilxatifar2hDEMd (iBereld: )ThenfitrdteAvad conodniratadsindeg wit h

reduced pressure. The residue was dissolved in DCM and purified by

preparative TLC (Hex:AcOEt = 1:1(v/v)) to give compounds 16 and 17.

Example 9
15 Compound 18 A solution containing compound 9 (5 mg) and NaBH4 (1

mg) in EtOH (0.5 mL) was stirred for 3 h at rt. The solvent was removed
under reduced pressure. The residue was dissolved in DCM, washing with
water. The organic phase was dried over Na,SO., concentrated, and purified
by preparative TLC (Hex:AcOEt = 1:2(v/v)) to give compound 18.

20

Example 10 _
Compound 19 To a solution containing compound 16 (5 mg) of in dry

toluene (1 mL) p-TsOH (0.5 mg) was added. The reaction mixture was
heated at 80°C overnight. The solvent was removed under reduced pressure.

25  The residue was dissolved in DCM (3 mL) and TEA (0.1 mL), washing with
water. The organic phase was dried over Na;SO., concentrated, and purified
by preparative TLC (Hex:AcOEt = 1:2(v/v)) to give compound 19.

Example 11
30 Example 11 provides methods for synthesizing Compound 22 starting

from compound 9.
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wat er. The organi c phase was dried over Na2SO4, concentrated, and purified
by preparative TLC (Hex: AcOEt = 1:2(v/v)) to give conpound 19. Exanple 11
30 Exanplwoldogusesdes nmet hods for synthesizi ng Conpoungc2aissdoanizonyg from
conmpound 9. 100 WO 2006/ 057946 PCT/ US2005/042095 OOOO _ /00 \ I \ +
Nl AcOHs I \ ONNHOTrt ONNH ~ 9 22 To a solution of

N-i odosuccinimde (45 ng, 0.2 mml, 1.0 eg.) in AcOH 5 (1 nL) was added to

a sol ution of 9( 0.3 Mol , 1.0 eq.) in AcOH (2 nm.) & rt-—=Jhe
m xture ’ for 2 _hK, dilute JWith 8 b we W ct ed
with Et OAc ( Conbihed oNghni ¢A° were their pH
was 7 usi ﬁ@ 10¢ CO8! and driediover Na2SO4 and “sonmsent r aflediHunder

reduced pressune. The resi due was &rystallized fromO \VeOH to yield 75 ng

(80% of conmpound 22. Exanple 12 Exanple 12 provides nethods for

synt hesi zi ng Conpound 30 starting fromconmpound 22. OHO ' 0 ~O'" O N-NH
N NH + 15 PdC 2(PP§3) 2/ Cul/Et3NH 22 30 A mxture of coppound 22 (24
ng), PdCl2(PPh3)2 (3.5 ng) and Cul (1 ng) in Et3N (2 m-) was thrice
degassed and eXohmsgatiombf N-iddosotdimwdde K45 audrliti2 om0 16X eq) dpAceH al cohol

(5.6 ny) at om tenperature stir dat filtered.
The fin?t r &t @L;i/él!a Eor%ts%‘(t'eﬁdgﬁ &@dﬂge ﬁpgg’éufgeéﬁd Ny Crebﬁrtga due was
separ at ed g %%We%tarpfwm gilliiecaw@eb niiS waieidand el uent 2:1
(v/v) Hexangpc} Eydgc ﬁéﬁf}.r%f‘@ 39% corrpound 30. 25 Exanple 13
Exanpl e 18x{racteddeith Btk l(ﬂﬁimﬁ xﬁynﬂwsbnzedmgrgﬁnméﬂmwsm weaghsg

until their pH was 7 using 10% NaHCOj3, and dried over Na,SO,4 and

concentrated under reduced pressure. The residue was crystallized from

10  MeOH to yield 75 mg (80%) of compound 22.

Example 12
Example 12 provides methods for synthesizing Compound 30 starting

from compound 22.

15 PdCIZ(PPh3)2/ CllI/Et3N

22 30
A mixture of compound 22 (24 mg), PdCl,(PPhs)2 (3.5 mg) and Cul (1 mg) in
EtsN (2 mL) was thrice degassed and exchanged with Ar followed by addition
20  of propargylalcohol (5.6 mg) at room temperature (rt) and stirred at 55°C for
4h and filtered. The filirate was concentrated under reduced pressure and the
residue was separated employing flash chromatography on silica gel using as
eluent 2:1 (v/v) Hexanes/EtOAc to yield 8 mg (39%) of compound 30.

25 Example 13
Example 13 provides a method of synthesizing compounds 54 and 55

starting from compound 30.
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starting from conpound 30. 101 WD 2006/ 057946 PCT/ US2005/042095 ON, O __ N
OFVNNHPIC+ 55 101I1\:0H2 ng of 10% Pd/ C was added to a sol ution of
18 ng of w0 w05k (20 nL) in an autoclave, purged w hThdssgens hrice,
stirred under 50 psi hydrogen at rt 5 overnight and filtered. The filtrate
was concentrated reduced pressure, the residue dissolved in DCM and
purified by preparative TLC to yield conpounds 54 and 55

(Hex:AcCEgzl: 1(v/v)). Exanple 14 10 EY le 14 provides a ffethod of

synt hesi z| ~ + PdCl 2PppRsy2Gul O p\ + H
ABC 22 {1 Xt ure of
conpound %2 93 — 2 . CINGH2 )
was thrice degass and exchanged W th At fol |l owed by of A (62
ng) at roomtenperature (rt) and stirred®at 55C for 3 h and Pritered. The
filtrate was conggntrated under reducgd pressure and the ressdue was
separated enpl oying flash chromatography on silica gel using as eluent 1:1
(v/v) Hexanes/EtOAc to yield 30 ng of compound D. A mixture of conpound D
(25 ng) i & rhgiof (19% P8/Grinasi addtiddrameolulien op 08 sug of 8@ i MeQld (AP mlohBni t or ed

by thin layer chromatograph at _rt. el : under
reduced p?ésaéﬁ? aven, e?%wn%&r%%n ﬁ&éd.&t'}rgﬁé’@%gﬁi@g' Pé\g%gég%\sf(?pwas hed
wi t hl 096 NatieRgnmhavitcpsd. Psifilalte dhag\c@hcentrated reduced pressure, the

residue dissolved in DCM and purified by preparative TLC to yield compounds

54 and 55 (Hex:AcOEt=1:1(v/v)).

Example 14
10 Example 14 provides a method of synthesizing compound 53.

+  PdCI2(PPh3)2  + Cul

A mixture of compound 22 (93 mg), PdCly(PPhs), (14 mg) and Cul (3.8
mg) in EtsN (2 mL) was thrice degassed and exchanged with Ar followed by
15  addition of A (62 mg) at room temperature (rt) and stirred at 55°C for 3 h and
filtered. The filirate was concentrated under reduced pressure and the
residue was separated employing flash chromatography on silica gel using as
eluent 1:1 (v/v) Hexanes/EtOAc to yield 30 mg of compound D.
A mixture of compound D (25 mg) in HCI (4M, 5 mL) in dioxane was
20  stirred for 20 min (monitored by thin layer chromatography) at rt. After the
solvent was removed under reduced pressure, AcOEt (10 mL) was added.
The organic phase was washed with10% NaHCO3 and water, and dried over
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102 WD 2006/ 057946 PCT/ US2005/ 042095 Na2SO4 and concentrated under reduced
pressure. The residue was chromatographed on silica gel (Hex:AcOEt =

100: 50( VIwp 2ew/growe conpound 53. 5 Exanpl e 15 Exanpl e PeTprsesisdemosn net hod
of synthesizing compound 56. 0 0 iO0O1 \ _ NN NHi~1 \ NHN 01-1 01-1 o
O 956 A solution of K2C03 (20 ng) in I nL water was added to a solution
of conpound 9 (171 ng) in 10:1 EtOH/ THF (10 nL),_fornmal dehyde (0.1 nm, 10
37% . Aft Na.Shke andeancenivatedsunderggduced prassura.2The regifue s -) was added.

concent atOPUARGR st AR anse sel (FPRERE R AN R alE AT ot uim

chr omat ogisgphy on silica gel using as eluent 100:50 (v/v) Hex: AcOEt to give
conmpound 53 (55 ng). 15 Exanple 16 Exanple 16 provides a method of
synt hesi zi ng conpound 572 O O OO NO2ZNOO--N, H ANHE N2 N 0 O O

OH D DVAP DM 0~1 0 O /O 30 ﬁé&g%zo DVAP (1 nmg) and DI EA (10 pL)
were added to a solution of conpo 2 mg) and conpound E (18 ng) in

3 nL dry DVF aExampléfiesrotidesm methozl of@mtisésizingdomperumdgha., wat er (10
0

m -) was added ancb extracted with AcCEt (10

A solution of K2CO3 (20 mg) in 1 mL water was added to a solution of
compound 9 (171 mg) in 10:1 EtOH/THF (10 mL), formaldehyde (0.1 mL,

10 37%). After the mixture was stirred at rt for 12 h, DCM (20 mL) was added.
The organic phase was washed with water and dried over Na>SO4 and
concentrated under reduced pressure. The residue was separated by column
chromatography on silica gel using as eluent 100:50 (v/v) Hex:AcOEt to give

compound 53 (55 mg).

15
Example 16
Example 16 provides a method of synthesizing compound 57.
20

DMAP (1 mg) and DIEA (10 pL) were added to a solution of compound
30 (12 mg) and compound E (18 mg) in 3 mL dry DMF at rt. After the mixture
was stirred overnight, water (10 mL) was added and extracted with AcOEt (10
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103 WD 2006/ 057946 PCT/ US2005/042095 nl x 2). The organi c phase was washed
with 10% NaHCO3 and water, dried over Na2SO4, and concentrated under
reduced pwesewms7946hr omat ogr aphy (Hex: AcOEt = 100: 70( VRCX/uskoosheowesi due
on silica gel afforded conpound 57. 5 Exanple 17 Exanple 17 provides a

met hod of synthesi zing conpounds 58-60. OO iO0O N i0 4N NH CuCN H |

DVF/ 150C O 0022/58 Na7' Et CH IO .N \ | / NH I NH
00+ ~0" mEN The ereaniqpbase weg veshed Wit&ﬂg?_N@HQ@WBGH‘@’@szw my) ,

and CuCN ( éE?O r AT ﬁ’% changed
wth Ar. c%?e t Jmagtgtﬁsg%gété ‘W‘%Z‘éd atetdrlkggég‘f g%ﬁ rs @ﬁ%pﬁgol ed to
rt, water (Hex:AtQEhRJ MCRO(V20))mf the residuaddesilica Tet affoxded eompsurid 67 er ed,

and the solid was washed with DCM (10 nlL). The filtrate was concent r at ed
under reduced pressure to give a crude product, which was separated by

fl ash chromat ography on silica gel pxghie AgOEt = 100: 50(VN)) to give
conpound 58. 15 NaCH (3 nL, 1 M was added to a solution of conpound 58 (10
nmg) in EtOH (1Bxample Therovides aimeathed ofisynthesizingecbmpoundeb8i6fht . Aft er
the solvent was reyoved under reduced pressure, 1 %HC (2 nL) and AcCEt
(10 mL) wer adde. THe or gani ¢ phase was was(ged W|t er, and dried

over Na2S At ed under reduced pfesg \,(”g[si due was
- CuCN N
0 S o)
I DMF/150°C CN
O O
2 7 58 7

A mixture of compound 22 (47 mg), and CuCN (22.5 mg) in dry DMF (4

mL) was thrice degassed and exchanged with Ar. After the mixture was

10  heated at 150°C for 8 hrs and cooled to rt, water (10 mL) and DCM (20 mL)
were added. The mixture was filtered, and the solid was washed with DCM
(10 mL). The filtrate was concentrated under reduced pressure to give a
crude product, which was separated by flash chromatography on silica gel
(Hex:AcOEt = 100:50(V/V)) to give compound 58.

15 NaOH (3 mL, 1M) was added to a solution of compound 58 (10 mg) in
EtOH (10 mL). Then the mixture was refluxed for overnight. After the solvent
was removed under reduced pressure, 1% HCI (2 mL) and AcOEt (10 mL)
were added. The organic phase was washed with water, and dried over
Na,SO4 and concentrated under reduced pressure. The residue was

20 dissolved in DCM and purified by preparative TLC using AcOEt as eluent to
give compound 59 and 60.
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20 dissolved in DCM and purified by preparative TLC using AcOEt as el uent
to give conpound 59 and 60. 104 WO 2006/ 057946 PCT/ US2005/ 042095 Exanpl e
18 ExanplwoX8Bogprsomsdes a nmet hod of synthesi zi ng conmpoun@c®us2003/042095 N, O NH
#4H O/ Pd/ICOi0O OHOOH 01 01 3561 T o0 a solution of 35 (10 ny) in
MeOH (8 nmL) was added 10% Pd/C (1 ng), the 5 air purged wth hydrogen
thrice, and stirred under hydrogen_at it overnight and filtered. The
filtrate was concentrated under reﬁﬁé@&_e_plﬁessure t he resi due dissolved in

DCM and puri fi r L &g&l t to yield
conpounds 61. E%S%%@Bﬁégaggnﬂe 1 |£méco|’|‘ﬁﬁ7 'synt%esi zi ng
conpound 61. "NH O g N~ Pd/C O: OHpHO 0 0- 36 65 To a
sol ution Of_ 3% g) in MeOH (8 nL) was added 10 Pd/C(2 ng), the air
purged with NHr i ce, and st| rred undest gerh it overnight
and filtepeth d" pressure, 15 the
resi due dijssqg éH f| ed by pr epploying 1:1

) ds 61. 105

35 61 T
o0 a solution of 35 (10 mg) in MeOH (8 mL) was added 10% Pd/C (1 mg), the

5 air purged with hydrogen thrice, and stirred under hydrogen at rt overnight
and filtered. The filtrate was concentrated under reduced pressure, the
residue dissolved in DCM and purified by preparative TLC employing 1:1
Hex:AcOEt to yield compounds 61.

Example 19
10 Example 19 provides a method of synthesizing compound 61.

36 65
To a solution of 36 (15 mg) in MeOH (8 mL) was added 10% Pd/C (2
mg), the air purged with hydrogen thrice, and stirred under hydrogen at rt

overnight and filtered. The filtrate was concentrated under reduced pressure,
15 the residue dissolved in DCM and purified by preparative TLC employing 1:1
(v/v) Hex:AcOEt to yield compounds 61.
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WO 2006/ 057946 PCT/ US2005/ 042095 Exanpl e 20 Exanpl e 20 provi des a net hod
of synthesizing conpound 62-64. | 0o NO1N---,/OHONNF BrG \ O
90" N, O Gw0-2006/0594Br0 O O OH O 64 9 B O 0 HC  Brllj~piidasehdo2ds O O O
(r) zzz N----f 0 OH ONHS 110 O 62 63 5 To a solution of conpound 9 (68
ng) and tert-butyl bronoacetate (30 pL) in dry acetone (10 nlL) was added
K2C03 (30 ng). The mxture was refluxed for 4 h and filtered. The filtrate
was concentrated under reduced prgéﬁﬂﬂ@_?&ld t he resi due separated

enpl oying fl as {4 s a1l 1

Hexanes/ Et CAc {Eg%wpgggbﬁéﬁgE%qugﬁrryguﬁg’ygﬁl%ﬂﬁg@@@P%égi‘ conpound B
(10 ng) in HCl Pn di oxane (2 m_| 4M o was stirred for 1 h (nonitored by

thin | ayeP Af tller \t he  saf vent Mas rgnoyed under
reduced pr o E{mﬁng or?Na 'ca/\éled o
(AcCEt : Me onpound 62 (6 nU)y s’ol\gti n of
conpound 14 ng) in 8 et one| was

added K2C03 (20 ng)o—~The moure was refd uxed for 8 h“and filtered. The
filtrate was conééntrated under reduted pressure and t heBresi%ue washed
with ether to yield conmpound 63 as a thit solid. To a sol uEiH@n cont ai ni ng
conmpound 9 (51 ng) and 2- bronoet hanol |& 0 pL) in 10 nL dry acetone was
added K2C03 (30 ng). The mixture was yrefl uxéd for 8 h anddiltered. The
filtrate was concentrated undeT reduged pressure andghe resindue separ at ed

enpl oyi ng flash chromat ogr aphydon.sili cg N
- OH

O N’\(o (0]

5 To a solution of compound 9 (68 mg) and fert-butyl bromoacetate (30
ML) in dry acetone (10 mL) was added K;CO3 (30 mg). The mixture was
refluxed for 4 h and filtered. The filtrate was concentrated under reduced
pressure and the residue separated employing flash chromatography on silica
gel using as eluent 1:1 Hexanes/EtOAc to yield 44 mg of compound B.

10 To a solution of compound B (10 mg) in HCI in dioxane (2 mL , 4M)
was stirred for 1 h (monitored by thin layer chromatography) at rt. After the
solvent was removed under reduced pressure, the residue was
chromatographed on silica gel (AcOEt:MeOH =100:10(V/V) to yield compound
62 (6 mg).

15 To a solution of compound 9 (34 mg) and 2-bromoacetamide (14 mg)
in 8 mL dry acetone was added K,COj3 (20 mg). The mixture was refluxed for
8 h and filtered. The filtrate was concentrated under reduced pressure and
the residue washed with ether to yield compound 63 as a white solid.

To a solution containing compound 9 (51 mg) and 2-bromoethanol (12

20 uL) in 10 mL dry acetone was added K,COj3 (30 mg). The mixture was
refluxed for 8 h and filtered. The filtrate was concentrated under reduced
pressure and the residue separated employing flash chromatography on silica
gel using as eluent 1:1 Hexanes/EtOAc to yield 21 mg of compound 64.
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gel using as eluent 1:1 Hexanes/EtOAc to yield 21 ng of conpound 64. 106 WO
2006/ 057946 PCT/ US2005/ 042095 Exanple 21 Exanple 21 provides a nethod of
synt hesi avogoemspawgnds 66-71. 1 0 1 0 (r) ~N, O\ ~N Npec@ws20dsio42090N- 0 , 10
68 69 O0 0o ONNHO=NNHOI i NNH zzz O=zzZz 0\ /I 0O\ / I i0
OH66 22 0- 670 O0 ONNHO-"%00O0_ 110 R10S COHO- OH 70 71 A

m xture of conpound 22 (46 ng), PdCl2(PPh3)2 (7 ng), and Cul (2 ng) in 5
Et3N (6 nL) was thrice degassed an%ﬂ.@_ﬁ@:’él ed with Ar followed by addition

and” 1111 or oo, G P) Abybgsd @%@?L&W&ég&@%W@E@éé%‘ér@"ssﬁfg and che

resi due separated enplcalng flash chronatbgrap~ on silica gel using as
S . i ) 0 A mxture of

conpound 22 (46 rrg) n Et 3N (6 nb)
was thrice degass 5y yntained in a
bal | oon was kept y—using a | ong
syringe, the system wgg stwired at 45C overnlght dghd filtered. The
filtrate was concentrated urder reduced presfure and the residue was 15
separated enpl oying flash chr tography on/silica gel using as el uent

A mixture of compound 22 (46 mg), PdCl,(PPhs); (7 mg), and Cul (2 mg) in
5 EtsN (6 mL) was thrice degassed and exchanged with Ar followed by addition

of 3-butyn-2-ol (16 uL) at room temperature (rt) and stirred at 54°C for 5 h and
filtered. The filtrate was concentrated under reduced pressure and the
residue separated employing flash chromatography on silica gel using as
eluent 100:80 Hexanes/EtOAc to yield 12 mg of compound 66.

10 A mixture of compound 22 (46 mg), PdClx(PPhs), (7 mg), and Cul (2
mg) in EtsN (6 mL) was thrice degassed and exchanged with propyne.
Propyne contained in a balloon was kept in contact with the reaction mixture
by using a long syringe, the system was stirred at 45°C overnight and filtered.
The filtrate was concentrated under reduced pressure and the residue was

15 separated employing flash chromatography on silica gel using as eluent
100:40 Hexanes/EtOAc to yield 22 mg of compound 67.

A mixture of compound 22 (23 mg), PdCl(PPhs)2 (3.5 mg), and Cul (1
mg) in EtzN (2 mL) was thrice degassed and exchanged with Ar followed by
addition of 2-ethynyl pyridine (11 pL) at rt, stirred at 55°C for 3 hr and filtered.
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100: 40 Hexanes/EtQAc to yield 22 ng of conmpound 67. A m xture of conpound
22 (23 ng), PdCl2(PPh3)2 (3.5 ng), and Cul (1 ng) in Et3N (2 L) was

thri ce dewossamsand exchanged with Ar followed by addi cousedosd4mbhynyl
pyridine (11 pL) at it, stirred at 55C for 3 hr and filtered. 107 WO
2006/ 057946 PCT/ US2005/ 042095 The filtrate was concentrated under reduced
pressure and the residue was separated enploying flash chromatography on
si |l i ca gelThedfilinateasasetomeantratod under reducetiprassiyeEndibetresiguelwas; ng of

ol 5" ( 1 580AGSY ATy S8R BB Branon Bl st kG w th Ar
fol | oned 1lpp- ﬁﬂgﬁ/\;)lfq)ékéﬁesﬂgm,&w@yyle@hpﬁ@ o(d&ng@)n@ggrt and stirred at 55C

for 4 hr and filtered. The filtrate was concentrated under reduced

pressure and t Hemixtigrs) Qfmma@uryb%%(% Bdngh i d3(FEhe)d 512 a1 .omrd 64t aphy on

comouha 655 HEPRTNTHECLERINRS b RN ER R A B BB EE Y %

Cul (2 m»admutﬁir&b\f:{-athvny) phesol {6 nee) atetand etrrad et 68580 amgedrant h Ar
foll owed b addi tion of R(+)3-butyn-2-ol (16 pL) at rt and stirred at 55C

for 4 hr dHerect | Thelrate Wwas qancenedyies AW RRSALIARA educed
D eesur e Folghl es LRI ERRIRH AR A AT AR BBA ey o
Conmpound &lusms 00BNV H eeshes/BIO AT toyyiekl 20 mppahcbrifowid 89. substit uti ng
P(C'I+'3 ?Jégg}%/n Oézlz%g@mt\t%h?a‘ﬁfpsé E‘?U’ééﬁgﬁ:ﬁff@ %’P&h\/ggscﬁg%ﬁégggw%%t hesi zi ng
conpounds\?qg%)} g@? 3 mL9 Was trirdck degdlssfd bndMexHahgePWitnOar followel byl O /0 22
' addition of R(+)3-butyn-2-ol (16 uL) at rt and stirred at 55°C for 4 hr and
filtered. The filtrate was concentrated under reduced pressure and the
residue was separated employing flash chromatography on silica gel using as
15 eluent 100:65 Hexanes/EtOAc to yield compound 70. Compound 71 was
synthesized similarly as compound 70 after substituting R(+)3-butyn-2-ol with

S(-)3-butyn-2-ol.
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sI \ NBr~i0Ol NNH O00O00 O072/0 \ Jf HO Br v\NH2 OOOCHO iO0
I "NONiO\ N O NH ~- /0 74 73 A m xture of conpound 22 (468 nyg),
PdC12( PPh8p20¢saB79wg) and Cul (10 5 ng) in Et3N (70 ml) peaastévsioemoslegassed
and exchanged with Ar followed by addition of trinethylsilylacetylene (0.55
m.) at rt and stirred at 54C for 1.5 h and filtered. The filtrate was
concentrated under reduced pressure to yield wthout further purification
"crude" A (0.43 g). To a solution of Exemmedd A (430 ng), water (0.5 m),

and THE (9.5 de I oride in
THE (1 M 3. o%ﬁ"mﬁe % r%@eﬁ]g){t{%ﬁjwsy@ﬂélsﬁélﬁ@%&hﬁ;o{ﬁﬁgg[‘}g“n%ﬂec{Jgitt'ure was
allowed to rise framOCto it in 4 h. Volatiles wgre renoved under reduced
pressure fold fsldl tion of PCM (10 nly ni ¢ phase washed
wth water, tNH ed oversiNa2SO4 and r ayigd under reduced
pressure. -w: chro%dgraphed ~o0A (
gagel_using as eluent 100:6
conmpound 72 (20\ ny)~ To a solution of conpouﬁd\ 7286 &n
2- bronpacetam de (14 in 8 nL dry acetone was addesl KZCO3\ (20 mg). The
m xture was refl uged overnight and filtered. The fiftrate was
concentrated under reduced pressure and the resi due was separated

enpl oying flash chromat ogra on silica gel using as eluent 100: 90
7%(1

Hex: AcCEt to give gonpoupd 8 ng). To a solutifon of conmpound 72 (37 ny)

and tert-butyl br acet 20 pL) in 8 nL dry aoetone was added K2C03

(20 ng). ™ ef l uxed 510 for Zoh g figtered. The filtrate
was concentr reducecBr r su/r@ -
O
D O
4 0 72 /O
HCI Br.
\/lLNH?_

74
73
A mixture of compound 22 (468 mg), PdClx(PPhs), (35 mg) and Cul (10

5 mg) in EtsN (70 mL) was thrice degassed and exchanged with Ar followed by
addition of trimethylsilylacetylene (0.55 mL) at rt and stirred at 54°C for 1.5 h
and filtered. The filtrate was concentrated under reduced pressure to yield

without further purification “crude” A (0.43 g). To a solution of compound A
(430 mg), water (0.5 mL), and THF (9.5 mL) was added a solution of

10 tetrabutylammonium fiuoride in THF (1 M, 3.0 mL) at 0°C. The mixture was
stirred and the temperature was allowed to rise from 0°C to rt in 4 h. Volatiles
were removed under reduced pressure followed by addition of DCM (10 mL),
the organic phase washed with water, separated, dried over Na,SO, and

concentrated under reduced pressure. The residue was chromatographed on
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The resi due was separated enpl oying flash chromat ography on silica gel
using as eluent 100: 30 Hexanes/EtQAc to yield 32 ng white solid of

conpound Wo 2406a8hasi on of conpound D (15 ng) in HA (4Mpc8/usk)osiomossli oxane
was stirred at rt while the progress of the reaction was nonitored by 15
thin |l ayer chromatography to check for the progress. After 2 h, the

vol atiles were renoved under reduced pressure, and the residue was

separ at ed silieagebyising alsratuartt @O y/ vdexAcOHE tggleldisompoasddl2@80 100: 10
(v/iv) AcCOEt; MeCH to yield conpound 74. 20 Exanpl e 23 Exanple 23 provides a
met hod of "&ht hesi zi ng conpound 75. 0 OO0\ 0~0 / OO0 0 ,N Oi NH2N O

0 \( /7 E NG T ByiuadARf MBrmpolid 720&3762m6§an@|%o¢ﬁ05@tam @ddag)to a
sol ution of conpound 72 (18 ) and 5 conmpound E (29 ng) in 3 niL dry

pyri di ne amn 8rml. diy aeetoneavas added Kae:dR0 el Tdeerixtyfa wagdeltuxedio nl) was

vas wasne GranT fesret 30 tlndla waslsphedtira it o) e iRR R oo

concent r atpfA tHBGesidue WeLsbRIreRBUsBployiY M egroarivgraphy on silica gel
(Hex: AcOEt =100: 35(v/v)) of the residue on silica %gl 30 afforded conmpound
75. WD 2008ime5a9&siepEtPOSE0teAs20d50 divanpgmeovad ERAABINRIR4 provi des a

ge})hgdo"; syt WS4 ZbRAICRBRBHI UAG 72 B37 fhg) aN (ERIR MY Brbidab&aee Mo O - N NH

pL) in 8 mL dry acetone was added K,COj3 (20 mg). The mixture was refluxed

10 for 2 hrs and filtered. The filtrate was concentrated under reduced pressure.
The residue was separated employing flash chromatography on silica gel
using as eluent 100:30 Hexanes/EtOAc to yield 32 mg white solid of
compound D. A solution of compound D (15 mg) in HCI (4M, 3 mL) in
dioxane was stirred at rt while the progress of the reaction was monitored by

15 thin layer chromatography to check for the progress. After 2 h, the volatiles
were removed under reduced pressure, and the residue was separated
employing chromatography on silica gel using as eluent 100:10 (v/v)

AcOEt:MeOH to yield compound 74.

20 Example 23
Example 23 provides a method of synthesizing compound 75.
0

Py/DMAP

75

DMAP (1 mg) was added to a solution of co.mpound 72 (18 mg) and
25  compound E (29 mg) in 3 mL dry pyridine at rt. After the mixture was stirred
overnight, water (10 mL) was added and the mixture extracted with DCM (10
mL x 2). The organic phase was washed with 1% HCI, 10% NaHCO3, water,
dried over Na,SQ4 and concentrated under reduced pressure.
Chromatography (Hex:AcOEt=100:35(v/v)) of the residue on silica gel
30 afforded compound 75.



0 ~O0 30 76 5 Dess-Martin reagent (0.3 M 0.5 m-) was added to a
solution of conpound 30 (40 ng) in 4:1 DCMTHF (10 m-) at rt. After the
sol ut i on weooetsressed for 1 hr, DCM (10 m -) and NaOH selcwtusessd2ody was
added until pH was equal to 7 and stirred for 5 mn. The organi c phase was
washed with water, dried over Na2SO4, and concentrated under reduced
pressure. 10 Chromat ography (Hex: AcOEt = 100:25(v/v)) of the residue on
silica gel afforded conpound 76. Exanple 25 Exanple 25 provides a nethod
of synthesi zi ng Conmpound 77. -o0 -o§38-10%4o O2ZN3 FNNHO/ \ -\ /O
0 A~ OH2N OOG15 77 To a soluti ni ng conpound 3 (390 ng) and
4- bromo- 5- ni t EQHR/IHE RO %\ﬁ@@@arméthwrcﬂsgdmizﬁi@bamhad%(77 ng, 5.0 nol
%9, and Cul (19 m, 5.8 | % in TEA (80 nmL). The m xture was stirred at
55C for 5 ks, d, and filtered. The filtrate wasoconcentrat ed under

reduced pfess [ 207 Cromat ogr aphy \edrid Bsgehesi@ iNca gel (Hex: AcCEt
=1 00: 50(wW ‘ 0 ng of_conpound E___Lonpou ) was
suspended i'n EfCH 40 m -) and heated at 88 n. To this

m xture were added 13 WD-2006/ 057946 PCT/ US2005/ 0@2095 oneent r At ed HC
(0.13 mL) and iron popder (8OM ng). The reaction mxture (was ref\uxed for
1 h, cooled, and f| | tered. The filtrate was concentrated )ﬂlder r8duced
pressure. Chr omat graphy of the residue on silica gel s§Hex: AcOEt =

G (36 tg) 1 n 108SialR e GRS RE 43 it Bas Qe B2 OB RIS, PO S
m). The E6mpoUnE BON40tHE EinvR S DJ@M/'EHFQ@WII)(nt rﬂ.OEﬁeAtlmmmhmnwa‘s NaNQC2
stirred for 1 hr, DCM (10 mL) and NaOH solution (1 M) was added until pH
was equal to 7 and stirred for 5 min. The organic phase was washed with
water, dried over Na,SO,, and concentrated under reduced pressure.
10  Chromatography (Hex:AcOEt = 100:25(v/v)) of the residue on silica gel

afforded compound 76.

Example 25
Example 25 provides a method of synthesizing Compound 77.
A —
A=
Q O,N
N OE
\ — i
oA y=Cra
Q HoN
A

15
To a solution containing compound 3 (390 mg) and 4-bromo-5-

nitroveratrole (500 mg) were added PdClx(PPhs), (77 mg, 5.0 mol %), and Cul
(19 mg, 5.0 mol %) in TEA (80 mL). The mixture was stirred at 55°C for 5 hrs,
cooled, and filtered. The filtrate was concentrated under reduced pressure.

20 Chromatography of the residue on silica gel (Hex:AcOEt =100:50(v/v)) gave
530 mg of compound F. Compound F (530 mg) was suspended in EtOH 95%
(40 mL) and heated at 88°C for 30 min. To this mixture were added
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(11 ng) in water (0.5 nL) was added to the reaction mxture and stirred for
30 mn at -10 to -5C. Water (50 nL) was added; the reaction m xture was
war ned t owotpoeatsragsed for 30 min at rt, and extracted wpCh/uvAc@EH45085 L X
2). 10 The organic phase was washed with 10% NaHCO3 and water, dried over
Na2SO4, and concentrated under reduced pressure. Chromatography

( Hex: AcOEt :100:35(v/|_£) of the residue on silica gel afforded conpound 77.
Exanpl e 26oneermirateg RCIZ6. 15 o) @od iwmpawdsr (81 0dpalt nERe reasdiondnpéigd 78. 0

o "Oq NH_O\ N 7% \eort! o 78 95%
oot & g el o A GoRRL E BE Theigatolas Prdintaled PRat? Ot or
was added rgducedspiegbien Ohronsstapmphy ofZhd Bdsitug onrsilidd del (Hex BoOEHF (5 nl)

and formal dehyde (0.05 nL 37% . After the m xture was stirred overni ght at
40C, mwd@@rgﬁiy/v VROt geef, COrRBOWRG Sni KO BISRYEI0NLORIRIBINELCUNPRURG: er and

chr omat ogE P 31 WERPEERIGTE 028 MY Fes KO B 10 A OIS o
78. 112 W20 OB EAMtingREKILISANES L0428 HowrEoartile. 2V sEutiombENZNQy ovi des a
met hod of synt hesi zi ng %gﬁgund 7

2 . A solutiopn of conmpound, 72 (.10 ) in
95% f or mi €1 IRAATeIEE: twaslggd;eq,% r&ﬁ?ﬁoﬁﬁ@x%ﬂ?%ﬂts“ﬁﬁﬁg(f%égg under
reduced prt I k j # istuld Gasoel
Fex. oo iact! 3%{%@3’%?"3‘5@ RS wal REBE R HoR istutd Gas
warmed to rt, stirred for 30 min at rt, and extracted with AcCOEt (15 mL x 2).
10  The organic phase was washed with 10% NaHCO3 and water, dried over
Na,S0O,4 and concentrated under reduced pressure. Chromatography

(Hex:AcOEt=100:35(v/v)) of the residue on silica gel afforded compound 77.

Example 26
15 Example 26 provides a method of synthesizing Compound 78.

37% CH,0

KoCOs3

95% HCOOH

79
A solution of KoCO3 (20 mg) in 1 mL water was added to a solution of

compound 72 (37 mg) in 10/1 v/v EtOH/THF (5 mL) and formaldehyde (0.05
mL 37%). After the mixture was stirred overnight at 40°C, DCM (10 mL) was

20 added. The organic phase was washed with water and dried over Na;SO4

and concentrated under reduced pressure. The residue was
chromatographed on silica gel (Hex:AcOEt = 100:35(V/V)) to give compound
78.
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conpound 79. Exanple 28 Exanple 28 provides a nethod of synthesizing

Conpound 80. 00 ~OIlI OQAc ~OI \' / Oo NNAACOO I NN O

H AcO Br

O H ACO 020060580 OAc OiOO aON 110 O OH OH HOPCOHUSIS8R09D a

solution of 72 (10 ng, 0.027 mmol) in DVF (2 nl) was added NaH

0.041 mmol, 60%in oil) at roomtenperature. After stirring ten

conpound H (17 ng, 0.041 mol) was added and the reaction was

(1.6 ng,

m nut es,

kept

i O

stirring for one hour. DVF was ren¥amplentfer vacuum and the residue 15 was
purified with ash, si |ca chr acetate in
hexane from O t%( /(? tp(go BEP@ @8%%@8?%15%ng characterized

by M5 and 1HN
NGV (0.03 i A goigtl phccweq“ny’aﬁq%'gséﬁlﬁ%&ﬂa{sa% bdsire I@@ﬁdd@am@%&?‘ il 0.5

nour . £ 1e 1083 GRS FHROREeh{ il by BBG e SobooPieaLUR)

washed the reSin w rmva vent uced

|n and 20
naI

conpoufid 8&sidue mmh’romatogaraphed on Slliba g&D(@@ﬂdﬁE@GO%ﬂ/ﬂSQ&@GWZO%
Exanpl e 29 F}?g}')“ﬂ?? 18 provides nmethod for synthesis of novel a prod rug

conpound &PM \Pention derived froma novel conpound of the

Me NNO2
Example 28
Example 28 provides a method of synthesizing Compound 80.
+ AcO ]
N
: AcO gy o
AcO
AcO OAc
l
o}
o O o]
O
- ~o0 N-N \\
0
O OH
OH
HO oH
10 80

i nventi on.

To a solution of 72 (10 mg, 0.027 mmol) in DMF (2 ml) was added NaH
(1.6 mg, 0.041mmol, 60% in oil) at room temperature. After stirring ten
minutes, compound H (17 mg, 0.041 mmol) was added and the reaction was
kept stirring for one hour. DMF was removed under vacuum and the residue
15  was purified with flash silica gel chromatography column (ethyl acetate in
hexane from 0 to 100%) to yield compound | (11 mg) which was characterized
by MS and "HNMR. Compound | was dissolved in anhydrous MeOH (2 ml)
and NaOMe (0.03 ml, 0.5 M in MeOH) was added at room temperature. After
0.5 hour, the reaction was passed through Amberite IR-120(plus) resin and
20 washed the resin with MeOH. Removal of MeOH solvent produced final

compound 80 in quantitative yield.
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Br N Ror R NHN M ONNHYp NO N NNHN!/ OCPNP NH MO MO Q
Meo QL Base: K2C03 for the brom de and MeO Ove Owe TEA for the

4- ni t r ophwoybesashopat e Ove OV DMF Hyp is defined as betwors2008/0k2005pl € 30
Exanpl e 30 provides nethod for synthesis of prodrug conpounds of the

i nvention enploying as starting material a known tubulin binding 10
conmpounds. MO Me OV OV NBr Z O OM2N / /K2CB/DVF Ol / O R1

NRL O\ H@ NNX2 Q N M RExamble 28, aryl, or heteroaryl One of
skill in the art ca e this method  can use or, the nt hesis of the
f ol | owi ng prod%@”ﬁﬂ‘ﬁ%ﬂ@é"d%ﬁ mﬂ@oarf qt%ﬁﬂsmagn@éelé @50‘% 9SAON 0 Hyp
RL OH Q4 /coRfpolhd BT thd iiwientiBa defivBd @bnii¥mdvel &dhpound of the invention.

I\N/le
NO,
Br/\&w/
N
R " RN
A} O R NH
NH oN-_N N Hvp
N\ N. \(J/\O \ /N‘NH
Z "NH N OPNP
MeO
MeO . Q
Q4 ) 1
Base: K,CO; for the bromide and MeO
OMe OMe

MeO OMe oMe TEA for the 4-nitrophenylcarbonate

DMF Hyp is defined as before

Example 30
Example 30 provides method for synthesis of prodrug compounds of

the invention employing as starting material a known tubulin binding

10 compounds.

Me
Br

OsN
(@] 2
\< / /K,COy/DMF O
Q2 O OMe
Q4 N I R4 OMe
H Qs

R; =H,r Me, aryl, or heteroaryl

One of skill in the art can use this method can be used for the synthesis of the

following prodrug compounds of the invention:
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WD 2006/ 057946 PCT/ US2005/042095 @6 6 @6 &6 4 4 4 4 Hyp Hyp B N @B
@B NQN NHyp >>= 03 N NOHCNNHpPp HBGNHICGN B A4 & MO0 R N
Hyp' Me wO,2006057946NC2 wherein Hyp' is \N Me N NO2 by aChyisadosngossth Br
~--r a startd ng e er i.al, .where-the N-Hyp in the 5 above fornulas is

repl aceﬁ b ¢ K gINI—lrW-aiExa e 31"Exanpl e 31 provi des method for synthesis of
prodrug conpounds of the invention enployi ng as starting material a known
tubulin binding 10 conpounds. [Me Q MeO QZN§ --~O Owe %4 ~@PNP OVE NI O

MeO

N
\
Hyp'

Me
N

NO,
wherein Hyp’ is %Z/

Me
N _-NO,

by alkylating with Br%KT a starting material where the N-Hyp in the
5 above formulas is replaced with —NH-.

Example 31
Example 31 provides method for synthesis of prodrug compounds of

the invention employing as starting material a known tubulin binding

10  compounds.

OzN J—OPNP
OMe \(N / o

o /K2CO4/DMF
o Do

oA N Ry OMe

H R(=HorMe Q2 /\(E
o O)\O

PNP = 4-nitrophenyl
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H Rl=HorMe @' N1 PNP = 4-nitrophenyl QL ONNX®2 O M 115 WO

2006/ 057946 PCT/ US2005/ 042095 One of skill in the art can use this nethod
can be uswo 2b@wostdae synthesis of the 4 @B &G \ / Rl OBCTVS200844495

foll owi ng prodrug conpounds of the invention: Q Hyp UQ®B SSONR6 O
Hp' A4 GRS\ M Hp RE R B BB B 44 Q44 Hyp Hp BN@BN
B N@N NHypd >=ONNO HICNNHyp HBGN' H3BCN @B 4 & MO RO
N 5 Hyp' M @ne of skill in the art can use this method can be used for the synthesis of the

Ri

OH
Qy N
Q

Hyp'

following prodrug compounds of the invention:

(o]
Q3 sJ o N
\
:Q/ Hyp'
Qy

Qs

Me
N _-NO;
wherein Hyp” is -COg/\&Z/ ,

Me
N _-NO,
by acylating with PNPOCOZ%Z/ a starting material where the N-Hyp

in the above formulas is replaced with ~NH-. In these examples

Me Me
N -NO, N _-NO,
PNPOCOz/\X—Z/ can be replaced with CICOZ/\Q—Z/ .

10 Compounds of the present invention are assayed as exemplified
below:
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N NO2 wherein Hyp" is -CO2°- Me ~N NO2 by acylating with PNPOCO2' "-- a
starting material where the NNHyp in the above fornmulas is replaced with
-NH. | n wbeses/sxaspl es Me M 2 NO2 ~N NO N PNPOC2, per/usassheonepl aced
with CCO2" - 10 Conpounds of the present invention are assayed as
exenplified below 116 WO 2006/ 057946 PCT/ US2005/ 042095 Exanple 32 To
determ ne the effect of the conpounds of the present invention on cell
proliferation, the anti proliferatE¥xamplg32ity of these conpounds was

growtn 5« nd pebEine HREes bl e B Rt R ar st el Lt oo 1

Table 1 wagll g@@lﬁ@ﬁfti@% trsanifReifepftiveyadivity bpirrseattiapPlidswassted at
excitation 550 nm and em ssion 590 nm (see Biosource International Inc.,

Tech Appl irtatmeii-welhAmanBleediasadarsay B hiand Bdayshsaelbaeythdd cel |

(G- o) PEES 4kt ar eI M Ok @ bk edechs 74
6, 000 cel kcafmyrdred 289 ndasurettbg afkeuestdnte pléte reatier al etditation BBMnmedi um
(I'nvitrogen Corporation, Carlsbad, CA). After 24 hours, these plates were

di vi ded i A6 &NgERMRIL Nexiseedtiospyas INteationat s TeFbpPiGHIos day

treat nent Py Nase ALASH 40 +4 4 eat ment
groups (2?'1\%%%’ Le{%%ogﬂ?a'?ﬁpg@ggﬁg%ncent rati %ﬁp%ﬁétggt\)/ﬁ@étg(? npnﬁdl}g%% 1 (in 50
pl of nediDetgrmining Q). 2H460 ealisTERT COridTR-17af (N 1-IHA0), He0QEI | s were rinsed

i th A anseheen o6 8) BBHIIEES erl TS SrErAon BB BB R lbat ea 1or

3 days, fQldrawRedRY inatcd wbng)le%w RN di(ﬂl;\bgrddé@u (?&%fé}lorgroup,

Al amar Bl ue was added to the 20 plate at (i) and (i) day 3 and

measur ed GartsbadbCroh Aftes 2ddmurs) theeagilatgs were diided Héo grgyapss -t he capacity
O e o g o BB T B oo B Bh 20T ©f
A test compound was added to each plate in the treatment groups (2h
15 and 3 day) at a concentration as tabulated in Table 1 (in 50 yl of medium). In
the 2h treatment group, after 2h the cells were rinsed to remove the test
compound and incubated for 3 days, followed by staining with AlamarBlue.
The cells in the 3-day treatment group were incubated for 3 days, followed by
staining with AlamarBlue. In the Control group, AlamarBlue was added to the
20 plate at (i) day 0 and (ii) day 3 and measured to establish the control reading.
In all the groups, the capacity of the cells to proliferate was measured 6 hours
after addition of AlamarBlue by a fluorescence plate reader at excitation 550
nm and emission 590 nm. The results of the assay are tabulated in Tables 1A
and 1B.
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nm and em ssion 590 nm The results of the assay are tabulated in Tables 1A

and 1 B. 117 WO 2006/ 057946 PCT/ US2005/ 042095 Table 1A (H460 cell

l'ine)

Conpound Wo0.2068/05%6NM GL90 nM 3 Days 2 Hour 3 Day 2 HourcTAsi@8/0#h090 316
>1000 10 398 >1000 1000 >1000 11 630.9 >1000 >1000 >1000 12 >1000 >1000
>1000 >1000 13 >1000 >1000 >1000 >1000 14 >1000 >1000 >1000 >1000 16
>1000 >1000 >1000 >1000 17 >1000 >1000 >1000 >1000 19 >1000 >10, 000 >1000

>1000 20 100

25 630 >10, 00d
29 630 >10, 00d
>10, 000 34 17

A

631 >10, 000

v

630 21 40 >10,000 T2plesih $i60@ethlin®)3 100 630 24 501 . 10, 000
CofnpdaRd K0,|000 2BlaeM)»>10, 000 28 (KlafMh) >10, 000 >10, 000
30 10 630 (313 padfs 0P0 2HBOPO |32 000 »#EuOQ0 33 1000

5-0—>106,000—35—15-8p16,000—3663—=>16;0p60—37+3. 2 501 38

39 15. 89 100 >1000 16 >1000

10 398 >1000 1000 >1000
11 630.9 >1000 >1000 >1000
12 >1000 >1000 >1000 >1000
13 >1000 >1000 >1000 >1000
14 >1000 >1000 >1000 >1000
16 >1000 >1000 >1000 >1000
17 >1000 >1000 >1000 >1000
19 >1000 >10,000 >1000 >1000
20 100 630
21 40 >10,000
22 40 >10,000
23 100 630
24 501 .10,000
25 630 >10,000
26 630 >10,000
27 251 >10,000
28 (aand b) >10,000 >10,000
29 630 >10,000
30 10 630
31 >10,000 >10000
32 >10,000 >10,000
33 1000 >10,000
34 125.9 >10,000
35 15.8 >10,000
36 63 >10,000
37 3.2 501
38 631 >10,000
39 15.8
42 >1000 >1000 >1000 >1000
43 >10,000 >10,000 >1000 >1000
44 1584 >5000 >5000 >5000
45 158
47 25
48 630
49 15.8
50 20 >10,000
51 (a and b) 10 630
52 100 >1000
53 158 630
54 2 501
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42 >1000 >1000 >1000 >1000 43 >10, 000 >10,000 >1000 >1000 44 1584 >5000
>5000 >5000 45 158 47 25 48 630 49 15.8 50 20 >10,000 51 (a and b) 10
630 52 190 20864653 158 630 54 2 501 118 WO 2006/ 057 946/US2005/042095

PCT/ US2005/ 042095 G150 (nM GL90 (nM 55 7.9 >10,000 56 50.1 >10,000 57
10 100 58 15.8 >10,000 59 (794) >1000 60 (25.1) >1000 61 >1000 >1000
62 630 >1000 63 630 >1000 64 630 >1000 65 >1000 >1000 66 1

1.4 69 1000nM_70 10 71 12.5 78li(rM) 73 630 74 SkoOM) 75 >
55 7.9 >10,000
56 50.1 >10,000
57 10 100
58 15.8 >10,000
59 (794) >1000
60 (25.1) >1000
61 >1000 >1000
62 630 >1000
63 630 >1000
64 630 >1000
65 >1000 >1000
66 10
67 639
68 1.4
69 1000nM
70 10
71 12.5
72 1.3
73 630
74 >1000
75 >1000
77 >1000
76 79.4
80 >1000
81 >1000
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77 >1000 76 79.4 80 >1000 81 >1000 119 WO 2006/ 057946 PCT/ US2005/ 042095
Table 1 B Conmpound No. Cell Iine enployed G150 (nM 3 Day) 30 MES-SA 0.3
30 MES- SAVD%boclnsBe4630 HT29 1.9 30 T47D 2.5 35 M ES- SAp8TAIS2815/0M8s SA/ DX5
6.3 35 HI29 5 35 T47D 10 37 T47D 8.9 37 MES-SA 3.2 37 MES-SA/DX6 3.5
37 HT29 5 37 T47D 25 39 MES-SA 2.5 39 MES-SA/DX5 10 39 HT29 12.6 39
T47D 200 54 MES-SA 3.2 54 MES-SA/DX8 6.3 54 HI29 5 54 T47D 20 55 M
ES-SA 12 55 MES-SA/DX57 15.8 55 Heldeld® 55 T47D 25 66 MESSA 15.8 66
MESSA/ DX5 10 66 HT29 12.6

Compound No. Cell line employed Glsp (M, 3 Day)
30 MES-SA 0.3
30 MES-SA/DX5 1.6
30 HT29 1.9
30 T47D 25
35 MES-SA 3.2
35 MES-SA/DX5 6.3
35 HT29 5
35 T47D 10
37 T47D 8.9
37 MES-SA 3.2
37 MES-SA/DX6 3.5
37 HT29 5
37 TA7D 25
39 MES-SA 2.5
39 MES-SA/DX5 10
39 HT29 12.6
39 T47D 200
54 MES-SA 3.2
54 MES-SA/DX8 6.3
54 HT29 5
b4 T47D 20
55 MES-SA 12
55 MES-SA/DX57 15.8
55 HT29 10
55 T47D 25
66 MESSA 15.8
66 MESSA/DX5 10
66 HT29 12.6
66 T47D 6.3
68 MESSA 1.6
68 MESSA/DX5 1.9
68 HT29 1.6
68 T47D 1.6
70 MESSA 11.2
70 MESSA/DX5 10
70 HT29 12.6
70 T47D 6.3
71 MESSA 11.2
71 MESSA/DX5 10
71 HT29 12.6
71 _ T47D 15.8
72 MESSA 1.9
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66 T47D 6.3 68 MESSA 1.6 68 MESSA/DX5 1.9 68 HT29 1.6 68 T47D 1.6 70
MESSA 11.2 70 MESSA/DX5 10 70 HT29 12.6 70 T47D 6.3 71 MESSA 11.2 71
VESSA/ DX5w®Qo06/5744629 12. 6 71 T47D 15.8 72 MESSA 1.9 pt2AsY€s2016% 057946
PCT/ US2005/ 042095 72 MESSA/DX5 3.9 72 HT29 1.6 72 T47D 6.3 Exanple 33
Cell cycle analysis The effect of conpounds 39 and 20 on the cell cycle was
determined 5 as follows H460 cells (2 x 105 cells/m/well) were seeded in
a 24 well plate. Afté2 24 h, conpdVR8SARXamdded |at vadi®us cohcentrati ons
as tabulated in Tabl 23. The|cultureHm2di a were|renoved after| 24 h, the
cells were trypsini zego,and centrifugegyyhhe Cell |pelTelgs; were fesuspended

i n 100pl PBS ffer;—after—whirch—366—pt—of—+ce-col-d—ethano—96% added
dropwi se, and the 10 cells were incubated at 4C for at |east 24 hr. The
cells were centrifuged and the supgafléiBg Was di scarded. The cell cycle
stai ning reagent (Guava Technol ogi es, Hayward, CA, USA, 200 pl) was added
to each well. The cells were sHi@l e¥dle Bnahsis ght and i ncubated at room

t t f 0_41 Q. I -
natrunent . oy Ror el sy Eofnot PR Ranlfo8 RS RS B Bl | o
Boul evar d,asHejiows.d HAS 094652308, celldmalwel) woevsdddadane 24 Mellgiatee arr est

as tabulated below in Table 2. = Table 2 Conpounds )
After 24 h, compound was added at various concentrations as tabulated in

Table 3. The culture media were removed after 24 h, the cells were
trypsinized and centrifuged. The cell pellets were resuspended in 100ul PBS
buffer, after which 300 Ll of ice-cold ethanol (96%) added dropwise, and the

10  cells were incubated at 4°C for at least 24 hr. The cells were centrifuged and
the supernatant was discarded. The cell cycle staining reagent (Guava
Technologies, Hayward, CA, USA, 200 ul) was added to each well. The cells
were shielded from light and incubated at room temperature for 30 min. The
samples were analyzed (Guava PCA-96 instrument, Cytosoft software,

15 Guava Technologies, 25801 Industrial Boulevard, Hayward CA 94545-2991,
USA) to show M phase cell cycle arrest as tabulated below in Table 2.

Table 2
Compounds
y 39 30

Conc ("M)o GG, T~ %S | %G/M | %G/G,| %S | %G,M
0 78 14 29 78 12 29
04 50 15 28 16 12 31
12 47 14 31 48 15 20
3.7 45 12 32 46 14 31
1A 47 14 20 14 9 68
33.3 18 13 80 7 7 80
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39 Conc (W 30 %I Gl %6 %2/ M %I GL %6 %2/ M 0 48 14 29 48 14 29 0.4 50
15 28 46 14 31 1.2 47 14 31 48 15 29 3.7 45 12 32 46 14 31 11.1 47 14 29
14 9 68 8.2806187448 60 7 7 80 121 WD 2006/ 057946 PCT/ UB0Qs2@420555
Exanple 34 A sanple of cell free tubulin polynerizes and the sanple's

fl uorescence em ssion increases. Inhibition of tubulin polynerization by a
tubul i n binding conpounds of the present invention was neasured by the 5
dose dependence of cell free tubul Exafipleod éscence The concentration of

conpound that reduce ¢ence b a ed to untreated
tubulin (1C50) /’a?%mpgﬂaaf]%%thef&e%ﬁ%bdr@/‘ BB Ze%% Eﬁﬂ ec%rrp No. 1C50 (pM
30 3.9 39|u6r&cbﬁ%c5méi%n%€créasé§ IMhibitibnf?@f&Qﬁ@m‘Eﬁél aferBtioheyiac stability
of conpounds was performed using conmerci al avalyable nouse |iver

mcrosonestul()lllPLandmmCthw@sc@ft emf@a@ﬂtmwt@nzwa@ma@@m@bwﬁ, Austi n,

or epar 8a. EseabgriRobel Pe Pl RiRaCRdRaedtce: RFERSnceufio o o Napph

sol uti on. oﬁwdumtmat FetAet QuisulefigoreacencsbPp80% cordphfs mogitaated shaki ng
water bath Kkept at 37C. Fifty pl of the reaction m xture was w t hdrawn

i mredi at eltyblaﬂrm(lcﬁiﬂaﬁﬁﬁ@hléétedffi@wt"hé_abﬁﬁﬁt ion of the NADPH sol ution and
the proteins were precipitated w tt\]- stahnltrl | e. The cl ear supernat ant

was anal yzed by 20 reversed L‘ase &' ViSf ) H-ed Bi osystens API - 3000
with Hypersil-BDS C18 colu..,J eS8l i o), with internal standard
area ratio quantification 3P the anpunt Srk com ound remai ni ng as shown
in table 4. Exanple 36 39 7.9

10 Example 35
An in vitro assessment of metabolic stability of compounds was

performed using commercially available mouse liver microsomes (MLM)
containing cytochrome P450 enzymes (Cedra Corp, Austin, TX). A solutions
(5 uM) of a compound and microsomes (1 mg/mL protein) was prepared.

15 P450 enzymatic reactions were initiated by adding an NADPH solution.
Enzymatic reactions were carried out in a thermostated shaking water bath
kept at 37°C. Fifty ul of the reaction mixture was withdrawn immediately and
30 minutes after the addition of the NADPH solution and the proteins were
precipitated with acetonitrile. The clear supernatant was analyzed by

20 reversed phase LC-MS/MS (Applied Biosystems API-3000 with Hypersil-BDS
C18 column and gradient elution), with internal standard area ratio
quantification for the amount the compound remaining as shown in table 4.

Example 36
25 For an assessment of plasma stability of compounds, commercially

available mouse plasma (Bioreclamation, Hicksville, NY) was added to a
DMSO solution of a compound, to a concentration of 5 uM. The reaction
mixture (50 pl) was withdrawn immediately and after 30 minutes at 37°C,
proteins were precipitated with acetonitrile. The clear supernatant was
30 analyzed by reversed phase LC-MS/MS and the amount the compound

reamining quantified as ahown in table 4.

122



25 For an assessnent of plasma stability of conpounds,
avai |l abl e nouse pl asna (Bi orecl amati on,
DVBO sol woanoeafs7seconpound,

Hi c

comrer ci al |

ksville, NY) was added

y
to a

to a concentration of 5 pMpcThs2608@ciob®N

m xture (50 pl) was withdrawn i nmedi ately and after 30 mnutes at 37C,

proteins were precipitated with acetonitrile.
anal yzed by reversed phase LC- M5/ M5 and the anmount the co

The cl ear supernatan
npound r

t was 30
eam ni ng

guantified as ahown in tabl e 4. 122 WIQQOG/ 057946 PCT/ U82005/ 042095 Table

4 Conpound—Mat-abolte—stabild Py & oLa %tefai ni n
at 30 min)| r SRERRUY at %ahf’ﬁ kfa}ﬁ’tiwgg a?Eé %@B”' %14 25 286 60
944 66 88 1 6N0174 70 911 3G 7/Ferna b7

Exanpl e 28| descBPbes the usef uﬂﬂ&lﬁ of _a conpound of t1lQﬁs invention 5 in
treating clncer 38s denpnstrat ed724®l oyi ng a] H460 xenog8&ft nouse podel .
Femal e CB1|// SCl Bym ce (( purchase@i{f4om Taconjc, Oxnard, CA), 7-8 weeks of
age, were alTowsg To acclimatizggf@r at Teast three days, and handl|ed
under pat hpgen= BDee codi tions. gjrjpgan non-spat I celf i T'ung cancer cell 1ine
10 NCI - H6O—w&as ‘6 t-at-rred— o th u)‘%_l_ﬂ. ertcan Type Cutture Coltectiom | The cell
| i nes wer elcultured—in-—RPM—1 da—supplenented—wth—106%fetal bovi ne
serum Cel s weP8 nmintained .ni’z.— 7C incubptorw-th 5% CO2—TheH460
cells werel harvé& ed from cul t @#8£12nd i nocul ated at 1 10106 cell s/ |ani mal
in the pefitonddl subgutaneoudSddce. When|the tunmors9rew to an average
15 vol ume pf 10@¢2mB (day 8), ed@Hgroup of | mice (ten 1P group) was

adm ni stered for five days, vehicle alone (the vehicle group), conpound 30

model.

Example 37
Example 28 describes the usefulness of a compound of this invention

in treating cancer as demonstrated employing a H460 xenograft mouse

Female CB17/SCID mice (purchased from Taconic, Oxnard, CA), 7-8

weeks of age, were allowed to acclimatize for at least three days, and handled

under pathogen-free conditions. Human non-small cell lung cancer cell line

10

NCI-H60 was obtained from the American Type Culture Collection. The cell

lines were cultured in RPMI 1640 media supplemented with 10% fetal bovine

serum. Cells were maintained in a 37°C incubator with 5% CO,. The H460

cells were harvested from culture and inoculated at 1 x 10° cells/ animal in the

peritoneal subcutaneous space. When the tumors grew to an average

15

volume of 100 mm?® (day 8), each group of mice (ten per group) was

administered for five days, vehicle alone (the vehicle group), compound 30

alone at a daily dose of 5, 20, and 50 mg/kg (treatment group), and compound

30 alone at a daily dose of 5, and 20 mg/kg in combination with Taxol® at a

daily dose of 10 mg/kg (combination group). Taxol was administered

20

approximately 2-3 hours before that of compound 30.

Compound 30, administered at doses greater than 5 mg/kg were toxic

and caused lethality in both treatment and combination groups perhaps

indicating that the maximum tolerated dose of compound 30 was between 5

and 20 mg/kg. The results from the experiment employing a daily dose

25
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compound 30 (5 mg/kg) are shown graphically in Figures 1 and 2 below.



alone at a daily dose of 5, 20, and 50 ng/kg (treatnent group), and
conpound 30 alone at a daily dose of 5, and 20 ng/kg in conbination with
Taxol (r) wD 2006/@2046y dose of 10 ng/ kg (conbi nati on grouprT/UR2008l042085

adm ni stered 20 approxi mately 2-3 hours before that of conmpound 30.
Compound 30, admi nistered at doses greater than 5 ng/ kg were toxic and
caused lethality in both treatnment and conbi nati on groups perhaps

i ndi cati ng thatT hetwdiraxeighhot encr mae@were@prdﬁdmgmeeweﬂhéFwa\een 5

comound 36 (B HAGS LoDl AThTa PSR Bhe EP5HuRE Rl cron, 12
WO 2006/ Ové&aght g3dEr N&%%ﬁ/t@ﬂ?&%? thér Ivghnb@grow With aghegragkigmusss vRs

recorded tw ce er week % ure . The treatnent group adm nistered a

daily dos§°/opn aygAdgorexhe aré@fbreatn@@@mn%@xﬁeﬁﬂl@ahﬁlnéheto that of the
hi cl h f
;“raeia'? §ﬁ|%gz%togﬁ él’xuﬁﬁr%pw&y%h quﬁt '%w%?ﬁi%?’on%%é’ﬁﬁ“%ﬂ sp %ygdsga\r/\:al ght

| oss of 1a%atrﬁhﬁt goup®ias fouhbeledd @atiagns, gnoiwowesre foundlddaddnadayday 18,

and two were found dead on day 22 in the conbination group. Figure 2
gr aphi cal B¢ inthe spmiinadiopgsorBan t unor vol ume for each treatment group.

Growch of each piERaY Ghpnkaf TRALERERoMoR LEHBRIbIrkiofeaBHT N9 urDrs in

two di nensi ons I gl t | per tw ce per wee Tunmor vol une (V)
was det er imeagdeht/grobp. fCﬂth\nonﬁgaehuanogmftwasn(anMrw by 2xtermtilér e L is the
| ength and Wis e wdih of a xenograft. Tumpr, volunes were asured

it colhooKIASUEROTOR N Wi METaTh g At ORa) STIPERTE REC 685 and 529%
in the treg R&tdavatiyn: M= the WPk 15
measur enent ggay ll%g)g (V?ﬂ%b'?'/ﬁté@gﬂggwgfﬁegﬂgﬁ?rgatqrrer{tnand (conbl n)gll?l on
groups r esyhece iLvieltye lemgth aBd/oVMn@l thieowddtiEep rowinagrathe Tdmae vakbinres wedk! , when

conbi nat : SeeE EE eEhGon dhuh ' B8 TreRRR B AT I EENR B OF d forthe
xenogr af t ghdB¥%.in tHéetré'étﬁaérﬂfan@iocdiﬁbfnaﬂor\f\@&)tﬁﬁ%egﬁ&tlmyOQP(talﬁé fidat a for

conmpound 30 denpbnstrates that _conpared to the known anticancer agent

t axol 15 cormmﬁmem@ntc@k@ys?%?dﬁhaﬁ/@/rai@ fanthe reawreni@ndganLipationas a singl e
t d b th h th t t h
agent an tg!r(gt}‘]ergé) pggﬁ\}eq)?lm)&% D'3Zaé% 49hl t houg e present invention has

been desc 59 ef érénce to speci fic enbodi nents, those
of skill in th&mplbynglthe saawgmousetrhadel, wheh ftaxel twased mimiste rgar aloesENt s are
wthint h(lan ’?hceoggmgr(]j%scse I%Inrdl stchoedu}ehgs used for the combination group above, and
when treatment began at 150 mm?® volume of xenograft tumors, the T/C for
20 day 21 was 56%. The xenograft data for compound 30 demonstrates that
compared to the known anticancer agent taxol, compound 30 can show in
vivo anti tumor activity both as a single agent and in combination with taxol.
Although the present invention has been described in detail with
25 reference to specific embodiments, those of skill in the art will recognize that
modifications and improvements are within the scope and spirit of the
invention, as set forth in the claims which follow. All publications and patent
documents (patents, published patent applications, and unpublished patent
applications) cited herein are incorporated herein by reference as if each such
30  publication or document was specifically and individually indicated to be
incorporated herein by reference. Citation of publications and patent
documents is not intended as an admission that any such document is
pertinent prior art, nor does it constitute any admission as to the contents or

date of the same. The invention having now been described by way of written

124



invention, as set forth in the clainms which follow AlIl publications and
patent docunents (patents, published patent applications, and unpublished
patent appl2oesaisrees) cited herein are incorporated her ecmusgosseimpence as
i f each such 30 publication or docunment was specifically and individually
indicated to be incorporated herein by reference. Citation of publications
and patent docunents is not intended as an adm ssion that any such
docunent idescpptiar arthexampts, these ohghill iolke art wilbiesegnigedhatipeadni ssi on as

to the contents or .date af fhe e, The jinyent] ‘

descr bed PRy T it placdied 35 A Byt b BN Pod s aRe 6t

descri pti @safitich<and eRamiplsesaredor pliiddsek bf ligtatibn whillnot diengitioneft hat t he
invention can be practiced in a variety of enbodinents and that the

f or egoi ng thej&loming Fleimand exanpl es are for purposes of illustration and
not ligitation of the followng clains. 5 125 WO 2006/ 057946

PCT/ US2005/ 042095 CLAIMS W claim 1. A conpound selected from Q7 X x |

XZY @BZNY BNNBI VI, BINGQI QAU B QY1AQ@WQ A QY

B BLRABBERBE6E() (N () ¥YXY BxNYX®BXxzXBBY

(Nl\%5g9/)N(a5)Q9@Ql Q QQ A YQRAQUWQAB B XRABBXRBER 6
X
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QN@B XYY Q450 Qg @ NN, and & @ QL )(~ 3 QL &4 @B \(@)n; n=0-3
QB @ @ (V1) (V1) 5 wherein each QL, @@, and Qb independently is

hydr ogen;wbabesjosassno; Cl-C6 al kyl ami no; di Cl-C6 al kylpemiusegoshympoxyl ;
Cl- C6 al koxy; nitro; cyano; Cl1-C6 al kyl; Cl1-C6 heteroal kyl; C2-C6 al kenyl ;
C2-C6 al kynyl; C3-C8 cycloal kyl; C3-C8 heterocyclyl; aryl; heteroaryl;
COR18; SO02R18; or PO3R18; each B-Q is hydrogen; halo; am no; Cl-C6

al kylam no; di Cl1-C6 10 al kyl am no; HQHABW$I ; C1-C6 al koxy; nitro; cyano;
aryl; het ?&oa%n CO?18 SO02R18 or PO3R18; B and 4 together form C3-C8
het er ocycl ary or a heteroaryl; or Q4 and (b together forma C3-C8
heterocycl e, 1an ays\yzlom&;u@ sd18LBHGRIY! ; Wi th the proviso that in any one
conpound, only one of Q@@-Q is hydrogen 15 Q7 is hydrogen; am no; Cl-C6
al kyl am no; di Cl-C6 al kyl am no; hydroxyl % c1-C6 al koxy; nl)gro cyano;

Cl-C6 al kyl; hetzer oal, kyl ; C2-C6 126; 200f%6/ 067946
PCT/ US2005/ 042395 C3-C8 N C3-C8 heter H/ aryl ;

het er oar yl ; QsGQR1 5\ PO3®R] . sacchar| ‘ i SO
that in formulla(fl @1 udes B s hydr oge 0: /am ho:

Cl- C6 al kyl am;no Qg I ng; ydr oxyl ; C1-%@ 6 ahkox i tro;
cyano; aryl; het QPoa@yl QCOR15; SO02R1 OIQe P&3R15; each Q9 md@bengéntly i's
hydr ogen; hal o; am no; Cl-C6 al kyl am no; di  Cl-C6 al kyl am no; (titydr oxyl ;
Cl-C6 al koxy: nitrdD cyano: aryl: heterodPyl: CORL5; S02R15 of PO3RL5: 10
X is 0, -NNHR16, NR16, or NOR16; Y is hydrogen hydr oxyl , or ha\} ogen; Z
is -CH or -N; R15 is hydrogen, Cl-C6 al koxy, am no, Cl- CG &l ky|l am no, di
Cl-C6 al kyl NF]C]—( NHNH2, Ci1- Gg, al Cl- C6 heter &al k

al kenyl, C2- 1% myyl C3-C8 cyclo

het er oar ylQs

(VI) (VIID)
5 wherein each Q4, Q2, and Qs independently is hydrogen; halo; amino;

C4-Cg alkylamino; di C4-Cg alkylamino; hydroxyl; C4-Cg alkoxy; nitro; cyano;
C+-Cs alkyl; C4-Cg heteroalkyl; C2-Cg alkenyl; C-Cs alkynyl; C3-Cs cycloalkyl;
Cs-Cg heterocyclyl; aryl; heteroaryl; COR1g; SO2R1g; or PO3R1s;
each Qz-Qs is hydrogen; halo; amino; C4-Cg alkylamino; di C4-Ce

10 alkylamino; hydroxyl; C4-Cs alkoxy; nitro; cyano; aryl; heteroaryl; CORgs;
SO,R5 or PO3R1g; Q3 and Qq together form C3-Cg heterocycle, an aryi, or a
heteroaryl; or Q4 and Qs together form a C3-Cg heterocycle, an aryl, or a
heteroaryl; with the proviso that in any one compound, only one of Q3-Qs is
hydrogen;

15 Qy is hydrogen; amino; C4-Cg alkylamino; di C4-Cg alkylamino; hydroxyl;

- C4-Cg alkoxy; nitro; cyano; C4-Cg alkyl; C4-Ce heteroalkyl; C2-Ce alkenyl; C,-Ce
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R16 is hydrogen, Cl1-C6 al kyl, aryl, Cl1-C6 al kyl sul phonyl, aryl sul fonyl, CI1-
C6 al koxycar bonyl, am nocarbonyl, Cl1-C6 al kyl am nocar bonyl, di Cl-C6

al kyl am nwoaondwmsydss Cl- Céacyl, aroyl, am not hi ocarbonyl pCTArs&E)s5/042095

al kyl am not hi ocar bonyl, di C1-C6 al kyl am not hi ocar bonyl, Cl1-C6 thioacyl, or
20 thioaroyl; with the proviso that when X is NR16, R16 excludes hydrogen;
R18 is hydrogen, hydroxyl, Cl-C6 al koxy, am no, Cl-C6 al kylam no, di Cl-C6
al kyl am nalkyNiAORs-Ci-didoaligl; Ce-G Ikgteroo&mlyt@rﬂehe’iemaaMICOGZE;,(SQthb,kenyI

S T L e e

mxture @ d,lc,@@ﬁers a pol ynorph, a hydrate or a pharnmaceutically
acceptabl e’sal't or solvate thereof. 2. The conpound of claim1, wherein 30
Qlis hydr ogen QsHiahydragem belaiamioe; CoRsslkyEonirosdi Soskmalkylamipp or  R13

C1-os a1 kBIFONGIG CRkRA: SOl W BEEIORy: SRR Bacpendent |y 1 s

hydr ogen, @D,6G;:al koxy, hal o am no, hydroxyl, B and 4 together is
met hyl enedi oxy, or 4 and together is nethylenedloxy, prOV|ded that in
any conpound oﬁﬁ?h@wngﬁp@'ﬁi@e'@ Is ydegaen; Halgs apyngy dr-&gakylaminos dct - c6

oLl oors AR R SIS O AP BB B 1,
or CONHZ; SCRLSor B@2RLE;, or PO3R18; or a nonosaccharide; R13 is hydr ogen;
zci:rlylc6 alr k%lat ef%dﬁl@’h?\h\ilé% lﬁé@n‘é" N%g’bg{ ??{Jg::l wcfhcﬁydrlngFt erCi?ySGyl ,
and KB 15 hydrosa Ry gt OO g, o Lo, L b sl kyl ani no.
Cl- C6 al kyl am Eas —KII-HG-Dr-NHiNHZ Cl-C6 al kyl, C1-C6 heteroal kyl, C2-C6 15
ﬁlergpgla’r y|C_2- CG gﬁ%r’oggr% 818-C6 a?lloox?/l, k}{mho Cé -883|?<y aenﬁl%%y% él-Csar ylb, or
alkylamlno, NHOH, NHNH;, C4-Cg alkyl, C4-Cg heteroalkyl, C,-Cg alkenyl, Co-
15  Cgalkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
R is hydrogen, C4-C; alkyl, aryl, C4-Cg alkylsulphonyl, arylsulfonyl, C4-
Ce alkoxycarbonyl, aminocarbonyl, C4-Cg alkylaminocarbonyl, di C4-Ce
alkylaminocarbonyl, C4-Cgs acyl, aroyl, aminothiocarbonyl, C1-Cg
alkylaminothiocarbonyl, di C4-Cg alkylaminothiocarbonyi, C4-Cg thioacyl, or
20 thioaroyl; with the proviso that when X is NR1g, R1s excludes hydrogen;
Rig is hydrogen, hydroxyl, C4-Cg alkoxy, amino, C4-Cg alkylamino, di
C4-Cs alkylamino, NHOH, NHNH,, C+-Cs alkyl, C4-Cg heteroalkyl, Co-Cs
alkenyl, Co-Cs alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
or
25 a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate or a pharmaceutically acceptable salt or

solvate thereof.

2. The compound of claim 1, wherein
30 Q is hydrogen; halo; cyano; nitro; COR5; SO2R15; PO3sR5; =R or
R1?23 . :R13
Rig’
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3. The compound of claim2, wherein R13 R13 QL is hydrogen;

hal o; cyano;

CO2H, CONH2; R13; or R13, and 20 each @ - 6 independently is hydrogen,
Cl- C6, alwoxyoe/dsadse; ami no; or hydroxy; with the provi poTiUs2d05i0Mm085Y
conmpound only one of the @B, 4, and @& is hydrogen. 4. The conmpound of

claim3, selected fromformulas (l1-i), (lI1-i), (IV-1), (V-
(M1-i) and (M11-i): 128 WD 2006/ 057946 PCT/ US2005/ 042095

25 i), (M-i),
XN NHx Nx N

MO QL MMONMON Q Q1 O Ove OV MO OVe , MO OVe OVE OVE(I -i)

(T1-1) (TV=i) X Yooy X , £O MEO OL MeO N N OMe OV MeO
Ove OV QL and K \%T GRS v (\/T{@ﬁg'gﬁ/iﬂ'%ﬂ joya %l%é)é?@m%o OVe Ove
(VITT-1)  wher edder@, | @, an®ds independently is hydrogen,C4-Cs alkoxy, halo,

amino, hydroxyl, Qs and Q4 together is methylenedioxy, or Q4 and Qs together

is methylenedioxy, provided that in any compound only one of the Q3, Q4 and

5 Qs is hydrogen;

Q7 is C4-Cg alkyl optionally substituted independently with one or more

aryl, heteroaryl, hydroxyl, amino, C4-Cs alkylamino, di C4-Cg alkylamino,

CO3H, or CONH,; COR45; SO2R15; or PO3R1g; or a monosaccharide;

R13 is hydrogen; C4-Cg alkyl, C4-Cg heteroalkyl, C3-Cs cycloalkyl, Cs-Cg

10  heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, Cs-
Ce alkoxy, amino, C4-Cg alkylamino, di C4-Cg alkylamino, NHCOR 5, or CORqg;

and

R4s is hydrogen, hydroxyl, C4-Cs alkoxy, amino, C4-Cg alkylamino, di
C4-Cs alkylamino, NHOH, NHNH,, C4-Cg alkyl, C1-Cg heteroalkyl, Co-Cg
15 alkenyl, C2-Cg alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl.

3. The compound of claim 2, wherein
Ria
[ :R13
Qq is hydrogen; halo; cyano; CO,H; CONH,; ==—Rs; or Rig;
and
20 each Q2 - Qg independently is hydrogen, C4-Cg, alkoxy; halo; amino; or

hydroxy; with the proviso that in any compound only one of the Q3, Q4, and Qs

is hydrogen.

4, The compound of claim 3, selected from formulas (I-i), (1lI-i), (IV-i), (V-

25 i), (VIH), (VII-) and (VIII-i):
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20H , CH2NH2, CO2H , CONH2 PO3H2 CH2POGBH2 CH3, C=CH OH C(Me)20H CH( Me) OH
N - CH2OH (CH2) 20H 5 - CH2- CH2- OH, - CH2- CH2- CH2- OH, - CONH2, -CO2H, -CN, or
hal 0. 5.woheossn@eund of claim4 wherein Xis O 6. Thecetwspesnsoed clai m
5 of formula: 129 WD 2006/ 057946 PCT/US2005/042095 0O N,NH MO QL MeO
Ove Me. 7. The conpound of claim6 wherein QL is CH2ZOH , CO2H , CH3, C=CH
CH(Me) OH , CH2- CH2QH CH2O0H (CH2) 20H 5 8. A compound of formula (XIV): Q Q2
G B A (XIV): wheareim R13 ~R13 10 & isyR13 or R13; RX3 /NR13 @ is -

R13: R13: Cl- akOXW hal o: ami no:
ibleg6 | .

hal o; am no; 2 ani no; #ieOG
AVxs O,

al koxy; nit r% ' “het er oar
A toget her Pm Gy

(I-9)
X
Y
Y X X
MeO N ] \\ z MeO N
\ p Q4 MeO N N \>
MeO ) N /¢ Meo "
OMe OMe MeO g oMe \_/—q, ,and
- OMe OMe
(V-1) OMe
(VI-)
(VII-i)
Y
X
o
MeO OMe
OMe
(VIII-i)
wherein Qq is
CH;0H, =———CH,NH,, =———=——CO,H , CONH,
jE— PO3H2, — CH2PO3H2, — CH3, CECH B
OH
T=——C(Me)OH, =————CH(Me)OH ___ j
— N7 T CHOH ——=—(CH,)0H

2

5  -CH2-CH2-OH, -CH2-CH,-CH2-OH, -CONH,, -CO,H, -CN, or halo.

5. The compound of claim 4 wherein X is O.

6. The compound of claim 5 of formula:
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15 heteroaryl; or Q4 and b together forma C3-C8 heterocycle, an aryl, or
a heteroaryl; with the proviso that in any one conpound, only one of @B-@®
i's hydr ogenpdREdass hydrogen; Cl1-C6 al kyl, Cl-C6 het er ealrhyskoos632008

cycl oal kyl, C3-C8 heterocyclyl, aryl, or heteroal kyl each optionally
substituted with hydroxyl, Cl- 20 C6 al koxy, amino, Cl-C6 al kylam no, di
Cl-C6 al kyl am no; COR18 or NHCOR15; R15 i s hydrogen, hydroxyl, Cl-C6

al koxy, am no, Cl-C6 al kyl am no, di 1-0@ al kyl am no, NHOH, NHNH2, C1-C6
al kyl, Cl-C6 heteroal kyl, C2-C6 al]kedAyZ U2HC6 al kynyl, C3-C8 cycl oal kyl,
C3-C8 heterocyclyl, aryl, or Meie ;= 130 WO 2006/ 057946

PCT/ US2005/ 042095 a tautoner or @ patQ4 somer or a racem c or
non-racem ¢ m xture of isonersyed PAl ynong a hydrate or a

pharmaceutical ly acceptable salt or OM®| vat eomeer eof. 5 9. The conpound of
claim8, wherein R13 R1I3 Ql is R13; or R13; and each @2 - (b independently
i s hydrogen, Cl1-C6 al koxy; halo; am no; hydroxy; @ and 4 together is

net hyl enegi OXY iTh@lc cﬂﬂﬂi t hyl enedi oxy; with the proviso
that in azy corrp%un%b (gﬁ%éwgtvﬂf\é@?&g 10 and & i s hydrogen. 10. The
conpound &F—etaiCcH,BH of %Hcozm he —conpoufids,of=Fditul a: ~1o Q 1 /0 15
wherein QL is CH2OH, CO2H , CH3, C=CH CH(Me)OH , CH2-CH2OH CH2OH (CH2) 20H

11. A conpound of formnul a(XV): @ AU RL B R3
=——CH(Me)OH , CHp-CHOH = CHOH  ——=——(CH,),0H

8. A compound of formula (XIV):
/A@Q1
Q2
Qg Qs
Q

(XIV):

wherein

l“—<

10 Qiis="Ruor Ria;

Ry R
?? : 13
R1a;

Riz; C4-Cg alkoxy; halo; amino; or hydroxy;

Qis=—
each Q3-Qs is hydrogen; halo; amino; C4-Cg alkylamino; di C4-Cg
alkylamino; hydroxyl; C1-Ce alkoxy; nitro; cyano; aryl; heteroaryl; CORys;
SO2Rqg; or POsR1g; Q3 and Q4 together form C3-Cg heterocycle, an aryl, or a
15  heteroaryl; or Q4 and Qs together form a C3-Cg heterocycle, an aryl, or a
heteroaryl; with the proviso that in any one compound, only one of Q3-Qs is
hydrogen;
R1s is hydrogen; C4-Cs alkyl, C1-Cs heteroalkyl, Cs-Cg cycloalkyl, C3-Cs
heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, C4-
20  Cg alkoxy, amino, C4-Cg alkylamino, di C4-Cg alkylamino; COR1g or NHCORs;
R1s is hydrogen, hydroxyl, C4-Cg alkoxy, amino, C4-Cg alkylamino, di
C1-Cg alkylamino, NHOH, NHNH,, C4-Cs alkyl, C4-Cs heteroalkyl, C2-Ce
alkenyl, Co-Cs alkynyl, C3-Cg cycloalkyl, Cs-Cg heterocyclyl, aryl, or heteroaryl;

or
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Q@ QL Q7 20 (XV) wherein R13 R13 QL is R13 or R13, R13 R13 @ is R13;
R13; Cl1-C6 al koxy; hal o; am no; or hydroxy; 131 WO 2006/ 057946

PCT/ US20080Q4@08M46each @B, 4, and B i ndependent!|y i spoydse@sni2obal o;
am no; Cl1-C6 al kylam no; di Cl-C6 al kyl am no; hydroxyl; Cl1-C6 al koxy;
nitro; cyano; aryl; heteroaryl; COR18; SO02R18; or PO3R18; B and Q4
together form C3-C8 heterocycle, an aryl, or a heteroaryl; or Q4 and (b
t oget her form a t@8tddBebohan avdivigudldsoraer ar glracemiceortreareragsnyic;mivdurd t he

proviso that in any one conpqund, only one of - S rogen; Q7 is

hydr ogen; Ozﬂﬁ%?mépebﬂa@r ,gﬂqyﬁ@tecgr %ﬁb@@%?%ﬁa\%fsﬂﬁ?ep%@ﬁo‘%ﬁﬁ%f Cl- C6

al koxy; ni q\;:étem@.?gﬁ_ Cl-C6 al kyl; Ci1-C6 heteroal kyl; Cl1-C6 al kenyl; Cl1-C6
oal

al kynyl ; -C8 cyc kyl; C3-C8 heterocyclyl; aryl; heteroaryl; CORL5;
SO02R18; 10 or PO3R18 or a nonosaccharide; RL is CH2 or CO, R3 is hydrogen,

hal o, C1- al kyl , aryl o etergaryl: .R13 is hydrogen; Cl-C6 al kyl, C1-C6
het erogl k%?, %%%‘P%@fﬁ QBFI?'”&& &%‘eﬂﬂet erocyclyl, aryl, or heteroal kyl
each optionally substituted Wit h hydroxyl, Cl- 15 C6 al koxy, am no, Cl-C6
al kyl am no, di Cl1-C6 al kyl am ng; 15 or COR18 R15 is hydrogen,
hydroxyl, Cl- CRabkoxy, Masiaro, Cl- CoRaldnd anmino, di  Cl1-C6 al kyl ami no,
NHOH, NHNH2, - al kyl 1 - et er oal kyl - CH | kenyl . -6 al kynyl ,
C3- C6 cycl%&l”@%Tc%éf‘é%p%&é‘r@?@?ﬁoﬁe&r @1j%%ﬂ’é‘f’ﬁﬂi%r%m%%?gaﬁo&ms i s
hydrogen, dygh@eytogétherfs mle edisRyIor (lartePQs 28yathkyisani no, di Cl- C6
al kyl am noC?CyNHCﬁ4 _I\?—INHZ,_ Cl-ggﬁ?l Kyl ,nyI-C6 hetsgé)goal kyl, C2-C6 al kenyl,
C2- C6 al kymgthylepedioxycyihdae lpyovis rByY eépgwpingionly apg of the Qadker oar vl ;
or a utq 0 jndividual isomer or a racem c or non-racem c m xture
s offer APEQELS HRbARh

of is a hydrate or a pharmaceutically acceptable salt or

10.  The compound of claim 9 of formula:

the compound of formula:

15 wherein Qq is
CH,OH , CO,H, ——=CHs, C=CH ,
=———CH(Me)OH, =—=——CHyCH,O0H —— CHOH ———=(CH,),0H

11. A compound of formula(XV):

Qs
,\\\ :04
Ry Qz
R3
Qy N
Q

& ;
20 (XV)
wherein
Ris Reg
Qiis=——Ruor Ris}
Fas R13
Qz is ==Rug; Ris; C1-Cg alkoxy; halo; amino; or hydroxy;
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25 solvate thereof. 12. The conpound of claim 11, wherein each @ -

I ndependently i s hydrogen, Cl1-C6, al koxy; halo; amno; or hydroxy; wth

t he proviwo 2bésats7e48 any conpound only one of the B, 4premas288/0695 S
hydrogen. 13. A conpound of claim 11l of the fornulas (XV-i), (XV-ii) and
(XVv-iii) 132 WD 2006/ 057946 PCT/ US2005/ 042095 NEO MO MOXU A A | \
OOw O RROBRLRLOH CH I Il \/ O Q@ H QgH@HQlQandQl
(XV-i) (XV-ii) eaxb-Qi,iQq, andéeindegenient§lis@ydedden: nalgramiQe; Ce-Gsydr ogen or
met hoxy; or, t aut o n_individual or. a.racenic or, non-racemc
mxtur s orGamits A B adRmigR AR G be alko R R a8 'y

accept abl Q]e‘ié‘r’ob 1 COM Y26 0,RNEHEPO,R &4, &né QNG eﬁﬁirﬂ?b@itfromfor”m as
() -0, R N R OR s
A @A @t@zcyom 3 @xwl ooabmroaml or @Basz@gﬁheqiorm a0y

5 heterocycle, an aryl, or a heteroaryl; with the proviso that in any one
compound, only one of Q3-Qs is hydrogen;
Q7 is hydrogen; amino; C4-Cg alkylamino; di C4-Cg alkylamino; hydroxyl;
C1-Cs alkoxy; nitro; cyano; C¢-Cs alkyl; C1-Cg heteroalkyl; C4-Cg alkenyl; C4-Ceg
alkynyl; C3-Cg cycloalkyl; C3-Cg heterocyclyl; aryl; heteroaryl; COR15; SO2R1g;
10  or PO3R1g or a monosaccharide; |
R1is CH, or CO;
Rj is hydrogen, halo, C¢-Cg alkyl, aryl or heteroaryl;
R43 is hydrogen; C4-Cg alkyl, C4-Cg heteroalkyl, C3-Cg cycloalkyl, Cs-Cg
heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, Cs-
15 Cg alkoxy, amino, C4-Cg alkylamino, di C4-Cg alkylamino; NHCOR s or COR1g
R15 is hydrogen, hydroxyl, C4-Cs alkoxy, amino, C4-Cg alkylamino, di
C4-Cs alkylamino, NHOH, NHNH,, C4-C¢ alkyl, C4-Cg heteroalkyl, C4-Cs
alkenyl, C4-Cg alkynyl, Cs-Cg cycloalkyl, C3-Cs heterocyclyl, aryl, or heteroaryl;
R1s is Ryg is hydrogen, hydroxyl, C4-Cs alkoxy, amino, C4-Cg
20  alkylamino, di C4-Cg alkylamino, NHOH, NHNH,, C4-Cg alkyl, C1-Cs
heteroalkyl, C2-Cg alkenyl, C2-Cg alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl,
aryl, or heteroaryl; or
a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate or a pharmaceutically acceptable salt or

25  solvate thereof.
12. The compound of claim 11, wherein
each Qz — Qs independently is hydrogen, C4-Cg, alkoxy; halo; amino; or
hydroxy; with the proviso that in any compound only one of the Qs, Q4 and

30 Qs is hydrogen.

13. A compound of claim 11 of the formulas (XV-i), (XV-ii) and (XV-iii)

132



Q7 Gl N@B >0/ 1 /N B QAQ\ Q 10 @ , and Z (XIX) ON wherein R13
22 R1I3 QL iS R13 or R13, R13 R13 @ is R13; R13; Cl-C6 al koxy; hal o;

am no; orwbydesmwsyd46 15 each each @B- Qb is hydrogen; hal ecTaseens42035 C6
al kyl am no; di Cl-C6 al kyl am no; hydroxyl; Cl-C6 al koxy; nitro; cyano;
aryl; heteroaryl; COR18; SO2R18; or PO3R18; B and 4 together form C3-C8
heterocycle, an aryl, or a heteroaryl; or Q4 and (b together forma C3-C8

het er ocycl e, an aryl, 8a|° a,133 WO 2006“?0570946 PCT/ US206%/ 042095
heteroaryl; with the p so that in one conpound, y one of (B-® is
hydrogen; Q6 is hydraoge am ng &R al kyI am n i**Cl- Co

al kyl am no; hydr gxyl
het er oal kyl ; C1-
het erocycl yl ; af
am no; Cl1-C6 al kyl

Cl- CG aI koxy; nitro; cyano; Cl- 06 a al’kyl ; Cl1-C6
kenyl ; a ynyl ; C3- LM,,, C3-C8
eter oarylo,z CORNS8; SO2R18 Qg 1807 i s hydrogen;

m no; di GCl-C6eaal kyl am noandhydr 0:xy| Cl- C6 al koxy,
nitro; cyano; Cl-C6 al kyl; Cl1-C6 heter Cl-Co al keny

al kynyl ; C3-C8 cycI oal kifV-ilc3- c8 hetergg//dg aryl ; heterQaV)}'l' CCR15
S02R18; 4 R th tH%YrQ §tauthMleP or0r Cl1- C6
al koxy; égﬁe?ém@ gorélk%x ot@%gggﬁgrﬁnﬁ{ﬁer eo% 3 ?s hydr ogen; Cl1-C6
al kyl , Cla@ﬁndjlekjeuabrsbmér or@&aﬁermqoroahkybem@&n%urer@‘tlemmepa;layl aryl, or

am no. 5 CLPGRTREDI ARAEe @ ahmarfall o6 hp?(ﬂ‘i%%“’x ool od 2

hydr ogen, C1-C6 al koxy, am no, Ci- CG al kyl am no, di Cl-C6 al kyl am no, NHOH,
NHNH2, C1-C6 al kyl, Cl-C6 heteroal k C2-C6 al kenyl, C2-
14. A compound selected from ormulas (XVD-(XX):

Qs
Q4
Re Rs O
Qy / N)
S
N
Qe NQ7 |

Q7

Qs Q

R oo , Q, ,

(XV1) (XVII) (XVI1II)
? il\/
10
(XIX) (XX)
wherein
Riz
[ :R13

Qqis=Rsor Riz

Qy is ==Rys; :R13 C1-Ce alkoxy; halo; amino; or hydroxy;
15 each each Qs-Qs is hydrogen; halo; amino; C4-Cg alkylamino; di C4-Cs

alkylamino; hydroxyl; C4-Cg alkoxy; nitro; cyano; aryl; heteroaryl; CORys;
SO,R1s; or PO3Rg; Q3 and Q4 together form C3-Cg heterocycle, an aryl, or a

heteroaryl; or Q4 and Qs together form a C3-Cg heterocycle, an aryl, or a
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C6 al kynyl, C3-C8 cycloal kyl, C3-C8 heterocyclyl, aryl, or heteroaryl; R18
I s hydrogen, hydroxyl, Cl-C6 al koxy, am no, Cl-C6 al kylamno, di 20 Cl1-C6
al kyl am nwo 2bi@s794bIHNH2, C1- C6 al kyl, C1- C6 het er oal kyl pcTCArseEs/oadokeny! ,
C2-C6 al kynyl, C3-C8 cycl oal kyl, C3-C8 heterocyclyl, aryl, or heteroaryl;

or a tautoner or an individual isoner or a racem c or non-racemc mXxture
of isoners, a polynorph, a hydrate or a pharnaceutically acceptable salt or
25 sol vat detérengdf with the fiovisootingd imanybne campolnd, ahlyranerofd@es@@ and 6

i ndependent | |s _hydrogen, hydroxy, Cl-C6 al koxy, halo, or am no; and each
@, &, ahyd Ove; B and Q4 together is 30 nethyl enedi oxy, or 4 and

Qb toget her Isasg%myd?dwi #lo; chfinol 0% LM i & Tgnifamiiasiei n Q2 s

hydr ogen, hydroxyl, fluoro or Q6 is hydrogen, hydroxyl, fluoro,
met hoxy oty raxyt. C&@éaMXQDmHDOSY@% 6@320(55/—@&2@%03|KY' Ca-emrpound of

0”01 B 9 M %W%&?ﬁ]ﬂ%@ %%‘Z@tﬁﬁ%ﬁ/ i 2 Batroah) a1

\('_%)&é(l l)@ b$1 S‘O}E@,g\ﬂrﬁﬂ)gﬁ@ N/ Q Ql Q @ /X)?é @ 81
and
Q7 is hy rogen amlno g CsalkylaQn%ln?de(zh ée alk;>|21m|(n)(<)>al4)yd|(’oxyl )

Q
@
C1-Cs alkoxy; nitro; cyano; C1-Cg alkyl; C4-Ce heteroalkyl; C4-Cg alkenyl; C4-Cs
alkynyl; C3-Cg cycloalkyl; Cs-Cg heterocyclyl; aryl; heteroaryl; COR1s5; SO2R1s;
10  or PO3R4s; or a monosaccharide;
Rs is hydrogen, halo, or C4-Cg alkoxy;
Re is formyl or a protected form thereof;
R43 is hydrogen; C4-Cg alkyl, C1-Cg heteroalkyl, C3-Cg cycloalkyl, C3-Cg
heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, C4-
15 Cg alkoxy, amino, C4-Cg alkylamino, di C4-Cs alkylamino, NHCOR450or CORg;
Ris is hydrogen, C4-Cs alkoxy, amino, C4-Cg alkylamino, di C4-Csg
alkylamino, NHOH, NHNH;, C4-Cs alkyl, C4-Cg heteroalkyl, C>-Cs alkenyl, Co-
Cs alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
Rig is hydrogen, hydroxyl, C4-Ce alkoxy, amino, C4-Cg alkylamino, di
20  C4-Cgalkylamino, NHOH, NHNH,, C4-Cg alkyl, C1-Cs heteroalkyl, C>-Csg
alkenyl, C>-Cg alkynyl, C3-Cs cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
or
a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate or a pharmaceutically acceptable salt or

25  solvate thereof.

15.  The compound of claim 14, wherein
each Q; and Qg independently is hydrogen, hydroxy, C4-Cs alkoxy,
halo, or amino; and each Qs, Q4, and Qs is OMe; Q3 and Qg4 together is

30  methylenedioxy, or Q4 and Qs together is methylenedioxy.

16. The compound of claim 15 wherein Q; is hydrogen, hydroxyl, fluoro or

methoxy; Qg is hydrogen, hydroxyl, fluoro, methoxy or amino.
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B @\ N\

QA A B\N(Q@)n; n=0-3 @ (XXVI1) wherein each QL , @, and b

i ndependently is hydrogen; halo; amno; Cl-C6 al kylam no; di Cl-C6
al kyl am nwo 2byediseggl ; Cl- C6 al koxy; nitro; cyano; 5 Cl- @Talskyos;044085 C6
het er oal kyl ; Cl1-C6 al kenyl; Cl-C6 al kynyl; C3-C8 cycloal kyl; C3-C8
het erocycl yl; aryl; heteroaryl; COR18;, SO02R18 or PO3R18; each B-(b is

hydr ogen;

hal o; am no; Cl-C6 al kyl am no; di Cl-C6 al kyl am no; hydroxyl ;

Cl- C6 al kdxy; A compooydiodforamulas CRS)-€XEMINI ; COR18; SO02R18; or PO3R18; B
and Q4 together \form C3-C8 heterogycle, an aryl, or a,10 heteroaryl; or 4

and b togethgr
the provigp
hydr ogen; 35
Cl- 6 al koxy; RMi%ros-4cyano; C&
al kenyl ; Cl- 06 %l kynyld, C3-C8 cyc%oad)gkyIQ,z C3-C8 het ePocykl y
het er oaryl ;
formul a ) Q7 excludes h gen; 135 WD 2006/
PCT/U82005/04209§&kEB ﬁS{@

that in

oLfgC3- C8 hekser hcylbhe, an aryl,qor
Q_dany one £0 nd,,-gnly one gf
@n-cﬁgal {hoy—di ClL-Cb

. Cl-C6 hef

h?teroaryl ; With
hydrogen; Q7 is

., hydroxyl;

Cl-C6 15

; aryl;

COR15; SO02R18; or PO3R18; or a nonosacchari de; vmth t he proviso

i s hydrogen; ani no; Cl- CG al'ky m no; di Cl-C6

al kyl am no; hydroxyl; Cl-C6 al koxy; nitro; cyano; aryl; heteroaryl; CORLS;

SO02R18 or PO3R18; each QO i ndependy i s hydrogen? hal o; am no; Cl-C6
al kyl ami no; dré5 |} al kyl am nd; {r okyl ; Cl1- koky; nitro; cyano;
aryl; hetergqary SOXRLR O3B Vis - §; T~ NHNHRLG;

- NHN( R16) 2; 510

“CH or -N-; 10 BN« hydroge i O
Cl-C6 al kyl am n®%, ®&HO®: NHNH2, Cl- 6
Cl- C6 al kynyl, Ci1-C6 cycl oal kyl, Cl C6 het erocszIyI aryl, or
het er oaryl ;

al kenyl ,

degen,Q“hy RoxyN-ir habogen; Z is
ahkoxy, ani rfa, E{h% al kyl am no, di
Ql kyl, Cl-C6 heggrdal Kyl C1-C6
R16 is (Kyim’)ogen, Cl-C6 al KXIXY) aryl, Cl-C6 al kxlvsl)ul phonyl ,

aryl sul fonyl, Cl- C6 al koxycarbonyl, am nocar bonyl , Cl-
al kyl am nocar bonyl , di C1-C6 15 al kyl am nocar bonyl, Cl1-C6 acyl, aroyl,

am not hi ocar bon§d , Ye1-ics

10

15

9

(Qg)n; n=0-3

(XXVII)

wherein each Q1 , Q,, and Qg independently is hydrogen; halo; amino;
C1-Cs alkylamino; di C4-Cg alkylamino; hydroxyl; C4-Ce alkoxy; nitro; cyano;
C;-Ce alkyl; C1-Cg heteroalkyl; C4-Cs alkenyl; C+-Csg alkynyl; C3-Cg cycloalkyl;
Cs-Cg heterocyclyl; aryl; heteroaryl; COR4g; SO2R1g or PO3Rys;

each Qz-Qs is hydrogen; halo; amino; C4-Cs alkylamino; di C1-Cs .
alkylamino; hydroxyl; C1-Cg alkoxy; nitro; cyano; aryl; heteroaryl; CORs;
SO,R1g; or POsR1g; Q3 and Qg together form C3-Cg heterocycle, an aryl, or a
heteroaryl; or Q4 and Qs together form a C3-Cg heterocycle, an aryl, or a
heteroaryl; with the proviso that in any one compound, only one of Q3-Qs is
hydrogen;

Qy is hydrogen; halo; amino; C4-Cg alkylamino; di C4-Cg alkylamino;
hydroxyl; C4-Cg alkoxy; nitro; cyano; C4-Cs alkyl; C4-Cg heteroalkyl; C4-Ce
alkenyl; C4-Cg alkynyl; C3-Cg cycloalkyl; C3-Cs heterocyclyl; aryl; heteroaryi;
COR15; SOR1s; or PO3R1g; or a monosaccharide; with the proviso that in

formula (1l) Q7 excludes hydrogen;
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al kyl am not hi ocar bonyl , di Cl1-C6 al kyl am not hi ocar bonyl, Cl1-C6 thioacyl, or
thioaroyl; and R is Cl1-C6 alkyl or aryl; with the proviso that when V is
NR16, RMoes@losdas hydrogen; R17 is Cl-C6 al kyl; aryl; por/uskoosh41065

al kyl am no; 20 R18 is hydrogen, hydroxyl, Cl-C6 al koxy, am no, Cl-C6

al kylam no, di Cl1-C6 al kyl am no, NHOH, NHNH2, Ci- CG al kyl, C1-C6

het eroal kyl, C2-C6 al kenyl, C2-C6 al kynyl, C3-C8 cl oal kyl , C3-C8
heterocyclyl, é}syds hydrodest; @abarayrhlno Gf-CaaiK'yiamrmd 140 dlidawingial i soner

o & phar Pyl earty AkERe i) B/ afd Foeld g CoRE: BREP e Chmpound

of claim pi,pygerein QL is hydrogen; halo; cyano; nitro; CORL8; SO02R18;
PO3R18; R13 or R13 R13 30 R13, R13 I?- R13 2 is R13; R13; Cl-C6 al koxy,
hal o; am no: oeaply @edrgependmntiycs hydmues7 bak; TNV 065 eduadN0; dhch B, 4

and (b i a I 1f r.oxyl
provi d%d t p@%ﬁqé@/‘d ng§hpma%@<yohmﬁ%y£@ a&fl %Qﬁgwﬂlgbﬁjﬂrééen
@B and A IOHELBEPOR KEL hyI enedl oxy or 4 and b together is

met hyl enedi oxy; 5 Q7 is Cl-C6 opt| onal |y substituted i ndependently

with one or noMes AHyRse; h@i‘@“ﬁwr HMRreda yNRielMiIRes; 06T QBi7al kyl anmi no, di
monosacchar | der RIYOTEoRD AVeBEUTORRERR | 1"Cll 8" heter o kyl . ca- 08

cycl oal kyl , C3ZG8 -CHpt@r-edyclyl, aryl, or heteroal kyl each optionally
LTt b S PSR L%
am no, f@eﬁt#ﬁ)ﬁ' R A, N‘HNH Cl 8, éikw'cﬁt@ Ret % l%{lc@ﬁ' kyl,

Cl1- C6 hete 1-C5 - al kenyl yny kyl, C3- 6
het er ocyclqelalkymyylm -G6 chebeikyhr@d—()e m&rosyd’rw;jawgem hetaroasylal koxy, ami no,

% % ﬁler )ellr gg: p is Q%FegeeyéS(gg qlﬁy II aa”PyP&-é' HCHZ'S/ISUIphOHNH%I’yISCL;TfO%?II,%J-(yl
Ce alkoxycarbonyl, aminocarbonyl, C4-Cg alkylaminocarbonyl, di C1-Ce

15  alkylaminocarbonyl, C4-Cgacyl, aroyl, aminothiocarbonyl, C1-Ce
alkylaminothiocarbonyl, di C4-Cs alkylaminothiocarbonyl, C1-Cg thioacyl, or
thioaroyl; and R’ is C4-Cg alkyl or aryl; with the proviso that when V is NRg,
R4 excludes hydrogen;

R47 is C1-Cg alkyl; aryl; or di C4-Cs alkylamino;

20 Ris is hydrogen, hydroxyl, C4+-Cs alkoxy, amino, C4-Cs alkylamino, di
C1-Cg alkylamino, NHOH, NHNH,, C¢-Cs alkyl, C1-Cs heteroalkyl, Co-Ce
alkenyl, C,-Cg alkynyl, C3-Cg cycloalkyl, Cs-Cg heterocyclyl, aryl, or heteroaryl;
or

a tautomer or an individual isomer or a racemic or non-racemic mixture

25  of isomers, a polymorph, a hydrate or a pharmaceutically acceptable salt or

solvate thereof.

18. The compound of claim 17, wherein

Q4 is hydrogen,; halo; cyano; nitro; COR1g; SO2R1g; PO3R1g; =—=Ru or
Rq3
[ :R13
30 Ri3;
Ri3
L Ri3
Q, is =Rugz; Ris; C1-Cg alkoxy; halo; amino; or hydroxy;
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C3-C8 heterocyclyl, aryl, or heteroal kyl, NHOH NHNH2, and R18 is hydrogen,
Cl- C6 al koxy, am no, Cl-C6 al kyl am no, di Cl-C6 al kylam no, NHOH, NHNHZ2,
Cl- C6 al kyb,206l05@66het er oal kyl , C2-C6 al kenyl, C2- C6 alpkynsbkeos6320a8

cycl oal kyl, C3-C8 heterocyclyl, aryl, or heteroaryl. 20 19. The conpound of
claim 18 selected fromof formulas (XXl -i), (XXII-1), (XXIlI-i), (XXIV-i),
(XXV-i) and (XXVI1-i): VV N, N NH MO/ \ MO/ \ NQ . QL MO Ow Ow
, MeO Ove Me, edcN Qi and QY igdepevisiontiviis bixrogea i cRxplkoxy(Xxp] - i)

QL b0 CLEETERG: O RGP 80 oy AR PR e ek o Al ) ¥
(XXV-1)  (OfMkIhydlogen; 49; afd €0 THgéther i metyRAefoxXyX8Y A and &) teddther Hyp
is methylenedioxy;
5 Q7 is C1-Cg alkyl optionally substituted independently with one or more
aryl, heteroaryl, hydroxyl, amino, C4-Cs alkylamino, di C4-Cs alkylamino,
CO3H, or CONHz; COR15; SO;2R1s; or PO3R1; or a monosaccharide;
R13 is hydrogen; C4-Cs alkyl, C4-Cg heteroalkyl, C3-Cg cycloalkyl, C3-Cg
heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, Cs-
10  Cg alkoxy, amino, C4-Cg alkylamino, di C4+-Csg alkylamino; NHCOR5or COR1g
Rys is hydrogen, hydroxyl, C+-Cg alkoxy, amino, C4-Ce alkylamino, di
C4-Cs alkylamino, NHOH, NHNH,, C4-Cs alkyl, C4-Cs heteroalkyl, C1-Cg
alkenyl, C4-Cg alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
Rie is hydrogen, C4-Cs alkoxy, amino, C4-Cg alkylamino, di C4-Cs
15 alkylamino, NHOH, or NHNH,, C4-Cg alkyl, C4-Cg heteroalkyl, C3-Cg cycloalkyl,
Cs-Cg heterocyclyl, aryl, or heteroalkyl, NHOH, NHNH,, and
Rig is hydrogen, C4-Cs alkoxy, amino, C4-Cg alkylamino, di C4-Cg
alkylamino, NHOH, NHNH,, C4-Cs alkyl, C+-Cs heteroalkyl, C>-Cg alkenyl, Co-
Cs alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl.

20
19.  The compound of claim 18 selected from of formulas (XXI-i), (XXII-i),
(XXNI-i), (XXIV-i), (XXV-i) and (XXVII-i):
\ N \ N
2 "NH 7Z ]
MeO Q MeO N
MeO O - MeO \ / a
© OMe OMe , © OMe OMe ,
\ N
Ni
MeO \ N
o N/
© OMe oMe |
25 (XXI-i) (XX1I-i) (XXI1I-i)
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Hp B x ZNHpP Bx N.NBXIZ NB Y BY B QYA ®AQPAR@
@EBQYQR@ @B Q@ OOV (XX (XXX Hp @BV
Q9 @A @ Q B G RO @

(XXXI') (XXXI'l) wherein e
hal o; am no; Cl1-C6 al ky
al koxy; nitro; cyano; C
al kynyl ; C3-C8 cya}
SO02R18; or PO3R18;
di Cl-C6 alky/
het er oar yI", Ocxf
heterocycle

N
B B L,
Z. N. . Hyp WB 2006579468 Q@ B
ac
| a
1
yl;

h
m
- C6
1

oal gcyclyl; aryl; heteroaryl; COR18i

QL
QL , @, and @ independently is hydrogen;
no; di Cl-C6 al kyl am no; hydroxyl; Cl-C6
al kyl; Cl1-C6 heteroal kyl; C2-C6 al kenyl; C2-C6
0 C3-C8 het er
) - is hydrogen/hal o; am no; Cl1-C6 al kyl am no;
xyI Cl- C ; nitro; cyano; aryl;
g8 orM id toget her form C3-C8
\or/aQ1heter ;8 hd Q6 together forma C3-C8
X a 138Ma0 u.-‘ 057926 PCT/ US2005/ 042095

heteroaryl; with e "prov@Me: that in any one Wsmdid, only one of QB-G6 is
hydr ogen; @ i's hy\drogen hal o; am no; Cl1-C6 al kyl am no; di Cl-C6
al kyl am no; hydro -C6 al koxy; nitro; cyano; aryl; heteroaryl; CORLS;
SO2R18; o e h @ independently is hydrogen; halo; am no; Cl-C6
al kyl am no; kyl am no; hydroxyl; Cl1-C6 al koxy; nitro; cyano;
aryl; heteroar SO02R18; or PO3R18; V is -NHNHRL6; -HNR16;
N Hyp) NHRMpO - Nl-dmg;iy . or 10 -N(Hyp) N(Hyp) R wherein Hyp is a hypoxic
activator; Xis O, 16, NR16, -NN(Hyp)R16, or NORl6wherein R16 is Cl-C6
al kyl, aryI , C1-C6 al kylsul phonyl, arylsul fonyl, Cl-C6 al koxycarbony,
am nocar bonyl , (XXIN\GH) al kyl ami nocar bonyl ,(X¥V-iT1- C6 al kyl ami ndéXMbblhyl Cl- C6

(XXXI) (XXXII)
wherein each Q¢ , Q2, and Qg independently is hydrogen; halo; amino;
C1-Cs alkylamino; di C4-Cg alkylamino; hydroxyl; C41-Cs alkoxy; nitro; cyano;
C4-Cs alkyl; C1-Cg heteroalkyl; Co-Cg alkenyl; Co-Cg alkynyl; Cs-Cg cycloalkyl;
10  C3-Cg heterocyclyl; aryl; heteroaryl; COR1s; SO2R1s; or PO3Rys;
each Qz-Qs is hydrogen; halo; amino; C4-Cs alkylamino; di C4-Ce

alkylamino; hydroxyl; C4-Cg alkoxy; nitro; cyano; aryl; heteroaryl; COR1s;
SO,R1g or PO3R1s; Qs and Qg together form C3-Cg heterocycle, an aryl, or a

heteroaryl; or Q4 and Qs together form a C;-Cg heterocycle, an aryl, or a
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acyl, aroyl, am nothiocarbonyl, Cl1-C6 al kyl am not hi ocarbonyl, di Cl1-C6 15
al kyl am not hi ocarbonyl, Cl1-C6 thioacyl, or thioaroyl; wth the proviso that
when X iwoNRfs7HE6 excl udes hydrogen; X1 is 0; Y is hpdragessomods oxyl ,
or halogen; Zis -CH or -N; 20 R15 is hydrogen, Cl-C6 al koxy, am no,
Cl-C6 al kylam no, di Cl1-C6 al kylam no, NHOH, NHNH2, C1-C6 al kyl, C1-C6

het eroal kyl, C2-C6 al kenyl, C2- C6 al kynyl, C3-C8 cycl oal kyl, C3-C8

het er ocychgteroamylwithothetproeisodhgl in @Ry riescopgeva@mnicone®f 8kQs is aryl |
Cl-C6 al k l‘ifu' %hpnyl , arylsulfonyl, Cl- C6 al koxycarbonyl, am nocarbonyl,
Cl- C6 al k@Y @9Bcar bonyl ; di C1-C6 25 al kyl ani nocar bonyl, C1-C6 acyl,
aroyl, am not hgpgahbargen; ﬁéb@@miﬁb;‘@f@%m@tdﬂhiﬂ@?db@nﬂealk@"larﬁiho,CG

al kyl am not hi ocar bonyl ,” C1-C6 thioacyl, or thioaroyl; wth the proviso
that whenhydroxykGeCs slkexyxuiradesney antdateraary; C@%@S@g%: Ofydr oxyl ,
Cl-C6 5aI k p/ am no, Cl1-C6 al kylam no, di Cl1-C6 al kyl am no, NHOH, NHNH2,
Cl- Co -l ke 2C¢x- C6 heteroal kyl, C2-C6 30 al kenyl, C2-C6 al kynyl, C3-C8

cycl oal kyl , C3e&8h Itetirtd@sararitly ishytirogen; hatoeaany; C,-Coalkglanainbpder or an

i ndi vidual_ isonmer or a racemc_or non-racemc mxture of is rTCe , a

pol yrmor phC1xad)ylaming hygrosyhrerabe @koxy) mlyoaex@m:aﬁwléh%ﬁr?awﬁ é%ﬂ&iat e

t her eof . VO [©57946 PCT/ US2005/ 042095 21. The conpound of claim 20
wherein 6|%SR1?iy%&(£)tg%F%;8’ hal o; cyano; nitro; COR18; SO02R18; PO3R18; R13 or
R13 2., R13 RV3s-NRNHRL3-HNRs;i-N(RIBNHR 3; -NHNHy)Rexpr hal o; am no; or

hydroxy; each and | ndependent]y i.s dr ogen, C1- C6 al koxy, hal o,
am nol hyawﬁgyp)ﬁdyggﬁmbﬂ rblj@PHglaqugoﬁ\Q%/qﬁW@ di ogy, or M4 and )(% oo

t th [ ; ' ' | i f th
ogether is &gleb&WRwN%%@g@#yé)h% drfN@RX%ﬁg}%&);?@NCQ“e of the

@B, M4, and I s ‘hydr ogen:; i's 'hydr ogen: , Cl-C6

het er oal kalkyl, @yICE+Eealloaswphonyt3amisulfonyl, C4-Ce alkoxycarbony,
aminocarbonyl, C4-Cg alkylaminocarbonyl, di C4-Cg alkylaminocarbonyl, C4-Cg
acyl, aroyl, aminothiocarbonyl, C4-Cg alkylaminothiocarbonyl, di C4-Cs
15 alkylaminothiocarbonyl, C4-Cg thioacyl, or thioaroyl; with the proviso that when
X is NR16, R1s excludes hydrogen;
X1is O;
Y is hydrogen, hydroxyl, or halogen;
Zis —CH- or —=N-;
20 Ris is hydrogen, C4-Cg alkoxy, amino, C4-Cg alkylamino, di C41-Ce
alkylamino, NHOH, NHNH,, C4-Cg alkyl, C1-Cs heteroalkyl, C>-Cg alkenyl, Co-
Cs alkynyl, Cs-Cs cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
R1s is hydrogen, C4-Cg alkyl, aryl, C1-Cg alkylsulphonyl, arylsuifonyi, C4-
Cs alkoxycarbonyl, aminocarbonyl, C4-Cg alkylaminocarbonyl, di C1-Ce
25 alkylaminocarbonyl, C1~Cg acyl, aroyl, aminothiocarbonyl, C4-Cg
alkylaminothiocarbonyl, di C4-C¢ alkylaminothiocarbonyl, C4-Cg thioacyl, or
thioaroyl; with the proviso that when X is NR+g, R1g excludes hydrogen;
R1s is hydrogen, hydroxyl, C4-Cs alkoxy, amino, C4-Cg alkylamino, di
C1-Cs alkylamino, NHOH, NHNH_, C4-Cs alkyl, C4-Cg heteroalkyl, Co-Cg
30  alkenyl, Co-Cg alkynyl, C3-Cs cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
or
a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate or a pharmaceutically acceptable salt or

solvate thereof.
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het erocyclyl, aryl, or heteroal kyl each optionally substituted with

hydr oxyl, Cl- C6 al koxy, am no, Cl-C6 al kyl am no, di Cl-C6 al kyl am no;
NHCOR15 ow0G@RlB79482. The conpound of Caim 21 having fecmusacos@42oblyp Hyp- -
O NNHpNN B BQAQAQA 1504 B RA, B R, or A B
wherein QL i s hydrogen, CH2OH, CH2NH2 CO2H CONH2 PO3H2 CH2PO3H2, CHS,
C-CH OH C(Me)20H, CH IVE)O—| N CH2OH (CH2) 20H - CH2- CH2- OH,

- CHz- ICI—I2 CH2- OH, - CONH2, - -CN, or halo. 20 23. The conpound of claim
22 selected fr the rou onsl 140 WD 2006/ 057946

PCT/ US200%/10420 8 Wﬁog %bl\\i"qﬁ? Bb NNN MeOMO/ f MOQL QL Q

Voo O Qe ey oen 3l GRRLENEORY, StROL ot=sl aigpr23 of
fornula.(l—ﬁy ONN Hyp  O'N N MeO Owve or MO W OWe .
525. Ac ound Qf formula (XIV): QI @ @& @B
Rz,
R13
L Rq3
5 Q, is = Rug; Riz; C1-Cg alkoxy; halo; amino; or hydroxy;

each Qs, Q4 and Qs independently is hydrogen,C¢-Cg alkoxy, halo,
amino, hydroxyl, Qs and Qg together is methylenedioxy, or Q4 and Qs together
is methylenedioxy, provided that in any compound only one of the Qs, Q4, and
Qs is hydrogen;
10 Ri3 is hydrogen; C4-Cs alkyl, C4-Cg heteroalkyl, C3-Cg cycloalkyl, C3-Cg
heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, C-
Ce alkoxy, amino, C4-Cg alkylamino, di C4-Cg alkylamino; NHCOR1s or COR g

22.  The compound of Claim 21 having formula:

Hyp
/
Ny
\\_4 Qs
e
15 Q |, or
wherein Q is hydrogen,
CHy0H, ——CH,NH,  =————CO,;H CONH,,
P03H2’ ———CHyPOgH, , ——CH3, C—CH
OH
C(Me);0H, ————CH(Me)OH C
— 7 . ——CHOH ———(CH,),0H

-CH2-CH2-OH, -CH-CH3-CH,-OH, -CONHy, ~CO2H, -CN, or halo.

20 23. The compound of claim 22 selected from the group consisting of
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A (XIV) wherein RI3 R13 10 QL is R13 or R13, R13 R13 @ is Rls; ~/ R13;

Cl- C6 al koxy; halo; am no; or hydroxy; each B-Q is hydrogen; hal o;

am no; ClwO&o@ddsydsanmi no; di Cl-C6 al kyl am no; hydroxyl pcChrs@dsaliooxy;

nitro; cyano; aryl; heteroaryl; CORL8; SO02R18, or PO3R18; B and Q4

toget her form C3-C8 heterocycle, an aryl, or a 15 heteroaryl; or 4 and b

together forma C3-C8 heterocycle, an aryl, or a heteroaryl; (-OHyp) or

( NHyp) with the proviso that in any oneH;(ponpound afYP+east one of B- b
h

s (-OHyp) or (-NHyp); R13 i s hydrogen Cl C6 al kyl, Ne%oal kyl ,
C3-C8 cycl oal kyl , »C3-'G¢"Yhet er ocycl ) ) or H)Ee er oz e opt i onal | y
subst i t ut egkowiA iy hydeso yI, GO am ' Qmino, di

Cl- C6 al kyl amng; O 1\49{%
R15 is hydrmn@en ClMeC6 al kox am no, C aI amny, di Cl-C6
al kyl ani no, IVQ%(IHNHZ(%/'V'GCi C6 al ky’%a, C1- e nabhdr oal kyl : ~06 W%enyl ,
C2-C6 al kynyl C3 C8 cycl oal kyl, C3-C8 heterocyclyl, aryl, or heteroaryl
Hyp is hypoxic activator; or 5 a tautomer or an i ndi vi dual isoner or a
raceni ¢ or2dnon-A egmpoondiof claim 2306f fosopters, a pol ynorph, a hydrate or a
pharmaceutically acceptable salt or solvate thgreof. R13 R13 26. The

042095

conpound of claim 25 wberel n is R13; oo R13 10 and each @2 - &

i ndependently is hydro, QL6 al koxy; ba N\am no; or hydroxy; with the
provi so that i nean ownd at | easd—g @ is (- OHyp) or (-NHyp);

or a tautonmer or a i atQi soner F-Q, Or non- racem c m xture

of isoners, a palepforyh, drate g&o’a pharmaceutically acceptable salt

or solvate thereof. 18Me OMe or OMe OMe
5
25. A compound of formula (XIV):
e Q
She
Q3 Qs
Q4
(XIV)
wherein
Rqg Ris
10 Qiis=—"Rsor Ri3;
1 Rq3
Q, is =Ry3; Riz; C1-Cg alkoxy; halo; amino; or hydroxy;

each Q3-Qs is hydrogen; halo; amino; C4-Cg alkylamino; di C¢-Cg
alkylamino; hydroxyl; C4-Cg alkoxy; nitro; cyano; aryl; heteroaryl; CORyg;
SO0.R1g, or PO3R1s; Qs and Q4 together form C3-Cg heterocycle, an aryl, or a
15  heteroaryl; or Q4 and Qs together form a C3-Cg heterocycle, an aryl, or a
heteroaryl; (-OHyp) or (-NHyp) with the proviso that in any one compound, at
least one of Q3-Qs is (-OHyp) or (-NHyp);
Rus is hydrogen; C4-Cg alkyl, C1-C¢ heteroalkyl, C3-Cs cycloalkyl, C3-Cg
heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, C1-
20  Cg alkoxy, amino, C4-Cg alkylamino, di C4-Cg alkylamino; CORgor NHCOR s,
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27. A conmpound of formula (XXXIV): @ CQ RL I RZ3 QZ N @Q HYP (X)(XIV)
wherein R13 R13 20 QL is R13 or R13; R13 2., RI3 @ is R13; , R13; Ci1-C6
al koxy; habapocasveae; or hydroxy; each @B, 4, and & i rdepspasniloysi s

hydr ogen; halo; am no; Cl1-C6 al kylam no; di Cl1-C6 al kyl am no; hydroxyl;

Cl- C6 al koxy; nitro; cyano; aryl; heteroaryl; COR18; SO02R18; or PO3R18 ;
@B and 4 together form C3-C8 25 heterocycle, an aryl, or a heteroaryl; or
Q4 and & togetRneris h;admganchydraxylhéhd%)alkokye anainoalyiGe akylaminey, eli oar yl ; 142

G P i ks 2, e
hal o, CI1- Gfy yd)g-C%Sama@yP rC3L'®§ &@éﬂ(& C%B(E%lﬁetbfodwm Fé}?ﬂ or ﬁéte?@a@l kyl,

Cl- C6 heteroal Kyl cycl oa het er ocyc aryl, or
het er oal kyl ead‘ﬂvmqsthwid @C’tbyatm't Dt uted with hydroxyl, Cl- C6 al koxy,

am no, .C1-C6 al k am no 8 R15 is
hydrogén C1- C@ ?rbﬁﬂ? H%vx@a@goéekwgr{?ﬁ%mlcd?r %1”‘?%0%‘ %EHrgm no,
NHOH,  NHNH? isdpered agdddiythorghl a®fydrates of bledtmadeliticall bl§@el§rYtlable@erltcS?6 al kynyl ,
C3-C6 cycl oal kyl , C?(%rhhe%rg@yclyl aFyI, or het ey?oaryl R18 is hydrogen,
hydroxyl , solvatBthgrrefky, amino, CL-C6 al kylanino, di Cl-C6 al kyl ami no,

NHCH, NHNH2 Cl-C6 al kyl, Cl1-C6 heteroal kyl, C2-C6 al kenyl, C2-C6 al kynyl,
C3-C8 cycl oal kyl, C3-C8 heterocycl yl, aryl, or heteroaryl; 15 Hyp is

hypoxi ¢ activator; or Ri3 Res

26. The compound of claim 25 wherein Qq is ==Ru3; or Ris;

10 and each Q; — Qs independently is hydrogen, C4-Cg alkoxy; halo; amino; or
hydroxy; with the proviso that in any compound at least one of Q3-Qs is (-
OHyp) or (-NHyp); or a tautomer or an individual isomer or a racemic or non-
racemic mixture of isomers, a polymorph, a hydrate or a pharmaceutically

acceptable salf or solvate thereof.

15
27. A compound of formula (XXXIV):
Qs
}: :Q4
Ry Qg
Rs
Qs N
'y Hyp
(XXXIV)
wherein
Ri3
[ :R1s
20 Qiis="Ruor Ris;
Ri3
[ :R13
Q; is = Rys; Ris; C1~-Cg alkoxy; halo; amino; or hydroxy;

each Qs, Q4, and Qs independently is hydrogen; halo; amino; C4-Cs

alkylamino; di C4-Cg alkylamino; hydroxyl; C4-Cg alkoxy; nitro; cyano; aryl;

heteroaryl; COR1g; SO2R1s; or PO3R1s; Q3 and Qq4 together form Cs3-Cg
25  heterocycle, an aryl, or a heteroaryl; or Q4 and Qs togethér form a C;-Cg

heterocycle, an aryl, or a heteroaryl;
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a tautomer or an individual isomer or a racem c or non-racemc m xture of
| soners, a polynorph, a hydrate or a pharmaceutically acceptable salt or
sol vat e tWwenreefos7226 28. The conpound of claim27 MeO Me@®chhrS2008/044095 |
LOBM R OM R OB R, OH CH3 W 3N N~HYP Q2 HYP 2 @2 HYP Q Q or
wherein @ is Cl-C6 al koxy and Q4 is hydrogen or nethoxy. 29. A conmpound
selected fromfornmulas (XXXV)-()XXI): @B B A A Re Re @B NN @B N NHYP

I \J QB NHyp Iwith theNro@so €hatGB @y diéPcordpo@d, @nly oG8 aDR(QRASV) ,  ( XXXVI)
(XXXVI 1) 43 WO 2006/ 057946 PCT/ US2005/042095 & @& U4 4 Hyp HYP

BN Q6 dgedi Qa , and QZ ( OXVII1) (X)(XIX) wherein RL3
R4 is CH;, or CO;

Rs is hydrogen, halo, C¢-Cg alkyl, aryl, or heteroaryl;
5 R43 is hydrogen; C4-Cs alkyl, C1-Cs heteroalkyl, C3-Cg cycloalkyl, C3-Cs
heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, C4-
Cs alkoxy, amino, C4-Cg alkylamino, di C4-Cg alkylamino, NHCORs , or
CORys;
R15 is hydrogen, C1-Cs alkoxy, amino, C4-Cg alkylamino, di C4-Cg
10  alkylamino, NHOH, NHNH,, C4-C; alkyl, C4-Cg heteroalkyl, C4-Cg alkenyl, C4-
Ce alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
R1s is hydrogen, hydroxyl, C4-Cg alkoxy, amino, C4-Cg alkylamino, di
C1-Cs alkylamino, NHOH, NHNH>, C4-Cg alkyl, C+-Cg heteroalkyl, C,-Cg
alkenyl, C,-Cg alkynyl, C3-Cg cycloalkyl, Cs-Cg heterocyclyl, aryl, or heteroaryl;
15 Hyp is hypoxic activator; or
a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate or a pharmaceutically acceptable salt or

solvate thereof.

20 28. The compound of claim 27

MeO MeO MeQ Qs
Qq Qq

OMe
R{ OMe Ry oM R OH
o I

N N N

Q; Hyp Q; Hyp Z Hyp
Q 3 Q4 Q

wherein Q; is C4-Cs alkoxy and Q4 is hydrogen or methoxy.

e
Q
, Or

29. A compound selected from formulas (XXXV)-(XXXIX):

25

(XXXVII)
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R1I3 Ql is - R13 or R13, R13 R13 5 @ is R13; R13; Cl-C6 al koxy; hal o;

am no; or hydroxy; each @B-Q is hydrogen; halo; am no; Cl-C6 al kyl am no;
di Cl- C6 wel2kydismgpo; hydroxyl; Cl-C6 al koxy; nitro; cyaowushasoimesyl ;
COR18; SO02R18; or PO3R18 with the proviso that in any one compound, only
one of B-Q is hydrogen; B and Q4 together form C3-C8 heterocycle, an
aryl, or a heteroaryl; 10 or Q4 and b together forma C3-C8 heterocycle,
an aryl, or a hetep@aryl Q0 |s hyrogen hal o; am no; Cl1-C6 al kyl am no;
di Cl- CG al kyl am ns hydroxyl a \ al koxy, nitro; cyano; Cl-C6 al kyl;
Cl- C6 het eroal kyl al kenyl ; C6/ 4l kynyl; C3-C8 cycl oal kyl; C3-C8
het erocycl yl ; awyls roaryl ; ] "SP2R15 or PO3R15; 15 Q7 is

hydr ogen; am no; | am no; Cls al kyl am no; hydroxyl; C1-C6
al koxy; nitro; 7. C1-C6 al kyl -CG het er oal kyl; Cl1-C6 al kenyl; C1-C6
al kynyl; C3- @8 cyslog] kyl; C3- (@ Qcyclyl; aryl; heteroaryl; COR18,;
SO2R15; or P03P15' of a m)gﬁaacch ide; R5is hydrogen hal o, or Cl1-C6

al koxy; 20 R6 is fzorrryl of "a prot ected formthereof: RI3 is hydr ogen;

Cl- C6 al kyl, CIXEXWiet er oal kyl, C3(EEXt¥rl oal kyl, C3-C8 heterocyclyl,
aryl, or het ehoal kyl each opti onal |y substituted with hydroxyl, Cl- C6

al koxy, ami n8N€E@INCs al kyl ami no, di  Cl- C6 al kyl ami no, NHCORL5 or CORL5:
R15 i s hydrogen, Cl-C6 al kory, am no, Cl-C6 al kylam no, di Cl-C6 25

al kyl ami no, NHOH, NHNH2, 01-g:b__314g§3, Cl- C6 heteroal kyl, C2-C6 al kenyl, C2-
C6 al kynyl, C3-@Biscyetodtbyl, C3-C&dheterocyclyl, aryl, or heteroaryl; 144
WO 2006/ 057946 PCT/ US2005/ Q42095 R18 is hydrogen hydr oxyl, Cl-C6 al koxy,
am no, Cl-C6 al kyl am no, di Cl- Ral kyl am no, NHOH, NHNHZ2, Cl-C6 al kyl ,

Cl- @6 fet er oal ky] js £2-CR, 52l 1R13C@n@eﬁk§>y‘¥4alo Gnits; Sb’ﬁ%%kW' 03-08
heterocyclyl, aryl, or heter oaryl poxi ¢ activator; of

t aut omer or an dactiQ4-Qyid hydrogen; baloaarrmr@ﬁC@alklytamma,c@rﬁleCm xture of

LoPTer BB KL B B e COR Sl 7

or PO3R g with the proviso that in any one compound, only one of Q3-Qs is

hydrogen; Q3 and Q4 together form C3-Cg heterocycle, an aryl, or a heteroaryl,

10  or Q4 and Qs together form a C3-Cg heterocycle, an aryl, or a heteroaryl;

Qg is hydrogen; halo; amino; C4-Cs alkylamino; di C4-Cg alkylamino;
hydroxyl; C4-Cg alkoxy; nitro; cyano; C4-Cg alkyl; C4-Cg heteroalkyl; C4-Csg
alkenyl; C4-Cg alkynyl; C3-Cs cycloalkyl; C3-Cg heterocyclyl; aryl; heteroaryl;
COR5; SO2R15 or PO3R15;

15 Q7 is hydrogen; amino; C4-Cg alkylamino; di C4-Cg alkylamino; hydroxyl;
C4-Cs alkoxy; nitro; cyano; C4-Cs alkyl; C4-Cg heteroalkyl; C1-Cg alkenyl; C1-Cs
alkynyl; C3-Cg cycloalkyl; C3s-Cg heterocyclyl; aryl; heteroaryl; COR4g; SO2R1s;
or PO3R15; or a monosaccharide;

Rs is hydrogen, halo, or C4-Cg alkoxy;

20 Rs is formyl or a protected form thereof;

R13 is hydrogen; C1-Cs alkyl, C4-Cg heteroalkyl, C3-Cg cycloalkyl, C3-Cs
heterocyclyl, aryl, or heteroalkyl each optionally substituted with hydroxyl, C4-
Cs alkoxy, amino, C4-Cg alkylamino, di C4-Cs alkylamino, NHCOR 5 or COR¢s;

R1s is hydrogen, C4-Cg alkoxy, amino, C1-Cg alkylamino, di C4-Csg

25  alkylamino, NHOH, NHNH,, C4-Cg alkyl, C4-Cs heteroalkyl, C,-Cgs alkenyl, Co-
Cs alkynyl, C3-Cg cycloalkyl, Cs-Cs heterocyclyl, aryl, or heteroaryl;
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10 each @ and Q5 independently is hydrogen, hydroxy, Cl-C6 al koxy, hal o,
or amno; and each B, 4, and & is W. 31. The conpound of claim 29
wher ei n QRoi2sodmsdr4egen, hydroxyl, fluoro or nethoxy; Qcirasbydnomesn,
hydroxyl, fluoro, nmethoxy or am no. 15 32. A conpound selected from

formilas (XU)-(XLITI) Q6 Q6 Q6 Q4 Q4 4 HYP QB N QB NGB NNHYP | | >==Q
H3CG-N' NHYP H3GN' - - , and (XL) (XLI) (XLl 1) 6 4 Hyp @B M N

H3C-N 20 ( XLI | IR4s isvhgdesigen, hadlrmeBmBSg alkbyyiragio, Chdlqalkgainig, d1- C6

| kyl am 1- C6_al I Ik tr X

gr y?/ ahmetne b&ﬁ?&yb@ﬁ%&ﬂ@%% 3?%%%2% OX%WHQ 'tcr%at C?ﬁngny one
conpound, AR I%@C%fall@%yl @@cyaoalk K %9@? héfé‘?oé%ﬁ%{ﬁ @ heddroaryl;

PCT/ US2005/ 042095 15 i § "hydr ogen, koxy, "am no, Cl-C6 al Kyl ami no,
di Cl1-C6 al kyI driiymis, hyxie®ig; acliveior; ocl- 06 al kyl, Cl1- C6 heteroal kyl, C2-C6

kel oo o BRI or R RG] SPSKor e LS SRR MRl
al kyl am noof lﬁcbme@ GJpcﬁimaPW|efa\|ﬁ§vd?atel\ibi%phb}ﬂhlb’é?eut@éﬂ@ﬁc@é;kmble é‘élt&ﬁ
het er oal kyl , - enyl -C6 al kynyl, C3-C8 cycloal kyl, C3-C8

het er ocycl%ﬂ'VatQﬁmreoﬁr het eroaryl; Hyp is hypoxic activator; or a tautomner
or an individual isoner or a racem c Oor non-racem c m xture

30. The compound of claim 29, wherein
10 each Q2 and Qg independently is hydrogen, hydroxy, C4+-Cs alkoxy, halo, or
amino; and each Qs, Q4, and Qs is OMe.

31.  The compound of claim 29 wherein Qg is hydrogen, hydroxyl, fluoro or

methoxy; Qg is hydrogen, hydroxyl, fluoro, methoxy or amino.

15
32. A compound selected from formulas (XL)-(XLIII)
Qs
Qq
Ly
Qg N
[ o
Cr™
HaC—N
. , and
(XL
20 (XLII)

wherein

each Qs-Qs is hydrogen; halo; amino; C4-Cg alkylamino; di C4-Cs
alkylamino; hydroxyl; C4-Cs alkoxy; nitro; cyano; aryl; heteroaryl; CORsg;
SO2R1s; or PO3R g with the proviso that in any one compound, only one of Qs-
25 Qs is hydrogen;
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of isoners, a polynorph, a hydrate or a pharmaceutically acceptable salt or
10 solvate thereof. 33. A conpound of formula (XLIV): @B 4 & Qb RO N Hyp
(XLIV) Dsoesmns@e6(d i s hydrogen; hal o; am no; Cl-C6 alpkylmmisoszeds Cl- Co
al kyl am no; hydroxyl; Cl-C6 al koxy; nitro; cyano; aryl; heteroaryl; CORLS;

SO2R18; or PO3R18 with the proviso that in any one conpound, only one of B
b is hydrogen; RO is Cl1-C6 al kyl; aryl; or heteroaryl; 20 R15 is hydrogen,

Cl- C6 al koxy, aRiqis,hyGtode, &111@4 alkbn;b,,ardlnoCQ@% alﬁjllbmlmﬁdic& (NHCH NHNH2,
Cl-C6 al kyl, Cl1-C6 heteroal k C2- C6 al ken CyY C3-C8
ey oal kyl sk, RIFTb YN, CaCplatiod CropSebaiop HamCe ke Son,

hydr oxyl , al kyI am no,
NHOH,  NHN @”&@%@?ﬁ%% gﬁ"r%%'{%l"@m & 'C@ 9%@{?%'
al kynyl , C3 C8 Rygisdaidkyden, G&d@yhéhe@@aymb(y,l amaroy IG4-Os allkylammxa,rdnl or a
tautoner o n' |v1du r acemc. o on-racen ¢ 'xture of
i soner S aéb§6 %ﬁ'noaﬂ%é @Wﬁpﬁl&l mﬁlfé%g?{]e;mg@%& e salt or
solvate t I/ ound of
cl aim 33 \?ﬂerﬂlncé@@ @90(% @?Zz?&@aligr ('E'gségﬁé{eqcorrpoun§/il for%ugﬁg (XLV):
0 I~ ~0 @B S"AHip Hybypc@dc activator; or
a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate or a pharmaceutically acceptable salt or
10  solvate thereof.

33. A compound of formula (XLIV):

Soa
N
(XLIV)

15 each Q3-Qs is hydrogen; halo; amino; C-Cg alkylamino; di C4-Ce
alkylamino; hydroxyl; Cq-Cg alkoxy; nitro; cyano; aryl; heteroaryl; COR;g;
SO2R15; or PO3R g with the proviso that in any one compound, only one of Q3-
Qs is hydrogen;

Rg is C4-Cs alkyl; aryl; or heteroaryl;

20 Rqs is hydrogen,' C+-Cs alkoxy, amino, C4-Cg alkylamino, di C4-Cg
alkylamino, NHOH, NHNH,, C+-C; alkyl, C4-Cg heteroalkyl, C,-Cg alkenyl, Co-
Cs alkynyl, C3-Cg cycloalkyl, C5-Cg heterocyclyl, aryl, or heteroaryl;

R1s is hydrogen, hydroxyl, C4-Cs alkoxy, amino, C4-Cg alkylamino, di
C1-Cs alkylamino, NHOH, NHNH,, C¢-Cg alkyl, C4-Cg heteroalkyl, C,-Cg
25 alkenyl, C-Cs alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
or
a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate or a pharmaceutically acceptable salt or
| solvate thereof.
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@ wherein each B-(b is hydrogen; halo; am no; Cl-C6 al kylam no; di Cl- C6
al kyl am no; hydroxyl; Cl1-C6 al koxy; nitro; cyano; aryl; heteroaryl; CORLS;
SO02R18; owOoRO@REB46¢i th the proviso that in any one conpegmds2@sioy09ne of
@3- 10 & is hydrogen; R15 is hydrogen, Cl-C6 al koxy, am no, Cl-C6

al kyl am no, di Cl1-C6 al kylami no, NHOH, NHNH2, C1-C6 al kyl, C1-C6

het eroal kyl, C2-C6 al kenyl, C2- C6 al kynyl, C3-C8 cycl oal kyl, C3-C8

het erocyclyl, aryl, or heteroaryl; R18 is hydrogen, hydroxyl, Cl-C6 al koxy,
am no, Cl1- al kyl am no, %i 1&1?1? %3@: al .k)é/#am no, NHOH, NHNH2, C1-C6 al kyl,
Cl- C6 het ePdal kyl'® CeRIRGAINARAClAM 33 wherginRalSny | c3- C8 cycl oal kyl, C3-C8
het erocycl yl, aryl, teroaryl; I—gp i-s, hypoxic.activator; or a tautomner
or an individual isonef a fa ﬁm_noenzc f of isoners, a
pol ynor ph, a hydrate o ph ceutigal | y accepiah) & s or 20 solvate
t hereof. 36. The conpound of claim 35 wherein each 3-06 is W. 37. A
conpound of formula(XLVI):: 0 RLO N 25 Hyp Me (XLVI) 147 WO 2006/ 057946

PCT/ US2005/ 042095 wherein Rio is Cl-C6 al kyl and Hyp is hypoxic activator
and a tiaut 3ber Arcoampaurdi of fdoallai (XbVOr: or a racem c or non-racem c m xture

of isonmers, a polynorph, a hydrate.or a pharnmaceutically acceptable salt
or solvate thereof. 5 38. Th? §of[m d XY Caim37 where R10 is nethyl.
39. The conpound of @n 0§7 Cl &l ns :g 38 wherein Hyp is selected from

|
02N x3 x2Xz \\ /1- C( ). CCP CZN 0)2 O ~\\ X2-X2 n X2"-X2 n
[ X2=:=X2 O X2-- X2 X2, Hyp

Q3
wherein each Q3-Qs is hydrogen; halo; amino; C4-Cg alkylamino; di C4-
Ce alkylamino; hydroxyl; C4-Cs alkoxy; nitro; cyano; aryl; heteroaryl; CORyg;
SO:R1g; or PO3R1g with the proviso that in any one compound, only one of Q-
10 Qs is hydrogen; |
R1s is hydrogen, C4-Cg alkoxy, amino, C4-Cs alkylamino, di C4-Cg
alkylamino, NHOH, NHNH,, C-Cg alkyl, C4-Cg heteroalkyl, C>-Cg alkenyl, Co-
Cs alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
R1s is hydrogen, hydroxyl, C4-Cg alkoxy, amino, C4-Cg alkylamino, di
15  C4-Csalkylamino, NHOH, NHNH,, C4-C; alkyl, C4-Cs heteroalkyl, C2-Cg
alkenyl, C>-Cs alkynyl, C3-Cg cycloalkyl, C3-Cg heterocyclyl, aryl, or heteroaryl;
Hyp is hypoxic activator; or
a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate or a pharmaceutically acceptable salt or
20  solvate thereof.

36. The compound of claim 35 wherein each Q3-Qs is OMe.

37. A compound of formula(XLVI)::

25




X2 C(R30)2 Co )C(R30)2\co X3 X2-X2 n 10 N2 , 02N 2 tO O ((R30)2 \CO O
X2 ~C(R30)z \CO 1l X2 1l Xz NR31 2 Rai X No and O wherein each X2 is N
or CR32; w@we/08R34, S, or 0; each R30 is independent!ypoydseasnsmps al kyl ;
15 R31 is hydrogen, hydroxyl, Cl-C6 alkyl or heteroal kyl, C3-C8 cycloal kyl,
het erocyclyl, Cl-C6 al koxy, Cl-C6 al kyl am no, Cl-C6 dial kyl am no, aryl or
heteroaryl, Cl1-C6 acyl or heteroacyl, aroyl, or heteroaroyl; R32 is

hydr ogen, hal og@herail Riois Sy&nalkydiand, Hm%pﬂﬂ@ac’twﬂtorm@a(bamtbmer Cl- C6

I
Ry 2 e ST Tine b BB e S acep R B o s ERRg 20”1
148 WD 20060 19meRpH6, d’@'dl‘dféaﬂélﬂfbm&&euﬁ&ll Emepwm@yéwopéowb@ RepSofvher ei n
Hyp is selected from R31 O R3~ 02N N-C(R30)2 CO 02N C(Rao)z \CO X2 n

/ X2 R32 R3z e O 02N C(R30)2 O COOZN S C(R30)200CONn\ / n R32 R32 and
R32 R3% 38 The compound of Claim 37 where Ryq is methyl.

39.  The compound of any one of claims 20-38 wherein Hyp is selected

from:
XZ\XZ
X
BT
‘—X n Z\XZ
X2,__X2
/Xz XZ———Xz
C(Rso)z% J>f
\ / C(R30)2
10 T

o C(RSO)Z% *'>P o

Xz Xz O\
L g # e orf

o}
wherein each X; is N or CR3y;
X3is NR3¢, S, or O;
each Ry is independently hydrogen or alkyl;

15 Rs1 is hydrogen, hydroxyl, C4-Cg alkyl or heteroalkyl, C3-Cg cycloalkyl,
heterocyclyl, C1-Cg alkoxy, C1-Cs alkylamino, C4-Cg dialkylamino, aryl or
heteroaryl, C4-Cs acyl or heteroacyl, aroyl, or heteroaroyl;

Rsz is hydrogen, halogen, nitro, cyano, CO,H, C;-Cgalkyl or
heteroalkyl, C1-Cg cycloalkyl, C4-Cg alkoxy, C4-Cg alkylamino, C4-Cg

20  dialkylamino, aryl, CON(Ry7)2, C1-Cg acyl or heteroacyl, or aroyl or heteroaroyl;
and

n=0,1.
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5 41. The conpound of claim40 wherein Hyp is M N o fn ~ NX®2 co- \ N
wherein n = 0 or 1, provided that in -Odyp n = 0. 42. A pharmaceuti cal
conposi t iwo 20@npre4si ng a pharnaceutically acceptable cacriuseooanaoas
conmpound according to any of clains 1-41. 10 43. A nmethod of treating
cancer conprising admnistering a therapeutically effective anobunt of a
conpound according to any of clains 1-42 alone or in conbination wth one
or more ant9- cahl @POWQ af laims S derein iypeissatgcted dlom:t r eat ment . 15 44,
A nethod of treaf] ng ah ggr roliferative d| s ase onprising adm nistering
a therapeu,cal &@3092% unt of cql ording to any of
claims 1-472 t \a bj ect eedo‘?'b trea 149

Raz
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5 41.  The compound of claim 40 wherein Hyp is

CO. /
/< mN wherein n = 0 or 1, provided that in -OHyp n = 0.

42. A pharmaceutical composition comprising a pharmaceutically
acceptable carrier and a compound according to any of claims 1-41.

10
43. A method of treating cancer comprising administering a therapeutically
effective amount of a compound according to any of claims 1-42 alone or in
combination with one or more anti-cancer agents to a subject in need of such
treatment.

15

44. A method of treating a hyperproliferative disease comprising
administering a therapeutically effective amount of a compound according to
any of claims 1-42 to a subject in need of such treatment.
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