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WD 2007/ 002931 PCT/ US2006/ 025881 PHOSPHORAM DAFE

ALKYLATOR PRODRUGS CROSS- REFERENCES TO RELATED
WQRRPIZAO@AI1T ONS [ 0001] This application clai ns PEnEs1006/025881

of U.S. provisional patent application No. 5

60/ 695, 755 filed 29 Jun 2005, which is incorporated

herein_by r _ D |

F o PROSRICRANTDAER AbK W ATOR FRANRUGS
provi des conpositions and nmethods for treating cancer
and 10 other hyperproliferative di sease conditions

W t h phaspharam [ r I present

i nventi @R%&’%@ngﬁgé gﬁéﬁ@ %ﬁﬁﬁgéﬁ(ﬁl\}s

CREM Sfi¥atida @i | . kishalPMtent HRAICHRGONOTY ,
[0001] aﬁg’ggn@g’?l}é?th@.&%@g???%?iog%?ﬁ (I)?{\EFlat e B 603]
60/695,76 k Yiledit Aonkyn 2§ 0F tvehi¢h mlikgdrperated hersin byrtefergheps” ) used in

cancer chenot herapy 15 enconpass a diverse group of

chem cals that have the ability to al kyl ate

bi ol ogically vital rmacronol ecul es such as DNA under

physi ol ogi cal BAGKEIRQUND QESHEINYRATION al ., The
. armacol ogi cal Basis of Therapeutics, 2001, 13
—%%Fleldo Vel \tGraw H ||, New York, USA). DNA al kyl ation
IS postulated to be an inportant rEech nismin the
[0002] arEhictnuprsnt inwentipnpyoBies RIPPFILPRY 40 mﬁ@ods or treating cancer and
chemmt-her aneyt ] ~ ; . The
other hgRTR} AR iR R ARl REulh @M ator prodrugs
presentGhvengiof lrbasrhliygreludseto dae fetdsofdhiemi st b gyymolecular biology,
internmedi ates such as an aziridine or an aziridinium
Phamaéﬁloigﬁfﬁnd[lﬁ?fgﬁ]w@hosphor am date based al kyl ators used
i n cancer therapy, such as Cycl ophosphan de and
DescrigtfonsffRelated Ad#r e an i nportant subcl ass of
chenot herapeutic al kyl ators. Cycl ophospham de and
[0003]! f OBk RAhgacaneeRyhtast dnvahatrdsy) ubel inicurser ahemotherapy
active alkylator 25, released al kyl ates_nucl eo h|.Ihc il
encompes edivessesaiewp efchemécatninatfayaile aOHEY o alkylalehip L@y it
a C ' i ' L ons
mcrorflgBiles AT, DR 2R by ApBRieal dohalify REL MR 2L 0%
PharmbéiibgeqBdsisof Thbrepbmtes 2000, B39 1HOpNeSiratiE]l, Mewntork, USA).

DNA fHide dpsulatt o o Barersyt BERr Lo 0B ot
alkylat?}g!; z[:ht@tcﬁgmotﬁgféﬁ%utgl A 1abisoRt & stivpgleldditopiaildssfo 8rangle, through

I'n unwanted toxic events in patients (see
the foriaticimainaghboging-dkteroatamrstapilizpozporintrmmediates such as an aziridine

PCT/ US2006/ 025881 0 INCCN \N~/CI OCNH ~I d H d d
or an aziridinium cation.

[0004] Phosphoramidate based alkylators used in cancer therapy, such as
Cyclophosphamide and Ifosfamide, are an important subclass of chemotherapeutic alkylators.
Cyclophosphamide and Ifosfamide are each activated in the liver and the active alkylator
released alkylates nucleophilic moieties such as the DNA within the tumor cells to act as a
chemotherapeutic agent. If the active alkylators are released away from the tumor, DNA and
other nucleophilic moieties such as the phosphate, amino, sulthydryl, hydroxyl, carboxyl and
imidazo groups of biomolecules of healthy non-cancerous cells, can get alkylated. Such
alkylation of healthy cells canand result in unwanted toxic events in patients (see Hardman et

al., supra).
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| Cycl ophospham de and |fosfam de [0005] There remmins

a need for new phosphoram date based al kyl at ors t hat
w@aw7be9ssed to treat cancer or other PCT/US2006/025881

hyperproliferative di sease conditions, preferably

conpounds less toxic to normal cells. The present

I nvention neets these needs and IOOVI des novel

phosphor am dat e c5\ual W or pr \%9 as el as

nmet hods of the apy|‘elnpl oying t s summari zed in

the follow ng BRI EF S Y OF THE | NVENTI ON

[ 0006] In one aspectm present i nvention provides

compounds whi ch ox1 ctivated
phosphor ani dat ecg‘{l?a)hlgé@ raéélr &g’g% net hods of
their synthesis. The phosphor am dat e al kyl at or
[0005hr dcherrpesnuiinst dweced fesmwt phosphawramﬁhtedaa?,edh alkglatdre tap canlibeused to
Al k-T ' K i .phos dat I kyl at
neat gty gl b aePR/of et ARG forAsion, elep by pEinie esstoxic o
normdllcOly) - THREdnt IriveHidh R6NE Hese ﬁ&@s BRESRRIdel RYGA tph(:;}%)hommida’ce

provi des phosphoram date al kyl ator prodrugs
alkylatesriedraies a9 welkas methody ofitherapyy ettiplaying tREmRas mraam(eﬂ)m the
[0008] Y1 is 0, S, NR6, or NSO2R6 wherein
fouovﬁ@%%&% Yis i ndependently Cl1-C6 al kyl, Cl1-C6
het eroal kyl, aryl, or heteroaryl; 20 [0009] Y2 is O,
S, NR6, NCOR6, or NSO2R6; [0010] each of R1-R5

P S T R et )

[0006h etIe Dnc: yapleyt the ﬁﬂeséi& mslrdnumy prcﬁiide@@ombbyﬂcamr}ﬁda atehypbxia
roaryl

I, k 1- C6 I, .
TR TN AT
phospmagﬂ@a%é O %%"f p?&ﬁ%é’ﬁ?ﬂﬁ@{a&géﬁ %enﬁ&? céri"ﬁ’av@f %&nﬁﬁla Alk-T

forma het er ocycl e, or each
wherejmhiBpis ﬁd)élnspmramldatewm@@r, Tiis Lnfewkdrain L iss: 1ink#B87f BC11]

b1oredfn&;%§r§b§m ed from-[C(Z1)2-Y3]v-[C(=O0-0q

2-Y4lu-[C(Zl1)2]z-[-C(Zzl )=C(Zl)]g Z3 and
[0007] In one aspect, the present invention provides phosphoramidate alkylator prodrugs of

formula (I):

N
Rs/ \”/ \R2
Y2

~

@

Ry

wherein

[0008] Y;is O, S, NRg, or NSO,R4 wherein each Rg is independently C;-Cs alkyl, C;-Cs

heteroalkyl, aryl, or heteroaryl;
[0009] Y,is O, S, NRgs, NCORg, or NSOzRs;

[0010] each of Ri-Rs independently is hydrogen, hydroxyl, amino, C;-Cg alkyl, C;-Cs
heteroalkyl, C3-Cs cycloalkyl, heterocyclyl, Ci-Cg alkoxy, C,-Cg alkylamino, C;-Cyg
dialkylamino, aryl, heteroaryl, C;-Cs acyl, C1-Cgheteroacyl, aroyl, or heteroaroyl; or together
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-[C(Z1)2-Y3]v-(S(-02)9
[C(Zl)2-Z22-YA)u"[C(Zl)2]z-[C(Zl )=C(Z1)] gZ3; wherein
we@2amh/00231v, g, u, and g independently is O orPdT/US2006/025881
[0012] Y3 is S, 0, or NR7 wherein each R7 is
i ndependent |y hydrogen, hydroxyl, d-C6 alkyl, Cl-C6
any NVI@DERQRE korin a m&mbﬁ% loy bachhfﬂ}ﬁ I-ORY ﬁlﬁﬁﬁ)endglﬁ}% a Trigger T
h 5 Cl C6 al kyl am no, Cl- C6 dial kyl am no, aryl,
W ereﬂ% Cl-C6 acyl, Cl-C6heteroacyl, aroyl, or
heteroaroyl 10 [0013] Y4 is O S, or NR7 - ( O) 0-;
[0011ﬂ odm]sel@af@duﬁzmu ndependently is hydr ogen, hal ogen,

oty A SR ey e R e e/t B v %L’-z3 and
Cl- z
& @m?zegﬁgg%oga gtzl)zozzr ﬁggeﬁg{%%g OPd(ZOLQ%é; h%reln each
Z,v,q, wndﬁlndmiqntmwpxl 15 x1--x1 x,-Xx, or wherei n
each X1 is independently N or CR8, each R8 is

[0012] nd&ie Spl@ncbﬂ NRhWﬂé&ﬁﬁéhcth@h@ﬁﬂBpendBﬂl Cgr@ydrgg&nﬁydr%% -Cs
lklg(%x al kyl , C1-C6 heteroal kyl,
aly (’2%1509 Cels e Of&k]@yhfﬁ?ﬁoﬁﬂlyl@i@a oY I @mlhyiammo Cr-

S O SRS

ect e group consisting of.
mo”ﬁoé@*ﬂ%@zg %%vr%%b@r 5025881 NO2 X2 NO2 X1 02N X1
=X1 -X X XL X2 /X1~ N2 /X1 X1 X1-X1 X1-X1 X1

[0014] gach Z pAndepengantlytis KgdoggerQbhlogen, C;-Cs alkyl, Ci-C heteroalkyl, aryl,
heteroaryl, Cs3-Cs cycloalkyl, heterocyclyl, C,-Cs acyl, C;-C heteroacyl, aroyl, or
heteroaroyl;

[0015] Z,is C;-Cgalkylene, Ci-Cg heteroalkylene,

X=X

Xy—=—=X X1// \\X1
Xi=—=X, « 1/ __ )\
>I\IV\/ \ / X3 X4
\  / \ / }:X/
X=Xy . X—X or

wherein each X is independently N or CRg , each Rg is independently hydrogen, halogen,
nitro, cyano, CO,H, C;-Cg alkyl, C;-Cs heteroalkyl, C;-Cs cycloalkyl, C;-Cs alkoxy, C1-Cg
alkylamino, C;-Cs dialkylamino, aryl, CON(R7),, C1-Cs acyl, C;-Cgheteroacyl, aroyl, or

heteroaroyl;
[0016] X,isNR,, S, or O; and

[0017] Z; is selected from the group consisting of:
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X1-X1 02N X2 OO X1 X1 X X1-X1 1l X1 1 1\ X1/1 N

and X1 02 N7 R7 YRY X1-X1 Op [0018] with the
w@e@vioex3that in forrmula (1): 5 [0019] (i) at PEHBS200§25881

of R1-R5 are selected fromthe group consisting of

2- hal oal kyl, 2- al kyl sul fonyl oxyal kyl ,

2- het er oal kyl sul f onyl oxyal kyl , 2-aryl sul f onyl oxyal kgl ,

and 2- heteroal kyl sul fonyl oxyal kyl; [0020] (ii) a

| east one of RI-R5 is selected from the group,

consi sting of 2-haloal kyl, 2-Cl- C6

/Ri(yl sul f onyl oxyal kyl , 0. het er oal kyl s% fonyl
R

-aryl sul fgrykoxyal kyI x2 10
X; er oal kyl'sul ox al nd a¥1least one of "NR2R3

and NR \ S /'” 72 OOZI? ||| and NR4AR5
JgF=Eath 1ogetherxare-Nl andeO@ZZ] Q5V¥ﬂual i somer
or a racem c or non-racem c m xt'ure ofXi soners, ,
bigg1 eres, pharn&q_g ores, a pharmaceutically
acgept abl e salt sol yare; 1hydrate or a prodrgg
/%péfeof one e , Z3 i /a
I O ctive group at cdn accept one nor
el ectrons 15 in an gy-dalion-reducoinon reagtion.
[0024] In a related embodi ment, the present invention
provides phosphorasni date aIIc | at or prodrfgs having
I G50 or G150, in cells
nm In a related enb e present
provi des phosphorari r 4 WO ?007/0 931\
PCTKI4S2806/ 025881  prodr ug i/ny hypoxi c
cyyotoxi ity which ar'é 0 ~anmi | kidon f &
OoN 000 f to 1000 f61d Iess toxidfi
coryesp d|ng normoxic c&lls. In a related eénbodi ment,
t he™celM ul ar cytotoxicitfy is nmeasured by © ’
antiproliferation assays and using the relative |1C50
[0018Y al wi¢h thefprevisoiponfdrmula ihpoxi ¢ and nornoxic cells. In
a rel ated enbodi nent, the cellular 5 cytotoxicity is

[0019@3 a(wt @éitstbt‘)évo‘-‘qugseﬁé GeloSe @ HomARE ohtipN@ntibend &f Rhalv&kyl, 2-

0, or C90 val ues of the conpounds in hypoxic
alkylsalifdnﬁ@xmlxylc2%aeﬂemlk}{l@@sylow\albﬂozmlsul@naloéaa yl, and 2-

present invention provides
heterg aﬁ?ﬁ&h gfo,’x&glpgl

[0020] (ii) at least one of R;-Rs is selected from the group consisting of 2-haloalkyl, 2-C;-

O,N

Cs alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl; and at least one of NRoR; and NR4Rsis ““N<|; or

[0021] (iii) NR,R; and NR4Rs both together are™NJ; and

[0022] an individual isomer or a racemic or non-racemic mixture of isomers, bioisosteres,

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

[0023] In one embodiment, Zs is a bioreductive group that can accept one or more electrons

in an oxidation—reduction reaction.

[0024] In a related embodiment, the present invention provides
phosphoramidate alkylator prodrugs having ICsq or Glso, in cells under hypoxia, of 50 uM to

0.01 nm. In arelated embodiment, the present invention provides phosphoramidate alkylator
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al kyl ator prodrugs having |1 C50 val ues, in cells under
hypoxia, of 50 Mto 0.01 nM In another related
wepodiayent , the present invention provides  PCT/US2006/025881
phosphoram date al kyl ator 10 prodrugs which are up to
5000 fold less toxic in correspondi ng nornoxic cells
prodrags imapuiypdxicytdtdcityeivaich \uee iRl Malis® $olt g BoP@000 fold, and
and nornoxic_cells. In _another related enbodi ment, the

up to AP fold leshipait ingArpineniinesnophesip kelis nindaeksted dayhogdient, the

S havi IR . [ hvpoxi a, o

cntBr QA DB AR Tl b5l AR R e
of a compowshiarigpozic andnomdxic eisl $n aselard sthibedintynt,tthecellular

rel.ative IC5$ va{oues i.n hypoxic and nornoxic cells. 15
cytotqxatigs megsued by sloapsibegnyreand uspgshorrbatiigiGat o, or Coo values of

r I esent invention has a
the cﬁ%&i@%ﬁc};@g%xﬁﬂgﬁg {/m%{i@f)a% nMto 50 Mand a hypoxi a
ytotoxicity ratio,,.. HCR. measured by the ratio of i

10025§ {15 et eLatarse{ mRidimeg e ge ent KR IO e pogpliogamidate

Tkyl86:§3b&lies Bl IC ' i220P4 |
S g RS 14 Vgl Lkl BRPOPY 4 001 AL

anotheselafdanahadiment, the pydsantdnventiod poayidds phosphoresidate alkylator

prodsp AL 838 B0 HIRHE S LB Sl uf My
by theerebiste DEJ tvaluel @S BfpoL A nd dotmoik k¥l At Mranptheffeiide PEmbotBment, the

present invention has a _hypoxic cytotoxicity of 0.1 nM
presextdnvenfipn gepvides phpsphpragy dets alicylagemprofygs having aw eso in cells in

e [ [ ' . :
I ——
normayiclcallshs mdayyed py did ekitiat i0g vdiuse asiepoxitanfl 0028bxik Rells.

one aspect, the present invention provides a

[0026Phah AREIgkH !eﬁﬁJodfrﬂén%h%&ﬁlﬁ?amﬁgﬁpaﬁﬁﬁétpg{nﬁaﬁlg of the present

_ phosphor am date al Kyl ator prodrugs o e I'nventton
inventigrohas adhaorecytatoxieity 9f 0. Aodbit HbhM adei lyipexia, cytdeXitiey ratio,

il went,. 02 | n _one aspect, e .presen .
HCR. Bt B8 e P AL horandy s ol o A= in reate
detail Giirfteds latéip eiePaglicitRmabl V@t (DERDe In 6 08Rfel Shibddiment, the
a therapeuti cal fy ef fective amount of

gdm’nisteri]ggﬁ ) ] ) .a
phospherapyidnie plkylatar paedsug pkife aresentinvention hes ahisieoxinogntoxinity of 0.1

i ] .0, need..of sugch .
oM 0 IS DTS 53D, ST DS o
alkylaterpratragdf the présest inlétion hae s dppbdic Btotox@itytd il dniitdS pM and a

t apy,.Qqr is a relapsed cancer. |In another
HCR otﬂilm; the cancer treated is a 5 WD 2007/002931

PCT/ US2006/ 025881 netastatic cancer. | n anot her

[0027k nibo divaraspest thépresén spteotiempreides abket iphdsphopmadategligdators for
th i nvention r one that.is.known, is adm nistered
treatel?lﬁrﬁcog W%ﬁ??cgﬁﬂﬁ%weglmlﬂggéwegfﬁ?i‘q’?é'r anti- cancer
agent. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0030]
[0028F fupre aspeeintbaPresantasventionateddes agthaGoageutioa fosnylsiion

compr e oy R aBE A orhralitE B RS 187008 Fd o BB Rccuticanty
accepta@blepcipitng Tafrikdbrilhkg) on tunor growth in the H460
xenogr aft nouse nodel .

[0029] In one aspect, the present invention provides a method of treating cancer and other
hyperproliferative diseases comprising administering a therapeutically effective amount of a
phosphoramidate alkylator prodrug of the invention or one that is known, to a patient in need
of such therapy. In one embodiment, the cancer treated is resistant to first line, second line,

or third line therapy, or is a relapsed cancer. In another embodiment, the cancer treated is a
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10 [0032] Figure 3 denonstrates the effect of Conpound
25 (150 ng/kg) dosed in conbination with CDDP on
wao wvornoxysowt h in the H460 xenograft mnouse nodebPCT/PSDBE)25881
Figure 4 denonstrates the effect of Conpound 25 dosed
in conbination with CODP on tunor growth in the H460

t . 4], Fi
metas AT IR ERBOU o) VS pdafacte Ryl pfodrg ofthe
inventibi, lor od& thaeisdinoaial 3eadarinisteradrin gombinkatiom witheat K46ithnother anti-
xenogr aft nouse nodel. DETAI LED DESCRI PTI ON OF THE
cancey | ON [0035] The detail ed description of the
di fferent aspects and enbodi nents of the present
invention is organi zed as follows: Section | provides

conpounds of PRAEF PRACTIPSONAF REETRAHBI SR ak ng
[00303 henpured deh@siraths e eElebF T oMidNad 25 ¢50 hipfAat YeH umor growth in

her api es, admi ni strations, and formul ations,

theﬂ%xwg@mh@ed@munds of the invention alone or in

conbi nation; and Section IV provides exanpl es of
[0031$y Ribge DGRBS therdrebl ofl Cugipahd as S 89Gmitee Ytdhetumor growth in

nmpounds, of the invention. This detailed description

theHﬂ@OX%W%ﬂ@@%ﬁeﬂﬁ‘?@ sections only for the convenience

of the reader, and disclosure found in any 25 section
[0032] s PagtmeiSmlrrloels’dmtesaﬁye efifeptaftConipduné 26 Y Ehinigg ) dosed in

Pef.initio 0036] The folI definitions ar
combigetion i PR oa: ahor fow Bl BF HIgAREueHak nbep Bodel

defined, all ternms of art, not ations and ot her )
[0033 i Eigurief4 denwmsivates theleffectofiCammpaviad 25 Wobelkjip cgsbination with CDDP

herein .a ed to.have th neanings conmonl y
Ontmﬂﬂﬁgpgpﬁg§h5$ﬁﬁﬁ8%%0%?ﬁg%“??nmﬁ the 30 chenmical and
nmedi cal arts. In sone cases, terns wth_commonl

[0034]h Jeigaren b0 prchh Aprgensinage the effgst ’2@ Crngoyod 25 in combination with
Gem t‘éﬁ{n%ﬁg@rﬁr e%r%%m ﬁgfﬁzfgﬁ Qﬁ&%} Fnofugé m%h?ir ity and/or

or rea erence usion of such
deflnltlons herein shoul d not necessarily be
construed to represent a substantial difference over

the defi nUE"IQ—“(IL@ﬁ) DRSCREPTICRS CFCTEEANNVENIERY St ood i n
the art. [0037] -used herein, "a" or "an" means "at

[0035] edBte d:ﬁtmlbddlescrmhlen of theotiferentspeass)d embc»@mentme)éﬂ@ raesent

near sat ur at nonoval ent dr ocar.b r.adi
imventip et Pl B SRR artoh iR Daar Bt pagr gy [ escrbes
the cdh@)unds bHide MiERA6N Bhd MRTHBEH fod Iniikengd thelin€ 8E@TdnI TN dekiébes methods
prefix. As used in this disclosure, t he prefixes

of tr eq@ent;@]gﬁram@l agiginistgptiogs,-agy éorn%@m@is,rpr@ﬂoylgg ltlgp(pqmﬁogg@q of the
1nveng1{)§ 510’%6 égi%&g?{lﬁrﬁt{b% r?cﬁecﬁgglfg:})govg oK éﬁ%ﬁ%{%@é o?rg%flﬁggt}c%lthods

and belldpital aEBapﬁ tpvthe cc&npmtmﬁy bfthe ﬂhxﬁmbn Phildkpiled description is

tert-butyl, d 10 the_like. F h of
Organa?giﬂlﬁpt%p%}%ls ﬁgﬂe%ﬁ ’cl'{eg:%@vemg}cggf tﬂeargm%rn %gq%ﬁ tIound in any
sect1ofﬁ cﬁg%ﬁﬁ’l’é% an)y‘%‘gr@ctaof 18 £l btidnS not included to

te the n er of main chain carbon atons in an
LD I.k | portion, the radical or portion thereof wll
—Mix or fewer main chain carbon atons. (Cl-C6)
al ky can be further optionally be substituted with
[0036du bth follewing deifingtiand iaregprpvided scaaspistthe deadernr Ynless otherwise

defined, all terms of art, notations and other scientific or medical terms or terminology used
herein are intended to have the meanings commonly understood by those of skill in the

chemical and medical arts. In some cases, terms with commonly understood meanings are
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("D"), hydroxyl, am no, nono or di(Cl-C6) al kyl am no,

hal o, C2-C6 al kenyl ether, cyano, 15 nitro, ethenyl,
we@edwynglozl Cl- C6 al koxy, Cl-C6 al kylthi o, - COOHCFUOENPR025881

nono- or di (Cl-C6) al kyl carbox-am do, -SO2NH2,

-0S02- (C1-C6) al kyl, nmono or di (Cl-C6)

deﬁnéﬂ }Iﬁéfélﬁ st c@ﬁﬁ?‘aﬁ@/or f&rrkﬁd Rk &lceadnd! the ﬁicﬁiéicﬁl%ffsﬁéﬁ’ d&initions
t er oal kyl sul f onyl oxy, arylsulfonyloxy

herenh@togldmt ynbcsﬁssaﬁﬂﬁ YE gmgstruP@ G8@presgt Iaesnwtantm diféerenceiomeszthe
nonaQ roc di,c or, a branched 20
deﬁmﬁﬁﬂé’ggﬁ z?ﬁm ?1%%61118%@ efﬁg’af‘&%*h %l ng the nunber of

carbon atons i ndi cated in the prefix —and contal ni ng
[00373t Awussd heien, dauen '@nbaeans lstleapiongope" agon maie.de

doubl e bonds. For exanple, (C2-C6) al kenyl includes,
[0038¢t H@ﬂ}ﬁl" mam@aahyéar sdtprtdalihaghvaient hpdrdcdrben tadikaal or a branched

n rther tional | bstituted
st o B el
the p@ﬁg r ax YIIsi d i @thcﬂﬁﬂl% ﬂfe ﬁﬁjéfﬁ@s '(@Gb %gtn Qqu, RiflePein qq is

enyl et her, nitro, ?qﬁ

an 1ntegd1r3ﬁwrl 2-2Q1ha36 the kamxe/meﬁihnm oalekéyhplh; @ Cg():my{l G162, or C;-

Cs alGpp e '@gfleéﬁa) -%'r 12 G3hoP ﬁ%&g-bﬁ%?%@'#%myl pentyl, and

the liled. Koo ShdHf &‘”tﬁérﬂéfﬁntl@i’{syﬁerem |ﬂee Le EI‘R?I  ¥lkenll K¥bxPlaraalkyloxy), when a
het er oal kyl sul f onyl oxy,

prefixhig met malmyieétspl m@yﬂedhq/nur{lb@M}nalmbwm garber atemsris am alkyl portion,

the rafl ﬁ iy d)e %tlon t'thIeX]lf &lﬂgﬁaé\ge Lﬁl gr ff; g]ﬁlg]e(f r? (}/aa%ent P]?lé ((El‘Cé) alkyl

can bé &attet Optiopally ba sibrtiheepith sulbditicaes, RO ekdrgple euterium
"Phosphoram date al kyl ator” means an al kyl ator for

“D”W@ﬁxxdnaralzlpfman@\ ar fél.(Can)rqﬂaylr@num, %@ur%mlﬂmnél gther, cyano,

i GRS S s ALt OO bR o B
alkyluaﬂmxsamidbj 13€8 NI atQ8 Qd- @l -@)) alldyd mhordvyalr i@ G4) alltydsl foadmido,
ary, Belrarigt S DA R oA Y B0 oo o c D PHADRIGNY Pom one
heterd lsyRinyRxGar bon at oms opt | onal I y substituted with

stltuen s including for exanple, deuter| um ( Df)

d.r w AN nmono or
ooy, AR &R PeRly i MR Bom i Ab ool
monotdlefdthydtdoabon rédicAlhainisithd Miraber-oESkiton FaNHAdicHien o thefprefix
di - (C1-08)al kyI car boxam do, -SCO2NH2, - 0S02-(Cl-C6)

and ceptpiping qﬂg@@t Qe doiubley bogg)but AP RAre mamdh@mdggble é)p?qls For example,
(PRS0 548 SIS e, 08t U
furtheir bpt;}on:hﬂ& bﬁetlllfgtitaeé w1@1ts|tllkaét&tilﬂm.tsl,1 m@;&i&hgﬁﬁ exgmplﬁ del:utinum (“D™),

t r n ne, and_t .
hydroxy, p}n%%ﬁéﬂgaﬁi%%xﬁaﬁmsf%&@n& ke el qua. miro.
ethenfll ¥BPnAPOYLE 5%@9 @l éymg)@msxm}ﬂ N o, oTRIE,-Cy) alkyl-

&t ef oat ons (1.e.” oxygen, sul nitrogén and

carbopdmisiohGh g, 1@SOLEC prosdin, mono cbmi;((al-@@laﬁqésulfonamldo aryl,

heterot%%ﬁ%h for eéaggl e! het edr a kﬁl gne Cl'éﬁqgv%aﬁv

- CH2CH2SCH2CH2-, and the I|ke 0043] Aryl refers to
[0040% rdlxlaiog! rmearmmc@cztivwmcty@ap p%foamnm ¢cxyalent alkyl linkage to

macro u(ge(gﬁ%{}?% gﬂ IElra?dl § gﬁl&gﬁ?a[cylon Wl%l on & etogﬂ@? € 1nacr 01’1’101601%16

"Phosphbraiidaseslklator" means an alkylator for which an az1r1d1ne or aziridinium

electrophile is present or generated by intramolecular cyclization.
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preferably one, two, three, four of five substituents

sel ected fromdeuterium ("D'), alkyl, cycloalkyl,
weyooadokyl al kyl , hal o, nitro, cyano, hydroxyl PCHUR®R§(25881

am no, acylam no, nono- al kylam no, di-alkylam no,

hal oal kyl , hal oal koxy, heteroal kyl, COR (where Ris

[0041]Y d’%@l@ﬁ@ne" r@éaﬁy b llnééﬂr%'a tgd’ Hlfval‘e}iﬂlly‘lﬁ!)é%}%orﬁlahﬁéhl ha@ﬁfgnﬂem one

or phenylal kyl), -(CR where n i's an
to twelye exgleon dtommona bmnshed%anamtdd Rivabanehydrdembmdmdtdayhavmg from one

to tweE SRRy Pns Bponstiy Rt WA oy rinedpr pieals
deutemﬁrﬁli\! ]B”), hydoRdR BKIIbV\H@hS of di(@1 @@)alliy‘l‘ hRGRY, hhloO)- @5 hﬂteﬁyl ether,

R'” are | ndependent |y %%ngen or al kyl |
GyaHOaWarORthamé ethﬁ&é{@ln@eﬁhkpy}’,%f 1 tm@,om%;@m%, mono— or di-

(Cl-Cgﬁﬁ(ﬁ/ Far?’é%”?% k)élo erééa(lgé%i&d d{byFﬁ# (ﬁ{)cdé(f‘ﬁ%er is

alkylsalfohamaidks ydryb heihﬂiaeyl pﬂkyll ()t|heteiv(billll.?ylQﬂf(ﬁﬂ@ﬁ)ﬁdy]c aﬁﬁairill}/ort he
includes, but is not |inmted to, yl
heterogr%ﬂgﬁy}y OXY. ﬁgbﬁyfq%gle aligriens Includes p}e)t,hlylergﬂ gthy}ege propylene 2-

methyd- g»?gaﬂéﬂét éﬁt&l@ﬁmlei a{eegﬁd ieQ@44] "Cycloal kyl™ refers

nono ent ‘cyc ydrocarbon radical of three to

o0 B AR RS BLELSEL e B8 G0 D2t
one oSMBELTidiatb @6 e Bﬁ?g’e%n El!llYurV\hﬁrB gé}f‘&d/ 6r"i5?1osﬂﬂ?)rr&%) BlayfbRMresent in

substituents selec from 30 al kyl, optionall

the allgylens hiradicad Ewaxymplqahetew(atb)ykzte(imi@iee, @zQCMr-ogen

CH R O H et %%g%?ﬁzgﬁﬁoi‘;ﬁ 2GR Bz the ke

subst |tuted phenyl More specifically, the term
[0043Fy ¢ |A(§él|" Kfers; th @Ry alepignopacyskt et bieydicasemplis hydrocarbon radical

of 6 t& Y& *18% Go%ls Wl%cly\ﬁe 0 y%gt{“%ﬁ %—2&% fcféﬁygé&g $(eq6 %%%E-fq bst1Yuents

cycl ofiexenyl cyc oXycCy
prefergblyanbowayiites Sﬁmir@ltl éixve Hgﬂistltlﬁﬂts selected from deuterium (“D”) alkyl,

eyeloalily iRl rbalo N, SRg bk Gaimongiy HaE: frono-
alkylaYi'hﬁ(lS‘ @Ryl diRo Hal bR ?hal§é1f90°o@y’ hé’t@fyaﬁ(g’rl] W?Rfﬁ%tﬂ % hydrogen,

sel écted “from cyano,
alkyl, cyleallsyl cydoalkyl- aakylnpl@ge} oﬁplmnyl@lkwb, ACR RN tGOORewhere n is an

itegel BOF] Sk Rl Py e G PRleBly R orPbaT B, o i Feoeen, sk

Cy010ﬂgf’1§é}@%dmlalkﬂd pE&lyl OIF?Md lath*)' (ﬁg@GJR’Iai)JSYJbNRXRy (where n is an
cl oal k cycl oal aryl, aral kyl ,
mtegea%u@ %’ Borapd R zarg m&y@aiebéﬁ hydrozen orallavhi ansl R'oandres

N O e e,

phenyhajikiyp geinoneanbyoldimait CR ol dBA to gﬂhéﬁ 1@ ayd{yélkjall dr)hleter@dyylyl More
al kyl , al koxycarhonyl, 10 aryl oxycar bonyl

speciflafergﬁ}sg;eatﬁma 8ryl les,Jyut g 00k | Wteéé? k;glﬁwll, b]@penyl 1-naphthyl, and 2-

hi l&ﬁthgggﬁﬁhﬂ rogen (provided that nis 0),
naphtl} Sycloal ?ﬁl%nl“ H%Y%Q kyl -al kyl, aryl, araalkyl,

S T O R T

ring c@dS@ﬁ@' "Bhe cy@tdalai 8608 LB haveZond o iniytd iBAMBHERN and can also be
2- met hoxyet hyl , enzyloxynethyl 2-cyanoet hyl, and

optionallyrsebfitwied fndagdndenthyyvith Boe, tyggﬂnreﬁortfhvg wbsmgentﬁselected from

oy, il B i S LD Rhn S S Pl A oo

aminogireasalkyleitlinb| @tk {1¥mirol) ﬁydlbﬁﬂl Akoky) Q)k epfiomlylsiBstituted phenyl).
nunmber of carbon atons (e.g., Cl- CIo) refers to the

More speciicalyribe termfeyeloalighincludes, for example, cyclopropyl, cyclohexyl,
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atons in the portion of the heteroal kyl group
exclusive of the cyano, -OR, -NRXRy, or -S(O pRz
w@ooorieeslt [ 0046] I n one enbodi ment, Rx and R PCDYs10h&025881
is cycloal kyl or heterocyclyl. 20 [0047] "Heteroaryl"
means a nonoval ent nonocyclic, blcycllc or tricyclic
eyelo e e T e ot h RS AR IR 2 B P83 AR, 2
dimet]lmdamimaarbnnyl aelobexddarfdrtberdiike. 0, or S, the remaining
ring atonms being C, with the understanding that the

[0045}it IrEe ARy PRIcBAs amﬁera&ieaea@ %ﬁﬂéd He@éih%{h el {wcb@r tﬁfbe
aFOITHtIC rlng The eteroar rin tlona

Substlﬁl@b‘snmdﬂpbmﬂsnﬂmd@lp@ndl &l gyanp t -h)Po neN RgR e ra@dn O)pR (Where pisan

1ntege§ g\‘bSt (;) fqﬂzﬂt\%ﬁh @1 g%rgtgh%P% ﬂ?ag ﬁO’lnt 03 @ﬁ% bf '{hg lllleteroalkyl

radlcapiéthb@hKWcaﬂioh)ékom ldathe hefekddligyl r&diealOR™ 1§1M5?’dr@géﬂ alkyl, cycloalkyl,
kox am no, acyl am no, nono-al kyl am_no,

cycloa&kylaal g i, ﬁtalksﬂaalb@zmeynbonylh@nyaaqyré@ﬂeynylh@ff@@a}l@|0r mono- or

di- alkf)lheny{%lyi rl?‘ 1'3h%y§ 8%&% a?%ﬁ %@l t%d‘i c 91%&15& aﬂ% 1, mﬁ’tl 85 %rraalkyl. R is

hydro gefnlz alkyl, to@ngalkEd, cﬁﬂdalRyl akﬁ, anytj eap@ﬂcgé,rvﬂkquhyxﬂomgen or
a and, Ris dro en oal kyl , 2
aryloxay%n%elay KSAEbGH Ao, Bt gF dishlk %@W@VL@H 51ky318+1f0n§b R”is hydrogen

(prov1(1gERthra,t N (ﬁqﬂm él%ﬁ%le nfbl(‘)ﬁk)ﬁ rhélkﬁt &#9E 'érafafk%m aguﬁ@ n!i_?ono-

R' ‘are ndepen rogeh or afKyl, and
alkylaannlo IQV quy@,mmnd@ﬁmddmya] kyl. oRemwhta@tvh exampipsimelyde,, for example

e I TICTE LTI LYIWT b S——

2-metM@s QhiA 8D 3o RGTH UB2QA66HA? RIBR™, 'S am* QA H%}’Furtﬁér substituted

het erocycl yl. Mre speC|f|caIIy t’he term het eroaryl
by amiing bweéuomuulkylgmm di-pikpyd amigo,t QH op plkogy Adfhﬁxoaﬁlw the prefix
1nd1ca,|ttlﬁé glgs\zl%qrr&l%e? 'o?é%{t()é}% % on}%% 2' %LZ Ql,‘ i/]ie:fetrgb g)?tglg O(%%ll’ n’umber of carbon
atomsﬂn Itlhdj[aiﬁlﬂry bf thB)hbtemalﬂty] gfouplﬁﬁﬁl@fvldroﬁmd cyano, -OR¥, -NR*R?, or

gt rahydrobenzof uranyl, isobenzofuranyl,

'S(O)ﬁ%ri’?étﬂ?ﬂsazol yl, benzoi sot hi azol yl, benzotriazolyl,

i ndol ylI , |50|ndolyl, 5 benzoxazol yl, quinolyl,
[00461 etln ahy dmqui'rrrmt, iRfyeind R sagpthendd giicloabigh i hitdazpdlyl. |

benzi soxazol yl or benzothienyl, indazolyl,
[0047{’3/ "’H‘%{e@@é{rﬂy 'ﬂléii!nﬁ‘ﬁlmoﬂoﬁ}ﬂ%ﬂ rﬁbﬁb@ych@lﬁ[@éﬁ’& @lp&‘ifcyéiicﬂiéhlcal of 5t0 12

riazol opyridinyl, pyrazol opyrlnld

ring atoprmsdzacymggt éast enagrbmalpyyring p(mtqnm;ng. angl t two or three ring heteroatoms

select%%//ﬁr gll,o({) 13 %{f g/eimatnﬁ}ég(a f oé ggol N nl{%é W1th the understanding that the

attachiipt péiaeof the aetoadylidadibut vR lbb‘bﬁtah\aﬁﬁnziti‘tﬁﬁlﬁg)fl“heurdthSerl ring is
i ndicated otherw se, the arrangenent of the hetero

optiongily sabstifedindspendendy pithgne achellsht whstitaentaiyeigERty one, two, three
or fouggl.tl] W&%ﬁ?é@?ﬁgﬁa a@%& C{}ggﬁgﬁﬁ ltoh 1C glicyf Fl&lo nitro, cyano,

hydroxgly alkokytagting| dcylainineg ansosal by amirm, ddalhylammﬁmkoaﬂ@tj
non- ar onat clic radjcal, of 3.t ri to [
haloalfpe s ek 1M (Wit Taisgeragra Ao ooy Dt reay Bl ba

(CR’I{C:?% I@?gfli ;%%ﬂé’)&}q’ﬁ n Eletéﬁ%? k’rgir;H @;Ehbgﬂ yl} Zénégi” ar€ ﬁﬁfegéidéﬂﬂ(lﬁhydro gen or

alkyl, and B(iOhydioghmradkyp, cysloaﬁiyﬂ,rwelge}kyf-aldim, pheryl 29 phdﬂyéﬂkyl) or -
b s 1 t b ?

CREFERONRR e B i 0t o a Cr B hromsy

hydrog&fon Bk Al YR ¥ld RY ét‘égmﬁ@%n@&lt%ﬂ e@&%ﬂh&r YDk, Wlied

[ ndependentl y Wi th one, two, three or four
cycloalkyls eyl epdkitlsalkyl, phenyl or phenylalkyl) In one embodiment, R* and R together
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sel ected fromal kyl, aryl, arylalkyl, heteroaryl,

het eroaryl al kyl , cycl oal kyl , cycloalkylalkyl hal o,
wWoREr09298y ano, hydroxyl, al koxy am no, PCT/US2006/025881

nmono- al kyl am no, di-al kyl am no, hal oal kyl, 20

hal oal koxy, -COR (where R is hydrogen, alKkyl,

is cycl‘déﬂiyq) at Kétbroc?dly‘ﬂ bieydpatikivdlly RO il he%roar@f‘ﬁ@bﬁ'd@é ‘bﬁ{ zot

nis an |nteger fromO

hmlteﬁ&‘é HYﬁéﬁb Spraelt llﬁ'l}ﬁan)ﬂ@lﬂZdelmSQ?hl@Obgh trlamiyﬂ, imldszolyl 1soxazoly1

pymoff) H BR8N Ao ARl SRl i

1sobemzroﬁ&g1e5r1 tﬁemmh&hzbm %enfi')ls(ﬂmdzcﬁfyl Bé&otﬂl&dﬁyﬂ’,ﬁﬁ&’ﬁ?ﬁ hs)bmdolyl
ogen or . al k R* and are, |ndependent
benzogé;pll]yloglﬁgq)lyl ﬁg)ﬁgﬂ%@(@@qumghkw 1soqgn@lyb bgagirajdazolyl, benz1soxazolyl or

berzo R Ao o AL, ORI ity
triazolppyridingd, pgczolopyiyidiaiy) tnatﬁbpﬁhmﬂmgﬂ),yp}&ﬂﬂd)tnazmyl

pyraz«%L &E}tﬂx%/’, %a%ﬁ)ﬁl Idl!%qny ﬁ)zr?;o%tﬁgg%g%y é’ ra%t% J!@%éqﬂysan%l heptaaza-indenyl
and tlﬂ@@i@ﬁ%th}'e@ MéreofPYInlédk ifdidhyda othé%'wﬁ’s%r ﬂfé' AthhegeIRH B H¥ero atoms

rrolidinyl, tetrahydrofuranyl,
Wlthlrt ¢ tiaggan be hmoarmmment allomedubc,wtbe bcbr@mg]ghbmmmsncs of the

opyran- 4- yl, tetrahydroi m dazo [4, 5-c]
consnﬁ%ﬂ{‘gﬁ% an i ni dazol i nyl, 30 piperazinyl, and

peri d| n-2-only and t he derivatives thereof. The
l0048ﬁ Serqayghyt s “Rycle hreroplisis ancans acatutaded entunsetutasedpon-aromatic
I carbop .ato
e SR 53 2l O A P B i

from QIR fwhze|Rissi hydraden c’dEyln cycheikyof cyhli‘iaﬂ{yﬁkﬁkﬂnﬁhenyi &R hylalkyl),

means - CO- C6 al kyl ), wherein the term
PO)Q% S v Prs a0 VAR FOT (Y ZPDBRGEING atoms being .

where %Q—GF/O%J%(? BohAEs §e§1]0 t{og 9@91) &mgﬂacg@ bfﬁ tcglrbgﬂil]y%{ e?ﬂ;met?ro cyclyl

heteroa rern ete
ring cansbegeptigaslly sd)s‘abmdemd@maaqtly Witloghe, tweghse oﬁﬁbuirsybstltuents

rel he te i |s a defln ove.
seloctdf¥iof aflrl 5y SHEURY hesesdnEl rBagyia SU15b 23 et SrdpHovlalion,
halo, b esyess, )Hydto‘icyli%ﬂlﬁﬁﬁ/' zﬁﬁﬁio rﬁoﬁ@@l\k%lalﬂlﬁ@%-]alkylamma haloalkyl,

Rsul sul f onyl oxy" neans Rsi 1l - includin

haloaﬂéwy r%QRf(Whyre&}s hydregear dkKly £ y¢xsigelkylalkyl, phenyl or

I fo
kN e .
hydrogRaudr alky/l, &dnkl)ﬂ is Hyelt(@reﬁ) adtiyyl, cyeyoalloa dogloalidyeiliey] Osheak Vor,
) ﬁﬁ{i& 1(2 bR,t,e Jespectjvely, and wherein alkyl,
phenylalieyly gLKGR ROy @MWh%etrzew@@yeqegvr from 1to 3nB” amwl R” are
1ndepeﬂ§$rf€fy(}f’}fd¥$geﬁ ?aﬂ&’/ 'K"%ﬂg@%@ (Eé?rgﬁ%bﬁfi E{aaché>(the(5) ]iydaggen alkyl,

kyl’sul f onyl oxy“i’ncl u
cycloatklygl cg(:]iofai)kgldllkylmi@nym phiekdalkah)d Miora B?éo;ifﬁca!(ﬂfy tk)le term heterocyclyl
S.u 0 S(=0).2-0J _ Br
includgs, puids npj liysed o, h@tfﬁ?wgpyr%yﬁwg@ﬁthﬁdaweﬁv 3y, N-
methy ﬁ&lﬁk&l ISQlﬂyﬁ'%YiH%Lyl Cﬁﬁ?}lo@hﬁé/l?rﬁ it R eﬂééfﬂn nyl, pyrrolidinyl,
et eroc yI sul fonyl oXy,  aryl suf fony ox cf
plpendi@xlem@aiyh@m pymglics *@tr@lmso@mmyb eettaé@dmﬁgofyrmmsl 1-dioxo-

hexah RASIRAMAMAR IS R I UHIOLD e SoRari. st " 2

piperatihyl] slazsibeddinOash9 %Ml ﬁie&&nv@tﬁve% bt qhhe EEé‘ﬂyﬁhﬁﬁatmg the
causi ng al kyl ation and cell death. The rate of
number of carbon atoms (e.g., C3-Cyg) refers to the total number of carbon atoms in the

portion of the cycloheteroalkyl or heterocyclyl group exclusive of the number of heteroatoms.

[0049] "C;-Cs Acyl" means —CO-(C;-Cs alkyl), wherein the term alkyl is as defined above.

10
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reaction of various Rsul sul fonyl oxy groups wth
nucl ei c acids, proteins or water can be nodul ated
waelepenadony on for exanple the el ectron w thdr abdTgsS2006/025881
nature and the steric bulk of the Rsul noiety and can
provi de phosphoram date al kyl ators and prodrugs
heyec | f AE A OXi L
(0050}, 3 it el ek TGS Heick TR (RAGA Btcroatly
is as defihbdabovie0054] " Substituents" nean, along with
substituents particularly described in the definition
f "Qf eshbecer 0561 Relsaehingh §
051PT 2a6H COLAYDIVIRRAY fhe tb 1 B WRHRL A
[00STh PPy o ByRSRAAN o thAPRS1 BUIEHAC RS

euterfeum -hal ogén, -

[0052] gg(}btﬁ%@?nq@s %g-§t§ro§ﬁg%§e@%§%“§%ﬁqteroawl is as defined

above: NR'C{O NR', -NH C(NH2) =NH, -NR C(NH2) =NH,
-NH- C(NH2)=NR , 25 S(QR, -S(O2R, -S(O 2NR R',

7 NRS( R'. - nd, - NO2 A - f - )
10053], AR ytoss PleBR 2 5B 0156, ncl Mg AEUUHALRES?
heterdaRyigulfiehyl 6:8c @6 Ak Floulfdig1dx91 Bdterduydi@Ekul fafylexye Arylsulfonyloxy and
val ences_on the radical; and where '

. ( R, R and R' are
heterqapdeay Emaloxy Iwhesdn ot sl ohaterngia oyetoalkyd, hgtespqyplyl, aryl and

heter Pl ry et R By P R M oo and
hetercaryllaye @fined Abavek yixangme afntighsiionyiory imiydedyy-SC=Q),40-, Et-

al | 1 007/ 002931 PCT/ US2006/ 025881
(OB CFe i+ 0108 L 200 Srampign ot e Rp o da cficlyde

al kyl, C1-8 al koxy or C1-8 thioal kox groups, or
substituted a K 1-4 alkyl grog Wen R and R’
=P>a‘d?§n'iff°)2ﬁi°c erﬁ@’y_ean be
¢onmbined wwth the—f trogen atamto =/ﬁ|a 3-, 4- ,anB+he like.

menbered ring. For exa " 1s_ neant

Alkylgil_fqngfr&{y&etqm&xlﬁlafqnamyi ik HOKY igfeross el pRonyLoxy,
ot R R 106 P it

alkylat@t hed cad bd rephacdd ih caallignmuelderscidsfswwhat DNve or RNA, and

TSR T
reactiSy BBV 4ridi8 ',Rtsuls%ffo{lgﬁx{/ Bfdpt Fith hdelefldd &ﬁd@iﬁk d3water can be
wh T2 and , -0-, -CH2

erein T areé independently - - -
modulptededepiendjhg ob dorcbxampledthg clestremn withdrageng wituterapdtige steriobulk of

Al ternati.vel t of .the substituents .on adj acent .
the Ry B 15h isa 0y Ronf RSO g e SbOBRERg st e
more Bid BRUALEdN WehdtaParfiUBpbkicUonds diftulhbﬁingmﬁmﬂlzﬁ ovér healthy cells.
(CH2)r-B-, wherein A and B are independently -CH2-,
0- oS- - - =S -1 OF "
D
of eachfoftiegivupgdte vbahos sefected dronewdeuteriogms thafopenp®RIpNR’R”, -SR”,

s RPRePrRa Uty -CalE ool L BN R NRE GO, NR-
corfha MR ERY N c RSB TR oy AN iR, -
SO FONR RO Ry, PIRSRORIN TN Bl QLR KR bighuoro(C -
Cq) al:lcﬁﬁRQ a‘ng ﬁgﬁf(@(%}é l-\l%b a1 n2NRmber Hifgn%‘ﬁéfg' ZeHeRtth&otd] Bumber

I's selected fro rogen or

of opéhidicks bitiRFadidalOaritl ¥hitre R ORDBAd RET 4rdidlcpoaRatinesledéd from
t he present invention possess asymetric car bon at ons

hydrogerptGicallkybiizes sycloalk oGl seallianyt<C2-g alkynslc enwbetituted aryl and

el SRR S Sa ety o 2

all intended to be

11
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enconpassed within the scope of the present invention.
The conpounds of the present invention nay al so
w@oowrade3unnat ural proportions of atom c i sot OPEFUS1006/025881
one or nore of the atons that constitute such
conmpounds. For exanple, the conpounds may be
substitwted ofithbies dalogsis] ihsubditeRe 0 V€alksio i
exanple triti ﬁm I(3|—|) , 1odi né-%Z?(ﬁgﬁlkg&%g—gﬁgglmxy
groupg Sor(ubdiistitudéd aryb Ot epalkylvaoiumt iWhe RT atdR” senpaciedso ee same
. the present invention, whether radioactive or not,
nitroggp atonpttheitess heopbined soitipthe it gen akinn td foemschpé-, 6%, 6 he 7-

e BSGEET HGIE 05Eh T IR R b,

Otheraaitable sulstinieatsnacuddéach oatiR BbePALEsbMiklntk 8HaHY 8 ¥ ring atom
byangﬁ% oxi c_acids or bases, depending on the particular

tefber of fFoswAdt @rbanraioms ypuptite delstitientscrhastasient atoms of
. ; . . e ; i
f a"%ﬁﬁ?? e opinafly R EEIEL il SR Bl gt oft Bappta >

C(0)-6@H peUtbb tvhbreadT” dnd (bt aedepargiehh -NEUL-08) -G0S B @fsingle bond,
such conmpounds with a sufficient amount of the desired
and q jseaeinteget ¢fefrom @do 2orAliematively, tvedb£the sebsstitmatswerddjacent atoms of

f.salts derived from 12, 2007/ 002931
the a‘ﬁﬁ%@%ﬁ@/%@%ﬁw %‘&ﬁ?‘r&E é‘?P??CE’é |W1§P3a Sisgn of the formula -A-
(CH) /B gBicth Ra8eB droeldegenRhiiil oMM, -OMMRAY- WY KabR L -, -
copper, ferric, ferrgus, I?}higL1 nagne%iuh]@bf’%ﬂtnz’ 5(0)
2NR’-nergmgle bomd agd n isus), infegéasfitanl t6 0di0n® of #hdGin@BBohd¥eof the new
) i ke. Salts derived from pharmaceutical |l y-acceptable
ring so fogasil endyaapsionalhichandplased with afdopbliefvany., Altsmatinelgytyoastdhe
. iary. am.nes, inecludin ubstituted am nes, cycljc .
substityEhts oM B D o1, 0 PRV B i PR s el wih
a substitueat ¢f thé fremulkel( @HHR-XTaCHS) N Shef\Ohid Eare Mdbbendently integers of
di benzyl gt. hyl enedi am ne, di'ethyl am ne,
from (Ptod, endh X’ & 10-n MR haiSa) -S(@)-giITO) rybaiSOPAIRTan The substituent R’ in
, et hanol am ne, ethyl enedi am ne, N-ethyl norpholi ne,
-NR’- gt H{)piNBéris déladed fbudediogen or ghabes@amddr@; - hilst.i di ne,
hydr abam ne, i sopropyl am ne, |ysine, nethylglucan ne,

no i ' i l.peradi pol yam ne r.esi ns
0SS COHBk B BATTRE Ay B RO RS
(optical cemtetshyt dovibbebortds; the equpinates ndastéreomerlshgednner @Remehe

. .like. ?‘%ﬁg‘e . %ﬁgrounds of the present invention contain
TOBI015081 %} P@W SOREREEBo AERATet gRantigaiess) arriall intandsdtq e
encomPadied i1BHL @R Y th ! i
) m.gucﬁ cclmpounqg&bv?/i th %i@?@gﬁ%ﬁ%ﬁ Zrnﬂt%ﬁdr?%ﬂ@ﬁm{lﬁ%{%gé{erseen
inventigaingay aleq ednésin mesatumt piopomions bf atbinéc isoepes staine @finore of the

of pharmaceutical | cceptable acid addition

stomns [P RISt PREBES o0 el oE hoBGiHIos mte aagiplepeled

with rddjictiedisetopes, shoHHsIBF Sintple ARiu £H) God 1997128 or carbon-14
nmonohydr ogencar boni ¢, phosphori c,

o). %Héﬁtygwd@gﬁgw sy ¢qmp0uajd$19f_jtihg geaspiiosydmtioncwhether radioactive
orvon S 46 | OB GBER AL on L LG B,

derjved fromrel atively nontoxic organic acids |ike
[0056] , < Che ferm B}pwag?ﬂt]@’ally gqygp,tlap],eisel’ts"ﬁﬁn@ﬁmtdp ingdudegials of the active
compoSsEGk Rk bfwi A N thal g i
ey ne i ATy pORBE by oP AR deBeing om the
particufpe shizstidsmls fonnd on dredonipeuhdsdescr¥edhetait] Wird c3Ripdafs of the
salts. of amno. acids sucggﬁs argi nate and the_ Iike,
presentéﬁgerglglntcgn n W}Bé]é{ﬁ]iycacﬁjé‘f ciipnali 163y bgeq Adslitian sghts can be obtained
by confalidEthenehirsl f@l‘hh g?s@ﬂ%oﬁﬁeuﬁldsk\ﬁitﬁ § SEficnPamoltf 09 %he desired
S.M, et al, "Pharnmaceutica
base, either neat or in a suitable inert solvent. Examples of salts derived from
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Salts", Journal of Pharnmaceutical Science, 1977, 66,
1-19). Certain specific conmpounds of the present
WO pwe00298n cont ai n both basic and acidic PCT/US2006/025881
functionalities that allow the conpounds to be
converted into either base or acid addition salts. 25
pharnd3e&idall yaecapeabils Rlorda@{dBas intB8e SRR INABNuBE calcium, copper,
. regenerated by contacting the salt with a base or
ferric gfiefrqus Adhingo ragn . fRaEARISHINARZARIBY BEtassiumh sodium, zinc and the
: Y/ ' . ren form.of the, co u .
lke, S ER LR BN PRANGE LR -RAE NG oL O et 1518 SRR S} rimary,
seconfinysind adrtipryomeines, escludne fubststedeimibeés, tydlic aminey, asturally-
sol vent s, qﬁ%ﬁ therwi se the salts are equivalent to

occurogamyaesnd the ke, gich sersianepbringesgicingecholing - of
dibenhh@thpreﬁécﬁékhideﬂMﬁﬂ@imne,%@dik&g’g@in%&ﬁl n_§ %ﬂ%g@%&smol,

t’he present invention can ex I'n unsdlvate
ethanglemfinea sthyleokdiama, Neethgmoiptoline) Megthyydpaidioe, fabuoaming, n
eneral...the. solvated forns are equjvalent. to . .

gl“""%ﬁ%‘%}?@é%“é‘&l% By b%’H’aledﬁ@walgﬁaﬁdgﬁweﬂ@?@M@%a%%aﬂorphohnea
piperaMﬂerﬂibefaﬁﬁleSﬁﬁgﬁnﬁlfe rbdis, BFRERB purln@Y, SR JbP8ninEetfelyhmine,

. conpounds of t e present invention may exist in
trimethyleming, &iprepWemine fremethamdnaapd2belike 0¥hiea compounds of the present
. ) / . amor phous farng...In neral, .al.l
i STLORAOBLIZA R AREOURES, B0 9B W ol
contactimgithernéiatad orbyof suble cRhSaRial with\Aedtii @BntaRthbuaf 6f the desired acid,

.. intended to be within the scope of the present .
eitheringtciin 8 suitqtipinert sakyenis dixapplesiof pharmegputiceBe aegeatablyacid

d d. ol I{] - i - i - I; i . se .
w95 PR a1 RO BRSBTS T AR,
nitric, Naghoetcy mogbhypdrsgaricadpnity ploispiseic, monokyireg@pAGHhERANOS €

. .derivatives; ucose and gl ucqse, derivatives )
s B, e R P e G b e Shobapys cids and
the 1ikdh &CRELY hs e 3 WRridel 88KVl MEAS Srontoxic organic acids like acetic,

. 3-am no- 3- deoxy- gl ucose, 2- an1no-2-de§xy-gfucose; and
propicgig, axobutyeicamalogis, henzoive subeiniy atbers finario, diandelizy phihalic,
benze%sgl_félﬁl]gh%?oiylgélg d&%ﬁg&%@ﬁ‘%{? Sa%’esulfonic, and the like. Also included
are sal: @F Aind @cids SedXat-gath@e bAG the likENME salthBf SRR 28ida MRk 09

can differ fromglucose or a derivative such as DG and
glucurgnig g gaterivaonioasids anbihe like (sge.eme.eBpugerS Mheetebf “Phpmaceutical

9 A [ f|u0rinted
s S8 BB LGP, 651, E5HHRRER Smponncs o
the prégentdoventiontchatandygk basitiaddidit fighctibnalities @at blieéw the compounds

foregai.ng .conpounds .can_be substituted with an
tObeqogggggﬂ g@%&@ggﬁaofﬁﬁaﬁaﬁgoﬁﬁéﬁb consi sting of S,

sul fone, and the |ike. For exanple, glucose anal og can
[0057]be The newteal fonyisuf dsecanpandemiay bt regenemtedrbyafontatfing the salt with

e B 8BRS B e BB g
form ok éanhound idREErS b th FhriddiRalt kiR iHOMAN 'p[ﬁ%%%h? ]ppéiﬂrc]egies, such

of attachnment to another group or nviety.

as solubgityrin podar sxleynts, bptatherwigthe salts ars eqlrivalemric Hermeet fyrm of the

' r Cco2 n are used
Compol%ﬁ{j géljgc %ﬁ%@ggﬁ%yoﬁéer%ﬂeﬁn?m%ﬁ%er ms; SO2, S(O2 are
used inter chg&?eabl y 20 herein. The terms SO and
[0058]5 Ceytain campaarslsi aftled pssany BRBRHOTRANEXIsT iMpasotvatadsfope as well as

solvaté@fénﬁg,:i@luding hydrated forms. In general, the solvated forms are equivalent to

unsolvated forms and are intended to be encompassed within the scope of the present

invention. Certain compounds of the present invention may exist in multiple crystalline or
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are used interchangeably herein. [0062] As used
herein, a "bioisostere" of a chem cal noiety such as
woriogoedosl group, or atom neans anot her chem PE/US2006/025881

noi ety having simlar size and spatial disposition of

electron pair or pairs. Bioisosteres and
s L e b e R B st B plted by
the prcsentmsentiohand eonipEudetstovbet witlsin thd stope b he preshuipieyentiod.

el ectron density can have simlar biological activity.
[0059{<n QW,sRl BérSRS h eglheoseraﬁﬁlb?‘@ﬁﬁﬁi%ﬁﬂofl@ ddendt@lsahan®dse The

he i nt er changeabi | KH2 , and

glucose@Halog indledds rsa@ﬂluldemg@msmg gluesfsamige, Mnapetyl- gwq?ammneﬁ'uctose

mant | sﬁ:iaglgl %{j@ﬁgs (%111 tfu{;s OfluCﬁe ang §lucosel\ﬁﬁ?l’va{18§2mclud ing lglt not limited

to 2- d&&)@g’lﬂd:b@d @BcyedaLdtyLY-afiino-Naeoxydicosaarifio- EPée(ﬁdnglucose 2-
clic or noncyclic noieties); the interchangeabil

amin dp@r«@mg&pc@sﬁdarpygal@&qse §pé aﬁléet%%@envmvwéewg@Géwﬂlmlted to
|

D-2—dF&§£—H§aga(&fng]§%§%nZl1gﬁg g% g;@aﬁm 25 g ré#(g »- 9 11%‘ 5 ds=3@3?§i gal§ctose.
Thus, itld gluedsangsay can dljz‘feﬁfromnglwdswf a demlvattlve geash as DG and glucosamine
in thalc SR PR e PR BF SHEAGRABIGE 3 Do egginated derivative

S I
ot s (A0 S L B FSATPURSh 1 01 i
compoundsiven be Submtultedbmﬂamh sostereSeledied tfidny thet grewp con81st1ng of S

s, RS b o OB IRALS ORa Bis BaE gu5y Yivrive
thereggnd Bur ger, 1991 A Prog. Drug Res. 37:287-371.
[0063] A reasonable quantitative prediction of the

[00602i ndin %’ymgé "Bm{é eaﬁq's“f}hf Gt 'f%Pc Qi oK BE olff %)?ﬁlldie?y o

an - Bé spatla arr angene

smal | nunber of OB \O0r cti opig—ygroups in the
nol ecul e. As us-o her eNn uch ay ar r agengn _is
called a 10 pha phor e and nce /A he

RCO

anotherh aF oreccepipis; boixhr s g cophor esd | | pl ecul ® hadisate that the
hi been dent|f| LF ormati on ca be used to
th1o gryeri F}ﬁPO&R r‘i’é om0 hEHUR; ﬁéncll * same or

sim | ar pharmacophores. Such nethods are well known to
[0061pe rBrsriemast COr @ Wa =@k FCO- pie ushd inderehangpalifs preimalhe terms CO,

and C:Hg? e ugeé/ %ﬁ%nlgaagabtl hﬁer b Ug %eu {e% %Eg@f;m%h 8%1&Efc¥1§rggeably

Srit 111 65 cophor'e
hereir? hnsda’eﬂﬁ@m dad s(-abkatke atsarlnﬁvrﬁmng@fblﬁmemh Thehanaf@atdP(=0)
15 al kyl ators. An exanple of prograns available to
are usﬁé#ﬁtéﬁcﬁ@% Hé€SFhore -rel ated searches is the
program 3D Phar macophore search fromthe Chem cal
[0062Co At rsied hefimg ap bicsseeterditdfja: dl/smdmvl bty suvh. as amdlecule, group, or

atom ]f:pgg te{r{%ﬁgzgl }{11f Xt cgldgésgahggﬂﬁqdf 1151 Cs:;qoqr;aglgl sggtréanm%t %on ok glectron
pair of B&l?éj NBibADSEreS afd bBiostRRGH aROHell REEWA ’to&}@ﬁ)é 3)9&%0’(1&@‘%6

description includes instances where the ent” or
biologiral egtrsityaefoenypoonds based vpas theresise rﬁhax/lwpmpoumdsm@lssnmlar size,

shaped e opgieRnBL s PR, PR gEBIRE e iR e

replac®hients if@lde, Bt exatPRY tHGhtcRan B8 RN bf -FANOH, BEH,, -Cl, and -CHs;
descrlptlon i ncl udes situations where the heteroc cIo

the mgardwpgwénhtmﬁcBrmd -#Csldpdhe intarelpngpabilitsiof al a0d -+-§nBeighe
1ntercﬁange Bﬁlyyact)fl ----- g]r I—f— -CHo, gﬁ&% -,Ct\ﬁg ln%m%{q g%al!)lﬁtf@it-N—, -CH=, and

-P= (in cyclic or noncychc moieties); the interchangeability of phenyl and pyridyl groups; the
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substituted wth an al kyl group. 25 [0065] A
conbi nation of substituents or variables is
w@esomedsbl e only if such a conbinati on resul PGI/US2086/025881
stable or chem cally feasible conpound. A stable
conmpound or chemcally feasible conmpound is one in
interchéligelibiliReo CID- aAd -S-t(FotGkinglel Ber¥ohe M@B&ﬁ@l {h¥
) altered when kept at a tenperature of 4 or ‘less, in
interchanigeabiliBhelansromeichitrp geroR .o (Rer)-Rinkeior embhsaturated carben (Ro-
_n CORA{ L - gMeek~ 30.[0066]., As used
CR Ry} g Bl halherb B3 b T2 S0 B Sk, ik fiplesare not
limitisglon thestuigd ofdivisdstericraguipalthiszad ode oA iMkRrCRIIVES iR to
. _hgggn active or nore active fonn with respect to at
identifysofher bigisastericyielgrements, kegyer inthe p| Seefer expmnle datani qigl.,

. | e
1996, BB 88y ST AT R BB TR0E A BBk My 72y

h f) i i fi hem call h th
o B B R O i
knows HRRGH cafinhddedasddbd Hie 8HdiRE Bﬂrég%et)fﬁgf(‘ﬁg{ sthill FuttOGRF atoms or

certain biological conditions su
functipgg igreups dm theaholgcrde t Av esdddrensing such en eoamzeuredt isscalled a

" ed by net.abol i c or, ot her. bi ol ogi cal. processes.

phar PR bR U e B °F Bhsthercs by Aang Ep Qg have been

identifred, 3kie ki foratiRi dah bY usdd to @SR bihef MRIRELE thithinGh the same or
fewer side effects or lower toxicity, or inproved

similay phgratacophorese S metlosls are well kedwen toreassas @f auiinary 9k, in the art

i€ . ' j ] cal h,, .Oxford.
ot mebEbE QIR bRl B PSS ARBIRAS o DS
identifiesntha pharnizeoyioepaf sithspisirigiduegiRylaws piddaigsane pheéphoramidate
Ik lg{ug but m@kﬁh upon activation under certain ]
allcylafgyrs Biexamplestararans A yablede gerorhBhaTaaeRRhog  elpted searches is
the pri?%u’n\’ﬁ) PRARAENShord\Seakth&tont %M&hi@al%&ﬁﬁﬁ%%@% date

kyl ator prodrug Is a prodrug that upo iron
http://weive lssssconipecong/dtieptéorptinfyitm).ani dat e al kyl at or. [ 0067]
As used herein, a "cytotoxic agent" is an agent or
[0064F 0MPHsEht BilopRERANE Bifeans thAKihe subfehB&ty s Gl Svedtor
. used herein, a "cytostatic agent" i's an agent that
CLrCUMSHAICH CR% bk need ok osews andibpt the descgiption Inchinigs instances where the
110l ' . 8] . As,used,herej n."hypoxjc,
event Jifckll E86 bl AR LR i WolRTCHBS Pl rrriSt Bl pspocyeto
group wptienallyundnoasr di- eubseixaedivith anallg] BRRX inteahs!1HAF theQNEA can, but
d or.in vitro._ As used herein "nornoxic cells" are )
need nog pe. pressut, and,theidsscaiptign irskides srivationn wlste the heterasyde gropp is
VdrldiQibsthititddSeith BEAIRYINrolly AOiGat G AR Hfel Ho¥e, i
mono. cor méoursw or agent iﬁglrgr(t)@cyt 5@8&%% %&é erh%%%?(%loagr oup 1s not
substitytdd| gith Asalliglegiomer ei n "nornoxi ¢ cytotoxicity" of a
conpound or agent is its cytotoxicity on nornoxic

[0065]C €Al SombARati AR b ABuASES RARLSESs ggrﬁ'lﬂisigfm {11 ¥€h a combination

group” refers to a group that accepts electtons in an
resultsgn iagtabloer shemieally deasibda campenndTHesthblo cenipotnd/er dhemigally

a4 S 1) tha an be reduced,. i.e. a.qro
sl oo BGR oly WO 6B SEE s aapop R Bred when
kept aty@ipdeatiredf 4 C2)or &8} inGRAatiendeesfus@sturd 6t othatRhaRiany reactive
nvitro; (3) that can be reduced in vivo and/or in

iy
conditipng.fgr gflgast afvggloxi a; (4) that can be reduced in vivo
and/or in vitro by DT-diaphorase, thiols, or by
[0066]phas mstrkindreia) a Qrodrug” means a compound that, after administration, is

metabolized or otherwise converted to an active or more active form with respect to at least

one biological property, relative to itself. To produce a prodrug, a pharmaceutically active
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25 el ectrochem cal neans; or (5) that can be
el im nated and/ or cl eaved by a biol ogi cal process,
wGeemh/oed3by enzymati c hydrol ysis, netabol i sm ePCT/US2006/025881
[0070] For exanple, and as described in nore detail
bel ow, one bioreductive group is a nitroimdazole
h _ . ¢ . _

compQii(oF L8] SHeRdrithlorhls Ho@ RUTLAGHIR o(th iR modified
form iall&s Active drihdctiste,tbmt thgrohepscabamdificatiorelseffectvel g edviersitde tinder

certailg]%ogféc;a 231{] "g&;sahg}g‘lfh%ﬁﬁtl %ﬁ%}t}%ﬁ;%%é ntgg}nvletfjc’npn? %P ﬁl%lc%m%%{lgd is
' ' I ' &. AbldREX 840K, relative to th
Benerdbd B S b Lol PS> i B PLRALES refutye to the
drug, ataxedmstabblicmibklityes trenypdrectmpadteristics, iewerodda ¢ffectsdhr lower
. .such, t hat e redox potential for th 1
toxiciGp e o ien e TR opss B BT Rrertive oty ional
ChemWMy i BioRh&RfBRAMIE4, DR Gor8 IR 6B PrE e8OY bR Padcs 388-392).
in"the hypoxic "conditions of a tunor, by ) o
Prodrigs-agh ajshdreasenaresnabing copypoandshihet are gabdiges B which ppemmgctivation
art will. .underst.and, in, vi f [ S
wnder it gL SRR perseds RieBloctleafth BB b B, ggosed
hereindd phtRphdra@mixtaby Al atdr prdding BAYLbdnvg tigdt@ppn Bétitiatign seleases the
_ redox potential that lies within said range. 5 [0071]
activegheepherapidatedsdatoski | | in the art can "tune" the
redox potential of a bioreductive group by nodifying
[0067] haks wed bpreim adonbruixic @eatCtis amagdnt bodcampamdghappsduces a toxic
el ectron donating groups, or sonme conbinatjon of such
effect ongglls . ARBPCUCETHY %, CYHSYHE RS p FetPe 8H] ‘hrignybiis o gpresses

cellulsl dbRiiRERLRIpAEMRS May be substituted with one or
nor e el ectron donating groups, including but not

ooss AL T OH s ALY b BT SESHE bt v
such @XfFRkanplelid AHypbRIMiIE LorkDbEk WitaNADasaiiagdih thbetbxic cells”
Wwth an electron w thdraw ng group, inc|udi ng but not |
are cellp pisiipg ior RYEWSIC WHBBREN; It &0 0CFRYilign dhs\ied BawiR dypoxic
k t i ev . i . L a r .
orouUPS kg B60 SR BRI RELAL 2 Wi
“nornBicysanoxiciy’ dbdneomsaiintl on agend és itceytbiox ity de noonoxiCed]s.
and m | der electron withdrawi ng groups such as
6 Cﬂgs-ﬁk%h R, W RedtRliQ98RubS reflts to ForoudthatBleeiPéle@fons i
100 9nge . 15%?0072] Ase uséd %ﬂg}ﬂéi %e rgno " glrrﬁui%- n%op?%st [ g ns man
oxidatigereductidrareacticn e bagreductive groupas tigraxmn(d e that eayebetreduced, i.e.,

refers to any, agent, used in the treatment of cer
a grotg bl Sipared PrOes hBEen adbe TR iR ot I BASE py reduced
in viv® bh&br ﬁm@;%?ﬁlaﬁ&ﬁll BeA8dadel & bAb Gnd oL LGS 0 vATE HyRbRIE(4) that
prevent, or place or maintain in a state of_ rem ssiaon

can betedupedvingdto angiaptionirodty AT sliprberase. thisls er By abefeeeaied) or
cteetsiiictied FRADE T\ xtip B cHRREFLG el ARGRb T fogical process,
such &MNgi @@ematc AgRolySis, Mbldydlai ag. agents or al kyl ators,
antimetabolite, certain natural products, platinum
0 [ n : n : ; ;
10070f 0 R ORI R IR RTEEL DGR biShRl B is 2
nitroisiifapoesbamas); beosmbktitied wathnovasetaofigranpsa othies¢xsymples of
, nt.i - cancer ol ysacchari des, chenoprotectants .
bioredigiva ErpuRR S Bl Bt e Rl FaGR b0y apciitn dlisien
nitrob3REEle) electBA Qeficiehi§hiestenkSc A8 Alidés, BltRIPoIed, niRSifidDalks,
100 di'seases cause 25 by the uncontrolled 'growth and
nitrotkippkents,afitrathreaies,| nittedxagoles attrafarans,od nitnepyiwles where each of

these %ﬁlssl,eg of moieties may be optionally substituted, such that the redox potential for the
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tunors, |ynphomas, and non-solid cancers such as
| eukem a. [0074] As used herein, "malignant cancer”

w0 edogne298p cancer cells or cancers that have tP@I/US2006/025881
capacity of netastasis, with | oss of both gromﬁh and
positional control. [0075] As used herein, "neoplasni

bioreé.@?l?c? é@ﬁ% i%sr glﬁvztl}‘l}l]lt éjl\rl%ﬂg% ﬁ&%{gﬁﬁ%g}oﬁg %Qr'? ﬁﬁ%@éon%%ﬂlct‘fo% Itn e }}ypoxw
condiMESATATLRAOR wnﬁ'm@h&a@@ 6h025B34 tmbp 06 ofsillinto art will
underpigRd. i Viewefdh Bloggpi horetb B te Sube e iss L Padtipieductive

grouplh nﬂﬂéﬁé@id@% acﬂl Rl Verﬁﬁﬁﬂ f,F Qfedgﬂ @P&ﬁﬁﬁ tﬁ&t 1B '\Aﬁithm said range.

ene I Cla eSI re I ni cal resul

O L T e T et o
groupodf}ﬁémﬂ)’{ﬁ’ﬁﬂﬁf Qﬂohf) & ééﬂté‘iﬁ eﬂz‘cﬁ@ﬁ%ﬁth@%thg bfRRPs, efectron dona%tmg

m ni shnent of extent di sease, delay or sl owi n
groupa,l cseame cpmngaegs pﬁwcharmlpSo rar emmple,pam)ﬁhmhmﬁ, gitroluran, and

nitrot 13%]0 ? g!go%lﬁ% 1'[11‘%2 %)&S{ﬂ%st%%tg% ?v? Sogae %tg rar%)\% ele{;]tml}l%ﬁgg gLoyps, including
but ndieingited, to MBI ChE@OKy, Ok aﬁufieygfﬁﬁlﬁliﬂd)ﬁchwlé’[ﬂﬁ@ﬁ@lré@ Rsflox potential.
grammati cal equival ents of this_phrase)

In anqih@rreéa@p}?gth@ﬂMWr@&/@mqwca@rber Sfubéﬂwmiwl& an flgetron withdrawing
groupr ﬁ%&g?xfgtﬁ)t l’rjlgte g&r Jce Rﬂﬁ& g%o%&élﬁcge? (?11y Wﬁ@g{ﬁﬁ%ami& groups, to
achievcaﬂlmdml&tlrredomtﬂftiah Bonthistporposs,sjoag tele(:‘amdwﬂhdrawmg groups

t I t ft i ]
such G . i S G SRR s S R R haraing
groupR REcH RIS ﬁalég&rﬂvme%& habh& s -F n@il udi_pg bhseasdq. of

prescrlblng a drug. For exanp e, as used herein, a

hy who | nstruct patignt to self-agm nist.
0072 5% Gae et sh oothteontefabens i RoRSiialEr bprplanEer
agentf’ %fees tdraﬁg abSnt @G i thE BEARGNT Fadédtg Stich hkatP@hiRMked alone or
0079] As used herein, a "therapeutica Iy effective
in coraha@amn wish othegeqrapeunda and pa alleviste, aedugﬁ,wgnq iozate, nRpeAt, or place
e

ormayTh SS6EES LRBPUPBER b BSATGEGpLpIEE Mbeited i
neoplasii) timbabdt @incerp aldti-addpbastio ngelts imchude) toi acf noo Ihml’&d tdimint-l-

] rranlfest at s, of cancer .in the.subject. The f
angiogeue A abfygaﬁmg SEeTHD BEA ki AloRR e%%@aﬁaﬁly%%tam fti\}ufal products,
platln"i'lg‘mda!rﬁﬁeﬁﬁ)tn é%ﬁip‘?éxeg’ rh%tlggcceﬁedlaﬂ& &ﬂﬁtlﬂﬁ&iﬁre&n hﬁét}ﬁflﬁ}%?azme
mnistration of a series of doses.

derivathes aﬁmmbcmrabdtl}suppﬂemnﬁSywrtaﬂdnmmona?naﬂdealmmtss adf-eahcer

i n,one or, nore m. ni strati.o 8 As used
polysp s, Chel R R Py SRt e ety o

drug is an anount of a drug that, when adm ni stered
[0073 o fés wagt jhersin, “waticer trafess torpnciof e esersdo fonas ka0 @Seases caused

e

tumots] K&lphb@as aall nbheold sgicefsquck avleakeniiance) of dlsease

or syrrptprrs The full prophylactic effect 25 does not
[0074Je0§s$1§£ﬁ'he%n? Cotali ggé{nt% P Rkdrld QRcqf cfeﬁgl &r 90%6s tl?a? fHave the

an occur on nlnlstratlon of a series o

capacity o€ smetabtusis, wah ﬂxm plipothcdrowdl dnd pebitieatlicoatralrount can

be admnistered in one or nore adm nistrations.
0079] 008 bsefihektiE & nRopl 28D R Htdrh 818 TefeRAH ABNorhrfl BEW cell
(0073 5 G NFR PR, (R0 BFORR 1 rcferib ABorfbl 67 cell or
tissue growth, which can be benign or malignant.
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treatnment of a cancer which has failed to respond to a
first chenotherapy reginen or "first 30 |line"

w@b@moodeer apy. "Third |ine" therapy refers to PCEUSIY6/025881
that is given for the treatnent of a cancer when both
initial treatnment, first-line therapy, and subsequent

o0 B8 BB RS RO BRI KT P o BB

benef[di)él&)i}ies@ased wrssaitts hacledmg clioigh!' resmd sn Foa purpasasrof tlof invention,

benefsidl R dpgieh iSR! AL InR L PEL A SORB G A igh or amicloration
of on¥Bt Rbre et SRITBOMRES o2 ok %%ermtfelgﬁ#@dﬁ@agé 8dRBkions,

cancer thérapies, includi ng” phosphoram date
dimingghinydng pbextérd oé dlseash,edeéaw esslowialgyf diseprsipsogressiana hinghoration,

palhaf §1|) gggxlﬁéza %e Wt ?%&(gg%gégthﬁleﬁé cr)tpgrpt}/elrtlgﬁ%?lnrgs%escnbed below.

mcrotutbule, and various growh factors and growh

[007 achepsed heredp srduction cafen sympim &F yapipawt(pvberaparaiigale

cquivERRHr 8 b s EGRE ool T ERERe SRR o 2l fropgomes
or elimiatiloh bof thelskmpfontiee cancer cells in 10 the patient.
One reason is that cancer cells can nutate and devel op

[00783" U&s h&Amst @‘Qdmi?ﬁ‘s‘%fﬁ}% or"‘%drhﬁfi‘é 'HBB o?‘ 4 ¢&ANG §uliBdt! Bnd

i vi de nnre ‘requent han norna s an
gramshtedl pquiivalbats n’gt}us:ptnam) inphides bo’élrdltwt akmntstra‘eme nncludieg self-

adnmp&ta%nsI %%dl&%ﬁg Pn&%%(qtug)}l,?l)ég %8121%%ﬂé gctragg B?q%%,u ng a%lrug "For
examPRS §44ised h&efh, §gh¥ﬁcihﬁl X0 ingtFRts SRt foQeHRIABAME®r & Bfig and/or
ener gy requi Fe or cell division and divide slowy.

proviges sgpatightoritlyp prescriptionrfet & idrugsis adpiragering he slgpmploythe patient.
consequently, growth of new vascul ature. The new

[0079»] assshsd lhléfblrt ,Pdthaapaecdlly effddtios algbﬂmt’ bf h drudfik ef amount ofa
i sordered; .| eavi ng si.gnificant gl ons of the t

t uno
drug thawavhey aeminigened &y syhieet éwt%hcapﬁ@, Lhgiedhe indended &itf‘é%p:,eutw
effects H ] eAtvikifon Qﬁl@ﬁ&’aﬁ&& R%Hgltlgﬁ m-gﬁgﬁ‘ 6f one or more man1festat1ons
ér-vascufari ze regl ons ? the t

of caIt{ED ontbe bytpecti The fitlhéhygrapemtes @ffdct)dm’s ok yepessarily occur by

concent rat i or., a | ower artjal ssure
admigipEAtiog o B0 0 TS SRONTER YK S0 St ERAa s 0 it
Thus,20th€2aPbRichll P b@NRTK e hRoBSt éhfn L a\flhﬁm@féred-ﬁﬁ Wae of Hﬁré‘ﬁﬂhlﬁﬂitratlons

oxygen concentratl on of onl Yy ten per cent of solid

10080} 1R fefiRetsh. o pk by iRy (ERREFe Shodit: hPs el uHinount ofa

drug DXy §&ien eOnERdErkatd 9Bishi&dt, WitbisavelianinddddedrbidghylnO8EFect, e.g.,
oxi.c areas of the tunor represent a signifi cant

The hy
preveging %&B&m&%%@ & TEPRPUITERGR) O diselse$T SRBDPIMneT fegucing the

likelilﬁgg)glgcgﬁléfe (%rggq(o{‘ g%) WE}%&%@?&&Q@% o 01{19I The% Eﬁ]] ploplgdacjw effect
does @I’meﬁssarﬁlﬁ 9&;111’ B9 (adh)inidt6Rion ¥ dhe ddiod, aﬁdweﬂf ocsunoly after

t.hen, w t unor gen levels rea iated with a
admnﬁ%ﬁﬂ@@@? BSFIES . fgopdte &S5, a rehdadically plecieag1unt e

admnﬁ?c@fed%h%ﬂé(\!ﬁho e fifiRrHsSTs of activation and action
Cycl ophospham o’le and | fosfamm de can exenpllfy how

[0081 .hfe F R Bt R peoony o8 T mipidersts t il ot sivsadey the
treatnRQit Bf SYAicOPRRIZR Radtded atbshdresibanirtiecHR_RIR (R QA eSS “first

can be oxidatively
line” chemotherapy. “Third line” therapy refers to therapy that is given for the treatment of a

cancer when both initial treatment, first-line therapy, and subsequent treatment, second-line

therapy, don’t work, or stop working is called.
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activated in the liver via internediates to yield
active phosphoram date al kyl ators, Al kylators 19 WD
wQe®70@02031 PCT/ US2006/ 025881 1 (cyl ophosphamdT©S2006/025881
nmustard) and 2 (ifosfam de nustard), respectively (see
bel ow). The charge neutral Hem acetals 1 and 2, can
[008226%% ﬁe&‘ﬂ%rl lrfogp® fnegi?sné’ iEh e E1FMRIIERT o@%&ﬁ‘@s’ﬁrﬁe'd@tenmned
of the cel I'n contrast, the anionic
based Ah khd prtienidg aftiie sulmstancerhetwena@stanobind waabr ane
per meabl e and once fornmed extracellularly
inefficiently kills the cell by alkylating cellular 5
DNA. [0087] Wen t he phosphoram date al kyl ators reach
Ha. Cthe t unor, they generally kill cells in the fast
——~4§P@%' , wel |l vascul arized, nornoxic, outer zone of
unor. However, these_  phosphor date a kyI tors

[0083hr M‘Pﬁétﬂf%smé‘ilﬁ@étcﬁwr Fh?r%?&squﬂfgg Phosphqrpel ag*saal ylator-based
therap?e%heﬂ % hcél@(%s cat e@‘gﬁf tc%}@ E%e{ﬁlgs sﬁé&gfe%lsﬂl‘é{%ﬁﬁ/g YR LEting, for

zbnes ng tunor t herern.
examplé, tBeif ceplicating DNAL hesetutintle,\ead arlahynhsagrowﬁl faetachartdngrowth factor

BT T T I T -
than nBi]rﬁal cléhlg I:Ié)&;levé}‘ N dﬁ%s alfnost 1né':f|1tabll§"do|\1lldt N A1 5be et cells in

Li ver oxi dati on Cycl ophdospham de Hem acet al
the pamelﬂl @16&‘6&}1011 1s thel Cappr-cells can muta@k an elop @rug registance. Another

s thatog T eGSR BP PR fn et RGPy 8y dine

cancet 888hn Y0 d @r bie MyROMsénsitirad shich @!Vtéfbkii:ldgbntts as hoeadl cells.
t he hypoxic tunmor zone can generate 15 reduced

[0084ije geiﬁgetnég}ég%g{( rr%ﬁl\ég ﬁ g %Xo&g%gﬁﬁ]éaﬁdc séogfd%@ﬁ{v%?@ﬁlaﬁaﬁeto generate

the eng@y rledlﬂfeél?fBr &) dl?/ﬁm andoldsﬁdg sloodly.cXxt atwnomgowayit haqulres a blood
t t d [

ot S e B Lo B SIS S SR o

tumor'g gtg’gévﬁﬁ)g GR=h Qﬁ&%@%dafbgwﬁgﬂ @%ﬂ@f%@ 9P the%llﬁm{vﬁﬁde@%gdulanzed

a hypoxia~ reducabl e hypoxi a
and emtthwaseuﬂ)anpecbagwgs sehjeddéo mbmtt@mtbé@kbge eThﬂsgyndfg-vasculanzed

RN TER TN W TINE LR

ora lo-Wér %ngeﬂ'ﬁﬁrﬁél)br&% et thy cORapediap nainhaAekad, bed theells in them
oram dat e al I%; at or.
exh1b1t slower rates of division. Thus, the median oxygen concentration of only ten percent

of solid tumors falls in the normal range of 40 to 60 mm Hg, and fifty percent of solid tumors

exhibit median oxygen concentrations of less than 10 mm Hg.

[0085] The hypoxic areas of the tumor represent a significant source of metastases and
cancer cells resistant to therapy (see for example, De Jaeger et al., Br J Cancer. 2001,
84(9):1280-5 and Rofstad ez al., Br J Cancer. 1999, 80(11):1697-707). Not surprisingly,
then, low tumor oxygen levels are associated with a poor response to therapy, increased
metastases, and poor survival. The mechanisms of activation and action of
Cyclophosphamide and Ifosfamide can exemplify how these agents can not specifically target

the difficult to kill hypoxic zone of a tumor.

[0086] Both Cyclophosphamide and Ifosfamide are prodrugs and can be oxidatively

activated in the liver via intermediates to yield active phosphoramidate alkylators, Alkylators
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20 WD 2007/ 002931 PCT/ US2006/ 025881 [0089] The
conpounds of the invention can generally be descri bed
w@goophaedphor am dat e al kyl ator prodrugs. | n gePer/ak2006/025881
t he phosphoram date al kyl at or prodrugs of the
i nvention have the followi ng structure Al k-Trigger 5
LSl ofhi ) eyl efh
1 eotflehids hykfed BT 2RO AR Rl Bl lar Ao BElbR9CTRe
chargé)mﬁaﬂHbmlateﬂalsO]r 2, toar hagyy Dhgif . of mmanymeinetes add mmpqrmeate in
e Trigger T is a hypoxia ct| [
and o@w&&rﬂf@ﬂa@ aemteash e maenie ey Atrlriom %122 él%?@dastcsﬁ brane
Ciuigily Mefficidntly INRE thelRfl RingdR11ul
peme%%élhg%ﬁé@%ﬁgd PR uighly Bicfiiciently MRS theidef By a3 ing bélular
DNA.al . J 10 Chem 2002 45: 3540- 8; Her ni ck et a
J Med. Cllem 2003, 46: 148-54; US Patent Nos.
[0087]4 Q’@ﬁen&ﬁ@ ph gﬂ@ﬁtm-’f ddte afky s Fhéh the thBfor, ABE; gdnefblls kKIDCells in

656, 92 US Pat en plication Publ’i cat i on
the fasﬂcgrmngm@l poueEeed, annnn@ago:tut@tzom of theiirpor. Nibejyever, these

phosp rélmacilaé%%lggl’&f)rf Ate I}lé)% s Sif effec v 2}5 gﬂ}e‘ﬁ?x{%ﬂw 185f %{Hufaﬁlzed

slowep dgt@déwe%yﬂdmc&ﬁﬂ@ t&ﬂﬂibﬂﬁcbrﬁée ahdin 1t11‘1ﬁ1g tumor cells therein.
osp horan1date al kyl ator prodrugs of the 15 present
Beforp puiond these aeiveallplaioss aesh BiedRmenaheiotanaech gith healthy cells and
[ ) a higher hypoxic toxicity or
result?ﬁ‘?o&?c?t@reaﬁﬂiﬁ)tr ?ﬁsii%% or 1C90, in hypoxic tissue, (i i)
OIovver gornoxic cytoxicity, and (iii) Iess tOXIC SI

Cneff/ec/( profile oro so/rrg/@bnbl nat i 8”0 of _t

jatlt ri butes. | gh'%rq\, enbodi nent phosphor dafEN/\/C'
NAI ator prodru f the pres t E tilon di E(E‘r'zN
fromer known phoSphor ang dat e al kyllat or rivativeg

(i) the nature off the ‘ﬂhosphor arrPdate 20 al kyl atr

rel eddEH X9 t he nature of the Iinker (L) and/or the

bi oreductive group Z3, (iii) the presence of nore
CydidpabpRMRidbT Or edHeiia¢ealgr oup noi ety, or sone Alkylator 1

corrbl nation of these attributes (iv) increased

Jypoxi a seI ecti VQ, cytoxicity nmeasyed by |arger HCR

0
“Jval ues (v) i se @peous \Llﬂbl Lity(vi) OC)N

c ; |
:j f%ésed st abi | || l'iver mecr gegra ti orﬁi\N/\/C

d/or (vii) d ng “effecti osphoram d j\
| at or prodr at are achi d avoid Zi) ol
enan CIfIC In vivo nmetabolism [0091] To
unde?gggﬁddﬁﬁé the prodrug conpounds of the present
i nvention represent a significant advance over known

Ifosfafide- cancer phespbekriean date al kyl ator derivatives, Alkylator 2
under st andi ng of tunor biology particularly under

y ha.and phan i et ] '
s A D T S
reducbd88RlatiFey ofef FLiety Nﬁc}kﬂﬁmﬂ gtdups é4ey thearefey@meiVorkman et al., 1993,

acti vat ed Er odrug shoul d be nucl%le ess .t oxi

o .
CanceiedMetastoRenw e 781, $0¢ Biogates ﬁtow%%&ae%@@mloped to exploit
i &Nod] BY M@ 1RMD5/08161;
s P R R Y L
PCT/USR0@S/041 959 land)?Oﬁ‘ /G82005/®R095, all Matteucci et al.). Such a hypoxia
reducable (or hypoxia activated) prodrug can be constructed by employing a bioreductive
group (Z3) together with an alkylator. The bioreductive group is employed as part of a

Trigger moiety covalently bonded or attached to the phosphoramidate alkylator.
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WD 2007/ 002931 PCT/ US2006/ 025881 than hypoxic cells.
When such a prodrug of the invention encounters the
wWh@oexnda31 reduci ng environnent within solid tRODUS2006/025881
ti ssue, reduction of the bioreductive group causes
di ssoci ation of the the phosphoramni date al kyl ator or
h
10085} R binb o R ot A an BRI B LA & pf leRfidae
alkylapermpeddrage 16 gbh@‘ah yheoptiosphiceginisiatecdlkyliter pwidiugstofi therinvention have
hese hos horan1date al kylators can kill cells in the
the foowmgstP¢titS reach hypoxic region of the solid tunor
while mnimzing death of non-cancerous healthy cells
and toxic side effects tAlkiFréggenti ent. Thus the
present invention provides hypoxia activated prodrugs

Where'ilhAlk Bl hﬂbtﬂﬁrdrﬁﬂétetaﬂQS}l&toi nd |B:@$gehﬂ" ,haB @rsratiute 1€k wherein the
npar eg) poxi c, tunor cel 10 [ 0093]

lnker i hange e racunREILYE E9HD i J6 oRe PP BL AR JHiGEss T is & hypoxia

activallad ﬂg gs of the present invention enploy nitro
con n|ng aromatic or indole qU|none noi eti es as

bi oreductive groups in the Tri h Xi
(0090  Rypsphoranipie Ao BLAPTive Y esTe Sted inivers a#es&%pﬁ Rich al.. .
Med. @’ﬁez@%(}'@@"!@’z%ﬁ‘él m bhOyw-95. Sebichecis ‘PrHé}ﬁick ek LR Med,

e am no of hydfoxylam no dgroup’through
Chemcm{}mg&tﬁéO%Efbhack eon., gy bledndlodm. 12083, AG: @@&1‘541‘US Patent Nos.

4908 SRS ER T SR R e A it o 4 Blpogti S RELE"

Applit£RIATRBI1iERiIANI. U8A003 08B kAPPSR BE L, | Ee. qn‘fecara:hem , 2002, 2,
el ectron pair fromthe hydroqui none t hr ough t

155-8%risglgled compennsdssd svhieheargidissisised theraimtaad ar«mtéle%?ubwvh@f the
plresen{t(:"I e%ﬁgg Pnhs ?Ige € I%nggﬁtg th%gﬁé@pﬁé%gﬂﬁﬂtég%zﬁgdé Ip‘f‘%c%rﬂgs of the

or near poxic tu

presef@AydESn bave diR dr@ﬁ(ﬁre g tHel felldwingtdheracedsiidst (Na bf ghblhleypoxw
bi or eductlvqgﬁ%@oup 20.Z3 in_the Trlﬁ e For exanp
toxicifyRrdeHeioYHL s Alor A% BYROYIS tisue. ae@l%%cwwﬁ% and

(iii) leglg toxde Ul OPQe Hﬂﬂ@ bYs nli]e @on%lﬁﬁtﬁglwthéé@ ABHiOMRs.| B Bme

rst step r o8 pective NOZ(-) "or a sem quinone
embodimﬁntsatheqmbsphoreiﬂmdaﬂe)aﬁqﬁator pmdmgs pbthe presenhiaventmn differ from

o g RSPt LSS et s B R SRR sRRAGEHL
alkyla¥éseiehRl ﬁﬁ ¢he Ilih%@et(;ﬂ’hé lirS&H EL) dnd/dr iR BI6RIBEGR @bup Z,, (iii) the
oxygen, NC2(-) 'or the sem qui none radical anion

presei®® off orare thaname becaeduchiive Broypya@etyt or Jomesgomtpaationtad thase

attnbl!?[g? qg&{e%sve 61%8%)8 8¢ at(‘r,jrc]lv%gc{yto% t1br$ e%sblyed 1%a1afIﬁR°€;alues W)

1ncred§@d gqueatiydoluBliBt (yi)GAstadsed tsﬂabllltﬁaﬁﬁlﬁi\@ Iﬁlerotsds‘rﬁall\&gfadat)lomﬁnd/or
t he sem qui none radical anion nodul ates the_oxy

(vii) m@wéxn&eﬁe@tyve&hosrmﬁamm dgylatghpodtugs todsye th’éa]&ngj‘é’ﬂld
enanh%g{giﬁéé%%g %QEYZV%%E educt ive group varies dependi ng

| on potenti aI of the
bi or educti ve gro us, for exa e, .
[0091; oFaenserstand ‘%\%@ﬁ P&%ﬂﬂg §APPowRYs obth .nsesgnwﬁmoe TERfRFL 2
signiffARCa e o LU an SR hor i e ANGAREM LRl ed, o
undersizydjeg of RnonNbicogTpa0edsdy PEier Usﬁ@ﬁﬁmmacokmetlcs and

pharmacodynamics of prodrugs provided herein in particular is helpful.

[0092] For effective tumor therapy, a hypoxia activated prodrug should be much less toxic
to healthy normoxic cells compared to hypoxic tumor cells. In some embodiments, the

hypoxia activated prodrugs of the invention are less active and less toxic to normoxic cells
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[ 0096] A bioreductive group | oses sone or all of its
hypoxi c specificity when it is so easily reduced that
wa b@7o9298chr ome PA50 reduct ase enzyne or ot herP€EUSID6IERS881

agents ("reducing agents") in healthy nornoxic tissue

can reduce it in the presence of oxygen. If a NO2('-)

or a Mgl honge _radi cal I I.:N i [ . :
than o QR o R aoP B LR B By Ry R e Gy roducing
envirohfiRenf withidablid Rirddr tiske€ réduetdon beiheds@eduttive group causes

phosphoram date_al kyl ator, or can be further tfduced

u

dissocigtign,of fhebe Phorpheraaiidnie Alkvlagrias the agiivacBrioxEhuSing

- i :
Y
the hypoxis eegion of/thatoladhtuarce. Mhes phosplicrarhilaterakigtpmxdan kill cells in the

) ancer cells, and tissue ared .to the, healt
diffi|piPreachsBeRe S of 16 Soad Whag ialsgrinimia el ghnon-cancerous
healthg'ctelflé £ th¥icQ{de’BRUGtH thel Rfich. OrHRE USd préRnBlRERich3prEdides

e nmeasured by the reduction potential of the
hypoxi antizveted pradsuggrtbatpranmaich dess tixieorielthpynorhexik icelikegompared to
h éL%‘H-Bandut he phosphoram date al kyl ator (Al k-H). For
YPOXL AP &t t achnent of the bioreductive group to an
el ectron w t hdraw nsgn i nker or _an electron wthdraw n

[0093hh de perérim pnbediseatsk freabosphosmnidalealloser progrgs ot thepsesent
. oup e : : .
iSRS Lo B ISR Bk i
groupeireibt Meigged T.hinpthe hppexiatini thealitky p@upis refl0@48p adhe
Trigger T can be oxidi zed, drol yzed, or thiolyzed
hydrogylgmingo1ae) 48y ee 2foye and @@%%%ﬁ%é{@%%ﬁ thegming on,

| i | .
e BB, OB N DR o 810 g Tl

phospboiamidate eliylatee] dmsmother cadiodireentoini ahyipaxighhemon @n igole quinone is

hypoxi.a the action | ut at hi one transferas see
reduogh § 2 el Rt EnRae e iyl ol b Rr Pt AORARE RS
throu%?{ thé TN teleai@Cihb PRsphditenia e AilgAdtor althéreleded tphesphoramidate
i nker "and/ or the phosphoram date al kyl ator can
alkylatorfkillegedls in ped/encdatheypoxigdi®Pytic, or thiol ytic
stability of the prodrug with respect to
[0094phas phrabéarofdatenél dayibatresponsibrasethe reduetien efithe dioreditctive group
. of the present Jinvention a hypoxia activated .
Zs in {hr J41886% AT GABPlS) RYPLreRe &46% F%@?taaf‘o%maﬁ canpfedugesdhe nitro or
. 0 » 2 I o
2 quinle R 19 APRLARAIBT, Bl il Ao p e B Mo A N or g
semighi088tadiet enidinnghe hypdxéc puesente canterve iadinghea cpnapiation of the

enpl oyed Tri r in a .phosph m dat e _al kyl at .
reducfr G A B PG LeRE BTt LIl el yageularized
healthpHRB&Y, (Y thefprdsBce F0RYESH (i NOQ('J? oﬁ{hte%éﬁl[tﬁliﬂdné radical anion

Cytotoxic properties. For exanple, a high volune of

formedicsn réabuwith nxygsh tamevent hack te the bigreductiva strvpsng mat uitimately
rodr s absorbed in, t I SS | C rdi
sener i 8 il hph BePSIR G apioRir ey o B L Ll AR Bovalently
bondedab tHENOL (- bSthe isbiiduaibnefradicdl hamphnsamtetathe oBPgen sensitivity of
al kyl ator prodrug can be nodul ated by enpl oying a
the radicplggédn. T cont ai ni ng an am no group capabl e of
form ng an ammoni um cati on under physi ol ogi cal
[0095¢ orithietoxgpen sehsitioinge of dielbdaticdwotive geopriagigedepEndimgtpaithi exgthe

reducBootoRD 9L L STERIb0E ESB S FERe e HEEdLCHve group can
get rehﬁ@éﬁg{i h‘ig’igl%&é}a/ . erazoﬁia Bvi¥Qh Yk 3bn, Unditet U AR MInk®.1%

avol 0SSl
oxygen, and yet another in a zone having 0.01 % oxygen.

22



10

15

20

25

30

endosomal trapping. In another endodinent, a Trigger T
conprising a carboxyl functionality wll exist as the
wapioond3car boxyl ate anion form CO02()in the PCT/US2006/025881
extracel lul ar space outside of normal healthy tissue
and not pass easily through the normal cell nenbrane. .

[0096;]!2 %/ié@il@lﬁﬁt@\h%%g{(\? lc{s%eeﬁ%ﬁ&q l'grﬁoéim%ﬁl@&f en it is so easily

reducedl thawvtha gytotirenprRAs0 ueductasp awmdmmlﬂgdr redumrg a@hﬂs (“reducing
nenbranpe. [01001 hos oram te al k
agents iR RiTH BRI GG P BPTHOL HhEi BEPBLe Shegye. 4fa NO:C) ora

semiqfRbRO¥MicalhAHR if QBlo?&quﬁ%‘é%ﬁﬁ aBEs Aod k&hcRorYeRds M@WWWlth
coval ently attaching a Trigger T to one or nore of

oxygenhths eadical enionritsklf garogbense thermhasphoramidatgradieydatomot ean be further

e GRA IR AT RS A e P g

and tidsG8NThOASRY phdPhoRxANRE BlkylabordRo@UBEST 18E pﬁﬁﬁerﬁﬁﬁe@hon afé more
amno to an al kyl am no, a carbamate, or —an am de;

toxic toghobysaxigeanggr qedls and Bssue comapigd do tb@rh@alﬁ%n@mw quS and
thi oether or a thioacyl, as described in greater
detail in the I\/let hod of Synthesis and the Experinental
sections be] These transformations cap Vi

(0097, Jipegasan Lty PEEupRE AR LiPTedsE e b ¢4 eTgaured by the
reducﬁ&f%&éﬁ Pbf AR m&@aﬁ&ve%%aqmﬁ%&eaw%@ma (¥ lnd the

osp oram dat e l'at or prodrugs may not
phosphe!adntﬂeye slirlylabdre Al Haq Hlenersingiie rattacenrnit oﬁthedmrcdlmtlsre group to an

electrwﬁgg agl%ﬁolggﬁkr) Iﬁlf) Iartl ) t?gr}}h\gﬁﬁﬁraw S kegﬂggaglwlgtgr can make

the b1@1@9&1&1)(/%%r dsTee tolFeliB&edordpat & toBRehenat 8 cbifeRB) Bk t/an
he prodrug and overcone any problens encountered

electmrnnph bplearion gn alsgousch phorpheramadaie dkylatns.

phosphor ani dat e al kyl at or prodrugs. 20 [0101)
[0098PhO3RIa et Take babkiirt diwlrellzdd) or thisigadtand vue rdléasa the

can have one or. nore N-(2- hal oal kyl) or
phospkpragiie slkyhenyin ateperia 8%'36‘?301?6?%@ mamerg TRl <)

|

phospgg agélvgat%g%ﬁ t§£}?ﬂoﬁn}gQH%q§jh e@ng ﬁ?%lﬁl %np g?g)/ag?%%§9§)‘$¥§eh in absence
of hypixka/byathe ract1mmb’églyta&nomtransfhrase (sme, agi, phabhomrsideteiagigylator 1 in

omiSlTy LS Sal S b5, OB Sop DAURLE ocon,

phospﬁ@%aﬁﬁ@at@faﬂk t@"t@nﬁ%l@eﬁc@ﬂféﬁfxidaﬁ%‘t}&drdl , OF tHidIHiOkteBlity of the
formation Kinetics can vary. For exanple, as shown in

prodrughwith respeeti to mhemhlu@nuéatb elkdwtonrhbamﬂe op¢ embpyiment efrthe present

1nven1ii§_}£a bg&%'%a §o§g§@ IoN: h ﬁgten?(y?kk%r @&% %ggtt./eﬁe%% the

phospBiakiidate aillylatorSH Qs’dy!pbxi@ mbs-spevifid)@xiiativn, Q@ﬂrcﬁysimr @dolysis.
alter the geonetry of the phosphoram date al kyl at or,

h I hi
o]0 LA 1By Sy OB BB 1
phosphf)rahﬁ&ata alkybg@rprbémg ceh be tme«irto ffaine’s tHecphaHmdokmenc property of the

subsequent .aziridine, formation, and the a ue
prodrags W{{BPYaltgripg 1ts REORHISHRBITHAT- réxampfﬂ ap 55 1§ pfydistribution

of an %%%f'l &% 885615’[ 3 2%‘8} % ﬂlﬁil t:ﬂ@%?o&hgiél BEGbed ﬁﬁh%sﬁl@%ﬁ{%%gﬁécordmg

IRA"R3 0 R4
to the present invention, in one embodiment, the volume of distribution of a phosphoramidate

tissue.

alkylator prodrug can be modulated by employing a Trigger T containing an amino group
capable of forming an ammonium cation under physiological conditions. In one

embodiment, a Trigger T containing a quaternary ammonium group can yield a prodrug
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RN, p,N--~dd RN P N'-,,d 11 N7

al kylation R2' I 0 Q(-) Trigger lone pair on N
webmspimsam dat e Al kyl at or Prodrug Phosphor am PEt/8S2006/025881

Aziridinium of the present invention aikylator [0102]

The present invention arises in part out of the

comp8iRCTUBE vbRidn RRASPRIE RbHRILof BdthidhifindfniRd %‘i(ﬁ%%})ossible

enpl oyi ng 2-ni troi m dazol e-bi oreductive group s
endosgmekisenpingi| kn anothier emdpdiicnt, eyiiriggoxT comprisihgw caborybfinctionality

. i Gi and hi.gh and._. i ved solupility. For 5 .
will ekt o B BRI i ossP GORO B8 sfesctlley soarp oviige of
normal BeAltHyodsduem@idendt ¥ssCeabily YRk the n6dl Sell RRMbrdhe, The lower pH

nornmoxi ¢ cells in an anti-proliferation cytotoxicity

in tumog extpaceilpler spacesan eenvgrtghe 020 )io ks vachargdd ' CRYHB fora allowing
' oram dat e al kyl at or
thepréﬁgfugs tconglgﬁfg}]#o%&%}lflgs agr#de mustard or ifosfam de
d. havi fornul as:
[0100% %%&%M%Mﬁt)%@mg a hydroxyl, amino, mercapto, and/or a
cuto 125365 RETE)SAHER B5) S MR sy T Tio o

or moreeathése fRectiogalhygrduesy ddyringethb ythnsfamatieafronpy phospBoiamidate
-Nnet hy] - 2- .nitroim dazol -5-yl)., .

alkylag T pEh DSy Brougn Elerﬁ%ﬁﬁlmwawa@.ayf}glatawn&fc h

transféiﬁleid,s_fdaexélﬁ}ﬂ%[ toWRl ther WP 8% REGAIEGH ¥R ah Qﬁdg&é?iHO, a carbamate, or
hypoxi c cells conpared to nornoxic cells, and/or

an amiles 8 earbexy] gexiocntastiryandiaghereigio gadupdse a thinether or a thioacyl, as

descriBBh b LR TPl QM0 B Er S e SR Tisnll sy betow.
Theseatakyforhationdetn yirld ¥ odb@ywhigh Zs 1Rbd FQATUr a8 MBoStiMe than the
2- or_ 5-nitro i mdazolyl, bioreductive

nj.trof uran-5-yl, )
Corfesa?led%plg%g qra%%atwlkwl(af@t NeRipolay phespbpiamidata plkylator prodrugs

OSSR ] . qf ] t ar ;. ..ar
may nGRERABEIGAIL i MUELAL hebhati5 A GRIATL AR, Soiopf o
enhan¢eg groups dike Gt aumints, aldylankind Adidl§lanBiQ,and mgi?\i?iﬂd- &, beidmployed
andUS Pat ent .

. I J.. Med.. .
in the E,%rég%ﬂs%sga%ﬁlﬁfeé%f‘p%ﬂs‘bl%ceprﬂt PRfTie g REeTEe e Gy Prabdems
e ATE L B PNy i

[0101]Y2 Phosphoramidate alkylators of the present invention can have one or more N-(2-

haloalkyl) or N-(2-haloethyl) and/or one or more aziridine (WN<]) moiety covalently bonded
to a P=0O moiety as shown below. Upon release of the anionic phosphoramidate alkylator
moiety an aziridine or aziridium species forms which can alkylate DNA (See EXAMPLE
section, Example 36). Depending upon the electron withdrawing nature of R, and R,
substituents, the aziridinium formation kinetics can vary. For example, as shown in the

reaction sequence below, the rate of alkylation can increase when the NRyR3 moiety is

changed from NH; to CNM (see Engle et al., J. Med. Chem., 1987, 25:1347-57).
Substituents on the nitrogen atoms can alter the geometry of the phosphoramidate alkylator,
the delocalization of the lone electron pair on this nitrogen atom in the P=0 moiety, the
availability of the nitrogen lone electron pairs for aziridinium or subsequent aziridine
formation, and the aqueous solubility of the phosphoramidate alkylator prodrug and the

phosphoramidate alkylator.
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Rl (1) 25 WD 2007/002931 PCT/ US2006/ 025881 wherein
[0104] Y1 is 0, S, NR6 or NSO2R6 wherein each R6 is
w0 pabepexrdent |y Cl- C6 al kyl, Cl-C6 het eroal kyl PCHUY1006/025881
or heteroaryl; [0105] Y2 is O S, NR6, NCOR6, or
NSO2R6; 5 [0106] each of RI-R5 independently is
hydrgeng, hydroxyl, a RCl C6 al kyl, Cl-CQ
het eltloﬁl yl, C3-C8 cygt%gl kyI Aaeterocyc:l@@lo\(@l CHNA
aRkoOXyp~ al kyl agg"nop~. | di al k b 7ar yllqylatlon
het er oryk, Cl-C6 acyl, &1y'6s heteroacy
het er gar oyl\, or toget her any two of RI-RS%{@/
3990 heterdvecycle; or each of R -R5 independently is
a Trigger TIongeienNTrigger is L-23; 10 [0107] L is
wah@'amwaferfﬂhylator Prodrug Phosphoramidate Aziridinium
of th€pkgrt in¥dition] C(=0) - J ¢ Jll@(la%br)Z Z2-Y4In-[C(Z1) 2] z-[ /-
C(Zl) =C(Z1)]g ; and

fox02];| ‘fé%? 3%15&{31}!10’% V\E& ane?s)iH gtﬁ%@%ﬂhé&sﬁle&’y {hg{ gﬂv)sﬁﬂl&aﬁﬂaze
alkylaton ez aghontiplyying ZC}llﬁblnildaioﬂ)éBﬁ}ed‘ﬁBtWGSgrSup ﬁhovmnnéﬂ@@ctedly high
hypoxgn o IRy HOrp SR BL LR EY R B g . For
examﬂgi@,t(ﬁngjféﬁﬁhé’ b4 a&ilz;f:@/ ﬁe‘ UV% £ t@ll sy ?d'ﬂl HR)re fdxic fhypoxic

am no, ary roar C1-C6 acyl
cells ti2in iBGloemhexio aeljrsl in earapgilprobferdten ey wéaogity, aSEaMWQ]l aY@sd af 0.05 pM

in cellp gnRy dOBGER CIeoyAMTLE SCRoD EFpherie SR e iptives

conta1ﬁfn)é| 1fosfdihﬁ¥1@frﬁ1§fa¥d or {€ckfieRide Yalsaad Kﬂdlo g R &a0RY Gbithulas:

-C6 acyl, Cl-C6heteroacyl, aroyl, or heteroaroyl;

7 ca%"o iy %id%&?ﬂ Ghisgis PHI o) S gop, ik one
Q112 h X d dent |
Z3'CH(|32)@F?E§ QP@%@H(R@CH@ ?rde{oeﬁggntly k;d:gggﬁ?nhg{]ogén,
H, OP(=0)(OH)2, nitro, cyano, CO2H, Cl1-C6 al kyl,
wheref 236 ninethr Ralskyidrogei; Iﬁethgy ot tsapltopyl A3lis 106-nadthddy,

nitroiringel St - PN B SR b P Ry OOy 1 TBY SH S B B mere

unexpectedly more toxic in hypox1c cells compared to normoxic cells, and/or possessed

unexpectedly high HCR values, in anti-proliferation cell cytotoxicity assays, in contrast to the
HCR values of known phosphoramidate alkylator derivatives having 2-nitrothiophene-5-yl,
2-nitrofuran-5-yl, or 5-nitro imidazolyl, bioreductive groups (Z3), and N,N’(tetrakis-2-
choloroethyl) phosphoramidate mustard or cyclofosfamide mustard; or an indole quinonyl
group as Z; and ifosfamide mustard (see e.g., compounds P4, P14-17, P19, and P21-22, in
Borch et al., J. Med. Chem., andUS Patent No. 6,656,926 both supra).

[0103] In one aspect, the present invention provides phosphoramidate alkylators prodrugs

of formula (I):
T4 R3

N N
PN
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[0113] X2 is NR7, S, or 0; and 26 WO 2007/ 002931

PCT/ US2006/ 025881 [0114] Z3 is a bioreductive group
w@etogoomel from t he group consisting of: NO2 XeCT™NO200&20¢5881

X1 X1 X1=X1 -X X1 1 X2 X1 NO 2 X1 X1 X1-X1 X1-X1 X1

~J " 1, /1 X1 X1 X1-X1 02N X2 X1-X1 02N X2 0 O X1
1=X1 11 1 \ X1 11 X1/ X >- N1 rNO2N/\\ /| RT Y RY
1-X1 0 0 5 with the proviso that in fornula (1)

[0104]£J ?é’wgs] N pﬁlggézRétzv\eﬁgpl&ﬁ'iél}ﬁs ihSepenadnily¥-CF AL 0.
@l kyl, 2-het | kyl sul f | I kyl,

hetemgllkgylaﬁsllu({ ?ﬁ%y{?ﬁiyal ﬁyl, ang gfoa d s.u. oy eryaiy

[0105]01?15(%3‘@553’]@ '&f@@iﬁégﬁﬁ |; [0116] (ii) at |east one

he group consisting of
2- hal oal kyl, 2- 10 alkylsulfon%Foxyalkyl

[0106]>- h@eqfd?akkymd@pmdﬁylmwdmpn ydegryl, it it rafarlitCo

hetero %]?(yh@% ﬁ%o %ﬁéﬁég?ey cy.gﬁfx,. ¢ lxé( aelﬂé(yr{yo ga%% a?{tyl An?ﬂé ;C O@

dialkyNRARS, @ﬂﬁh&ﬂ%&@l al £Cg 56yl, &L'lldC£ lﬁblérBicydi,mmilﬁdn\Meﬂhtadtroyl or to gether
i soner a racem c or non-racem i SO

any toig il BrE Cr-phdeirrapitopresch et %h%é)a %‘é’ﬁlﬂﬁ&‘é@b’ |1§,ﬁngger T

] alt sol vate, hydrate, or a prodrug
Where?ﬁwcfﬁ%%?gf [0119] In one enbodinent, z is 1. [0120]

ne enbodi nent, R2-R5 are not the sane. [0121] In
mlmbn@%ﬁﬁ%ﬂf"ﬁgﬁp any one of R2-R5 is

~[C(Z1)2-Y3]v-[C(=0)-Olg-[C(Z1)2-Z2-Y 4]u-[C(Z1)2]o~[-C(Z1)=C(Z1)]g-; and
—[C(Z1)2-Y31v-(S(=0)2)q-[C(Z1)2-Z2-Y 4]u-[C(Z1)2] [ C(Z1)=C(Z1) g

wherein each z, v, q, u, and g independently is 0 or 1;

wheref

[0108] Ysis S, O, or NR; wherein each R is independently hydrogen, hydroxyl, C;-Cs
alkyl, C;-Cs heteroalkyl, C3-Cs cycloalkyl, heterocyclyl, C;-Cs alkoxy, C;-Cs alkylamino, C;-
Cs dialkylamino, aryl, heteroaryl, C;-Cs acyl, C;-Cgheteroacyl, aroyl, or heteroaroyl;

[0109] Yis O, S, or -NR7-C(=0)-O-;
[0110] each Z; independently is hydrogen, halogen, C;-Cs alkyl, C;-Cg heteroalkyl, aryl,
heteroaryl, C;-Cs cycloalkyl, heterocyclyl, C;-Cs acyl, Ci-Cgheteroacyl, aroyl, or heteroaroyl;: -

[0111] Z,is C;-Cgsalkylene, C;-Cgheteroalkylene,
x1——x1

x1__x1

S

[0112] each X is independently N or CRg wherein Rs is independently hydrogen, halogen,
OH, OP(=0)(OH),, nitro, cyano, CO,H, C;-Cgalkyl, Ci-Cg heteroalkyl, Ci-Cs cycloalkyl, C;-
Cs alkoxy, C1-Cs alkylamino, C;-Cs dialkylamino, aryl, CON(R7),, Ci-Cs acyl, Cy-

Ceheteroacyl, aroyl, or heteroaroyl,;

[0113] X,isNR7, S, or O; and
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27 WD 2007/ 002931 PCT/ US2006/025881 O O O SA O Oor

O [0122] In one enbodi nent, the present invention
w@e@vioak®31 hypoxi a activated phosphoram date aP&yU81006/025881

prodrugs each enpl oyi ng two phosphorani dat e

al kylators. In one enbodinent, the phosphoram date

I : | oys an
(00145 X088 BorRROA o o DAPERSAN gl SO AP oY
1-N—wethy| 2-ni troi m dazol - 5- yI noiety as a
bi oreductive group or Z3. In one enbodi nent, the
phosphoram date al kyl ator prodrug of the prese
i nvention enploys a 2-nitrofuran noiety as a %2
i,0r eductive group or &g [01231 In one enbodlnent X he
resent inyention excl udes the conpo 4

H2CH2O) ST N( cHecH2 ) 2 %P O RFBC) 2N, X1 |
XA NeE( My

NO,

My / M N H2 10 PL P2 0O
H2CH2C) RN-X, NH2 ( Br H2GHGK2N | |

NO2 O0C OC H2 H2 P3 P4 28 WO 2007/0 9/3

PCT/ US2006/ 025881 N (CH2CH2Cl §2 N(CHZCHZCI)Z OO0 \P
"ONCHRCH2C ) 2\ P- - XM RE@H2CH2C ) 2 Xy—Xq

ON X; — <\ />NWMW /Kx \ —

X1'_—X1 ,OZN 2
Q o)
X X
- T T T e
1==X4 /
OzN — & R, a N
2 <\ J 7 v
Xi—X4 , 0 0 ;

with the proviso that in formula (I) :

[0115] (i) at least two of R;-Rs are selected from the group consisting of 2-haloalkyl, 2-
alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl;

[0116] (ii) at least one of Ry-Rs is selected from the group consisting of 2-haloalkyl, 2-
alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-

heteroalkylsulfonyloxyalkyl; and at least one of NRoR3 and NR4Rs is WN<‘; or

[0117] (iii) each of NRyR3 and NR4R; are W‘””<1; and

[0118] an individual isomer or a racemic or non-racemic mixture of isomers, bioisosteres,

pharmacophores, a pharmaceutically acceptable salt, solvate, hydrate, or a prodrug thereof.
[0119] In one embodiment, z is 1.
[0120] In one embodiment, R>-R> are not the same.

[0121] In one embodiment, any one of RZR%is
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| I OO M2NHRCH2C0O H3CH2CO O S OS N2 N P5 P6
O N(CH2CH2Cl )2 N(CH2CH2CI )2 N(CH2CH2CI )2 i ' N(CH2CH2
W@202/00280 Me2NH2CH2C H3CH2CO O O O NCO2 NC2 R7I/P82006/025881
N(CH2CH2Cl )2 NH2 O\ O~ / NH2 -~ N(CHeCH2Cl) 2
INCH2CH2C)2 O / 0 O 1 N(CH2CH2Cl )2 H3CO O H3CO O
2 5 N2 N2 P9 1 29 WD 2007/002931
PCT/ US20Q6/ 025881 [N (CRRCH2ClI )2 N(CH2CH2CI)2 O 0

\ (CH/CH2CI ) 2 \ - MREFPOH2CI )2 O 0 - H3CH2CO
Hipoensy 0% Y
O

O or

[0122] In one embodiment, the present invention provides hypoxia activated
phosphoramidate alkylator prodrugs each employing two phosphoramidate alkylators. In one
embodiment, the phosphoramidate alkylator prodrug of the present invention employs an 1-

5 N-alkyl-2-nitroimidazol-5-yl moiety or a 1-N-methyl-2-nitroimidazol-5-yl moiety as a
bioreductive group or Z;. In one embodiment, the phosphoramidate alkylator prodrug of the

present invention employs a 2-nitrofuran moiety as a bioreductive group or Zs.

[0123] In one embodiment, the present invention excludes the compounds:

0
(CIHp_CHgC)zN\II:! __N(CH,CH,Cll ]
| (CIH,CHoC)oN NH
O\ NO2 2 2% )2 \||3|/ 2 Me
H2C\</j l /< NOZ
N \C \ /
Me , Ha N ;
10 Pl P2
O @]
(CIHZCHZC)ZN\IU NH, (BrHZCHC)ZN\lFl N
| © NO, I S NO,
0 0
\c/@ \c/<\j
o , Ha ,
P3 P4

28



NO2 NC2 P12 P13 Br Ra OBr AD 0~1~ N 02N S NH2
P14-P17 5 wherein Ra is H Br (P 14), NVe2 (P 15), CN

W@ R018)2930r CONH2 (P 17), Br C 0 \\ N Br 0 NET/UR20@5/625881
02NS10NNN Br ¢ Br, C P18 P19 30 WO
2007/ 002931 PCT/ US2006/ 025881 CI 11 /N Cl P 02N g
N2 P20 Br G 0 GuéMcedyBr O /NI C2N O 02N 0
f", O P21 Clog22/ Br O / \ O P/ O Ner ONc:|/“%*léll’:'%c"2

A '~

\P

P
| —N(CHoCH,Cl), | ~~N(CH,CH,Cl),

(0]
MegNHQCHch
(@] / s
NO, , NO,
P5 P6
N(CH,CH,Cl), N(CH,CH,Cl)o
O\ / O\
T\ N(CH,CH,Cl)p T\lc\;ll()CHZCHg
2
o} 0
MegNchHgC H3CH200
0
o) o}
NO, NO; ,
P7 P8
N(CHoGHoCl)p NH;
O\P/ N / NH,
| ~——N(CH,CH,Cl); P —— N(CHaCH,Cl)y o /
| X
0 o} | TT=N(CH,CH,Cl),
HsCO 0
HaCO
0
NO,
0
NOZ N02 R ’

P9 P10 P11
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O02N O\ N NN NBr M C f"* C Br P23 P24 31

WD 2007/ 002931 PCT/ US2006/025881 CI Br ~/00C O
WO-20000223NBr 02N N N 2N P\ and M Me N CI  QrCT/BS20B6/025881

P25 P26 H2N )--1CO2R N H2O\ (H2O4 ONH (H2C 4

CO2R P 0-\\ NH0O2N O 0O2No NC «cl cl , C P36 P37

wherein Ris H MucegHabhl yl; 5 [0124] N(CH2CH,CI),

3- (5- Met hoxy-é.- hyl -4, 7- |ndoleqU|nonyI)

bi s[ N- et hyl - N- -;\Q&Qgpg&hyl)] phosphorodléﬁr?aLwcmcﬁmh

(P27), [0125] |

3- (5- Met hoxy- 1-
Hebh.B0 01 S(

[ 0126]

bi s[ N-

(P29),

t hyl - 4, 7-i ndol equi nonyl ) r et hy?

et hyl ) - phosphgeedoan d

t hoxy- | - nmet hyl - 4, 7-i ndoflequi n nyl)nethyl
(2- 10 bronDethyI)]pho am dat e

NO,

NO,

P12 P13

Br

Ra

0N

P14 -P17

5 wherein R*is H, Br (P14), NMe; (P15), CN (P16), or CONH, (P17),

Br al

RS WS ad

S s

LT

P18 P19
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[0127]

2- (5- Met hoxy- | - et hyl - 4, 7-i ndol equi nonyl ) | net hyl
wWORMNT0E2- chl or oet hyl )  phosphor odi am dat e ( PBO)/PS2006/025881

[0128] 2-(5- Met hoxy-I|-nmethyl -4, 7-indol equi nonyl ) ret hyl

N, N- bi s(2- brol noet hyl )- phosphorodi am date (P31), 15

[ 0129] cl

3- (5- Met hoxy- 1 - et hyl -4, 7-i ndol equ

N, N- bi s(2- brol noet hyl )- phosphorodi gm date (P32), 32

WO 2007/ 002931 PCT/ US2006/ 025881 130]

2- (5- Met hoxy- | - met hyl - 4, 7-i ndol eqdi nonyl ) et hyl|

-onyl ) met hyl

bi s[ N- et hyl - N- (2-_br onoet hyl ) Joppho phoro date
(P33), [0131] \ xa

2- (5- Met hoxy- I- thylW4, 7-i dﬁlnonyl)nethyl

N, N- bi s(2- g\ h - osphorpdlan1date (P34), and
5 [0132] S

2- (5- Met hoxy-| -nmet hyl -4, 7- indolegﬂlnonyl)nethyl

N, N- bi s( 2- br onoet hyl ) - phoaphorodlan1date (P35) [0133]
In a related enbodi nent &0 present invention

provi des a conpound of formula (1) wth the proviso
that [0134] (iPBrat |east one of RI-R5 are select®
fromthe group gonsisting of 2 10

al kyl sul f onyl oxyal kyl , 2-heteroalky|su|fony|oxy kyl ,
2-aryl sul fon I xyal kyl , and 2-

heternoal kyl oxyBal kyl and [01 5T\t |@S\t e of C
B@%ﬂe(%e écted fromthe gr ns
O2N"2-hgt'oalkyl, V- aIkyIsquonon Iky<Q

2- heteroalkyI@ﬂ?fonyloxyalkyl 2- aryIsquon;Ed’ ya yI
roug

and 2- heteroalkylsulfonyloxyalkyl ; or 15 [

at | east opg of RI-R5 is selected fromthey

consi sti ng % 2-ha|oa|ky| 2-Cl- C6

al kyl sul f onyl oxyal kyl , heteroalkylsulfonyloxyalkyl
2-aryl sul fonyl exyal kyl, and 2-

het er oal kyl sul f nyloxyalkyl, and at | east one of NR2R3
and NR4R5 is or/[0137] (iii) each NR2ZR3 and NR4 are
[0138] In another related enbodi ment, the pr

i tion ﬁﬁ%md\§/5\dbnpound of 2 rnul ?f NWkVﬁ\\C
/ngegkg¥b§g at the fornula él& nd R3

O2N"t oggther"forning a nnrphol|n |nglmr R4 and \R5
toget her fo a norpholine ring. W%139] on
enbodi nent,| the pyesent invention excludes conpound
of the following StBucture: NC -, // 02N N | ©
ridl 1 I

P23 P24
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33 WD 2007/ 002931 PCT/ US2006/ 025881 wherein ZI is
hydrogen or C -C6 al kyl. [0140] In one enbodi nent, the
wEe@3meomo3i nvent i on provi des conpounds wher ei n PEEUS2006/025881

Trigger Tis: [C(Z)2-Y3]-(C(=0-0-[C(21) 2-22- Y4]

-[C(21) 2] z-[C(21) =C(Z1) | - Z3,

[C(zZI)2-Y3]-[C(Zl')2-22-Y4] -[C(Z21)2]z Cl

[&(Z1)=C(Z21)] - Z3;

[X(Z1)2-Y3]-[Ggz1) 2] z-[((ZI ) =C(Zl')] - 23; [C(Z1) 2-
-[O(21) 2] z-73; | C(21)2-Y3]-((=0-0 -[C(Z21)2]Z
[C(Z1)=C(Zl)]-26; [C(Z)2-Y3]-((=0 [C(Zl)(i]n\zs/\Cl
10 [C(Z1) 2- Y3]¢ (C( =0 -0 -[((Z1)2]Z /C( Z3;

MW] BP] z- [ C(ZI Pz

) 2] {\f;‘(l £Q(21)]-23; 1 2N N\nenxz

O,N |\’>~/ “N02 1 1---x1 71 X1- x15%
t al

- XIe Z1 Z QXN i-Xl . 15 [0141] In an additijon
enbodi nent [ Z3 i : 34 WD 2007/ 002931 PCT/ US2806/ 025881

R7 R7 N O NOZ=SHO2 N2 X, R8 R8 R8 Rs R8 Rs NC
QZN 02NBs
P25 P26
HoN
CO2R
HoN (H2C)4 2

O
e o /@\/ \\P/
/@VO\“/NH o o
09N

\
N I

wherein R is H, Me or allyl;

[0124] ?;-(S-Methoxy-l -methyl-4,7-indolequinonyl)-methyl bis[N-methyl-N-(2-
bromoethyl)] phosphorodiamidate (P27),

[0125] 3-(5-Methoxy-1-methyl-4,7-indolequinonyl)methyl N,N-bis(2-bromoethyl)-
phosphorodiamidate (P28),

[0126] 2-(5-Methoxy-1-methyl-4,7-indolequinonyl)methyl bis[N-methyl-N-(2-
bromoethyl)]phosphorodiamidate (P29),

[0127] 2-(5-Methoxy-1-methyl-4,7-indolequinonyl)methyl N,N-bis(2-chloroethyl)
phosphorodiamidate (P30),

[0128] 2-(5-Methoxy-1-methyl-4,7-indolequinonyl)methyl N,N-bis(2-bromoethyl)-
phosphorodiamidate (P31),

[0129] 3-(5-Methoxy-1-methyl-4,7-indolequin-onyl)methyl N,N-bis(2-bromoethyl)-
phosphorodiamidate (P32),
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I 1SS 02N or O2N [0142] In one enbodi ment, each

-C(zl')2- is: -CH2-, -CHMe-, -CH(CN)-, -CH(C®2H)-, - 5
WERHOOONN2) -, - CH(CF3) -, -CH(CHF2)-, -C(M)2-, PQ/ESI0B6/025881
- CH( CH2NMe2) -, - CH(CH2NME2) -, - C(CH2NWE2) 2-, or

-C(CH2CO2H) 2-. [0143] In one enbodi nent, - C(Z1) 2- Y3-

[013051(2%)-_ tifdxy-1- ﬁ'é'éﬁ)yﬁzt 7- m&%i% gt 1%&?%@1@0

bromedﬂh&l)ﬁph»&phorodtam1dﬁb‘/é%3l)ﬂvb 10 [0144] In one
enbodi nent -Z2-Y4- toget her is: FFF FSSS -0 SS-1-

0
1310 2 eS8 ot

phosphawdisnmdatied®d), and C(Z71) =C(Zi )] - is: - CH=CH,
“C(CN)=CH-, -CHEC{CN)-, - C(Ar)=CH-, - CH=CA-
[0132] C(m%ﬂeﬂﬁ'ﬂy 1~ falekhS(- @@%hﬁolequlﬁélﬁgﬁiﬁhﬁ@ﬁ\l-&@(}bromoethyl)

wherein Ar is aryl optionally
Phos@e@t%mléﬁfé&l)%)th up to five substituents selected
fromthe group consisting of OH Ow, CF3, O CHF2,
[0133PCHS a rbl@d efifhodimém, th ptesent tittwentio prhivindds arseirpylind of formula (1)

. i hal onef hyl , hydroxynet hyl, CO2H, CONH2a CONME2, and
Wltht%‘ﬂ(ﬁvb” é?’ry R12 is is independently hydrogen, Cl-C6

al kyl, C1-C6 heteroal kyl, C3-C8 cycl oal kyl, or
[0134h et(ératb tepstl qpie of Ry RGIre sdleciebfrmrthe goog |cnm1$t1ng1af@ ger

alkyisaltyn s Bl oo ftiastorydliy, £hbtmiliondinsstionrnd 2

heterobliéy#@@font®xyalkyl and

[0135] at least one of R;-Rs are selected from the group consisting of 2-haloalkyl, 2-
alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl ; or

[0136] (ii) at least one of R;-Rs is selected from the group consisting of 2-haloalkyl, 2-C;-
Cs alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-

heteroalkylsulfonyloxyalkyl; and at least one of NRyR3 and NR4R5is WwN<\; or

[0137] (iii) each NR,R3 and NRR are ""‘””ﬂ;

[0138] In another related embodiment, the present invention provides a compound of
formula (I) with the proviso that the formula (I) excludes R, and R; together forming a

morpholine ring or R4 and R;s together forming a morpholine ring.

[0139] In one embodiment, the present invention excludes a compound of the following

L
ozN/&T N/ \_\

structure:
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Z1 0 NO2 Z1 SN2 Z1 RZ1 Z1 RN N2 Z1 N7 NO2 | 'or
rl  wherein each Z1 i ndependently is H or Cl-C6 al kyl.

wQ 24/89298n anot her enbodi ment, Trigger is: NOZPCHUSZ06/025881
15 R8 wherein each Z1 is hydrogen or Cl-C6 al kyl and
R8 is H OH or -0OP( O)((}|)2. [0148] In one

odi i nvention provi des conpounds
Whe“%?% PSI%B) enE’F%)‘@a?ﬁa (111): 36 WD 2007/ 002931
PCT/ US2006/

25881 R4 Y1 R3i4 YL 31 1 NNIILP/

[0140f \In ope Rpbodipesnh theypressit iyeRUiofROREES SOHPFe wvhe{qnv he Trigger

Tis: (11'1) wherein each R2-R5 independently is selected
fromthe group consisting of hydrogen, hydroxyl,

[C(ZlﬁlYQG(C‘cﬁ#‘B-)*Dl) C@l@ﬁzhaPH[@éZlkzﬁ-[C(@)Fngc)%(@lﬁ,oa! kyl oL o5
5 [C(Zlgzlegﬁrk[ﬁz%% ?@'thf['ﬁ%?aﬂer Tﬂ@k@rf&% or at oéefl hmepo:any t WO
[C(Zl9zf YﬁZ[d@él)j]QF@m)z@?(Zg]} Ghet erocycle; each Y1

dent iI's S or and each Trigger T is defined
[C(Zlésts f{C(ZuﬁzhtZﬁ (1); [0149] with the proviso that in

Y PR UMb I St consi sting of
[C(Z@z YlgL(@Hg)Lb) [@(Zl?ﬂ -2yl suI fonyl oxyal kyl ,

| kyl sul | | kyl, 2-aryl sul f onyl | kyl,
10 (OO ol ey b oay P Ayl o1 [0151] (1) &

ted f th
PR T G e, T o the orou
-[C(Z K CE) O ) |y al Kyl , 2- het er oal kyl sul f onyl oxyal kyl ,
2-aryl sul fonyl oxyal kyl, and 2-

he | Kyl sul f onyl oxyal kyl; and at |east one of NR2R3
az N R5 |s or 15 [0152] (| i) each NR2ZR3 and NR4R5

T N e

1 X1"""X1
O,N
=X,
X
AL
R

15  [0141] In an additional embodiment, Z; is:
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[0153] an individual isoner or a racem c or

non-racemc m xture of isonmers, bioisosteres,
w@banrrexdphor es, a pharmaceutical |y accept abl ePGHIUS2006/025881

solvate, hydrate, or a prodrug thereof. [0154] In one

enbodi ment, the present invention provides a conpound

of formula (I wher ei n Trlgger Tis -CH2-Z3,

(Z1) Z3 &yl and
M €X [ X X\ NO2 X1 20

L)y
one ofRgR2 amgl R3 is H andgone oﬁ%RA d RS i ReH;
[ 0156] (||) one of R ang R3 is dXalkyl and oné of R4
and R5 is Cl-al kyl; or [ 7] (iii) at |east one of
R2-R5 i s hydroxyl, am no, cycl oal kyl ,
heterocyclyl, C1-C6 alkoxy/'Cl\ al kyl am no, Cl1-C6
m no, aryl, heter [,

aroyl. [0158] In
i ment, the present invention vi des a

of formula (J1) wherein Z3 is @ bioreductive
group seleegted from N2 02N X2 ~X X1=X1 X1 X1 /N2
X1 X1-X1 f X1-X1 with the proviso that in formula

$ 159] (i) at & RI/AR5are sel ected

he group consifti k vlaxyal kyl

- het er oal kyl sul f onylloxydl kyl, 2- nyI oxyal kyl ,
70160] at

and” 2- heteroal(% . P onyallcyl d
| east one of RALFB are selected fromthe group-

consi sting of 2-hal oal kyl, 2- al kyl sul fonyl oxyal kyl ,
[0142D - fepes embedimso, femltw&ﬁzyal ikyICH,2~ @fmsmcm(r@moxm{(mzm_ .

¢ CHOR RS TR AL e .
CH(CHNNjes)-j -ﬂECHENMeBBl Qal&yH, b,
al kyl sul f onyl oxyal ky heteroalkylsulfonyloxyalkyl

[0143ﬁe?ﬂe¥%§%£%#ﬁt3?§z IY&I %y 2a??cf Gt oY S r CRdIRE
CH(Meho- NBHEMe) S-; OCH[( PP RIME L(EI)I(M@)CNHNRmezaNMeNR@R@eﬁ{TMe— or —

CMe, \f\IMe—

QJ

O,N

10 [0144] In one embodiment -Z,-Y;- together is:

{% CN
@
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20 [0163] In one aspect, the present invention
provi des phosphorari date al kyl ator prodrugs of

wo ooomad23( 1) : 38 WO 2007/ 002931 PCT/ US2006/ 025881/USTR04/é25881
IR3 NII" NRE PP RR1Y2RL (lI) wherein [0164] Rl
isa-[CZ1)2-y3],[C(=0-Qy-[C(2Zl)2-2Z2-Y4]u Z3 or

Z2 Y4
01 ) R T A e ER-ahe 00y
CQAQ&C@IudESGCAr-a@«ﬁh@begEmh@HEGKC@mrh-KM@CW&QvCEbothat
cl udes gl ucose _conju

CH= 1ak-ovaerg 18 gl opfion tseéqtgﬁtgﬁ g"é%\/\? hor vglsu t1 nts selected
from tHe Jrdt sﬂéﬁn of5ﬁ)ﬁ[2@)'1\/?e'3 @r,] @Jéﬁ]]?z, @)ﬁ?}} sz,F@N Fﬁﬂo halomethyl

_indep ndently I's hydroden,” hydroxyl, "am n
dlhalcanebtkryl triplongethylchirominkathyl, CQQEBC@H{:@@DM/I% and CONHMe and

Riz 1sg§,e : r%lﬁ?%bhy(gpl%‘%sgﬁgk ﬁ@gfér %et kﬁézﬁ @é'@lcygoaﬁ%gl or

haEK@@dgﬁheteroacyl aroyl, or heteroaroyl or together
any two of RI- R5 forn1a C3-C10 heterocycle [0166]

t ormula (1): [0167] (i) at
[0146¥me IH a}l{;]t%elp&?y@%ﬁém se% ected fromthe group
onS|st|ng of 2- hanaIkyI 2- al kyl sul f onyl oxyal kyl ,

heteroalkylsulfonylo)galk 2-aryl suPt nyloxyalkyl

2 £eroal kyl sulfiori oxyal kyl ;
t ogfe of R2-R5
conSi stling of 2-Aal

elec Nbgomt
2-Cl- C6 z,
al kI sulfonyl oxyal kyf , h>é1t et oal kyl‘Sul anymx;/al kyl ,
2-aryl sul fonyl oxyal kyl, and 2-
heteroaIYIsquononxyaIkyI and at | east one of NR2R3
In anofher expberiment, THggerdS " or [0169] (iii) each NR2R3 and
NRAR5 areV M\~1; and 20 [0170] an individual isomer or
1raceric or non- ragen1c m xture of isoners,
bi 0i 8 stengs, ghar cophores, a pharnaceutlcally
pt alyt'e salt te, or a prodrug
enbodi nent, the present
n ptovides the\conmpounds: 39 WO 2007/ 002931
ECT/U82006/025881

AN B

wherein each Z; independently is H or C;-Cg alkyl.

[0147] In another embodiment, Trigger is:

NO,

Rs
wherein each Z; is hydrogen or C;-C¢ alkyl and Rg is H, OH, or —OP(=0)(OH),.

[0148] In one embodiment, the present invention provides compounds of formulas (II) and

(I1):
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Phosphoram date alylator prodrugs 0 0 R6,," R6/ O
i~Z \ ZB\N3 PNPNH2 NSNRL X4~ X4 1 X4 X4

WO e@ao0299e activation OO0 R6~I10 R6II~ 0 S CPA™MUS2006%025881
PSP/ N \ N2 N NRL X4 X4 1 R X4 X4
Phosphor am dat e al kyl ator cytotoxins [0172] In
anot her enbogi, ment, he present i n\Rgnti on gy ovi des the

conpounds: Z3 Oy X4\ N X4 \\ / 4 and NP O
0-- Z3 O- X X4“ 73 vvhere| n X4 an ”areNdefl ned as
above. 5 [0% her enbodiafent lILhe present

i nventi oRs provi dgs t he Bempounaé 40 2007F@02931
PCT/ US2006/ 02588

0]
Trigger and RSOZS/ \Trigger

(1) (II0)

wherein each Ry-R;s independently is selected from the group consisting of hydrogen,
hydroxyl, C;-Cs alkyl, C1-Cs heteroalkyl, C;-Cy cycloalkyl, heterocyclyl, C;-Cs alkoxy, Ci-Ce
alkylamino, C;-C dialkylamino, aryl and heteroaryl; or together any two of Ro-Rs form a Cs-

Cioheterocycle; each Y independently is S or O; and each Trigger T is defined as in formula
@;
[0149] with the proviso that in formulas (II) or (III):

[0150] (i) at least two of Rj-Rs are selected from the group consisting of 2-haloalkyl, 2-
alkylsulfonyloxyalkyl, 2 heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2
heteroalkylsulfonyloxyalkyl; or

[0151] (ii) at least one of R;-Rs is selected from the group consisting of 2-haloalkyl, 2-C;-

Cs alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2~

( wWArN
heteroalkylsulfonyloxyalkyl; and at least one of NR;R3 and NR4Rs is <‘; or

VV\J‘NQ
[0152] (iii)) each NR;R3 and NR4R;s are ; and

[0153] anindividual isomer or a racemic or non-racemic mixture of isomers, bioisosteres,

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

[0154] In one embodiment, the present invention provides a compound of formula (II)
wherein Trigger T is ~CHz-Z3 , —CH(Z;)-Z3 , or —C(Z1)2-Z3 wherein Z is Ci-alkyl and Z; is:

NO,
O.N
X=X, M,gle
NO
,\,\,«<\ / 2 \ A
X1"—X1 , or X1—X1 ;

with the proviso that in formula (II):
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R6/P\ N (O Z3 . 1In one enbodinent, R6 is
-(N-CH2CH2X4) 2. [0174] In another enbodi nent, the
wEe@3meomo3i nvent i on provides the conmpounds: 0 BCT/US2006/Q5881
\\ NRR3 P~NRZR3 Pi 2 0/ \NRRP. 045 \NRgRS NR4R5
CNNCN N2/ N2 >N2 NN, N, and X1 X, 0 I~ _-

N - / ein R - R5 are
[Olssysg(ﬁn%eng\ogébigﬁ@?érlgr\riu{%dffl{j\%l{f %i%%%e fol |l owi ng
chepe exenpl ifies hypoxic, reduction of the
101568 JBb et SRR B Ra 87 BRoR BTty s S esfeor
correspondi ng phosphoram date al kyl ator. ~ NR2R3 ,
[015TNRARD 2t ldapt duRPRBRs\ipRgdex 1, atino, NRERIycldalkyl bstiercyclyl, Ci-Cs

alkong,eéillileg eillg}r/]all}llir%, N?ﬁsdialfcylgguznol, gryll\,"_ﬁe?e%a{ryf C? -léfr,yalc?lt, %‘;-Csﬁletglroacyl,

or aroyl or heteroaroyl.

[0158] In one embodiment, the present invention provides a compound of formula (IT)

wherein Z3 is a bioreductive group selected from:

NO,
/K OaN
X3 \/X1 X=X, N\2=X1
\
—_— —NO
.}\X1 "\’\/‘<\ / > \ //X 1
s X1_'X1 . or X1_‘X1 ;

with the proviso that in formula (I):

[0159] (i) at least one of R;-R; are selected from the group consisting of 2-
alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl and

[0160] at least one of R;-Rs are selected from the group consisting of 2-haloalkyl, 2-
alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl; or

[0161] (ii) at least one of R;-Rs is selected from the group consisting of 2-haloalkyl, 2-C;-
Cs alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-

AVAVAVAL |
heteroalkylsulfonyloxyalkyl; and at least one of NRyR3 and NR4R5 s <l; or

el
[0162] (iii) each NR;R; and NR4R; are .

[0163] In one aspect, the present invention provides phosphoramidate alkylator prodrugs of

formula (I):
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OH Phosphoram date al kyl ator prodrug 41 WO
2007/ 002931 PCT/ US2006/ 025881 [0176] I n anot her
weprodiayent , the present invention provides theCT/US2006/025881
conmpounds: 0 0 O P NR2R3 0,I1/NR2ZR3 S NRARS5 \NRARS5 S
R6 , and O I1/NR2ZR3 P "NR4R5 wherein R2 - R5 are
defined as in formula (R,). 5 [[3177] The follow ng
schenme exenplifies hypoxic yeduction of the
phosphor am date al kyl aH)r ﬂ1ro ug to yield the
correspondi ng phosphorem™datie~alxyl ator. 0 O || NR2R3
hypoxi ¢ reducti on RO s o0IFT NR R§2NRgRS p\ po P
NR2ZR3 S NRgRS \NR R O HS 4 5 active alkylator R6 R
Phosphoram dat e al kyl ator pypdrug | [0178] In one
enbodi ment, the present inventign provides the
conpounds of the fornmul as SIV) - (M1l) RRO RO X4 X~
0 ~Xq (@

wherein

[0164] R;isa—{C(Z1)2-Y3}-[C(=0)-Olg-[C(Z1)2-Z2-Y 4}u-Z3 OF
—[C(Z1)2-Y31y-(S(=0)2)q-[C(Z1)2-Z2-Y 4]u-Z3, wherein each v, g, and u independently is 0 or 1;
and Zs is a glucose or an analog thereof with the proviso that it excludes glucose conjugates

of phosphoramidate alkylators described in the reference Wiessler et al., US Patent No.
5,622,936;

[0165] each of Ry-Rs independently is hydrogen, hydroxyl, amino, C;-Cs alkyl, C;-Cs
heteroalkyl, C;-Cs cycloalkyl, heterocyclyl, C;-Cgalkoxy, C;-Cs alkylamino, C;-Cs
dialkylamino, aryl and heteroaryl, C,-Cs acyl, C,-Cgheteroacyl, aroyl, or heteroaroyl; or
together any two of R;-Rs form a C3-Cjg heterocycle;

[0166] with the proviso that in formula (I):

[0167] (i) at least two of Ro-R5 are selected from the group consisting of 2-haloalkyl, 2~
alkylsulfonyloxyalkyl, 2_-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl;

[0168] (ii) at least one of Ro-R5 is selected from the group consisting of 2-haloalkyl, 2-C;-
Cs alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2~

WN<|
heteroalkylsulfonyloxyalkyl; and at least one of NRoR3 and NR4Rs is ;or

o
[0169] (iii) each NR,R; and NR4R;s are ; and

[0170] an individual isomer or a racemic or non-racemic mixture of isomers, bioisosteres,

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

[0171] In another embodiment, the present invention provides the compounds:

39



ON,,IINNII/NRO0)2 Xgq\p/N/ gl R9 O1I 10 X4 RO

Trigger , RO\ Trigger (1V) (V) 42 WO 2007/002931
w2006/ 025881 R9 RS R9 RO RO RO Rs RO RBCTRDS2¢46/025881
Xqg Xqg X4 0 11 RII/NMNIINRIL Rill--," P"Rl 1 1 O
Trigger and O Trigger (VI) (VII) wherein each RO
i ndependent |y is hydr ogetibsplibeithiaste Wilatd@ipyddrugs
heteroaryl, Cl-C6 alkyl, Cl-C6 heteroal kyl, C3-C8
cycl oal kyl, heperocyclyl, Cl1-C6 acyl, Cl-CBhetezgﬂgyl,

aroyl, hergrogfgy0, 5 Cl-C6 al koxycarbonyl, R&L-

al kyl am noca yl', diz;C1- C6 al kyl am nocar bonyl"'S” or Z3
Cl-Co6 alkoxy;\pr toget her two RO groups forma

het erocycl & ea is hydrogen, Cl1-C6 alk ,yﬁﬂ-
heteroalkyl?§§ZﬁCB cycl oal kyl , heterocyclyl ar or

het er oar oyl , &%\together two Rio groups forgy%\\
het er oc ck@(’[ A9l R11 is independent |/ Tsnhydr ojen Ry
Xngépfrﬁﬁl aryl, heteroaryl, Cl-C6 alldl, Cl-C6 0
hetr€roal ky), C3-C8 cycloal kyl, hérergtyclyl 4 Cl-
acyl, Cl-&6heteroacyl, aroyl, heteroaroyl, C1- Co
al koxycakbonyl, C1-C6 al kyl am nocarbonyl, di Cl-C6
al kyl am nycar bonyl, or Cl1-C6 al koxy; or together t
RO groups f'orma heterocycle with the proyiso that
when R11 is Cl1-C6 RO al kyl or Cl-C6 hetenoal kyl then
R11 exci{des X4 ; or together two RL1 grogps form a
het erocycl e; 15 [ 0180] rexdctivg agtjvau@r  al kyNsul f onyl oxy,
het er oal kyl sul f onyl oxy, aryl sul fonyl oxy, or
het er oal kyl sul f onyl oxy; and

4

o O
Rs 0
Rs\s//o \S///
\ o\ _
o N N
A\ N
/P\ N\
NH, N—R
N N 1
X4\/— X4J\l
X4 X4

Phosphoramidate alkylator cytotoxins

[0172] In another embodiment, the present invention provides the compounds:

wherein Xy and Zs are defined as above.

[0173] In another embodiment, the present invention provides the compounds:
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[0181] Trigger Tis [C(Z1)2-Y3],-(C(=0-0O0q

[ C&(Z1) 2-Z2-Y4] u' [c(Z1) 2] z- [c(Zl) =Q(Zl)]g-zZ3 [0182] In
wa@20ogheoed enbodi ment, in fornulas (1V) - (VIIPCT/E82006/025881

RO is independently hydrogen, deuterium Cl-C3 alkyl,

Cl1-C6 heteroal kyl, C3-C6 cycl oal kyl, heterocyclyl,

aryl or 20 heteroarylag ot her enpodi ment, each R9

i s independentl|y hydrb d [ or C1-C6 alkyl.

I n another related enboglnen RO is

i ndependent |y nethyf et ; propygﬁ i sopropyl,

i sobutyl, tertiary butyl, or cyclogropyl. 43 WO
2007/ 002931 PCT/ US2006/ 025881 [0183] In one
enbodinent the present invention prOV|des a conpound

fo nula ( in.one of RIO is -(CH2)e
In OHQ‘FW P‘gt Be 1W@réﬁ éﬁ?ﬁﬂ)iht ercalator is an aromatic or

het eroaronmatic noi ety capabl e of intercal ating between
[0174h rueheher achadiberstethe piresent[iguddudibn provadestthe compounds:
enbodi nent, the present invention provides the
corrpound X4 NOO OONp/ N Ne 5 R0 X4 wherein
X4 a R10 is deflned NﬁzREorrruIa,(IV) [0185] In
anoth r/eNMﬁglnent resent i nv /naﬁaprOV|des t he

co ng: 21 z-J~2*§4R21 Z3 pd\r\o ~P\N R10 O RO
RlON@P5 and Cl Cl [0186] I n & enbodi nent,
the pr esent |nv on provides the conpound of for mul a
11): 9 x40 | / N( R10) 2

% ()= [

, and

-

wherein R; - Rs are defined as in formula (II).

[0175] The following scheme exemplifies hypoxic reduction of the phosphoramidate
alkylator prodrug to yield the corresponding phosphoramidate alkylator.

0]
\\P/NR2R3 \\ /NRZRS
N

NR4Rs NR4R5
O
Y§b,,,,NR2R3
i O/ \NR R
hypoxic reduction 4Rs

N
[ /> NO, active alkylator
N

OH

Phosphoramidate alkylator prodrug
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10

PI O 10 X4 ""CRO Trigger (VIIl) 44 WO 2007/002931
PCT/ US2006/ 025881 wherein each RO is independently

whyaroees; et hyl, ethyl, propyl, isopropyl, oPCT/US2006/025881
cyclopropyl; N N~*  and N(RLO)2 is selected from
NH2, NHMe, NNEZ NEt2, NNn A ~vv MeN\ | , and
[0176] “%@&O%%ﬁ% B anEPre HERpso néh%v%éﬁﬂ%"%%fﬂ oy on
X4X4 N~P X4 L-\ RO R9\Tr|gger (1'X) vvhereln

each R9 |ndependently is hydrogen, nethyl, ethyl,
r opyb-_i ,opﬁb@yl or cyclqpragyhmﬁ3[0188] In one

s odlne t, the present veﬁT%Qn provi des the
ound of NRRe formula 10 (X): WMOR9 -] O F X4 NI N
X) wherein each R9
met hyl , ethyl, propyl,
isoprbpyl, or cyg and each R11 is
i ndependent |y hydrag et hyl , et hylandpr opyl ,
i sopropyl, benzyl, substltuted 15 net hyl,
, t hoxy, and hydroxyl; or together two Rl
1 forfm a heverdcydRes [0189] In one enbodi ment, the
presgnt invention provides the conpounds of the
(X-A), B) and (X-O:

ndently is$

wherein R, - R are defined as in formula (II).

[0177] The following scheme exemplifies hypoxic reduction of the phosphoramidate
alkylator prodrug to yield the corresponding phosphoramidate alkylator.

O
I i
O\P — NR2R3 . . fe)
s hypoxic reduction H NR.R H
NR,R O—p—"1278 o NRzR3
4G — —_— — /
S } NR4Rs
o) NR;Rs
HS
l 0 active alkylator
Rg |
R4

Phosphoramidate alkylator prodrug

[0178] In one embodiment, the present invention provides the compounds of the formulas
av) - (VI

Rg

R
X4 X, I 0 | X4
I N X4

R

N ﬁ N(R1o). AN |/
~l- 10)2 P
| (l) :
(o}
X4 Ro \Trigger , Tngger ,
av) V)
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45 WO 2007/ 002931 PCT/ US2006/ 025881 X4 0 Xq F /7

IV, ,~NRj M RL1i X2 X2 NN ~ H2 X2 X2 (X-A)
WO 2(0R6REH2C) 2NN | | / N(CH2CH2X4)2 P Me  55- - PCHESNoMND5881
O~2 X2o~~\1lI H2XX2~2, and (X-B) O

(X4H2CH2C) 2N 117, N(RL 0)2 PMe ~ X ~X2 ONNO 2 2
o~ \ I N 5 H2 X2 X2 (¥ C) wherein X2 and X4,, ,are

defi ned sf{*h% ta/l), and RO, and Rllae
def i nesb Rl V), (VI nd (VI [0190]
I'n one e NnﬁE the w,esent iyjventi on provides the
conpounds mula 10 (Xl) - N

R119’f /fNN\RH ( F\)’11/“(\&\‘1‘;[{)// \R11

O 0
Trigger and ~ Trigger

(VD) (VID)

wherein each Ry independently is hydrogen, deuterium, aryl, heteroaryl, C;-Cs alkyl, C1-Ce
heteroalkyl, C3-Cs cycloalkyl, heterocyclyl, C1-Ce acyl, C;-Ceheteroacyl, aroyl, heteroaroyl,
C;-Cg alkoxycarbonyl, Ci-Cs alkylaminocarbonyl, di C1-Ce alkylaminocarbonyl, or C;-Cs
alkoxy; or together two Ry groups form a heterocycle; each Ry is hydrogen, C;-Cs alkyl, Cs-
C heteroalkyl, Cs-Cy cycloalkyl, heterocyclyl aroyl or heteroaroyl, or together two Ryp

groups form a heterocycle;

[0179] Ry, is independently is hydrogen, deuterium, aryl, heteroaryl, C;-Cs alkyl, C1-Cs
heteroalkyl, Cs-Cs cycloalkyl, heterocyclyl, C;-Cs acyl, Ci-Cgheteroacyl, aroyl, heteroaroyl,
C,-Cs alkoxycarbonyl, C;-Cs alkylaminocarbonyl, di C;-Cs alkylaminocarbonyl, or C1-Cs

alkoxy; or together two Rg groups form a heterocycle with the proviso that when Ry; is C;-Cs
Ro

alkyl or C1-Cg heteroalkyl then Ry excludes 1; X4 ; or together two Ry; groups form

a heterocycle;

[0180] X is CI, Br, alkylsulfonyloxy, heteroalkylsulfonyloxy, arylsulfonyloxy, or
heteroalkylsulfonyloxy; and

[0181] Trigger T is [C(Z1)2-Y3l-(C(=0)-0)g-[C(Z1)2-Zo-Y o Jur[ C(Z1):]o- [C(Z1)=ClZ) [g-Zs.

[0182] In arelated embodiment, in formulas (IV) — (VII), each Ry is independently
hydrogen, deuterium, C;-Cs alkyl, C;-Cs heteroalkyl, C3-Cs cycloalkyl, heterocyclyl, aryl or
heteroaryl. In another embodiment, each Ry is independently hydrogen, deuterium, or C;-Cs
alkyl. In another related embodiment, each Ry is independently methyl, ethyl, propyl,
isopropyl, isobutyl, tertiary butyl, or cyclopropyl.
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46 WO 2007/ 002931 PCT/ US2006/ 025881 x~-1 01 X4 O N

X4 X4 R11 PR1I1 L-~ X4 Il P M M | NNO2 NNO2 O C
W@E200HA0MBH2 (XI) (XI1) O O X4 X4 X4 N1/ NRIOY2006/025881

RIINIT~N\R11 P NMe I X2 NO2 O NO2 OC~ 1 H2 " X1 H2

H2NR$ (XI11) and (XIV) x4 OF -"\X4 R ~N\II~NMR 11

[0183’ né %e e n?tf‘;{n% A ﬁh%’?sgé%e%entw ﬁ%(ﬁ)(rasegg{}n%d of éormula av)

wherdifE@ﬁbydf Rb w@Hg)eﬂﬁteﬂjawl Whereﬁfl ap Yhtercalaedrapamomypimatic or
met hoxy, .and hydroxyl; and X1, X2, and .Z3 are defined

heteroagonaafsw@me%{rf&m&le of @t@alatmg be&wm LRGGR prigbpse pair.
het er oal kyl sul f onyl oxy, cycl oal kyl sul fonyl oxy, 10
[0184hetle anathied emahddithent] the pydsentyinvemtiph providesythosympamd:
het er oaryl sul fonyl oxy. In one enbodi nent, in
compounds of fornulas (XI1), (XIV), aad (XV), when X4
is O or Br then R11 _excludes isoprpopyl. In one
enbodi ment, a conpouy \of 6or@ul excl udes a

conpound wher ei nO
J \/\

5 R10 X4
wherein X4 and Ryq is defined as in formula (IV).

[0185] In another embodiment, the present invention provides the compound:

z z,

o}
\\P/ A \\P /O
_/\N/ \T/ 10 N/ \N/Rg
c R1g Cl \Rg
and

cl Cl

[0186] In one embodiment, the present invention provides the compound of formula (VIII):

/H ﬁ

N(R10):

/E \T/ 10/2
0

Ro \Trigger

10 X
(VIID)
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O0X1L Il XI1 x2j~ YNand x1 NR R7Y OO 47 W

2007/ 002931 PCT/ US2006/ 025881 [0191] In one
wepdvomoayent , the present invention provides a PONPS2906025881

of formula (XIl), (XIV), or (XV) wherein each Rl1 is

hydr ogen. Exanpl es of conmpounds of fornula X, XV,

wherefedty 2,8 e SOTRPHASSpaly méthyf o, oyt Boprty, SPeyclopropy
enbodi nent, the present invention vi des
phosphor am dat e al kyl at or prodrugs| of n~ax IaslﬂwXII
Rivie ®r or opyl .
and Nfﬂlv)zr%g% ée%(edé\@n@{]g{r@rzént XIgMég?iEsent [ nvenil on excl udes
t he conpound: ct 0 F-",C| HN,,,1J.NH P NO2 OHH a
[0192] In one enbodi nent the present invention
/‘—bqovides hopsphoram date al kyl ator prodrug wherein
0 RN gy -eyclgal kyl. In another enbodi ment, the
\__gyclqalkyLﬁfs 10 cycl oNiHgivE, andiNHOkEr al , a
cycl opropyl group can be nore stable than an al kyl
[0187g r 9# Bné empOaihdal, 'tlYe%rXseﬁan@@&hdnzﬁrB%d% @e@bRPolid biBe formula
elT, particulafly in the I'iver the prodrug conpounds
5 (IX):of the invention provide a pharnmacokinetically
I mproved phopsphoram date al kyl ator prodrug conpared
to known phosphoraniRjat e al kyl at or rgrodrugs. [0193] In

one enbodi nent, the p nt in I on provides the
conpounds of the for Ia 15 ( I)>ﬁ@ 1" X4 N
Trigger I N-K X4, \/
R O
’ Trigger ,
IX)

wherein each Ry independently is hydrogen, methyl, ethyl, propyl, isopropyl, or cyclopropyl.

[0188] In one embodiment, the present invention provides the compound of the formula
10 X):

R
Rg o
X4 N ﬁ N X4
SN
R4 1/ FI’ R4
(0]
Trigger

X)

wherein each Ry independently is hydrogen, methyl, ethyl, propyl, isopropyl, or cyclopropyl;
and each Ry is independently hydrogen, methyl, ethyl, propyl, isopropyl, benzyl, substituted
15 methyl, cyclopropyl, methoxy, and hydroxyl; or together two R form a heterocycle.

[0189] In one embodiment, the present invention provides the compounds of the formulas
(X-A), (X-B) and (X-C):

45



RO (XVI) wherein Kis Cl-C6al kyl ene or Cl-C6

het er oal kyl ene. In one enbodinent Kis (C(R12)2).,
WERHROHER31X6- CH2CH2) f, or CH2(-X6-CH2) f wher ePCI/8S1086/025881

1-10, f is 0-3, and X6 is 0, S, or 20 NR12 wherein

each R12 is independently defined as above. 48 WO

2007/ 002 PCT/ U 025881 [0194] In one

enbodi gnt , [t h® prEsent \iXQventi on provides the
con‘poungs l{rﬂe%t la”™(XVI1 - (XVI11) Trigger.
Triggerr, 0 ONP7TO I/UNEBY NPIN---,) MR / X4 X4 e

)
X4 6 (XVI1) (X\JI11) BXagherai{n ecois 0-4 NB or
Br, al kyl sul f oyl oxy, etergériils | f | oxyf,
aryl sul f onyl oxy,™ terodryl sul fonyl oxy-nNX6 is O,
S, or NRL2 wherei rHR12 »g eebi ned as above. [0195] In
one enbodi nent, the preséht i nvention provides the
compound of forrmula (XIX): H2 Z3~ 00 CNP\N X4 X4
e (XIX) 10 wherein e is XA and X4 is O, Br,
al kyl sul fonyl oxy, heteroallyl sul fonyl oxy,
aryl sul fonyl ox¥, or heteroaryl sul fonyloxy. In a
rel amcéfﬁizﬂﬁ\ N(CHAeE pesent i nvention provides a
compound of foPfula (XIX) yherein e is 1N°See EXAVPLE
0
n

section for exafn‘pl es ok~ conpoungs of f 0,

described herejn. [0196] | %e%(\lt he

present inventi on \des t/he conpdund ormul a
X2

(X): Rg O NP, X4, —

, and

(X-B)

0

(x4HzCHZC>2N\M _NRio)z .
’ N o \/<b/ NO,
o\\C//JQ§ 7y//’ \ L
. Xo
5 HZ X2/

X-0)

wherein X, and X,, are defined as in formula (I), and Ry, and Ry are defined as in formulas

av), (VI) and (VII).

[0190] In one embodiment, the present invention provides the compounds of the formula

10 (XD - (XV):
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15 X4 a e 49 WO 2007/002931 PCT/ US2006/ 025881 ( XX)
wherein Rg is glucose or a glucose analog; e is 0-4,
w@nw78ee9ss Cl, Br, al kyl sul fonyl oxy, PCT/US2006/025881
het er oal kyl sul f onyl oxy, aryl sul fonyl oxy, or
het eroaryl sul fonyl oxy. As used herein, a glucose
al og udes nono, dj dtri harides. In a
X Iated enbadlnent hérgﬁgsjﬁt nvention 5 provides
au nd formul a XX rigipNeg is 1. [0197] In one
\bm/gm tq% preserii’l nven TgnebRQV|MQs t he

corrpbunds Z3 N A&l HN - Z3[L NH X4 ,0 [ X4
O-__@\g \' PKN HY O HN X4 , XA\P%?4 \x57TX431 HN Z3-
HN X4 NXO_PLO 4% @ 4 0 0 HN O
HN HN Xq X4 X4 > X4 O 0 Z31 HN O SO0 Z3 HN

00-- o/ OPOOO HNOt - HNf o and o 10 wherein

X4(X® Cd, Br, or alkylsulfonyl ox}¥II)[ 0198] In one

enbodi nent, the present invention provides the
conpounds: X4 X4 X4 X 4 JX4 ‘1 AN
X4 X4

H N(Rqo)a R /N\”/ ~
I\ ~ 1

N Rg
(XIID) and  (XIV)
X4 | ﬁ l Y%
R11/ \T/ \
O\C/Z?:
5 H,
(XV)

wherein each R;; independently is hydrogen, methyl or substituted methyl, benzyl, isopropyl,
~ propyl, cyclopropyl, methoxy, and hydroxyl; and X, X,, and Z3 are defined as above; and X4
is Cl, Br, alkylsulfonyloxy, heteroalkylsulfonyloxy, cycloalkylsulfonyloxy,
10  heterocycloalkylsulfonyloxy, arylsulfonyloxy, or heteroarylsulfonyloxy. In one embodiment,
in compounds of formulas (XII), (XIV), and (XV), when X4 is Cl or Br then Ry; excludes
isopropyl. In one embodiment, a compound of formula (X) excludes a compound wherein Z3

is
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\' RORRONHI R RO ~Nr%39 RROONNY9 s \P NHN

P-N NP-N(R10)2 N~ N~ O --zzz( O ~0 and NO2 X4 NO2
wOoER78@%0O 2007/ 002931 PCT/ US2006/ 025881  wher BCTIURD06/025881

and X4 are defined as in formula VI. [01991 In one

enbodi nent, the present invention provides t he

. f . N il
oo Moy A ol s o,
(XIV), or (V) whereaseach Rf; pisrhyldeogeh.) Exf0gIRe bf J:cﬁnpmmﬂh ef formula XII, XIV,
or X RRfide SRR o e 10k ey ok bl Db Ptigh €6 Bt 4aond 36, T one
embo@%fﬁ\énl??" the pidént vRhbA plvided BrdPBBbhilifte GRS 185RGANBNSS formulas

such "an oxi me- phosphoram dat e al kyl ator ¢onj ugate can
XII, X, ony’ wheremR e exglirdes rapylyor ispppopyti ulneanBther @nbodimenkithe

\NH HO / qr ﬁ WO 20%7/ 002931 PCT/ US2006/ 025881
present invention ‘excludes thé compoun

o Lol N

\ N
NO,

OQ—TUu—=0

¢

H

[0192] In one embodiment the present invention provides a phopsphoramidate alkylator
prodrug wherein R;; is C3-Cg cycloalkyl. In another embodiment, the cycloalkyl is
cyclopropyl. In general, a cyclopropyl group can be more stable than an alkyl group to
oxidatively metabolizing proteins in the cell, particularly in the liver the prodrug compounds
of the invention provide a pharmacokinetically improved phopsphoramidate alkylator

prodrug compared to known phosphoramidate alkylator prodrugs.

[0193] In one embodiment, the present invention provides the compounds of the formula

(XVI)

Rg
I
Trigger - T
N— K
X4
Rg
(XVI)

wherein K is C;-Cealkylene or C;-Cg heteroalkylene. In one embodiment K is (C(R12)2)e,
CH,CH,(-X6-CH,CHy)s, or CH,(-X6-CHy)r wherein e is 1-10, fis 0-3, and Xgis O, S, or

NR;, wherein each R, is independently defined as above.
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[0202] In another aspect, the present invention
provi des the conpounds of the formula (XXIl): R3 R4
wOo 200788931 Yi Y1 ~NII/N ,NII,,, NRR* R2 P PCT/US2006/025881
(ZO)r-K-(ZOQ)r Y2 Y2 Rl R or (XXIl) wherein 5
[0203] R - R5, Y1, and Y2 are defined as in formul a

I); [0204]..each RI-R5 ependen
[0194£ ?[‘?98{‘%‘3“?‘#8%6{‘% gleé}rgst%? lélgﬁlét O&Hrﬂ‘éld‘c’ﬁ t%e ﬁowpg%ﬁds%f e formula
xvihygeeny! . C1- G al kyl, Cl-C6 al koxy, Cl1-C6 al kyl am no,
Cl- G5 di al kyl am no, aryl heteroaryl; or together R2
and R2* f oy, Fge,a heterocycl e, or eagh R -R5 and R *- R5*
i ndependent \s a Trigger T select }\gromthe group
consi sting of 107 [C(Z1)2-Y3],; [C(=O0tQq
[C(ZI)2 Z2-Y4] u [\%1)2]2 [-C(Z]) C(Zl§ &3 and

[C(Z1) 2- Y v-(z§( 20 2) ghC( 21 ) 2- 72 YALuKQ Z1)R] 2
[C(ZI) C(éll%ﬁ 3-; Xizhe profi soNt hat M foynul a
(XX 1): [(0205] (.) t odst twg of R-RS dnd & *-Ro-

al k

are 2-hal | kyfssul f ony\ oxyakkyl X
het er oal kyx,sul f pxyal kyl , 2- a%ylsulﬁenyloxyalkyl
or 2 heteroal kyl su fonyloxyalkyl or 15 [0206] (ii) at
| east one of 5 and Rl *-Rs* is 2-h 2-Cl1-C6
alkylsulfonyﬁgig | kyl, 2- heteroalkylgéﬁﬁgﬁyloxyalkyl
2-aryl sul fon onyalkyl or

wherepn ¢istef0%4 18 w&mﬁ&yle%mﬂ@qy heiprgalkylsulfardexp geylgifonyloxy,

7 R3
oINS Manerv RER R e e
et éﬁgaé913?%@1%29%%Eﬁé%ﬁw@fggﬂﬁhﬁwawmwﬁoynula oy

acceptable salt, solvate, hydrate, or a prodrug

t her eof . [0208] each Z Ehdependently is C S, or P
[0209] each t indepengentlyyis 1 or 2; 52 WO

2007/ 002931 PCT/ US2006/ 0258 1 0210] each r

i ndependently is 0 or 1; [O ]gé} Kis selected fromthe
group consisting of C Cl1-Co6

het er oal kyl ene, aryl ene or Z}ar yl ene, (C(R9)2)n;
and (Y5-(C(R9)2)111-Y4-(¢(RO) 2) Y6) n wherein nis
1-8; [0212] each mi dep Iy s 1-4;

(XIX)

wherein e is 0-4, and X4 is Cl, Br, alkylsulfonyloxy, heteroalkylsulfonyloxy, arylsulfonyloxy,
or heteroarylsulfonyloxy. In a related embodiment, the present invention provides a
compound of formula (XIX) wherein e is 1. See EXAMPLE section for examples of

compounds of formulas described herein.

[0196] In one embodiment, the present invention provides the compound of formula (XX):

Rg \O
/\P< ’
N N/>
<\ LMJ %4
X4 e
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10

5 [0213] each R9 is independently C1-C6 al kyl or
het er oal kyl, or together when covalently bonded to

W bh@7o6ayel car bon at om or adj acent carbon at onsPEF/ES2006/025881
cycl oal kyl or heterocyclyl; and [0214] each Y4, Y5,
and Y6 independently is 0, S, NR7, or a bond; with the
provi so that one of Y4, Y5, d Y6 has to be 0, S, or
NR7. [0215] In another aspect, the present invention
prOV|des t he conpounds of t

f . 0 [
whereipR s gluggse orja gblqzose pealpg; s g549 agé aC}g]Ea zél@i fgnyloxy,
: Ylused Aekeity a gl
o TS O g 05, gt
analogRiluREmomy dpentientaksharides elhactekted endimentgthe ppesent invention

conS|st|n 15 Q%SQOEen, hydr oxyl, Cl-C6 al kyl,
provi eslae%ma? fomulpg A VRSN Ko C1- 06 di al kyl ami no,
yl, heteroaryl; or together R2 and R2* forma
[0197]h eIremm:qmbcehmgmt thepresant iRBention depefeidhe Pympeungs:
Trigger T selected fromthe group consisting of
-[C(zl)2-Y v[qC»Qq[qZMZZZWHuU/qﬂ)ﬂz

3]V(S@s ) )Q[% p- Z2- Y?%/h/\[C(Zl 2] z-

]g- ,He proyi sg |n/f/

?“N” [ 218f< (|) at/ \Qast £Wo 5 Ro- F/ nd R2Y- R5*
re mvhalfoal kyl, 2-d kyH Iﬁonyloxyalk

2- arylsulfonylox-alkyl

or 2 hetgroal kyl - sul f onyl ox alkg 53 WO 20075902931
PCT/ US200 i t >l east one of RZIR5 >

and R2*-R5* is 2-hal oal kyl, 2-Cl-C6 X4

al kyl sul f ohyl oxyal kyl, 2-het roalkylsulfonyloxyal

yl oxyalkyl, or //w
2- hetsroal\kyl sulzon ony&l ; and(4 one
NR2#R3* i s\_or_,[ 02209—([#1) NRRR3 and NRz*\y toget
aré oot h or NRARS and/RR4*R5* 5 oget hegs apé bot Ii NI
an i ndi viYuahnis a racemic"
non-racem ¢ m xture of ison#rs, bF0|sosteres,
phar macophores, a pharnaceutycally acceptable sa
sol vat e, Fate, or a prodrug thereof. [0222] L2 is* >

y
ss'ss\ _ ~ s\ o)
r //W ,//<EE}:¥::°
7. HN O"‘S§ Z3 HN 0
5//l / O/ © o—_.” d/

\P
647\\ 647\\ o\
HN fo} HN —
A _Pp==0
o—~s§o 0 /
o] and 0

wherein X4 is Cl, Br, or alkylsulfonyloxy.

[0198] In one embodiment, the present invention provides the compounds:

RgRg QN / = RoRy &
O. NH = 9% N/ W
f\ RoRo S/ N P—N f\ -3&_ P—N(R1o)2
N P—NH N / N
o ’ NOj X, »and NO,
2
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or 10 wherein X is defined as above. [0223] In

anot her enbodi nent, the present invention provides the
w@ooopoorst of the formula (XXIV): 14 o | R3 RAPEI/URBH6/R5881

N,, 11(ZO2)r K-(zZQ2)r~NII"_ N 2 P R2* Trigger

Trigger (XXIV) 15 wherein R2, R3, R4, R2*, R3*, R4*,

, d F I XXl |
e Sy A UBRE TR BN, re e ).

rovi des the conpounds of formula haV|n t h
(0199 Irueltqﬁr@bqsfmﬁ%wﬁmpae Ry eron PRowifls Sthsggrwwnd tie formula
(XXI)2007/ 002931 PCT/ U82006/ 025881 rX4 X4 OH O rXx4 Xaf

HON H KNNXANNKNI N\ NIINVII~-T P\I

Trigger (XXV) (XXVl) [022 I n anot her enbodi nent,
the present invention provides the conmpound of the
formul a (XXVI) rXaI O/E)H\X4Nl—|zeN\II~NX4 X4

00 X1 ~-1Ir - X2 X2-X2 (XXVI)
wherein X1, X2, X4 ;&; e aope de ifed as in formul a

( XXV) . [0226] In anot er asp ct he present invention
provi des the conpound of the meﬁula

Rll X4J RI1 0 0 OO Tri ggﬁr Trigger and Trigger
5

5 (XXD)
wherein Y is S or O; and Trigger T is defined as in formula (I).

[0200] In another embodiment, the present invention provides the oxime—phdsphoramidate

i

O,N T \ \\ _NH

alkylator conjugate:

Br

Br.

10 [0201] Inone embodiment, such an oxime-phosphoramidate alkylator conjugate can be

hydrolyzed enzymatically to produce

Br

Br.
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(XXVI1): RBRARERIj \II~I \II,, N\ RP 1 PRI

R5 R5 I Trigger N 2)r K-(SQ2j N\ Trigger 10 (XXVII)
wob@reo93R2- RS, r, k, Y1, and Trigger T are dePCTEs2088025881

in formula (XXIV). [0227] In one enbodi nent, the the

present invention provides a conpound of Fornula

02021 AR el leodr? %Qz%@t%ﬁr%%deﬁ@%ogabgnﬁ o‘i’/thé:fo?mula

(XXHpHZOCHz (CH2) 3 CH2S(CH2) 2, CH2S(CH2)3, O I\/EO I\/EO 0
~-CH3404~HN-'O/N02NOVE sdp/ CHO I
OUN-- O p 5r{0228] kp another enbodirpnt, tRg present
i nvention provides * Z3 sel ected fromthg gtoup
consisting gf: (2N-{ 2N 0 NOQNC-NN N 2N _ 56 WO

2007/ 002931 PET LJSQHOSLOZSSS% Yo FARN E

\l( Y2
2 \ R1 *
Ry
or
(XXID)
wherein
[0203] R;-Rs, Y, and Y, are defined as in formula (I);

[0204] each R;-Rs and Ry *-Rs* independently is selected from the group consisting of
hydrogen, hydroxyl, C;-Cs alkyl, C;-Cg alkoxy, C;-Cs alkylamino, C;-Cs dialkylamino, aryl,
heteroaryl; or together R, and R,* form a heterocycle; or each R;-Rs and Ry*-Rs*

independently is a Trigger T selected from the group consisting of
[ C(Zy)2-Y3)-[C(=0)-O1-[C(Z1)2-Z2-Y sl [ C(Z1)2]-[-C(Z1)=C(Z1)]g-Z and

—~[C(Z1)2-Y3]v-(S(E0N)q-[C(Z1)2-Z2-Y 4 u-[C(Z1)2 ] [C(Z1)=C(Z1) ]g-Z3~;
with the proviso that in formula (XXII):

[0205] (i) at least two of R;—Rs and R;*—Rs* are 2-haloalkyl, 2-alkylsulfonyloxyalkyl, 2.
heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, or 2 heteroalkylsulfonyloxyalkyl; or

[0206] (ii) at least one of Ri—Rs and R *-Rs* is 2-haloalkyl, 2-C;-Cs alkylsulfonyloxyalkyl,
2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, or 2-heteroalkylsulfonyloxyalkyl; and

N
at least one of NR,R3; and NR,*R3* is ﬂ; or

[0207] (iii) each NR,R3 and NR;*Rs* both WNQ; and

an individual isomer or a racemic or non-racemic mixture of isomers, bioisosteres,

pharmacophores, a pharmaceutically acceptable salt, solvate, hydrate, or a prodrug thereof.
[0208] each Z independently is C, S, or P;

[0209] each tindependentlyis 1 or2;
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15

20

N///N 02N S/, 02N~1- O2N~-S7 CS;1- NBr N ~N
O2N--j, NN O2NN N---~ 02N S ~ |1 NO2 CF3 NC NC Br N-\

w0 2000200992N 02N N S, and ON 2 S [02291 | n anpeTiE82006/025881
enbodi nent, the present invention provides a noiety
havingtheforrrula 14 R3O0 RNII-NR 52 O

1021050 S5 689 h e o us%‘%é‘?o%ggé'ft G'c- G 00 MIT N

[0211@ Iﬁl\l Nle/c];@g f@m tlg grglllp COIlSlS 1ng of 81-C6§kylene,gl-Cﬁle%?oe}lﬁlylgne,

arylene, or heteroarylene, (C(Ro)2)n; and (Ys-(C(Ro)2)m-Y4-(C(Ro)2)m-Y6)n Wherein n is 1-8;
[0212] each m independently is 1-4;

[0213] each Ry is independently C;-Cs alkyl or heteroalkyl, or together when covalently

bonded to the same carbon atom or adjacent carbon atoms are cycloalkyl or heterocyclyl; and

[0214] each Y4,Ys, and Y independently is O, S, NRy, or a bond; with the proviso that one
0fY4,Ys5, and Yg has to be O, S, or NR.

[0215] In another aspect, the present invention provides the compounds of the formula
(XX11D):

R4 R3 Rg* R4*
N
N N
rRe \F’,/ \R2 w \T/ gy
0 0]
\L2 /
'!‘rigger
(XXIID)

wherein
[0216] R;—Rs, Y1, and Y are defined as in formula (I);

[0217] each R;-Rs and R;*-Rs* independently is selected from the group consisting of
hydrogen, hydroxyl, C;-C alkyl, C;-Cs alkoxy, C;-Ce alkylamino, C;-Cs dialkylamino, aryl,
heteroaryl; or together R, and R,* form a heterocycle; or each R;-Rs* independently is a
Trigger T selected from the group consisting of

—C(Z1)2-Y3]-[C(=0)-Olq-[C(Z1)2-Z2-Y aJu-[C(Z1)2]-[-C(Z1)=C(Z1)]g-Z3 and
—C(Z1)2-Y31v-(S(=0))q-[C(Z1)2-Z2-Y a]u-[ C(Z1)2]o- [ C(Z1)=C(Z1) g Zs-;

with the proviso that in formula (XXIII)

[0218] (i) at least two of R—R;s and Ry*—Rs* are 2-haloalkyl, 2-alkylsulfonyloxyalkyl, 2-
heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, or 2 heteroalkyl-sulfonyloxyalkyl;
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a da d o \~\ NPhd /PN /\N/A _N-/ NO\\R ~ C

II\N // N/ OHaOIl ' d PhCl Od O C /j N N
WO 200000298N \--7 -O-P-N N Cl 58 WD 2007/ 002931 PCT/US2006/025881

PCT/ US2006/ 025881 Br / P-' NNNH A- P' Br Br O H

Br Cl C Br\' N N11 L O A0\ / NO N or

[0219] (ii) at least one of Ry—Rs and Ry*—Rs* is 2-haloalkyl, 2-C;-Cg alkylsulfonyloxyalkyl,
2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, or 2-heteroalkylsulfonyloxyalkyl; and

one of NRyR3 and NR,*Rs*1s WN<‘; or

[0220] (iii) NR,R; and NR,*Rs* together are both W"NQ; or NR4Rs and NR4*Rs*
5  together are both VWN<]; and

[0221] an individual isomer or a racemic or non-racemic mixture of isomers, bioisosteres,

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

[0222] 17%is

o o

X

or

10  wherein X is defined as above.

[0223] In another embodiment, the present invention provides the compound of the formula

(XXIV):
el Tl
) (
RQ/N\IF!/ \<zoz)r-K-<zoz)r/N\!J/N\RZ*
L l
Trigger Trigger

(XX1V)
15  wherein Ry, R3, Rs, Ro¥*, R3*, Ry*, Z, K and Trigger are as defined in Formula (XXII).

[0224] In another embodiment, the present invention provides the compounds of formula
(XXIV) having the structure of formula (XXV) or (XXVI):
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OBr C C [0230] In another enbodinment, the present
invention provides a T selected fromthe group

w@omgiewsng of . Z1 Z1 71 7Z1 S Z1 Z1 R, Z1 Z1 NICTDUN®A6/025881

N2 NN2 N2 I~T, ~NNand Z1 Z N02 1 5 Rs

wherein each Z1, R7, and R8 is defined as above.

Wthin this enbodinent, Z1 is drogen, nethyl, or
thyI R7 i s nethyl thquorggth |, ethyl, propyl@ Fx‘i
ndocyp ohexyIH, nd R8 ig OH or (ﬁ())&_g—_l)lg__yﬁthli n N

‘P-HN N HRO R X4 DR,
\/% /002931 PCT/ 2006/ 025881 wherejn each R9 is
ogen or O -C6\al kyl and each X4 |s halo or
S(=0 20 . In §nother enbodimend, R9 is hydrogem
rreth Ig,g ethyl, isoprapyl, on |sobutyl “and X4 is Trigger
chloro’ bromo, or nethanesulfonyloxy 0231] In
anot her _enbodi nent, the present invent] orB provi des a
conpoutiEX ¥ formila: OTMOP-HN HNEXYD RO RO 5 x4
wherein T is defined as above or nore particularly T
[0225]) s Il anfBhestearbetlimdnt,Ghi2 preSidvinveBiti2 provideM® dda@o@nd of the formula

(XXVD:

0
e =
\ | \
5 X=Xz 27X,
(XXVI)
wherein X;, X, X4, and e are defined as in formula (XXV).
[0226] In another aspect, the present invention provides the compound of the formula
(XXVID):
R3 R4 Ra R3
| i | i |
N N
Rz/ \T/ \R5 R/ \T/ \R2
5
N
10 Trlgger/ T802) K- (SOZY Trigger |

(XXVID
wherein R,-Rs, 1, k, Y1, and Trigger T are defined as in formula (XXIV).

[0227] In one embodiment, the the present invention provides a compound of Formula:
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CH3 04 HN s s o 02NCHOw s H F and Z3 is HO \
N_ 2N 1 NN\ 2N/ ONNI O\ / HQO)PO 02N
WO2070@B1O2N 60 WO 2007/ 002931 PCT/ US2006/ 02588AT/UNK0R6/025881
NN\ N 2N~ 02N ~s 02Nr- 0 Br N O02N--(, N p2N~-,17l~
N~ 02N S - 1 | N2 I'CF3 NCNC///NBr NO2N 2 N

DSI and 02N S [02321 Irmone aspect t he present

i nvention provides deut grated phosphoram date

al kyl ators and deut er atled hos&horam’ dat e al kyl at or
prodrugs of formula DB B)} N ~-PAN X RL ~PAN D X
RL\PRNDXNHNHNR HODY"ODOR®D DN\ DD

O

N

-
wherein T is L-Z;
L; is CH,, CHMe, C(Me),, CH,OCH,, (CH,)3, CH>S(CHy),, CH2S(CHa)s,

0

_<O MeO MeO o

0]

\§\/ HN{E\ ’ \;\/O@? \;\/O—©—<§f3 *g‘i/o <\1_/ﬁg\
N ’ OMe ’

Chs \JO H - © R
\;\/O—<E >——<r‘{ ’ & \[O]/ \/\%LL%.( , \jJOj@?ﬁ\f , On;\/o_@ﬁ;{e

[0228] In another embodiment, the present invention provides a Z3 selected from the group

consisting of:

%}ﬁ\ A N\};\ ol
) T !

o ‘5‘5\ 1

56



DN DOD DDD DXO02ND X @2N D X 5 wherein X4 is
hal o or Rsi 1S(=0 20 I n anot her enbodi nent, X4 is C

wW@eo0R00298uch deut erated phosphoram date al kyl B€DUS20861025881
their prodrugs are equally cytotoxic with respect to
hypoxic tunor tissue as their non-deuterated or

dr ogenat ed\anal ogs, such as conpounds 25, 36 and
t e |likes, Vﬁzﬁﬁyer, t he nce of euterated
gnalogs [ 0 gfor @ ﬂ blqgn can be
S eterm ne nnr% fflClentlf conpared to helr ;

correspondi ng 10 phosphoran1date al kyl at ors and/ or
phosphor ani dat e al kyl at or progrugs by nucl ear nmagnetic
rgsonance nmet ho d such detterated anal ogs cgnybe
7 dSeful in deLR g pharmacoki fefic or  O,N" >3-
N:ébarnacodynan1c roperties @Nt hosphor am dat
alNGd at or § and/F? phosphor ami dat e al kyl ator pro @g§
Phar macoki neti cl and or’ phar macodynam c i nformati on
phosphor ani date al kyl ators and/or phosphoramni date
cglkylator prodrngs is used in 15 det érm ni ng dosa
quency of d03| \ and S|n1lar nlstratlon
tsed para ynt
ocia euterate conﬁbuna\ and oct eutera@@d
i sof osfam de al kylator is described in the EXAM%@E S
section. 61 WD 2007/002931 PCT/ US2006/ 025881 [ 0233]
[0229] N I@%tﬂ&renﬂfo‘aﬁﬂelﬁfthg gi%@éht ARRhSon bRE/ Y @586 bty HAVERthe formula:
provi des the individual and selective groupings of
t he conpounds of the EXAMPLES rExanpl es of conpounds

~

of the invention include: ql cifl O N~I1,,NH2 N
Cl~ P1 M OAP NH2 NO2 q@N W ’h!)"~ 512 cl
NC\ FN R

5 2

|
O\
5

selected from the group consisting of:
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O NOpp 02N~/ 02N- NP--NH2 NO O/ 1 34 cl cl

N~CIl NO2NO0-12/ NPCA /N | p~N'" 02 N- ~~ )"~
wW®2007/008981 OP~N~/Cl 10 | cI 56 C C N O02N-PET/US06/025881
IN< N/ / "N'~~Cl 02NO ON ONO~ 7 8 15 62 W
2007/ 002931 PCT/ US2006/025881 CI C N O2N/ IIl NN

&%GOZN(;\H Me PO\ PCl o
0O

o}
Lo N\II/N/
\ P ™~ N——
ISaE s ol
/

Cl Vl/{,v \O P\N/\/CI
/ » o c “‘75\, ’ 0 ’ ;
cl o
cl
\ O
% — g o
4 \N/\/ : O/ " N/ \
| - //P\N/\/Cl
© ’ cl s
al al

_0 / Ph
by D N R )
g o/ gro—r._
//P\N/\/Cl I g
Cl Ph Cl
WG A
__O_]_N N N

cl
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Oi M //~-N- H9 100 O02N--/ I NO-', / 02NN 0 O
P~-N~~CI OO0\ p// N C C 51112 N Cl 02N NO 1
w@200/70009Ph ~N O2N-/\/ N--/ N M O PAN,/Cl O0pPCt/USIONn6/025881
cl 13 14 c¢cI N NfC 02N -1 Y\ N -NNO N\ 0-~7?I

~ 1 17~ 02N "LIN 10 CI 15 16 63 WD 2007/002931

PCT/ US2006/ 025881 Cl F cd. F jcl~\V,10

oy

Cl

(0] or

Cl

[0230] In another embodiment, the present invention provides a T selected from the group

consisting of:

Z1 s £ Z1 R Z4 AR
Z1 o N02 1 S N02 Z% N02 NN: NO.
\ / s \ / ’ \ !\l ” \N /
NO,

z
1Z1

Rs
wherein each Z;, Ry, and Rg is defined as above. Within this embodiment, Z; is hydrogen,
methyl, or ethyl; Ry is methyl, trifluoroethyl, ethyl, propyl, and cyclohexyl; and Rg is OH or
OP(=0)(OH),. Within this embodiment,

w0

O—P—HN

IIIN WAX“

X4

59



QAP /N~soo OZNNNI -Q1 0 ZNONFF\ > Cd C
17 18 O02N Il /-\ OP-Ncl \ NHP-- NN Ocl 02N
w@hooz/002984 Br O-il-N~ 1 Br o5 19 20 cl 02N EEDU$2006/025881
OP=0Cl HNcl O02NFOdOd N/ "™ -1 1/ 02NO~ O;
10 OitNCI O NH2 21 22 Br Cl 02N NH 02N NH 0 //

wherem each ﬂg 18 hydro gen or\(f\I %6 alﬂq:rll eglz}g}%; £hal P8 RsuS(=0)20- . In another
embodiment, Ry is hydrogen, methyl, ethyl, isopropyl, or isobutyl; and X4 is chloro, bromo,
or methanesulfonyloxy.
[0231] In another embodiment, the present invention provides a compound of formula:

T o)

I
O—P—HN

I X
HN 4

wherein T is defined as above or more particularly T is L-Z3 wherein L CH,, CHMe, CMe,,

MeQ O

O MeQ
\‘/O_SN{/\ £ 0 E >—\/ \;\/o—<\ >—iZH3 +° N_//\

05N OMe
CH3 H o R
~4° < YN Lo or o©ﬁ
AN ’ V?i/ A g /
and Zs is
HO

N

[ M. “
OZN/QN \ o / )««,\A ozN’</l‘ O,N

H,0(0=)PO
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10

15

WD 2007/ 002931 PCT/ US2006/ 025881 Br CI N QZN--<1 O
/INHO2N ONH M / \N~~Br s ~~cl O HO H25 26 <cl N
woR@7/0€2B4 O 0--/NH O--,// / \ I N P--NH O2N /PeI/BiS20p6/Q5881
N cl 52728 ¢cI Q&ZN~~p\ O/ N NANO2NF O N cl
29 30 Br NOCI Pl cl :)7>,/ OGP N 2N~/ ~N 02N H

NHNHN 10 31 32 Br ¢l HN Np N P-_  Q2N--
0---/ OM N N
]\ s 7\
J\_S}% ozN/kSX;\

..,37: /E—y\\ Br.
(:d oy OzNj}éé\ OzN/k_%;

N"N\o, , ;

/ \

CF3

NC NG,

Br
N N\
OZND\E\ ’ OoN /S\ §§ OzN/QN‘&éf\

S - d [\

[0232] In one aspect the present invention provides deuterated phosphoramidate alkylators

and deuterated phosphoramidate alkylator prodrugs of formula

D D D
o gy D D o g D
\ /N X Ri \\ X R NN
IS /P 0 AN
D = 0 D
D D
\ D \ ° D
D D
b\ 02N DX

wherein X4 is halo or RgS(=0),0. In another embodiment, X4 is Cl or Br. Such deuterated
phosphoramidate alkylators and their prodrugs are equally cytotoxic with respect to hypoxic .
tumor tissue as their non-deuterated or hydrogenated analogs, such as compounds 25, 36 and
the likes,. However, the presence of such deuterated analogs in vivo, for example in blood
plasma, can be determined more efficiently compared to their corresponding
phosphoramidate alkylators and/or phosphoramidate alkylator prodrugs by nuclear magnetic
resonance methods and such deuterated analogs can be useful in determining
pharmacokinetic or pharmacodynamic properties of the phosphoramidate alkylators and/or
phosphoramidate alkylator prodrugs. Pharmacokinetic and or pharmacodynamic information
of phosphoramidate alkylators and/or phosphoramidate alkylator prodrugs is used in
determining dosage, frequency of dosing, and similar administration related parameters. The
synthesis of a octadeuterated-compound 25 and octadeuterated isofosfamide alkylator is

described in the EXAMPLE section.
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/ \ OFONci Br 33 34 15 65 WO 2007/002931

PCT/ US2006/ 025881 Br N CI N O2N--/ HN- | ~N/ \ /] P
WO 2000AH29302N N O Br CI 35 36 cl Il OP-NC PET/NS0&N25881

02N Oc | G 5 HN 134 135 CcCl CI O1l /| ONO H d

I ~NH\ O&NOC HN ONOCd ONdC HN NH [/

[0233] Iln ::1’1?1|\oth/e1$:I gro{lp %)f emb(')\&meq[s the present invention provides the individual and
selective groupings of the compounds of the EXAMPLES. Examples of compounds of the

invention include:

Sl i J
) Fio NC /( )\( \NHZ

5 1
OZN/[NL O\QVO\ZP \) OZN/&U\/
’ J NH,
3 4

Cl

N OZN’< jv
OzN’{ j\/0 N & \N/\/ “
N ~p ///

/ O// \T/\/C‘
cl
10 5 p
Cl
Cl
. J
P\ /\/Cl O,N \ N—
0// i ° Ol cl
A S
7 8
15
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1 ~3J O136 137 10/ \ NJ 0 OONO/ H N d~ C~

138 1 OO0\ /0 |

N2 02N O\/ HNC N N- N Fi

c a d

wW@001502030 66 WO 2007/ 002931 PCT/ US2006/ 02588 1PCDURS2006/025881

\P/O 1 \ NO2 02N -C
ON1 O~ z/ ONNH

Cl

Me o//P\T/\/CI
9
ol S
o
° \P/\ N
O// N
Cl
5 11
Cl
N Ph
OZN“{NJVO\ /NJ
Me O//P\N /\/CI
LF’h

13

NH~C C d 140 C d

63

FNF

Cl

Me / \N/\/CI
(0] H
10
<~O
0 O Cl
// \N/\/

sl
R3S

14
Cl
\/\
N A
I\ o—p
O.N T O// N
Cl
16



FOS5F 141 C cl O02N~~0 1 N ~~\NH2 0 142 10 cl cl

cl 2N NN-II 0O O0O\N~™/C 02Nd N | jJ \N cl cl 143
wazep7/0@088 N N Opp ~-N OGN 15 145 ol N ~Cl PCT/BS2006/025881

02N4 ),"~ 0 NNozN NO FI O cl 146 147 67 WO

2007/ 002931 PCT/ US2006/ 025881 C 02N N ---- C

Cl

Cl cl

Cl Cl

OoN

Br,
Cl

OzN / \ NH O2N / \ NH
o O~y cl © O~y Br
// \N/\/ // \N/\/
10 o) H 24 o) H
23
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O \NHO7 1485 C a ~-- NN" OF O 02N Ncl 149

150 / 3~0 Ol Il of O02NNNNH HO-P-N N N oiNr /~N O~
wW@wo7a@2931 N 10 , 151 152 153 C O=i - O O NET/US70060025881
ZN N Nv CAP N 0/ \N~/C Il '\ ~<i NCI 15 154

155 [0234] In one enbodi ment, the phosphorai ni date

al kyl at or prodrug contains N 2N as Z3 and shows
hypoxi ¢ tunok specific toxicity while being nuch |ess
toxic to heafthy, nornoxic tisue.

N
OzN—-—*éi \ NH OzN // \ NH

N O~ P/ Br S o~ P/ Ci

Me 67\\N//\\// N

25 26

it \ o) . NH / \ O\P//
OZNA?\/ FQ\/ \éf/\NH OZN/<N / \NW
SR
5 27 ° 28

Gl

29 30

Br.

O~
ozN/< ! i HNP ”/\/ O:N N HN/ H
0 l \/\CI l \/\C]
31 32
Br
cl //]f//
\Z\ / \ jw
O-—
P
°2N/<}\/OQV°\P’N O"N/Q\/ é/\NH
o Q
cl Br
33 34
15
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15

68 WD 2007/002931 PCT/ US2006/ 025881 [0235] In one
enbodi nent, the present invention provides a novel
w@bespbmsan date al kyl at or prodrug whi ch uponPCT/US2006/025881

bi or educti on rel eases the correspondi ng novel or known
phosphoram date al kylator RO RO RO RO RO X4 ""(N,,,
I PN(R1Q)2 X4 N % X4 X4 N\PN x4 4 X Il R11 P R11 OH OH
and C}ﬁ)%su@yh} a 1b Ic ein X4 is defi cl
as in fornula (1) /and |R11, are ﬁ
aNTn\ ormul ag-(1y) - (VII)7? and \_ oni edf@rrrs/thereof.
Ipyf a r& ated’enb , X4 is CN" Br, p

hanésu onylg, benzenesul f gnyl oxy, or//

OoN™ par aM ol uenesul fonyl pxy. [0236] [n one enbd%llmet t he
present invention ovi des a novel phosphoram te 10
al kyl at or prodrug|whi ch upon bi oreduction relfeases the
correspondi ng novel or known phosphoram dat
alkylators OF-\d& C/7 ORC C OC% (RLOFENIT 11/ N
R111-,3NITI/NR11 C N,, _PI/N Cl | 1 OHOH OH 1d
leif Br" NO~Br RNO Br Br NO ~Br R11/ 111/ R11

10)2 \PI/ Br \IP/F Br OHOHOH 1g 1hli HO)<-1 0 N
N X4 X4 e |j
(o]
I/ N\
o \ O—l‘?——N cl
/\\p/N\/\m | cl \_\
HN \ o cl
NH, ,OZN
134 135

138
) \/D\ "o
O:N \ o //O \\P/ ° o
° \/P\N/\/\/\/\/“”/ \N
Dee O
o o]
139
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69 WD 2007/ 002931 PCT/ US2006/ 025881 and ioni zed forns
thereof; wherein N(RLO)2 is selected fromthe group
w@omgiesng of NH2, NHMe, NMe2, NEt2, / Nnnn EX/USN06/025881
N\_j MeNN~, NHOWw and NHOH, each Rl1l is
i ndependent|y hydrogen, M, ethyl, cyclopropyl,
i sopropyl, propyl, benzyl, 5 substituted nethyl,
cycl opropyl, methoxy, and hydr oxyl t oget her two
forma heterocycle. Z%?]\Iggﬂzﬁ%Lm@ancer agent
O C 0 Qgphan1de netabollzes/\ 0 is hydrogen)
and IfQSﬁaﬁ?de/ﬁEP/Bﬂk/}eé'toN (each R11 is
hyg;yg_ "when used in cance<vaJ ment .
osfam de, which is being evaluated in the clinic
for cancer treatnent, releases an 10 al kyl at or of

140 tormula le (each R11 is hydrogen, see Wessler et al.
US Pat. No. 5, 62%,936 PCT application No. US05/03370

entitled "Anti Canger, Therapi es”, US Pat. Appl. No.
60/ 63 8995 entitle _;? uf osf am de Conbi nati on Ther apy"
//lggg\gggor docke . 021305- 005900US filed on 11
] "K]ufosfan1de Conbi nati on Therapy").

ﬂblcytaT NI T |#\U8|ng eval uated in the clinic for
5 cancer treatnent, teleases if (Rosen et al., din 15
141 Cancer Res.F2004,1O(11):3689-98). [0238] Known
phosphor ani dat e al kyl at or prodrugs such as ifosfam de
and cyclophosphamlde netabollze to produce cytotoxic
by products such as oleln and chl oroacet al dehyde
whi ch cause undesir e)patient side-effects such as
//lg" rrh@gl st|t| cona or death. In one
pmegént i nvention provides a
osphora i-d2 0 thdator prodrug whi ch upon
tabollsn1produces°less toxi c by products per

142 {reat ment as conpared to those produced by the
10 met abol ,sm of ifpsfani de and/ or cycl ophosphani de. In
one enbodi nent, t\e phosphoran1date al kyl at or prodrugs
e p§§§§n% i nyention do not roduce acrol ein by
vijvo tab

N m Exanpl es by products
gm et abol i,§ It he gs of the

|nvent|on |»@$Nd/\6hkﬁro ;jg\vaﬁkglsglfonyloxy, 25
het er oal kylosul flonyl oxy, arylbulfonyyb ;
het er oar yl sul fenyl oxy- acet al dehyde, (ffor netabolic
production of chl oroacetal dehyde fr i f osfam de see
the referencg Hardman et al., supr page 1396). In

143 anot her enbodi ment, the preggnt invention provides a
phosphor ani dat e al kyl at or prodrug whi ch upon oxidative
netabollsn1produces 5-95% as nuch chl oroacet al dehyde

UI tent as defined above, per treatnent, as
ww*<?igggg\ 30 i fosfam de netabolism 70

//\

N
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WD 2007/ 002931 PCT/ US2006/ 025881 [0239] The
phosphoram date al kyl ator derivative forned upon the
w0 e@ao029sn of Z3 can be different fromthe  PCT/US2006/025881
phosphor anm dat e al kyl at or being protected and the
phosphoram date al kylator prodrug and is terned a
nodi fi ed phosphoram date al kyl ator prodrug. For
exanpl e, a phosphoram date al kyl ator prodrug can
yield a di fi ed phosphorani date al kyl ator prodrug 5
k- Tri gger supon reduction of the bioreductive
%W_<é§ﬁig;,(z L_ysﬁen reduction of the bioreductive group
°a-frodi fi ed phosphorani date al kyl ator prodrug,
t he IiQKEWH(L) bonded to the phosphoram date
alkylato;éian undergo degradation to yield either the
phosphor date al kyl ator or sone other nodified
148 phosphoram date al kyl ator prodrug. [0240] In one
enbodi nent, the present invention provides a conpound
5 whi ch denonstrates 10 a bystander effect upon
actdyati on®in hypoxic tissue By incorporating a |linker
(L)\gﬁdgégcribed above. In oné;enbodinent, t he
byst a f effg;;z | ows di f hed phosphoram dat e
| kyl atlor,, of &, e@z@f}!@yw di ffuse or
/j:é?nﬁerﬁe>Lg;o tupor z whi ¢h &re not hypoxi c
ough to/activate the prodrug cghpounds of the
i\nvention but reside near by the whypoxic tunor zone
whi ch can activate these prodrugs. 15 [0241] Upon

149 reduction ofisphe bi oreductive group (Z3) within the
Trigger T is nodified to Z3anod, to yield a nodified

Nphosphoram’date al kyl ator prodrug Buch as

//ﬁf sphar girdate  al yIator-ﬁTM Al k- TM conj ugate.

oM . e enbo 'gfn%§L§§ Fg%%ﬁig& ec;z? i?fﬁ%;yﬁf>/€
[1C(Zl) 2- (=0 -O) - - R2= YA on e 2
[C(Z1)=C( 2] ) p=73-Wwod; o TSZ %:3] 1 O z1) 2522 Yﬂ

oN

-[C(Z21) 2] z- [C(2)-=C(Z1)] - Z3- nmod; 20
10 [C(Z1)2-Y3F-[C(Z1)2]z [C(Z1) =C(4l ) ] 5 Z3- nmod; [ Cizl
151 ) 2-Y3]-[C(Z1) 2] z- Z3- nops2 [ C(Z1) 2+583] - (C(=0) - O)
-[C(Z1)2] z[ (21 ) =C(Zl )] - Z3-mod; [ (Z
1) 2>%3] - ((=0 -0 -[C(Z1) 2] z-Z3- nod;
o L CZ1)2-Y3] - ((=0-0 -[(Z1)2]z[C(Z1)=C(Z1)]-Z3- nod;
~ p€%§£}§-ZZ-Y4] -[C(z)@] z[ C(2Zl ) =C(Z1)] - Z3- nod; and
=T Z1y2]2$ C( 2l ) =C( ZI }M.; Z3 od rein Z3-nod is
btqr edquced or ot ¥sel reduc or nodified Z3 [0242
d ] hew )t\he/(ﬁj\if [ 0242]

I n langt her enbodi ment i s_sekected from

-(C(:c»-c»l[qznaé- 2-Y4] - H
. L3I[ O( Z1) 2- Z2- YA] - H_‘and 30 [C(Z1)2- Y3]-H;
743]) I n onle enbodi ment, Trigger T includes the
51 'dwi ng 1inkers (L) having the fornula: 71 WO

2007/ 002931 PCT/USZOO6/025%%%

15 154
[0234] In one embodiment, the phosphoramidate alkylator prodrug contains

OQN/zrj\wM
/

as Z3 and shows hypoxic tumor specific toxicity while being much less toxic to healthy,

normoxic tisue.
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“[&(Z1)2-¥3] - (=0 -0 -[C2l)2-22-Y4] - [ 21) 2] z
Zl
(ggii(w/ﬂd)m% YS%] [C(Zl)2 Z2-YA]-[C(2) 2] z- [C(ZI ) =B T1$3006/025881
-[((Z21) 2-Y3] -[CA(Z1)2]z-[C(Z1)=C(Zl )] -
[C(Z|)2 v3]-[C(Z1)2]z-; -[O(Z1)2-Y3]-(C(=0) -0 -[(Z

[0235] ]é](o_nzé)e[‘n%o%&%ﬂ%g pl)%ent[ %@%E@féef &(noazfl)phojsphoramMate

alkylatof ﬁ@afﬂg%}zﬁcﬁ Gpai biskidBitidm teleased the Errekpandiag ieijel or known
Z@( -[A(Z1)=C(21)]-; -[AZl)2]z-[C(zZl)=C(2l)]-
Phoﬂﬂaﬁﬁnﬁ? #p5- . [0244] In one embodi ment, the
pr esent |nvent|on provi des a Trigger T which upon
Rbi oreduction is nodified to TriggerMd or TM and the
phosphor ami date agkylator is sepaig ted fgom TMin

ess than 0.1 secoRnd. |n another nbodlne t he
X4 phdsphor am date al k or is[16—<§parated:%TUnLlM in
bet we¥n O 01 to 0.40 s copd. |I n awot her embod
N_BheYftokani dt e Ny lllaL ok, i s *separ at’¥d fr R b&
betweBn 0.1 to 1.0 ondP In Bnot her  enthdi ment P t
activ hosphoram dat e |slseparated fikom T |n beﬂmeen
t910.0 seconds. | n &bther enbodi t, the
pho&phor ani date al kyl ator is separated from TMin
between 10.0 to 100.0 seconds. 15 [0245] In a relat?d
enbadi ment, upon activatioh?or reduction, a ¢

phosphoran1date al kyl ator prodrug ylelds a prodrug
whereitd X his@efinel 4s iadorhiulg @@ rand RoTRAo, wind Rh, wbbﬁcheaﬂ myformulas (Iv)-

| h 0.t
S\ A0 BT L A S 2O S 0,
benzelge{g}xlffg1%%)%3;1 %r E h8olAEnAGINASELN OF r eduction. Bystander

osphor am dat e "al kyl ator  prodrug of the

sent ntion can be ne sured Sj
o3EL RS B oM P BTSSR b eramian
alkylaﬁ% gﬁﬂirﬁg %1&H£é)ﬁn BETANRLIGE eclédebethelcobsponfiapmerelReknown
304-9 and West et al., Cancer

4 64(17%
phosplmrermxiaﬁ@alky $macol ., 1987, 20(2):109-14); and as
described in greater detail in Exanples 35 and 37

Rg

Tunor [ce can be own| i C Itu as nu
R rqQids tolcreat® an | 3)
(Rio)2N; oenvi ronnment |n

modél oﬁlthe gﬁ

FLans contalﬁlng a ‘;E@flc C

regron and @qu|escenf celllpopu ion raéponJ 4___//
gnvI mental 25 stresgggs of limted nutrlenﬂs

and |nqreased wast e productjon. These spheroids have

the unique prdperty of dev@loplng gradlents of oxygen

nut ri as the aggregat g cells ¢ ue toi———\\
d|V|de0an gr oW, out war d. Aiger t he "} abg r|n1re Br

ex” paile| y 150 m (RuokiNzel hypOX|c BEgi on B
RdeveIoE H%m drives the |1 hi s nglod | a /‘r
qui escent state and eventqg%l &l | deat
necrot P8 core devel ops as a“result of the dylng é%1ls

The spheroid 30 can be divillled into 4 distinct 1
conpartnents for rmdellngH e effectiveness of a
hypoxi c activated prodrug. ) e outer aerobic and
actively dividing region; 2
hypoxi a; 3) a regio

e ion of internediate
n 0 'ﬁ re cells are not
cycling; 4) and a nefrot cohe cokltai ning dead cells
and cel lul ar debris.\The respo se a drug wll
depend on a 72 WD 20 7/00 CTkiJS2006/ 025881
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nunber of factors; the ability of conpound to
penetrate into the deepest regions of the spheroid.
wabh@7mesrvat i on of hypoxic activated prodrug (PEPUSI96/025881
nitroreductases; the reactivity of the activated drug
in the cell in which it was activated; and the ability
. of e ctivated drug to |l eave the site fromwhere it
mdlogﬁg&%ms%etré%aand kill nearby cells (bystander 5
where@fN@GH)) is sEhetedies sreemoupfonsistng bf NEkj MHMEs NNé2, AEL,
conmpound can therefore be eval uated a nunber of
different |evels. The effect of the>gonpound al one can
Obe conpared to cells in nonolayer cu \fure versus

pher oi d§. Toe HAP gzaﬁ\used as/'a"monot her apy.
C fﬂsgtﬂltﬁk ofM ﬁ“er@can be nodul %}}fg
{g t he entrsatlo f 02 t he NHOMe and H;
qui.
con E S ﬁa%ﬂ%r%ﬂﬂﬁ%%%%ﬂé B Aefort RS b, By
substitoesahead, wdlbpropyiemethbeynint dydrpeayl; ioc tepgtrt své Rat form a
either target only the outer aerobic cells or are
heterogygle to target the entire spheroid. The expected cell

kill can be predicted by know ng the hypoxic fraction
[0237pndhe Iantuemnmac hgeht C@'b]opkmdphamfdeemiabqhzes toeld (Ryois hydrogen) and

R SR

Glufoﬁﬁﬁ’iﬂfeu thi’?:‘ﬁ' i€ JBeﬁ’ig QPalasitd MAthb @liniS Y6 cansertticatrRehs, Ctble@ﬁbs an
rel eases the pho sphoram date al kylator 15 with

a hal f
alkylatdrfod famule b (cablaRi0s hydreeehdee Waesplse &t ., 1S Py o 1@622 936;

ror R S bk SRR B SDSR A No

60/63§9934chlitldnt GlufedTealde ChntgfativarTHerdpy™ taad Mitosney docket No. 021305-
sur r oundi nmhe vascul at ure and/ or have

00S90RbISclon an TRVGRAM S amied g TP GSmanaliod. Fistenp b chelovta™
WhlchI i b&ﬂg re@zﬁﬁé['t%? ﬁg{theﬂlﬁlf ff@lcéahggr tre%&ﬂ&ﬁ %fe@gésqtﬁR&éﬂ% kE, Clin

zones can be up t M away from
Ca;zcdrﬁes.ZZDMas@(mll):-lBWeQE%)l n one errbodl ment the pr esent
i nvention provi des phosphoram date al kyI ator prodrugs

[0238} hq{no%ﬁﬁpﬂo%@mmmda%mylgt@ﬁ?%ﬂg@sh& ANk timideahde

vascul ature. Sone neth determ ni ng the
cyclopziyasplmniéc netdbetive @rm@@g@mm@c bnpepdests sne astagreleinrand

I e R S
coma bPH&th.0In &Hef drethsithént, ﬂhb IpkesttrBventioh bﬁovuﬁﬁ ra pimapfmirﬁmdate
for a hypoxia activated phosphoram date al kyl at or

25
alkylaoraaedrgg vetheh \émndmtebqlgﬁnbwmtiws Hsd ipoPuRsodLste per treatment as
t t
comp?rﬁ(lf ¥ ﬁll ?é R ngcéd tﬁéelb%éag%}l loke Wo?lﬁmﬁae e gcg c?@logh%s%ﬁ%nende. In

ran rug
one eabodipieat, dn lﬁlﬁisﬁhcﬁhlmda&t aikylainppnﬂmgsméthwesemt invention do not

selectivity and h t ot.oxi t he .
brodugna kiR B aTEmSIROR R o EXERIG Dfoie D Brgf s rogHiing from
metab%ﬁgﬁ gi?‘é;étn'ogfdé@ oP h%si%tlbﬁ‘ YR deQR1RE BrbMBSalkylsulfonyloxy,

ate a kyl ator prodrugs that are safer

heteraan@mswfmﬁymwaas}mhﬁmw@yphnhqimaw&au&anﬂoamwtdﬂeh@e (for

metatel E?%ﬁcﬁ ol o BpoctlgiSR ol Bodhiditet PiedBfrence fosgman e

al., SL%% | 18 andth & BnebodRAést] tﬁ@?f&éht@ﬁvdnﬁ@n ptdvedesfa
ttac rrent of t he Trlvgler T(ac:lvatlon of the
1

phosmhrmpﬂdﬁ a}hy&?émepradﬂugl &umdﬁgwp anasahodismiyaduces 5-95% as
otoxic a it her
muchry:l?!%% ?ai«#?% € 9 &) S 661&21 reﬁgéove ggrctg%blelrel% gse?roduced by

ifosfabii@e RRfaberipNdi ng al kyl at or | n 73 WD 2007/ 002931
PCT/ US2006/ 025881
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hypoxic tissues by virtue of the activation or
reduction of the bioreductive group (Z3), resulting
w0 poo7pe298enoval and the concomtant or subsequBeit/US2006/025881
rel ease or generation of the phosphoram date
al kyI ator [0249] In one enbodl ment, the Trigger Tis
r
10239 P YE Bt RRERE alkQield Be VAR TR Rk RABHIdH & Afoan be
differeR€frbMi thy pﬂdﬁsphb@nﬁﬂlals p]ﬂtg]amﬁbdmg@rotabﬂc@ had the phokploramidate

B T T
a phos-g%@aﬁﬁiété’ ?lkgﬁfor oL AntidatRodkiky bﬁés?hoﬁfrﬁ&ia[tél gl akdr prodrug

out 10 fold less cytofoxic activity
Alk-Ttigon,.4: npon exduesgrootthe hiophmsyogranp (44 e Véhaayeduasion of died

can show to ab Ies 0
biored§apyearoyp Hmsaac brd Pusipnerniint gy Elos bl &
LSk Rl Qd 1 a 11-5)& h
ot S RIBPANEE BRI e Ao e i e

phosplamramldattwalbf’latoh@r sane ethpomedifigd phesbremidqtg allylator prodrug,
al kylator. As one exanple, for a phosphoram date

[0240?I ey bd @hboifnen thel f28dent i Bion@roHfEls afmpounwhitiedemonstrates

| C90, or LC50 of the, correspondin
a byst@mi@s pifent anPa aetvatipR in laxp@womséléﬁr%me%%&%& aingser (L) as described

above% 21? 8¢ él‘thC{l ggp Ind l{}rs&ﬂg r\é?fei?ﬂ QﬁE&iFﬁ gh@é'fﬁgfagrﬁ@ate

e’as osp or am

alkylaporod th.@rewnylmbmpm rcaffise ai pem:ﬂtﬂa\}d 1atoo1runt0h1 abnegsavhipleare not
i nked to a. Tr| %er Tin a nmm hthat %ngltds ‘i carby the

hypoxihenoysh ixastiyated i PIodrug Gmagra f Hyentien hyt tpgdgpeardy

hypm&gl‘ﬁiﬂor% ad Rhithican abaHte theRQRodifs. fol d, and typically

0O to about 10, 000-fold, |ess active as a

yt ot ox a corr of .
[0241£ 3&’&?& il}ﬁ%g t htu@rlegltlcg ve gfouﬁgg?)f %HQE% ’glbl geer Z;II‘ s én({dlfied to
Zs modaiolsxélata%odlha& phé&sphéRheasedkileamptdizug suthais mﬁssp]mmdate

hypoxi ¢ conditions. 20 [0251] To determine.i
alkylaghodprsrdis Bacenapryi i ot @rtadingntitac Se |1%%6t1?%€ from:

active under anoxic or hypoxic conditions, cells are
[C(Zlﬁx‘ﬂﬂs(%@)@Jﬁ@(Ziﬂ)#@z-%} 4D@(ZM]ZP[*C(Z&)'=C(%QLI fflmmdc) or
ry Ii e oxygen

[C(lezhyﬂdfa(%l)b' %%(2] %1% 2§3]1?' EC%_&%%\% k|| recogni ze
PR R BeE g gl e e 2y

proliferation assay is
[C(Z:pXYs1d$%80: b tbte | C50; and the cytotoxicity of a

O GO L I3l Lo T RN PSS pr asaed a6 1 CLO o1
[C(ZIBZG%Qa(d(%ﬂcgr[ckﬁ%i-z%odl C99 or LC99. The ratio of

oXicity a asured for exanple by [1C50, 1C90,
[C(lel2€5ﬂ (Q(fQDO)oEC(ZO@B [§6£187RiZn8dsmdnor noxi a and hypoxi a

0 Xi Cj ratio (HCR) and can be

[C(le? f@dgﬁ @é%ﬁygxi Lgﬁ‘éﬂd |ve cytotoxicity of the
[C(z@g}QQC(ml;—@{zls]twj Rk eserin Zoy.e [Hblomduéad&)rloﬂregmsetrérhlcbm
phosphoram dat e al kyl ator 30 prodrug the higher

mOdlﬁ@dZis hypOXI c cell selective toxicity and greater the
hypoxic tumor killing ability of the prodrug relative
[0242] 0 Theabihby embediment theeTy): &.selEhied HOR:det er mi ned based on
|C99 or LCI9 is larger than; that determ ned based on

[CySE R A V. 200 H @@&%ﬁwﬁﬁgf(%ﬁﬁw&?ﬁ%ﬁé

In’a relat odi nent osphor am dat e
[C(Z»-Xy-Ht or prodrug of the present
[0243] In one embodiment, Trigger T includes the following linkers (L) having the

formula:
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i nvention has a hypoxic cytotoxicity of 0.1 nMto 50 M
and a HCR of 10 to 100, 000. Ina related enbodi nent,

wo b@7pbsphor am dat e al kyl at or prodrug of the PCEES2906/025881
invention has a hypoxic cytotoxicity of 0.1 nMto 50
Mand a HCR of 25 to 100, 000 (see EXAMPLE 5 section).

e o B B R PGB 0D o s =

-[C(Zﬂt)éﬁﬁ?}éi%(zg)yﬂﬁtmh*[c(z&zf]ﬁ[C((l;)%OﬁiliA)]-o 5 Mand a I;CR of 50
o_10, s a r , conpounds as
[C(Zdégé}'l[gg%j)q]ﬂfjc%%b)ﬁ‘a@@f zﬁm&@%ﬂrog@m In one

1-1 -
eI ROl Rz pIe0L ) CUNLIOMAL AT L85 0.0) 1)z
-[C(ZD) X E(EFOMDCHC(ZR ) k- [1G§Zﬂ) G@)Emdf ol ds nore than the

AN A S R AT AR LR AR

phosphor am dat e al kyl ator prodrug having hypoxic
[02441 o>l oine gmbdinient, shepesest MYSHHO nr@wégs wrpagert hyhichigon

blore@ﬁ%r W %ﬁc{j hgc?ﬁ)nﬂji X' ¢ o{‘ 9)( 'aﬁ(ll '?eﬂhgﬁ{e alkylator is separated

Ven rovi
from m%wbﬁhaﬂ’()dadeeorﬁi kl‘yﬂaﬁbtshér eﬂﬁlﬂﬂﬁmgnthmel phgsphopanidate alkylator is

t ty which 25 to 5,000 | d h th
separabsh o Torieh TSP eEBr O 1005, GiPBRd-yIn AL oD SBRPUHA LS have
phospﬁB%Bﬁ&utg F]fk f&iorqg(y%gﬁt&f’ﬁ]&rﬁ At S @tdeRPedntR] t RO s¥@nd. T Qﬁﬁther

sues acent to the vasculature, to 0.5
embodiment, Slseimsiva phoﬂphdzﬁaﬁthamspparawd frogm@iy inetviess desto 10 0

seconfiugip@iet grbodifimb WRBOT e TheF eghgiiied from Ty in
betweeR Y 80tth 900 B's8Mdes phosphoram date al kyl ator prodrugs
hat can generate phosphoram date al kyl ators,

t
ST 3R B B S 05 Rk L B 0L o

prodr@X Yi@RR aGROGAp Witk d Mogdifiel Trigaer B (M@dwhieh tsubstel]lx&n}djyeeleﬁﬁes the
I nvention_ provides hos hor am dat e al kyl at or odr ugz% t0 100

phospheraridate afim R amktw sitoricctigation Qjged
pm frgn% tﬂ[Q 5iP0sf 0 Hgat?o% 03 +ORREER)! ﬁ?st e? eff@&'o? ayﬂ@gp}fopeﬁmdate alkylator

resp ondi rag, unde b oxygen
pro drﬁg) ﬁfrma tpmbmtamentlbﬁ 25ibbe fﬂaesulr@blmmg cejllubh oplsgbida andiatudiilayer

al kyl ator pro of the nt i.n nti C .
cellu et GO HOTPINER FFYY RE TR dhy SRBSH e o - GRIDHE04-9
and W4PEf cHQ Cah&r@fén%ﬂﬁ?@ﬂﬁﬁ&oolt g7, QO@QOD 14n @A tak @Bscnbed in
provi dés a phosphoramni date al kyl ator pr odrug havin

greatér@lgﬁlll i Exambkes 36. and 8iic Arupioo sqmmaaﬂvmmxén m fusg @ﬁmultlcellular

rugs, can b d li,c. such as
spherPiR 1850 g 2 oo Uit S oA A P g
contafiRigWhAl ek REicANNd QURKIESer QEINBbRAIlatdh refinding\to tioy ermrpnmental
i njection. Another exanple of such prodrugs are

stresseppplanitebmutrents sndingraased wotq pregegtionn Tee whsEddnkave the unique
propetgt{glﬁ fide l%;? Slgpq}l% gf%l eatd ﬁ%\)/{.&%&vé etﬁ]tlgerﬂyg @Q 9@?@%%@%? celllns continue to

greate
divid®agd @ﬁ’ﬂﬁlﬂitﬁ@ﬂﬂlt Aﬁehehepvlaslemhn rdatzleemapprbxpmmlydﬁé) lem in size, a

phosphoram date al kyl ator_ prodrug having a
hypoystemandeyelops, thatdrsigs the qeflp et @gg@ﬁplmtp@&uﬁc%bstate and

even(ﬁ%%ocgﬂ Asdth P%:ﬂ%?%%ogrg aé)%ﬁfps abY rés%[tmfltl%sd%é/ cel?gx T8R%pheroid
erein eac I's nmeth , cyclopropyl; and
can badmldndshterébdhstman campatinemnts faramodwimg tltefﬁfe@ﬁk/éneﬁ%ﬂfﬁ hypoxic

|| h
actlvated proggltgr. i Elelor&fc’elr %gro%%na% ract%gely 31v1<ﬁ2§ tregefgn o g10n 8f
intermediate hypoxia; 3) a region of hypoxia where cells are not cycling; 4) and a necrotic

core containing dead cells and cellular debris. The response of a drug will depend on a
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prodrug having a | ogP between 0 and is 5, 6, 7, or 16.

(for measured | ogP of phopsphram date al kyl at or
wWee@diowysi of the present invention see EXAVPLBXCT/US2006/025881

section). 5 11b. Method of synthesis [0257] The

present invention arises in part out of the discovery

numbe%c gg%{;ﬁ(rgsgﬁ%%git%%f cégflb{ﬂhdl t§ E&%ﬁ%ﬁrﬂ%ﬂt@i@ei (ﬁ%éﬁ RGidA¥ of the
spherolild_-. ﬁqﬁm&ﬁy&thﬂ-af I‘h_typmiifmctﬁmlmdQ}rSdmg (Ha®) by nitratedudases; [the
Ithiumin a t [ s
ceacive ot RSGRHBIeh By 3 AL RS B Ry ke by of the
activatgég tﬁlfug'atg leéif%@}féfsﬁt@)ﬂohgwh_@}etif RhdmdRzRHand kEhdathpéel Wabystander

e e addition of triphenyl phosphine and 0
effect) HDhP asseSimentif thicieflogtiepyis cd2cdinpankdyan thewsforg kg evaluated on 2

reacted wth t iel 6. b :
b AR v THP SEHCL IR g g ¢ Sobp Rty efflin
monol SR LRRSE ZbREs Autakd sPHRESIBN OTRIH ARt @An GsePAUNGotstimapsi Tie
reacting a phosphoram dic or a phosphordi am di

hyporiariehction of GO RDRTO. 67 B AP HRSL U HIPEARE SMePHEGIRBIL G Of the
..aspect t i i i
T e e
HAP’f&aﬁdfe%@frﬁbﬁfmwwn%thgﬁhemmdripmﬁt agemtsothat ditheetat geaonlyrthe outer
nown. In one e t, ) [ j | .
acrobip PolA G125 HC HEBFES USRSy PHBSIS] T SKPSHBY HHibF e e gredicted
by knq%’l{]igékﬁgﬁ)gggi%%%ﬁgn &ﬁlf'ﬁ%'eﬁ Qed @AiT BYeach JTWSoREh&Epies.

( ( oram date al kylator, a Trigger-OH, a
[0246] r 5 orEsénibadinaentphe ppdsienteiny ention profiidésa@phosphoramidate alkylator

azodi carboxyl ate to. yield ovel or kno .
prodnygrph Bpaf < EROLTIEY 13 PisF PR thioe s PG RE HERigfafg i ater
with a¥aifis o FREN@EN 0i1MseBorld; betwesh 011t ®. ITr deBGRY, & ebs 0.1 to 1.0

reacted with the trisubstituted phosphine and the

secondjiteiviaeh 1erodiGcisdsonds andbategn K-8 tah00-Aeesonedi ate, and
in a second step, the phosphoram date alkylator is
[0247RAAEM dafcdrhigrioh tad baditatisue birouglihd thovasduttire rad/os hays high

to yield 76 WO 2007/002931 PCT/ US2006/ 02588 he.
molecpfiostahts dMPSIMIESEIBHY Py eFbRIpaREHgally clfetiive

conc A B i S35 Sk Il o
vasculdhite. Tn iogg embodient it fresapgsweitson prog@les phespbotamidte alkylator
prodrugs that can reach hypoxic cancer cells away from the vasculature. Some methods for
determining the bystander effect are described in greater detail in Examples 35 and 37. The
phosphoramidate alkylator used in a hypoxia activated prodrug plays an important role to
efficiently kill tumor cells. For example, for a hypoxia activated phosphoramidate alkylator
prodrug, the cytoxicity of the phosphoramidate alkylator and its rate of cellular alkylation,
and the cell membrane permeability of the prodrug and the phosphoramidate alkylator impact

the hypoxic selectivity and hypoxic cytotoxicity of the phosphoramidate alkylator prodrug.

[0248] In one embodiment, the present invention provides phosphoramidate alkylator
prodrugs that are safer than the corresponding phosphoramidate alkylators formed in vivo (at
least ten and up to one million-fold safer.. In one embodiment, the increased safety results
from a modification at the site of attachment of the Trigger T (activation of the
phosphoramidate alkylator prodrug releases the alkylator/cytotoxic agent). In either event,

the phosphoramidate alkylator prodrugs are converted into the corresponding alkylator in
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NC2 X2 \ N2 02N X1 /X1 X~=X~ -X X1 X1 X2 /X1 \

/N02 X1 X, ' XL-XI X1-X1 X1 XL %-\ Xj-X 02N X2 5
WORE0Xj0029X) - Xj X1=X1 02N\ 02N X2 or, Xl1-X1 ; BETUSAb&025881
is 0O OP-NHXg NHRO RO X4 wherein RO is as defined

above. 10 [0259] I n one enbodi nent, the present

hypox'.uﬂt‘fﬁﬂ Quf @e %c Aoh R e RbLSY Qf R ALRR e grou p. (Z3),

phosp oram date al kylator prodrug conprising réacting
resultiag dhitofenmovkbinddhe komomitaphasyhssgaontdaleeseatrigeherntosof the
WO 20(97/ o% 931 PCT/ US2006/ 025881 ~ 4 O R9 X
PhOSPh@aﬁl VPOLRg 0 11 | X HOP-N RO HO--P-N(RI O 2

NRI | - LRORNXd N ~ X4, \ X4, or F X4
[0249] In one embodiment, the Trigger T is covalently bonded to the phosphoramidate

alkylator, in a manner that masks or reduces the cytotoxic activity of the phosphoramidate
alkylator. This masking effect can vary and can depend on the cytotoxic activity of the
phosphoramidate alkylator. Typically, the phosphoramidate alkylator prodrug will show at
least about 10 fold less cytotoxic activity than the corresponding phosphoramidate alkylator,
and can show up to about a million fold or less cytotoxic activity. In one version, the
cytotoxic activity of the phosphoramidate alkylator prodrug is about 100 fold to about 10,000
fold less than the cytotoxic activity of the corresponding phosphoramidate alkylator. As one
example, for a phosphoramidate alkylator with an ICsg, ICgo, or LCso of 1 1M, the ICso, ICop,
or LCs of the corresponding phosphoramidate alkylator prodrug can be 1 pM or greater.

[0250] In one version, compounds provided herein include as phosphoramidate alkylator
prodrug, any phosphoramidate alkylator that can be linked to a Trigger T in a manner that
yields a phosphoramidate alkylator prodrug that is at least about 10-fold to about 1,000,000-
fold, and typically about 100 to about 10,000-fold, less active as a cytotoxic agent than the
corresponding phosphoramidate alkylator or modified phosphoramidate alkylator that is

released from the compounds under hypoxic conditions.

[0251] To determine if a phosphoramidate alkylator prodrug is selectively active under
anoxic or hypoxic conditions, cells are exposed to the drug either with air (normoxic) or
without oxygen (anoxia) or with very little oxygen (hypoxia). One of skill in the art will
recognize that cytotoxicity of a phosphoramidate alkylator prodrug as measured in an anti-
proliferation assay is expressed by the ICso; and the cytotoxicity of a phosphoramidate
alkylator prodrug as measured in a clonogenic survival experiment is expressed as ICyq or
LC1g, ICoq or LCog, or ICo9 or LCg9. The ratio of cytotoxicity as measured for example by
ICsp, ICo0, LCs0, LCogo, or LCog determined in normoxia and hypoxia is called hypoxia
cytotoxicity ratio (HCR) and can be a measure of the hypoxia selective cytotoxicity of the
prodrugs of the present invention. The larger the HCR of the phosphoramidate alkylator
prodrug the higher is its hypoxic cell selective toxicity and greater the hypoxic tumor killing
ability of the prodrug relative to healthy normoxic cells. The HCR determined based on ICgg

or LCqy is larger than; that determined based on ICy or LCgj.
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X4 RO RO X4 RO RO wth a Trigger-OH, a trisubstituted
phosphine, and a dial kyl azodi carboxylate to yield

wo edpecsvel y, Trigger ORI 0 X4 \ O PI-N11 TriBOEDS2004/025881
~LR9 Trigger Il I XOP-NRO OP---N(R1lo)2 NRjj 4 |
\--< I NX4 N R\~-X4 X4 RO X4 RO RO X4 or X4 R RO

9.5 rei 5 §
M TOA T e R
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fornu

related@mhﬂdmg,@rﬁgthp @h@smhﬁ@m(l te glkﬁ%ngﬁprg(}mg ﬁ’ga?r? prgsent invention has a
hypoxig f@%@&%fc@g %o%%d AHERLTYE % 1 OQW@QNEXAMPLE

rein R2-R5 are defined as in
sectior) O TivboAhér hrdlated tembo tiengmet, dlie plosphatamiddte alicylagaprodrugobihe

Rl -
presengfrlﬁgq?tﬁr}% ;e Iygg)t{lggw;{(g(&rﬁl% gffﬁ{)%tp%ﬁ o Iar}gC}Q of 50 to 10,000

|
such a% Or e ﬁ{lf?‘?ony O%Ofglﬁakyy alsti@gﬁlaﬂ%\Zd_m Examples 29, 30 and 31.

o SR A L 8 VO AR SR e
pI'OdI'U%QJa%ﬁ’l%glg’p&El@ ﬁthlélEy WhieH §ﬂﬁ15 06@ 00®fdds Bofeahg@adhk gbiresponding
| sul'f ongl oxyal k

normogictiexistpalkyioger £ h|tm/presezﬁ Hripntion PoNided Ry al kyl |
phosp}%%gtﬁgl feng e% *]I%alhgyod%% ﬁaWé 1%@(& cktXJum@ Khidlish635 1o, @O@fcﬁfis more

than the corresponding normoxic toxicity. In another embodiment, the present invention
provides a phosphoramidate alkylator prodrug having hypoxic toxicity which is 25 to 5,000

folds more than the corresponding normoxic toxicity.

[0254] Tumors have a gradient of oxygen concentration that can vary from 10%, in tissues
adjacent to the vasculature, to 0.5% in tissues about 150 uM away, and lower in tissues
further away from the vasculature and near the necrotic core. In one embodiment, the present
invention provides phosphoramidate alkylator prodrugs that can generate phosphoramidate
alkylators, 5-1,000,00; 10-10,00; and 25-5,000 folds more toxic than the corresponding
prodrug, under a variety of oxygen concentrations. In one embodiment, the present invention
provides phosphoramidate alkylator prodrugs generate phosphoramidate alkylators, 5-
1,000,00; 10-10,00; and 25-5,000 folds more toxic than the corresponding prodrug, under

about 0.5-0.6% oxygen concentrations.

[0255] The logP of a phopsphramidate alkylator prodrug of the present invention can
measure the lipophilicity or the hydrophilicity of the prodrug. In one embodiment, the
present invention provides a phosphoramidate alkylator prodrug having a logP less than 0.
Such phosphoramidate alkylator prodrugs can be hydrophilic, such as a prodrug having
formula XV wherein each Ry, is H and can be easily formulated as an aqueous formulation
for i.v. or i.p. injection. Another example of such prodrugs are compounds 24, 25 and 36.
[0256] In one embodiment, the present invention provides a phosphoramidate alkylator
prodrug having a logP greater than 0. In one embodiment, the present invention provides a

phosphoramidate alkylator prodrug having a logP between 0 and 4 such as those exemplified
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(ii1) NR2R3 and NR4AR5 both together are-NJ; 5 (b) a
Trigger-OH wherein Trigger is defined as in Fornula
W@ 2go7/oee9sr i substituted phosphine, and (c) a dPEi/k§1006/025881
azodi car boxyl ate to yield the conpound of fornula: O
RSRAN \ | | ", NR2R3 P | OIrigger [0261] In one
by for%m?é%@(ﬁﬁ'fvb( ah@ KWWH%HPQ&CHfRJ RIdth o, @cld%isw andladhinistered

is selected fromthe grou
ina pmtms pag pasgtlwfceﬂ)mem@nﬁmpeﬂgrm irRide qagcems;elllﬂ fmather example a

P- P-.N N~ RO NR11
prodr BAvigRA 1 oeesg (Rard S 5k (G et o hofpppemicate
alkyla¥@ prédrtiBs 4f the E%&&]inxtdﬁtiaﬂ ¢ EX ARMIIOER Befibn). t he group
of fornmul a: I O13 4 RMII~-NNR52 O H is
selected fromthe group consisting of: 79 WO
2007/ 002931 PCT/ US2006/ 025881 cl C - C

IIb. Method of synthesis

[0257] The present invention arises in part out of the discovery that compound 36, which

could not be isolated by reacting

0
H
CI\LI/N\/\CI

HN

s

cl R

1-N-methyl-2-nitroimidazole-5-methanol, and n-butyl lithium in a suitable solvent, was
readily synthesized by employing a Mitsunobu-type reaction wherein 1-N-methyl-2-

nitroimidazole-5-methanol was activated by the addition of triphenylphosphine and

o]
H
NENN

|

diisopropyl azodicarboxylate, and reacted with al to yield compound 36.

H

[0258] Thus, in one aspect the present invention provides a method of synthesizing a
phosphoramidate compound comprising reacting a phosphoramidic or a phosphordiamidic
acid and an alcohol to yield a phosphoramidate. In another aspect, the present invention
provides methods of synthesizing the novel phosphoramidate alkylator prodrug compounds
of the invention or those that are known. In one embodiment, the present invention provides
a method of synthesizing a phosphoramidate alkylator prodrug comprising reacting, a novel
or known phosphoramidate alkylator, a Trigger-OH, a trisubstituted phosphine, and a dialkyl
azodicarboxylate to yield a novel or known phosphoramidate alkylator prodrug. In one
embodiment of the method, in a first step the Trigger—OH is reacted with the trisubstituted
phosphine and the dialkyl azodicarboxylate to yield an intermediate, and in a second step, the

phosphoramidate alkylator is added to the intermediate obtained from the first step to yield
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OP-~ 5P ~/C Il N NO aoOl'\a C pPhC 0CdC

O C NO-,// i0OP\ NNC OII-N o

the product. Such a Mitsunobu type reaction is particularly suitable for synthesis of novel or

known phosphoramidate alkylator prodrugs or derivatives, Alk-Trigger, wherein Trigger is

L-Zs , wherein Zs is:

NO,
NO, OoN X - /X1
1
/K X1—-X1 ——X1 X/ \ X1
X \ X Ay 1
2 1 mr< >——N02 X4 I
[/ Y
Xy Xi—X4 1'— 1 /X1
) X1 ,
Xi—X Xq=—=X1

9
=
%
RN
=
/\
\g

Xq—X
X1:X1
/4 )———-:\/'VW O?-N—<\ />__MW
X=X
Alk is
0]
w, |
O—P—NH
| X,
NH
RQ\S R
X4

wherein Ry is as defined above.

[0259] In one embodiment, the present invention provides a method of synthesizing a
phosphoramidate alkylator prodrug comprising reacting each of novel or known

phosphoramidate alkylators:
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O C 80 WO 2007/002931 PCT/ US2006/ 025881 Br \P// /V-1
---=-N NNHPBr HS S G C Br\' NOB N
WO-2007@293+- N A-0-, / , 0O // Oor OBr C ClP¢ORSEB)P6/025881
I n anot her enbodi nent, the reaction includes a sol vent
such as THF, dioxane, a Cl- C6 al kyl acetate,
chl orof@rm dichl oronet hane, acetorjtrile and the
l'ike. Ip ) t herRo enbodi nmedit substituent g n the
t r iHQubR-HNIt ed hOSphI e il$ i ndepend¥ént |y sel edt ed
froma 5 CI® "?9 ero Ryl , C3QC8P—N(Rp),
cycl oalN&l heterocyclyl ryl, koaryl ang Cl-C6
al ko substituent. In an hve\ errbodl nt, Tri T-
is Z1¥1 02N Xa NO2 - X1 (X- X1 Zl Z X1 717 ~ \~X1
XL L X1-3 71 X1;-x1 o , or ) —Xs
4 X R
4 Rg 9

with a Trigger-OH, a trisubstituted phosphine, and a dialkyl azodicarboxylate to yield
respectively,

. o) X
Trigger R ¢
998 1l Ry ®  Trigger e~ : e
O—P—N \/< Nl o Trigger~_ |
, X, O—P—N Rg O—P—N(Ry0);
NR; 4 | —<
; ™~ ™
X4 o ’ xg\ ;X“ » of /< L
4 Rg 9 X4 Rg RQ

wherein X4, Rs, Ry, and Ry are as defined as in formula .

[0260] In one embodiment, the present invention provides a method to synthesize a

compound of formula:

0
R5R4N\}L’ __NRgRq

OTrigger

comprising reacting (a) a novel or known phosphoramidate alkylator of formula:

0
RsRaN<__ lF! _NRRg

OH

wherein Ry-Rs are defined as in formula (D) with the proviso that

(i) at least two of Ry-Rs are selected from the group consisting of 2-haloalkyl, 2-

alkylsulfonyloxyalkyl, 2 -heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl;
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X1 X1 X1 I\ X1/ Ror X1 R OOwerein X1, X2,

Z1, and Z2 are defined as in fornmula (I). 10 [0264] In
wap@vhe3enbodi ment, the present invention proRCTES2086/025881

met hod to synthesize a phosphorani date al kyl at or

pr odr ug conpri sing 81 WD 2007/002931 PCT/ US2006/ 025881

g@zgtslkaﬁ 'og CRI Mkselddted f?dih\’&néro&%ﬁﬁisﬁﬁ%()f OMalblAllkyl, 2-C1-Cs

Xxane or orret hane, chl orof orm acet at e,
alkylsu.ﬂfonmolxyaikyl, ﬁﬂEteNZﬂlkX/llSlﬂﬁDHt(HW@lkYb 2~ %E]étﬂ@ﬂﬂw}’la@(}’b and 2-

nmpound_of fornula: O R9
heteroﬂm;ulf@ylwakmb ragdl gt @aﬁwnﬁf’imﬁl %@HB@& Iy o
hydr ogen, cycl oprpyl, nethyl, ethyl, benzyl, or

"(tﬁi YRR 5 anarﬁ@ﬂi}b‘Bﬁaﬂo‘geﬂhMaeNﬂgntly hydrogen, methyl,
hyl , propyl, or cyclopropyl; and X4 is hal o,

5 (b aTnEg%EIYQ%%&QW%% hﬁﬂ}{&f&g ﬁlgjﬁﬁﬁﬁ?&yﬁ) a trisubstituted phosphine, and

enyI
(c) adﬁﬁb@@ﬁﬁﬁ@/ﬂr&bﬁyﬂeﬁaw mlﬁ,thé cmrjlpcanﬂrofsfuﬂnsﬂat ut ed phosphi ne
sel'ected fromtriphenyl phosphi ne, tributyl phosphi ne,
tributyl phosphite; and 10 (@ii) diethyl or diisopropyl

azodi car boxyl at e; t(RéR4Q| d phegrget of fornmula: O
Trigger Il R11 R9 O P-N NRI1 RO X4

OTrigger

[0261] In one embodiment, the compound of formula:

0]
RsRsN “ NR,R3
\T P
OH
10  is selected from the group consisting of:
v e} X4
OR 0
RN T A . I
HO—P—N HO“P_N\/< HO—P—N Ro HO—R—N(Riolz
| X | Xy N
NR44 Rg N 4
AR - A O
Rg , / X
X4 "o , X Xa Ry Ro '
[0262] In another embodiment, the group of formula
Ra Rs
NP
Rs/ \T/ \R2
N
H

is selected from the group consisting of:
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[0266] In another enbodi ment, the present invention
provi des a nmethod of synthesizing a conpound of
wo o0omad231 0 Trigger Il R11 RO OP-N | X4 NRIECRES}RE6/025881
RORO RO R9 15 X4 RO conprising the steps of: 82 WO
2007/ 002931 PCT/ US2006/ 025881 (i) reacting in an
caprotic solyent, a Trigger-OH wherein Trigger is
defined as in romula (1); a trisubstituted phosphine;
:2 a odi al kyl\%odi car?oxyl ate to yyeld an
| nter fediat e (i) 'i}lreactingth Intermediate (i)
obt ai éd from ’%pL(A/ ~w th a conmpound of formula O

IT\R 1\ R9 RoO P-N RO | X4 NR11 RO RO RO RO 5
whepei n each R9,\ R11, and Xdvisg defW‘ in
For nuha., (1) yi ePd the cpnpound ofwforma: 0

Trigge/r Il Rf RO O"P-N | X4 NRI11 RO RO R RO RO
c, X4 9 [0267] In another enmbodiment, the trisubstituted
phosphine is P(R12)3\wherein each R12 is H Cl1-C6

al W het er oal Ryl , C3-C8 cygTLpaI kyl
het clyl, aryl, ¢@r heteroaryl. n //
~

o . / P~
A et LN
- p

A //\AN 1

Cl

:%'L/O\P/ Cl K \

//\N/\/ 24 N so l
0 ~/ ; ™~n
o | é

o . “o—o_ /]
S ) g
_h%“o——lla N //P\N/\/Cl QN
| > T :

Cl
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10 anot her enbodi ment, the trisubstituted phosphine is

a pol ynmer supported trisubstituted phosphine. In
wa@rwrhe93enbodi ment, the trisubstituted phosphPCEUBR06/025881

tri phenyl phosphi ne, tributyl phosphi ne,

tri propyl phosphine, triethyl phosphi ne, or

tri met hy|l phosphi ne. I n anétlher enbodi nent, the

\Erlsubst tuted phosphi ne is\a pol ymer supported
enyl hosphi ne. Pol ymgr supported trisubstituted

pho phi Hes are commercially avail able, for exanple,
n11 Varian | nc. of Palo Alto California. In
her \enbodi nent , i nvention provides a
th d of yntheS|2|n th conp unds wherein each Rl1
IS h droge I n- anot her t he present
i nventi on pfovides a netﬁod of syntheS|2|ng t he
compoudrds O Trlgger I OP-NH | X4 NHR9 RO X4 83

W 2007/ 002931 PCT7'4S2006/ 025881 [0268] In another

emdodi ment, the presegnt |nvent|omR$LngQ§§ t he met hod
of king a conpound wherein the 'gge

frgmthe group consisting.of. Z, Z1 Z 7
> --C Z1 R NO2 \ \ I and N
3|sHO/N\Qz QzZN N%\F&/ ) PO 02N
>%d\l/OQN N\ &N/\

// /// or

Cl

Cl

[0263] In another embodiment, the reaction includes a solvent such as THF, dioxane, a C,-

Cs alkyl acetate, chloroform, dichloromethane, acetonitrile and the like. In another

embodiment, each substituent in the trisubstituted phosphine is independently selected from a
S Cy4-Csalkyl, C;-Cg heteroalkyl, C5-Cj cycloalkyl, heterocyclyl, aryl, heteroaryl, and C;-Cg

alkoxy substituent. In another embodiment, Trigger T- is

2
N \fNoz szl w
X
N // 1 Z1 \ / N02

Xy’ 41 X— 2T X—Xy

>

i O
X; \ X X4
n C
Ry , or %7
© 0

wherein Xy, X,, Z;, and Z, are defined as in formula (I).

10 [0264] In another embodiment, the present invention provides a method to synthesize a

phosphoramidate alkylator prodrug comprising
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15

NN\ 02N /S \ 02N SN 02N-<~ eN S ' N-NO2 N N~ Br NNC
02N N O2N-J/1 NC N or 02N S\ CF 02N S 3 02NNS
WO 0RGY298N one enbodi ment, the present inventiPCI/US2006/025881

provi des a nethod to synthesize a phosphoram date

al kyl ator prodrug conprising the steps of 10 [0270]

( ref | | 10X i roform,
10265117 G5 TRo bRt THE, djoxane, dichloromethane, chlo
ethyl abetste 0g6Py1 aCatafebbatykydefat €br BBtetitilo alckybourad oCBrmula:

cycl oal kyl, heterocyclyl, aryl, heteroaryl, to vyield

a di chl orophosphoran dat® internmedi ate; [0271] (b)

reacting the dichlor ?—%205’5‘ h&ranm date i nternediate in

step (a) with a N 2- ‘Wﬁ - 3) ai nnoni um sal t,

wherein R13 is hydrogen, \Gl-C6 al | c¥4 |

Cl- C6het eroal kyl, 84 07/ 002931 PCT/ US2006/ 025881

C3-C8 cycl oal kyl, hetergcyclyl, aryl, heteroaryl, and

a base in a solvent to a nono

chIorophosphoranidatexhnterﬁ%diate; and [0272] (c)

reacti ng the nonochl or ophosphoram date internedi ate

obt ai ped i ' bEPSL. ; bPmRthoxy;
wherel@3h LR GoPLRtinftp hydichh, cTIBRSE nidtyh oh s, SRS, bPmthoxy
each RRiO@Aegndent]yOREB) gennmethyl, eftybdiromsis or dyblepropyl; and X is halo,

di chl or ophosphoram date, i nte diate of ste a) is
methylsabonydes Ph?wlilﬁéy@&t 4-gl|et}{yﬁ;ggpg]5@$?1g’io>ﬁ¥r Q‘?%%’e bef ore
hdqmﬁﬁg%ﬁﬁﬁgymky.t to the reaction in step (b). 1In another

enbodi nment ,”’

the separation is perforned by first

I, PQC13 | . i st .
8 s GrGBreamorar i A Pl e bt Bosphine
nﬂmn¢éﬁg%ﬁh&kgn@ne enbodi ment, the phosphorani date
al kyl ator prodrug of step (c) is separated 10 from

Eﬁﬁ%@g@%l 81’f di s%Sro%?@%oh%rb&?l‘#g e by flash col um

graphy o I'ca ge fn one enbodiment, the
~ base enployed in step (b) is a tertiary am ne.
ﬂ)ﬁdé@ﬂﬂﬁﬁFéofé¥FW-:y am nes enployed in step (b) include

trial kyl am nes, such as, triethyl am ne or

di i sopropyl et hyl affdags. | n 1n enbodRgrent , the sol vent
enpl oyed in step (b f§o_1 t rafydr gf uran (THF) or

di oxane. 15 [0275] In one enbodiaent, the

nmonochl or ophosphor am dat e mmpernediaté of step (b) is
separated fromthe rest gf the reaction m xture by
flash col um chronmat ograply on silica gel before
subjecting it to the reactiORgin step (c). In one
enbodi ment, the base us&ful in step (c)

[0266] In another embodiment, the present invention provides a method of synthesizing a

compound of formula:

. O
Tngger\ Ry Ro
0—b—H
X
NR11 RQ *
Rg Re Ry
Rg
R
X4 RQ ®

comprising the steps of:
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is lithium sodium or potassium hexaal kyl di sil azi de;
sodi um or potassium hydride; or lithium
walriogomospyl ai ni de. I n one enbodi nent, the sol RENUS2006/025881
enpl oyed in step (c) is dinmethoxyethane, 20 diglyne,
di et hyl ether, or THE [0276] |In one enbodi nent, the
pr i i i E i indd as in
A B R A S g
Formubdf (1); h@2stibptitpted phesitine) gnd a diallsydlavedicarbdrgliate to yield an
%$uivalent each of POCl3, a Trigger-OH, and a base to
IntermgdigiedDa di chl or ophosphat e i nt er medi ate; and 25 [ 0278]
(b) reacting the dichl orophosphate internediate in
st @) réajingihetinteriediates(f)obtanyad fipm srRpL)) avith megppeund of formula
salt, wherein R13 is hydrogen, Cl-C6 al kyl, Ci1-C6
het er oal kyl, C3-C8 cycl @aRhy%, hegerocyclyl, aryl,
heteroaryl, and a bas§_iE a\ sof t to yield the
to

phosphor ari date al kyl I_ﬁw drugs~ 85 WD 2007/ 002931
PCT/ Us2006/ 025881 [ 0BF9pRIN erffodi ment, steps (a)
and (b) are performg atures below 0C. In
anot her enbodi nent, ste ) i's perfornmed at a

t enper ature between 20- hi gher than the
tenperature of step (&). [0580] I n anot her enbodi nent,

the present invention provides a nethod for

whereg%%{ﬂ g?,i i, Nfhd 2, 868 QCGh Fermie B plckaaiitad@npound of formula:

or 'prodrugs of the present 1nvention as shown
below. N-NO2 i) POCI3/refhux N H2X4 N~~\X4 O O X4 N
H2X4 e P X 4 \ /THgaRBS X4{|N RN H) NO2 N e wherein
X4 = Br or d; e:1-3@62?-1-}N n e enbodi ment, the
present invention provides § mekhod, @ synt hesi ze a
phosphor am dat e alkylagor B Bdry cénprising the steps
of 10 [0282] (a) reag PC13 with a
N, N- di (2- hal oet hyl ) ai nnonpyin salt and a base in a
solvent to yield a D Ne; hl et ®phosphani de deri vati ve;
[0283] (b) reacting the nonochl orophospham de

[0267F S ¥8ther Srahoindt, #9 FisubiichRaph8ishils ptRLEWRELA SN Rz is
H, C;-Cs alkyl, C;-Cs heteroalkyl, C3-Cs cycloalkyl, heterocyclyl, aryl, or heteroaryl. In
another embodiment, the trisubstituted phosphine is a polymer supported trisubstituted
phosphine. In another embodiment, the trisubstituted phosphine is triphenylphosphine,
tributylphosphine, tripropylphosphine, triethylphosphine, or trimethylphosphine. In another
embodiment, the trisubstituted phosphine is a polymer supported triphenyl phosphine.
Polymer supported trisubstituted phosphines are commercially available, for example, from
Varian Inc. of Palo Alto, California. In another embodiment, the present invention provides a
method of synthesizing the compounds wherein each Ry; is hydrogen. In another

embodiment, the present invention provides a method of synthesizing the compounds

, 0
Trlgger\ | |

0—P—NH
|
RQ\S Re

X4
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[0284] (c) oxidizing the internediate in step (b) to
yi el d the phosphoram date al kylator 15 prodrug.
w( 20859298n one enbodi nent, the base used in stEEI/§)006/625881

triethylamne. In another enbodinent, the sol vent

used in step (c) is dinethoxyethane, diglyne, or a

ClL 18 rEJén{iﬁl%llﬁﬁfn ghiged e Method of making a
[0263] In%omeéj“?’g‘ﬁg{% Ié%tt(c% 02 N 30 [ 0286]
compo\iﬁdl wdma&nilt«hhl—ﬁiggyﬂ SGECH#lﬁ'ﬂnl ﬂmerzun @0I§1S@ag pbxyl ate can

be synthesized as described schematically below 86

) R HCOCEt | H+

LTﬁH/Ngﬂ [ 0287]
es “can be

deri\aatli ves
i nvention as bioreductive

6&0 Z3 5 [0288] The synthetic nethods are provi ded
J33[fg§i thewojetail in the EXAMPLES section bel ow.

nt hesi s of bioreductive groups and

phosphaf anm dat e al kyl at or prodrugs, and nmethods of
sent invention can be adapted fromthe

references Matteucci et al., PCT Appl. Pub. No. WO
and Z;(4/ 009667, and Hypoxi a activated produgs US Pat. Appl.

entitled. 10 "Hypoxia Activated anti-Cancer Agents";
deGroot et al., 2001 CUrrent Med. Chem 8:"0093- 1122;

n et aI 5, 75 2; 5,780, 5
V@@E 933 et aI ;oL
Pu and and L
us Pat

Appl Pu . Nos. 2004/254103 and 2005/043244
and Borch et al. (supra) [ 0290p-HAexanpl es of met hods
to synthesize phosphor am date al kyl ator prodr ugs of

t 15 - present— vention are prov' ded\i n furg
o eta{l in ghe sect i GH' b ] I\/Iet
o¥g atpent [0 I n one enbodi nent—"1 he present

i nvention provides a nethod of treating cancer in a

pakpgnt in\need of therapy thereof by adm nistering to
e patlen£Zajkhosphor e aIky[J%o %
Z/ \ig‘\ oL . OzN 0N }5\ Q
» N NO,

2
3

N
OQN/QNB\\ 8. \ NG, NG
H ONb‘g\ 5 on-L 4 /A
2 2 S @)

CF3 ’ NT g7 s
[0269] In one embodiment, the present invention provides a method to synthesize a
phosphoramidate alkylator prodrug comprising the steps of:

[0270] (a) refluxing POCl; with a N-2-haloethyl-N-(R3)ammonium salt, wherein R;3 is
hydrogen, C1-Cs alkyl, C1-Cgheteroalkyl, C3-Cg cycloalkyl, heterocyclyl, aryl, heteroaryl, to

yield a dichlorophosphoramidate intermediate;

[0271] (b) reacting the dichlorophosphoramidate intermediate in step (a) with a N-2-
haloethyl-N-(R3)ammonium salt, wherein R;3 is hydrogen, C;-Cs alkyl, C1-Ce heteroalkyl,
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20 prodrug of the present invention or one that is

known. Known phosphoram date al kyl ators are provided
whyoorhe29sef er ences Borch et al., supra. |n onePCT/US2006/025881

enbodi nent, the phosphoram date al kyl ator prodrug

enpl oyed in treating cancer according to the nethods

r OVvi LAvEent i 3 f 2

Cs-Cs BIRURAharor iy RYE BERIaal Yl S B RER AL £
monochitesihoeplerirdiiat iatekybditter amdr odr ug enpl oyed in treating

cancer according to the nmethods 25 provided by the

pr il L Q3n i trh&dise OpRURESn step (b) with
(027217 B3 SRk E Rt SRR ek o250 Cancer
Trigget-Q&T ami/a basehin alsklyksit to yipldgemhospwramidate alleylaenpodmgent

of cancers that are resistant to these al kylating
[0273]298 61 erf¥dlihétt] e dﬁﬁxﬁﬁ%ﬁld@; rkintdateciane@ediard dfstapr(a) ise

nore rapidly 87 WO 2007/ 002931 PCT/ US2006/ 025881 .
separattidvirain Hp rest ofithgHisactivpygiakire befoss sWoirgtiaaide theteastion in step (b)-

onpared to the . ' i .
i snoff SRS 5o SSRGS o s A R0 v
and théd &8INBR thddicibiophasphommidatd uader rpduedd peesaetl s
resistant to such alkylators. Increased activity of
AN, e M5dibity trle ] 1188 @teh 36Tk S6Rrated
0274 ! A Cerdogif o pRORHB AT SR 00y TS 1 Slfiale
from thatdsvehithe sradiiar mitterertiysirsh chlumepdirempipgtaphy on sidige gel. In one

decreased perneatjon of  actiyvel tran r{.e r .
ermbodiiieh: B BHLAPBORHhANTCR e Wiy el SRS E e fihniges
LGP MBI tBalk i PimiBa) 68¢h dehictiyaasend & al kyl ators
emplo%?%?lese}g@gl e, see(jl r%lrmn et al., p}gges 1393 and
diisopop3Bthylsupean opoaebidimket, resdhiggseraploysinsiepsbhis
tetrahy'{dggﬁg%{ @ﬁ@{o?tdeffect ive in treating cancers resistant

hoé(lag%i es. Slowy dividing cancer cells
in the hypoxic cancer zone act .as a source

Ol. .
[0275} edn eneupimbedimeet theapprochipaorhosphidramidaty 1 feanipe stgp (0) s
o B 5P LB S U gy i
beford dubjiciingitao tdrnestionds stsp &)t In one embediment, theybashusedil in step (c)

_ ... hore al kylators, by adnj njstering the conpounds.,of .the ...
s Sy o GRS SRR R5brdd B it
i a T&@éﬁ‘ﬂ% i e sbRe@ dh ¥RPL(c) i8 difhethoxyethane,
dllsc’pm%ﬁg?'agéat e aldﬁlélglg?%lr pr odr ugﬁg}wat hgﬁ?rgv)ent ion i sy
diglymediiethgethesdr ThiFconbi nati on with a drug havi ng
substantially no nephrotoxicity. In one enbodi nent the
[0276PN Q8 BhOEABbERE, tid fr¥dent RiventnOstovides S medivdrtd syrehesize a
Wi th carboplatin. [0294] I n gne enbqdi nent, the
phospperagsdate pliylsiaripsedipe 6UmBEEnS HISSHS 04 dat e al kyl at or s
prodrugs which are not cross-resistant with known
[0277p! k) @IS in kioBent dbout Beduidilestreach OPEEBs@Mtigger-OH, and a base
. 1nvention_ provides phosphoram date al kyl ators prodrugs
to yielghs diphlgrephasphateigicsnpdiagieshe  with the al kyl ators
cycl ophosphani de, ifosfam de, gl ufosfam de,
[0278Ire qb) eaetitpaie dehloropiospletaintermieliatesintstapi () with a N-2-haloethyl-N-
dacarbazipe, . te ol.om de, carnusti t.r ept Ci-n,
(Rls)%}%%ﬁ@siaﬁn‘f"herﬁ 1|3f‘5a]?'9fdg?$ﬁno€€ ?g,ah‘é’ﬂgbréﬁeﬁ&%& C5-Cy
cycloglrﬁrglb H&Eﬁ%?f&’lyl, and, Hb’féfbéu‘?i, ahd Bbadd39blvet ORLeld the

odi men the present invention provides a nethod of
phosphoratidatg abikytet@rprbgrug.
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15

20

25 administering as a first line therapy the conpounds
of the present invention alone or in conbination with
w@eenoxst | - cancer agents. I n anot her enbodi nePCT/US1906/025881
present invention provides a nethod of treating a
metastatic cancer by adm nistering as a first line
th [ °C. In
102751, B GghisRim GRRATE For (b 1€ pRHAEEL st HEERARS Y BnErC.
anotheo Eﬁabedrhmdt sept(h) is perfmmwiama tempeatirobetpeay?4ée0 s hlgher than
hod of treating cancer by admnistering 30 as a
theteng;gémq SR (a'ler apy the conpounds of the present
invention alone or in conbination with other o
[0280]anti anoéirec emba@iamms the pregamé irefnmm m'emdes ¢ methnddep pynthesizing

o BB SHAE L B o SRR 5 oy et

the present 88 WD 2007/002931 PCT/ US2006/ 025881 N NO
i nvention alone or in conbination with other Y 2
N

anti-cancer agents. In one embodi ment, the prese
admi ni sterin Xafter a prior treatnment with surgery AN

i nvention provides aimedhdiuaf treating cancer by

X4Wﬂ MD/\he)E4ap the conmpounds of t e pr sent
i nvenlgx4o leone or | n conbl nat| on with oth
anti-cancer agents. nt X, the™r e%gnt

i nvention 5 provi des a t od eati ng camcerN the
cancer havi ng ileH&pse Oor chenot herg:;yf > o
sugery, radiation or any conbl nation of them b
adm ni stering the corrpourlds of the present invention
al one or in conbination with other anti-cancer agents.
where[f0R98BrlonCrethads for treating cancer provided by the
present invention, an effective anount of
[0281?@1’?9&2&%@&‘&%& aie?fés%h%vé}{tfbﬁ SfidésSa RHORIS baTRgideq
h ect. Genher subj ect can be any
phosphommndamalhﬂatommminugrmmMSmg”lhe spppedErred subject is a
human subj ect. Other particul ar subjects include but

[0282?r @a)18dctink 'P'C‘lgeﬁlth Q NI (B AEBethy ) e siuntle@dtsandadiase in a solvent
arm animals and horses. In one versi on, the

to yieldrronpiashionorhesphaaily PereHiver odrug i s adni ni st er ed
al one. In one version the phosphoram date al kyl at or
[0283Pr @bl régcting theliiondchll @ophosphamideidieriedtiverwithwi'tipgarH(eH do yield an
nore additional anti-cancer agents. |In one version the
mtemfﬂdti’éf‘pﬁ am date al kyl ator 15 prodrug is adninistered
in conjunction wth a therapeutic cancer treatnent,
[0284] n¢tunddiginb tite intrmetiate instpt(b) tourgd tlye phedpharamistateniiylator
The phosphoram date al kyl ator prodrug will typically
prodrggs  administered in a pharnaceutical conposition.

Various pharmaceutical conpositions that —can be used
[0285hr dn des embddthentz thenasevsathih atep dhksis Sdethylapinen fIp @nother

B T T N e

acetat8N¥n Anolieer @mbeamest, Tripger-oBbisetdh,(cp@rticularly in a
human subj ect. Cancers that can be treated include

but are not limted to | eukenrRa, breast cancer, skin

cancer, bone cancer, |iver canhcer, brain cancer,

cancer of the Iaryn1gIO | bl adder, pancreas, rectum

par at hyroi d, thyroid,” adrdpal gral ti ssue, head and
% Qaal  cell

neck, stomach, bronchi, ki
car ci noma, squanous cell ca cN noma of both ulcerating
and papillary type, netastatic 25 skin carcinomg,

[028 St e&ﬁﬁ@ qmlkﬁ:\ﬂ' affﬂglnélﬁlﬁﬁﬁ)@ygacaﬁ%kyﬁw U’ hthe@r&iI0FRlescribed

oma, @i ant
schematlcally below:
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tunor, small-cell lung tunor, gallstones, islet cel
tunor, primary brain tunor, acute and chronic
wo goephaeadyt i ¢ and granul ocytic tunors, hairy- cePCT/US2006/025881
adenonma, hyperplasia, nedullary carcinona
pheochr onocyt oma, nucosal neuronns, intestina
gangl i oneur onas byperplastic corneal nerve tu

mar f anoi gEE%ELU\(t u :w caI s tug@{ SNsem nona, :30

DN and iHpN COOEt

?NHRC%gé onaNMHeurobI stoﬂﬁ retlnoblastona sof?(LEr;ue
sarcoma, malignant aacin0|d topi cal skin IeS|on
mycosi s fungoi de, riH bdonyosarcona Kaposi's sarcomma,

[0287] g%%;ﬁgﬁm g Dt her S 6%5%%?7(% AR rg(ﬁlcg@o yleld various 1-

erca cém a, renal

N—alkyﬁ%ahbxﬁdig%dr&%ﬁ%&ﬁﬁdldﬂo& Meiativeadaipderddn ﬁmrrﬁesent invention as
glio

astoma “nul tiforma, |eukenias, |ynphonas,
bioreduttive groaptZsnmel anomas, and epi dernoi d car ci nonas.
[ 0298] The phosphoranmi date al kyl at or prodrug can
[0288] Paltld SHthafit el dy sRdrovidediin furthat deeait indhe EXAMBEES section
containing significant areas of hypoxic tissue. Such
below.cancers include but are not 5 limted to |ung cancer,
especially non-small cell lung cancer, breast cancer,

[0289] C Ob @ithesRuE®ioreddetiael gangs met hasphorem;datealkylater peosieags, and

methodiyqidhs DSk RERER 1 becuRP g Lo R SRl TAguucsi & al, PCT
Appl. ﬂibomh%?@gu@%@éﬁbﬁd H@%}@}ha REDRESIYS 0@l gsTTE Pati A‘pphbnﬁ)ﬂlbd

are provi In t e | ow ng references, each
“Hypowlai Adtiviatediant €iqnoerat gty " nd¢Groot efratli 2@@13/ GuesrephMsg. *Chem. 8:1095-

TR DY e v o R

al., Pcﬁqpﬁapub ARR! Weod/854B10andGVas @ssmmdencbbmHma;USrpat Appl. Pub.
herapy”, Attorney Docket No. 021305- 005900PC; and US
Nos. 29&4/25461&3 anfi@00B 043286, HuLBeisH ebe) F197987 and PCT Pat.
Pub. No. WO 2005/076888 Several of these cancers are
[0290]di EgAtEplesof MEthodld ﬂol@hﬁ&hlz@/ph@ph@asﬁ@t@dkﬂﬂﬁor'pmﬁg@gs(ﬁf the

e b A BB S54 BB i o

successive adm nistration of a variety of antl-cancer
15 agents, and as discussed further below a
phosphor ani dat e al kyl at or prodrug can be used in

Ia. MeQRdYs Rtk QmbAer api es as provided by the nethods
described herein. Thus, in the description of

[0291{8l_rﬁcjlﬁ)ﬁfr %}ﬂl?(yde el ti’l né)sx‘?s%f?ﬂ%@érﬁfoﬂgwﬁos ik &eﬁl%g loPBeating cancer in a

ram dat e

patienfinktedbOtheRip9diidtent tg»@amhmrmg te trehyatientiagrosplerapidets alkylator
are al so descri bed. 9% Lun ncer affects

prodneha DO @ E RN BSOAHY 156) DBETCARNBS PRoPHE LR Pe s
are pr%ééds%y thtrg? reﬁfzes\’%&cﬁ‘ baiis eﬂjan Inloﬁéeéiﬁbd?ﬁmgﬂtaﬂlﬁ %bﬁ)horamldate

ng calus€ of cancer death rrent
alkylapor @reirog smpliyed hetréatiogicanser actording o thameathodsrpyeyided byihe

el B Sy TR BB B e

U688 @Bl oed it Rin2@8Ader @cdrding to the methods
pmmpﬁ&%gﬁ%g??ogﬁuﬁﬁr exggt?ﬁgeconblnaglon t her api

providedrtiyethy prebert duvehtien issalected fisrh tieapeypose Srﬁ%‘ﬁglpﬁﬁﬁ@ hben
rted for small cell lung cancer, 25 including the
EX}ﬂﬂgggsﬁgﬁmons consi sting of cyclophosphanlde
doxor ubi cin and vincristine

V) ; etoposid g that
[oz9z¢| SPrinaei therappwith alkydatingagents G%@}@ﬁ snfiens) OPaEﬁPEP PANCE that are
resistanit go %ﬁese a(ikylatmg agents. Alkylating agents can kill cancer cells in the more rapidly
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(CAVP-16). Mbddest survival benefits from conbi nation

chenot herapy (etoposide plus cisplatin) treatnent
whaone/oimen reported for non-small cell |ung caPCEDS2006/025881

[ 0300] Likew se, several different cytotoxic drugs

have produced at |east tenporary 30 regression of

... Qvarian cancer . | depadI¥BAth
cividinggs? Py GRVRE con i ARbo GO By (hripRed b B Sulce ©
slowerighsiing h9goxdy chrephegitna Thddatter iceldd amvide thertedapherit &t alkylators
chl oranbuci | ,, thioR§@€K ci splatin, and.ﬁg%bogLapkp;
and cagpiodaeg calls pesisiantitd Agbrdldpioss TRGPasEY APTRAR Haiame
' 0 %ﬁ&;lanp LS008 Dfd8 bx ciSibs Pépaid N
Aﬂkﬂn%ﬁ&%%?%g%ﬂgﬁﬁﬁéi%ﬁ%gﬁ |natF§§%%M?I1 cyclophpggﬁani e at
pathwa3, afidortheedbmatoh espairlpsoteins, andidecteasedinghmeatips]of gctiviehe
conpounds and t.hods descrjb erein. prLovi .
ansp AU R ReERBHS T BIES G PRy Gy TAR Rl fo BE Fbiible
for cang&l His@nR @ SPRABH (AHamblydeal Birdalaadt ub, fges 1393 and 1433,
escribed heréin is used as a single agent or in
supra)exi sting such conbi nation therapy, either to 5 repl ace
an agent or in addition to the agent(s) currently

[0293]US®He ploBR Rk lof GG edentinvedibnpire sffedtweiis tritdtingnasters msistant to
mal i ghancy in nmen in the United States and is the

other therepinsl HoBLy diviing cangaisellsin thedyaexig S8R4T FONSASH aabRAEe of
resista%%?aﬁ;g‘?ri’ ﬁegp %}cf .ﬂfa?nscﬁlﬂca?é' LillB@By g‘geﬁge}})ﬂalﬁBQ bt &d tp}ééeﬁtqﬁ%rﬁfbn. In

ypoXxli C tissue. chenD herapy
one enffodinen)] the phaue ihemtion ppoidasa rhethod sktréatingatcanear aepastant to

di sease follow ng rel apse. after hornonal freatnent..: .
rentmpg i e LD AT R R P o PR B DA T e gt denton

alone &rig BhioYaBbR WitheRbiRP M daAGr RPER P NRbLe embydaBAIIWSE | NeE,
and cisplatin. Conbination chenotherapy is al so, used

phospharamidaid alkyletr atadrugefithe mventien isdidminisieedtinspmbigation with a

A ti h h . pl ' ' .
oo G BT B SRR B4 T PR YR e Blhphoromicae
alkylafb¥ UMY BdmidiQered @a@Yariopteint i on provi des met hods
for- treating prostate cancer in which a

[0294f Egrzﬁ{fe? 5&%&%&%&% @eﬂé&hﬁﬁv%fb ﬁﬂ@vi&és %@@g@r%ﬁﬁ’éeoalﬁylators

fon"1's uséd i'n suc i‘nati o Ither to
prodrugg RVIAELara RoBges-resistantwihl ithowoalkyrtérke In sgpéimr Egibodiment,

currently used. [0302] .Cancer. of the | arge bowel .is .
present W%@%%ﬂr&vréﬁgph%%’gﬁﬁﬂ?@ﬁs yigforg B?P?‘é?gsd‘g‘%l%a’ieﬁ“’f Figss-resistant
with tﬂg@élk@%?& @ic%@h% abiad ifeemisEe, 3 FedTaaideC hRba6icttanate

poxi ¢ regions. Wiile chemotherapy in patients ,
melphalahhclAcrambaeit] daokrbazine, atmezahwaidehersmpstmgesiraptpzgeingpendamustin,

nly, margi.nal .20 henef.it, 5-fl.ugrouracil is the nost

b““@?ﬁf%&“?ﬂ%“?ﬁ%%?’ﬁ@%"pﬁgp’ 90 °§(a!ﬂgl§é%‘se. 5- Fl uor our aci |

is useful alone or in conbination with other drugs,
[0295butln bse avbodinent thepresenbimy nta)nﬂgoy@eggmﬁg}o@éﬁttreatmg cancer by

.Likelihood of reduci ~
s Rl S 1 SRR ey FRRSES e rin
combRAIBOWRE Diten entiRbhved sgahes dniaheitiehaneidimentn thetpnesent invention

~methods for treati n% col on cancer, ysi ng a _pr dr:lli% qean
providesagretbodpi reating e métastaliseunre tyAterisiehng a%e%aﬁ pgfherapy the

s | ! iOE iR TeBier agents. In
compiyits 5B S Raull T or SR L R e T e
one einb&diti®Rt) thembind mveatiqphas pides ametiale fatektjin @tancerryouingistering

b d i ' ] h t . .
R S AR I BOPLOBENES 1. SRS Shioation it

other anti-cancer agents. In one embodiment, the present invention provides a method of

treating cancer by administering as a third line therapy the compounds of the present
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body-directed enzyne prodrug therapy" (ADEPT),
"virus-directed enzyne prodrug therapy (VDEPT),
wO g@neexdsr ect ed enzyne prodrug therapy” (CDEPTRCT/HSIH06/025881
"bacteria-directed enzyme 30 prodrug therapy” (BDEPT).
The general uses of a phosphoram date al kyl at or
. - r I it | NYodd @AbdEEMENt, the
inventigh ?‘ﬂ’hg & %@“@%ﬁa%@%?‘%ﬁo%g%’tl&ﬁc%ﬁﬁészgg%?oggss1 [0304] n

presen‘ﬁﬁ@éﬂ‘ﬂﬁh paﬁpdﬂsta, methed pf treatimig dances Ibmadmnpstgnngj alker prior
nmet h of tre

t .of _non- ancer h
st SO hep S B Sh By f B S Y BF AP PRY Bfden aone
or in c&ﬁ‘?@ tl'loﬂa\plth BRPANRLANCet AEhRATRENE élhﬁodlmeﬁﬂlﬁWresﬁlt 1nvent10n
ular proliferation). In one enbodi ment, the
providés/pmeiiod of freatg caacati tbeagtecer hedpgtelansed piisrRgion Bh?fﬂ%\therapw

nt met hod .i.s sel
s bR G e A ] AR R an s
1nventi@h%ﬁ@1§%} in GBI With @ﬂlbhail’ﬁl canablf agehtsc gast ritis,
enlgn prostatic hyperplasia, bullous penphigoid,
[0296]° b cﬁjé BF faftin &g&g éa‘f'owgé fie rSseAivEHoAM AL effective

ruc Ve al Ty ronlc sinusitis, Crohn's
amour@l b plasphorameiayedikylator pepdnegsrie pdrhinisered deﬁmtlbwto £F qnp@lly, the

e T, SLOPLE LR L5, 2451 SEASRN, AU, s

RbtliinSitedB noM RREHE PFintdtes, tw s, cats, farm
Other PRGBSI lstheNaPRGHOR iiced!d oK HLRR eIl s

ammaléetnmhb]rsbs sln onafvemimm therphosphenuhidatesl gm" prodrug is administered

alone A ag(g‘%}oglrtﬁﬁgﬁcgstgé@pm%ﬂéﬁ%? P%P’L org?gé i g%egérda]ﬁ%ﬁﬁrbmanon

with oHl¥ Bﬁfnbfesaddﬁﬁﬁlﬁi ariotahbér ageas Ol otid V@bloﬁl ﬂc&plxd)slsl&ﬁ&ﬁsl,ate alkylator
neopl astic vasculitis, pancreatitjs,

prodrugis gdmingsterpd imennjungkionsiih hesRpYtS @C%é@ﬁirg%ﬂt’éndudlng but not
ri odont a S
11m1te€ qSPISEY chl raglaﬁlg o ?zlale Bg%s?bﬁa & wlg?tg 'af}g/g%f?xgdg&%gé gv;lrll 1ca11y be

adminidtdre®inya Slelhasastiod oohprangnt Nanomsmﬂmmaa@udcd rcpmppsltlgns that
serum Sij ckness surg st enosi s or

can beused aiegleperibed dp gﬁthr@Uﬁ’élé’P%?‘??H%? d-strictures of bile
ducts, strictures (of duodenum smal | bowel, and
[0297F 0T phosphbiacndats atiythtatrivedrug @ndrﬁleﬂfpf@ﬂé@ﬂw@% compasitions can

R I L T

can bd trSR&EinclEiS BhHRE fot li/rﬁﬁé‘d'ﬂol léml&nﬂé  REdsatdensiih cancer, bone
congenital deficiencies of the conplenent system 20
cancewy divetantérsbrain canecre eancenof the layyus galkladder. paggreas, rectum,

paratrolgs oy S SR RAP AR bR SRR PRACHIREys, basa

cell cdrSinodNdqhsbey &l dagcihsraabt Both}]ainerqmmglanﬂ @aplilamydyph sehasgatic
sel ect eg fromthe group consi psori

t
e e eone 2L S B 8B,
tumor, %%al?ga %F@lﬁlﬁ?lt gal'ls"‘cor@é §lePLaBiughor aérﬁnﬁ?%rﬁﬁ'@tﬁﬂbﬁﬁéﬁte and

yper pFi attve sease tre; i's psoriasis, a
chrondj l?ﬁ@ﬁ@oymhanagtmlowdc Afndyy, Hafrg-cel Ithrobig edenoma, hyperplasia,

et S o S a8 B2 H ot A g g
hyperﬁuﬁpé?éj&qifg&g gFJVE Sl %fanaﬁblﬂflﬁBﬁﬁé MBrof WeIASSutiog Aleftindnsa,

er osi s, di sease characterized b
le1o1np0mgﬁeeﬁmor,ecedeag/leiyspia$la end imsiturrardinena nepipblagiostder

s LSRR PR S B MRS ot

fungo?i&:\‘zl Ao oéaﬂfohﬁiq@b@sﬁ% s@c%@sﬁtédgéﬁlc@ﬁ@ ofheBshrt@na, malignant
estruction and
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30 ankyiosis of joints affected. In another
enbodi nent, the conpounds of the present invention
wae@7mehyshi stered to prevent a hyperproliferatP@BEUS2006/025881
di sease resulting fromcellular proliferation on a
prosthesis inplanted in a subject by coating the
[ Ost hesis, c |esigueoie

R R e
multifoRypdemtentiad, emaghionesdinsbamat 92lanemagend epiegnoid carcinomas.

PCT/ US2006/ 025881 treated is benign prostatic

[0298] N @5toRamiBaidiaB8AR6: priodi R paFtRsladlybeaied ethe akatment of
ce grow abnormally and thereby block urine flow.

cancerd dohlrifhog ﬂighﬁ"tmeméélgpwlc agyvien i%?liﬁ ﬁftﬂcéﬁ,m‘a%gea‘ﬁgﬁmsmt

. .. J.0306] A phosphgram dat [.kyl at ¢ j

11m1tedtt9 gqrt%qapgé%b%spg%g %’%glégelr%ﬁg F%cgg,&?%g?an%ﬂ, kolon cancer,

head af@idt|cahdeP Nt afif cadel, phisdreaic cancdrard wodtptecencer. Examples of
Described in this section are nod

; les of
types o dmostsshitaen bp tronieh Nahe BhespharEmidels SllatarERdrpE e
1nvent1§$ %ﬁ pgf)xglﬁe& {netg%: E(%ﬂ)g&éfs}g ?%%gceﬁ,séd%ﬂ ot \xfl\%hglglg ]li}%ﬂmrﬁ@& fh its

rpro erein.
entirety BeFir b pef@th@Tidhasshenos AMCT Rat. dapk Nl ROTATS2005/@d8 i filed on

for the treatnent of cancer ... can be effect.ed..b
22 DeqsabRo ) 854 R LBs SRRt FHOFy "SR EE sartgeuos e
Attornsy DS NRC bh 305-003800BRANIES PRIASP. 196. 60/1600599. ankik80§719,787
ancer drugs are adm nistered by intravenous

and PGP &cPilo No. 3d 2085/0h6358h drearmiabiol thessl dapeess aie discyered dor
) can be formil at f or. such ,adni ni i i i
o o ey Fsk 2 USRI BB 0 B Uhotnry

often ihVAP& the ZBeh1he O dE SickaiRrhdhdniRtthtidr afsvariost of amtistanber
rehydrated or diluted, respectively, prior

t .
agentsj mjdexstdisg:nss.ed murge belovh am@omb@g@ﬁg}@:e@&yﬂﬁﬁprﬁrpgwg’ca%be used in
combiﬁa&fo%ﬁﬂ%ﬁren% %?%?Vl%leg é&/r LS e@ﬁ@gﬁ&gﬁﬁame?ﬁnf Fhiy |i1§|ﬁf%diescription

Ion oral routes, Intraduodena

of illudtRik € SanchRr @Atadtiad hipjxéctdgms dinendhidimntgeatmentavignaus,
subcut aneous, intranuscul ar, i n%.r vastﬁul ar or. ribed

phosphoemisiatsralkylaigp prodrug, shamples pheombippliad tisppies argralig desgribed.
inthe art wll recognize that a phosphoram date i

[0299al Kyh@tatcepaftatsugoreeian 0040 males anh§0,08( fearales 1n the Haited

Statesggltgé;toilf Iwhgﬁg w%ﬁ{pi ]\é}?%l;r gg dfé%p(gsgst, 89 Srl rg%géénﬁﬁééaﬁlg? ?f;) cnancer
death. ogufi‘erft %Ed’fycl:dﬁ R thd RSkmERSIIESy dancalisedlpé ierintefradon of
p

osphoram date al kyl ator prodrug prior to.its @g@r% od
chemdtinrapyt Wesh bawifboutnedistherapyor Sergkbh. A PhesPherapfate glyiigprodrug

d t [ 1d ina: f. i
can besg g ptecio ARsP APFSEP Bhadis|ifg FbEbaath Serplis. A
variety ¥P&rHinSRMCRembtteRpyire giaicns hatdimenhespied farsngkl ell lung cancer,

al kyl ator prodrug selected for _admnistration, the . .
includm/ép icombipptiensecoasising of aslp ﬂ%?ha@ge: M‘ﬁﬁ‘?{"maﬁﬁ‘& vineristine
ondi £ ] f L@ and RrlopIPRaRideelotaehibisnd VP-16
(CAV?’ﬁW{#%gggﬁé%ﬁ?@? lglj’p 0s hg?arri dgt e al kylator
(CAVPLIH)r Modesisinmlvat berefits faord combinatine chemutherapp{eteppside plus

_ yhosphor am dat e al kyl at or prodr ntained in the
cisplafipxiasaapRt Bt BreadeRstisd REnohrBalEe BEgSAIS ng t hat
dose, will be dependent on the subject being treated,
[0300] hd_ikewise,isbyeralfdiffetent aotoric drigsduve peadueel dfleashigmporary
cancer, the rate_of administrati.o ' it
B
been AMPAUHE a SR, BRIVIRNY Sycfopheéshahtdd, Ybsfatnide, eysaban, chlorambucil,

thiotepa, cisplatin, and carboplatin. Current combination therapies for ovarian cancer include
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agent rel eased by a phosphoram date al kyl at or prodrug,
and the discretion of the prescribing physician. 93
wODd20@s5002931 PCT/ US2006/ 025881 [ 0309] | n oPET/US2006/025881
enbodi nent, the present invention provides a nmethod of
cancer treatnent in a patient wherein an effective
. [ : : nARoU:_ Q) B 1
csplaff SERRR4 kI S drtol s R PG an - B ek el for
six to 8fphtieyckeg! Ty compeimdylaad oretithdsiddeatibed bewin provida pr@irig forms and

uman, this would amunt.to about 0.05 t bout 7
methogf fytoalip QYT o G db e 05?*505?9“’??? @kﬁ?%tﬁﬁpmdmg as
describ@Ph @BinGSusedQ8 A%t dl €Y RhB olial QWi ih B Sud iR ihdtIBntth&thpy, RRher to
aforesaid range can be nore than adequate, while in
replacetah egent s ésadshition to|the agant(doserendzimsese enpl oyed wi t hout
causing any harnful side effect; |arger doses can
[0301R! ERnb& HFithd slostaient thesRyE camn®iBhilighatsasinfnién in the United States
~admi nistration throughout the day by infusion for an
and isi{isecond mopt JoryBeIs Fapse 8f eRRcer Jrath iBraFANOye ARG of.apd this cancer

B
have tedkh egjoried fetase imfatastagadissanel fodfowtiferepapss efi¢r Hommemndl itgatment.
for treatenent of cancer .and, ot he ¥ er roliger tivg
Agenigferdhs rgamen o RrR¥ategaRcer eludsd ¢ sy s e Bispplistgoshice,
1 d , . t . . / . " Stée
o PR oA, iy s gheind
canceryidtgdidg yreatateotiwitd eSranqustibe phosphatg pkay/ mtednimastineznd gisplatin,

tp about. 5 / kal/ day, i si ngl.e or divided. doses., In
and SRRt AT ot BYFerTroe Thsuesit 4 EiBonRg ey Hethods for
treatifd 1 oRbR L8R er P whitheSHoSphor&hidateamk@aeNbrodfucCambepressin
. ot her galper proliferative diseases is in the range of
inventigroistused mosugh sombmatiepisk githtajo replaseen agery oz Boidditon to the
/[ kgl day: and about 2 ng/kg/day in single or divided
agentggg%%n%ﬁrsgcﬁe enbodi nent, the effective dose of a

conmpound of the present invention for treatenent of . .
[0302¢ a%@efa‘ifdh%}ah%erb%é?'ﬁﬁ émlg MRSt GRINPHOE S3EEL P%nqehg?ﬁ%m the

Unif 3988 s, BROMYe Dl ubitisd 5 PSRV, S
chem@th&rapyirkprttais with advageee wilorditel cdederdes pveh o bmef only marginal

venet§ DRIy B 02 B I b, Bbbrourct s st
alone loP YES IR RatRIOREN ofler Hfg§, Dk 1NEEdRAed HRRGRIYNALS OO Peréeht
standard of care therapies. In one enbodi nent, the

likelilgfol@d rédpeingonseastitable tumenmasieaby & perasaierr merg. disierS5-FU in

hyperproliferative disea IS L I a -
como 488 PG LSRN ShERRNERsbaghlnd s lRES ety st
colon/cBn¥h @siafa@ebdrest can dffepsigaificatsBerapeutid et ftagd @dtential for

intermttent] il ess frequently); a . dose in the range
meetipg thepwaret Be%%a eitar treatmpgyt pthodp dor this dissasthout 10

ng/ kg; or 8 ng/kg is admnistered on once every three
[03033ayia oheweitsium oftlkekgeatinantanethbey; a @hbsptioreemitiate alkybee prodrug can

the range of about 5 to about 30 | ; ,about.. 1 0« .
be us%lao@nﬂgsgh@%%ppé@%% © G eprany 15%@591@%‘5 Bﬂtc}}rﬁ\%‘?‘{itgt gntt-
r L
body ArbHEALRARIFO0UE b Tam B ) GBNfiRcfd tRne Blod @iherapy
(VDERM)ftgefe-Birededbuaymedprodptig diictayy”i (SR narst ‘Gacigrip-direged enzyme

prodrgg1 Serap(})lx ?ﬁDﬁE%)Wla‘ﬁg !gé/ne(r: %lsgssdf a phosphoramidate alkylator prodrug are not

limited to the foregoing treatment methods.
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" neoplastic yagshEtip POperReiais BemPNgPRYWEISHPRAATElPRe

[0312] In another enbodi nent, for treatnment of human
patients, the maxi num daily dose of a phosphoram date
w@bdoyloaxosr prodrug is not greater than 500 ng/RQGI/US2006/025881

patient weight and, 94 WO 2007/002931
PCT/ US2006/ 025881 accordi ngly, a phosphoram date

[03()4]3‘I Kk hather apeadihedrésentiieiention pededesiamethdd ot ytedtmsnt dfmon-
he range "of about 1 m% of .a phosphoram dat e
fic

cancerdlyk)ylmcol@fﬁrqﬁwodrsegﬁek ghaé praed dtcellaiag Ryperprolifssrtiond 66 /g
abnor%IIly Hltcre é%lh LA agrrgotug é%}'l{lﬂgr Bf lf%rgﬁ(grlﬂg/lﬁ n@gmﬂﬁt&in%ﬁﬁ the

n one OSp ate a y at or
hyperﬁbﬁwfaiﬁ/el diseashirgutal redingtoahapietont detwdiin sdlémed ﬁmgdhe group

f
s S o b1 B TR T e s astoms,

s BRI B DRl epiiahl e pROpA R, S e chonic
bronclatio anhd d}&om/dbgtrm(mva howhy 250aseg¢hcgnio Blmlku@s,dél@i‘m'wélsgﬂtﬂe,
demyﬁwéglgg]eg ur 1ite%t epggtg%gg ?,dgzedtbaslélalglam& atoplgggrgﬂa%s gustachean

it Bri B9 PErdehsity i 'k
e RBRZIRLATA B S B A i

hyperseosmmty vewubd W?H@mphrsahmﬂﬂe rpumm@dlrﬁ@m derpgiitis, inflammatory
oSSBTy B AL
diseasef miigle WRir&dié, n@fochidetis) atyosis, ﬂa@al@ﬁlytps ex&tseldcmhal duct d1seases

anot her enbodi nent, the therapeutically effective dose
%)E(B’]ﬂf) t@@sonasm

i B8 P U O vt
syndr@dmgmmetryatliirgﬂﬁxgadhohhgm;hhemmidiﬁﬂmw seuin ickness, surgical
studies jn una I I mal s.
vl e 3R S, AN S FRUELLA0 PRATRLS s o
duodeﬁﬁfm"ﬁlflal‘? 8owbe aﬁ'cPEB’I I_))t G cdss IR H RPN oBsHIBIS, type I

equi val ent dose as described in the table
dlabetbellmatml qotitis, HﬂlmmVEqmwtheYﬂSClﬂﬁ§@Sf€qqmd wihgennsicye tissue

disor H%sga]dpbas&o%laﬁ%?l 8‘?@ cgpéer&% defm‘f’wc@%f ﬁie nfp%ljggﬁt s?%g’rg
vascuﬁ%i’goﬂthg cenYRdl Kl@b(/@ﬁs Systemn, Mol WeRheils @amﬁﬁmaﬂbm@ nmonkey

Baboon 1.8

—<U

[0305] In some embodiments of the invention, a compound of the present invention is
administered to treat a hyperproliferative disease selected from the group consisting of
psoriasis, multiple sclerosis, rheumatoid arthritis, restenosis, and benign prostatic hyperplasia.
In one embodiment, the hyperpriliferative disease treated is psoriasis, a disease characterized
by the cellular hyperproliferation of keratinocytes which builds up on the skin to form
elevated, scaly lesions. In another embodiment, the hyperproliferative disease treated is
multiple sclerosis, a disease characterized by progressive demyelination in the brain. In
another embodiment, the hyperproliferative diseases treated is theumatoid arthritis, a
multisystem chronic, relapsing, inflammatory disease that can lead to destruction and
ankyiosis of joints affected. In another embodiment, the compounds of the present invention
are administered to prevent a hyperproliferative disease resulting from cellular proliferation
on a prosthesis implanted in a subject by coating the prosthesis with a composition containing

a compound of the present invention. In another embodiment, the hyperproliferative disease
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a To convert aninmal dose in ng/kgto HED (assunes a 60
kg human) in ng/kg, divide animal dose by HED
waeomwrmeeson factor. For species not |isted or POF/US2006/025881

wei ghts outside the 20 standard ranges, human

equi val ent dose (HED) can be cal culated fromthe

f. . d = i I | IS W
weated i D prosldER SR APIATR ¢ BRERS 1Ty MEh 1Rogtalt SpHITHal M
abnormeallyoatid! thersby bloek usine lowst unpt ai | . 95 WO 2007/ 002931

PCT/ US2006/ 025881 [0314] To achi eve therapeutic

ef fectiveness, the therapeutically effective daily

dose of a phosphor am date al kylator prodrug is

su%IL adnlnlﬁ;-red |tiple times to the patient. In

RULSERISE 0l3 oL, S0RIES e al kyl ator prodrug is

dm ni st er ed dal Ig for a period of _tine. T¥p| cally,
[0306]d aAl phosphearamitatesalkyiptor prodae williypically befamulaterbasy ays

i
o5 TGP ST, AU eyt o
modes| Fagdininisteaivme fotinultions) ayé dosapesthat emdte uk6d ehos geattrigw@ncers

days.  Dependi n on the dose, fo | ati on, and route of
Abobhe

using sphetenudate Alkyletos produg gese B ti oner and the
conveni ence of the patient, the entire daily dose can
[0307]be Aaldmnrstrsm(m &fth wivsphadaindpte ahkylaﬂoepmdmgxfod thedreatmerty @f cancer

cn eSS 5 oo PUb B GBS SR FThHO gon. e

hypoxicr}reéﬁﬁ%@‘al{&nép PR BdnRbl cﬁhg@&)s adﬁ%ﬁs’t@?@ﬁw 1ﬁtra¢eh6u§j1ﬁf&tlon and

can"be divided into two snall er doses and
a phosphietianiidate alécdlatcm reedrag canybe formylateddfor sudhtagmipisisation, including not

only r@gl!}a/ 5855}]%%*0% ﬂ%tloélfsmbglhgl%(? [}%g;hlth%&i &6F cfoql%%:ﬂt}{ated formtatibns that

must B/ reRyd¥Rel ot Bitited A8spestetlyI @ik fo injetdbh.y In addition to these

admnistration is not limted to ne ad i stration
formfseonal oS S REOTRIOGT 5 90 Da e B g tgagion by
oral rc%@e%lﬁl]tra@%’ﬁeﬂbﬁjoﬁt%g %ﬂan%é}glelﬁ 1k Gﬁcﬁﬁﬂmé ﬁﬁfhv@ﬁ’&ﬁe%t:ht‘éﬁeous

Nl stratign can a used” Adm ni stration

1ntranﬂ)u§@ﬂareltﬁfayasmul'ae or dﬁglsu(n)pt@plqab apdlrftctai powes. yThD@ﬂ vbskilk it the art

and m ni t tion,onc er_ hird day, .or Cc ..
will sz Bt DEDFAPR A b fo AL Ao e PRt tip By Boclip n the
gut. [E4RAlactiFatRAAS ROQIRM O M 1A KAl er REPEOPIBYIaSoute of

repeatedly adm ni stered over a period of  tine. For
admlnmtlat[ph er a Wretuasiondbiatiresuds nra@bscrptiog of aiphgsphioreanidate alkylator

a_di dai. |
pro dI'L& prf(gs’[% th relétd% gﬁ{) ﬂqualig% I1 stme r?g %é on. g?lg %c[:%aloljbﬁﬁro fAinistration

and ccﬁf@ﬁ&ﬂﬁﬁgﬂlfﬂrﬂﬁla@loﬁ |okﬂiefﬁh@Epho@ilﬂﬁlﬁwgﬂkﬁataﬂpﬂoﬂhfgt\eﬂlaibpatd on the
| east 2 days per week for at |east two,_ three, JP
type of cancenbeing tne@taé,tthe BhospReyaEBdale ﬁklfél%@ve%dm% pelecte

Al B0N ’ idd #Sn@patient,
admmé&traf Qi %;E \é?QJX he @Jmceﬁ 354 tﬁe\%é)x(a WBieh ﬁ’amf(le r@é&g i patien
amon@bmeffa@tdrs/,ely, for at Ieast t wo, three four, f|ve or

at least six weeks within a twelve-nonth period In

[0308P "% g%&%ﬁﬁﬁé phph eam@a AW R f,ra%ir&gacﬁhmst&@d Rh@HKusGhe

m ni stere st 3 days per week for at |east
amoumtvuf thd jjﬂlicmphorhmmia,te flkyletoo pretrug e@mtmnectm(th@ dessalgtinigiered and the
erna

produggypristiekhgh Aok, VML debpmieRbeR e SRREH e ot isgverity of

the caR€&r! BealiR¥ion dF Hf%rcﬁﬁ'&e'r MBS Yate f)f)&dlﬁ&lsltlﬁﬁ% th&\@ispdsitiodenf the prodrug
out, five or at |east six weeks within a

(e.g., mm&lcubr nmgﬁh sobhilitst and hyprac antbadinesin cy#otoxicity), the cytotoxic
agent FrJerieas%E% (cj)éaﬁheoramﬁXte aikyrlator prodrug, and the discretion of the prescribing

physician.
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prodrug is adm ni stered at |east 10 days per nonth,

optionally at |east 20 days per nonth, for 30 at | east
wop@7mesh or at | east two, three, four, five PCT/HS2006/025881

| east six consecutive nonths, or, alternatively, at

| east one, two, three, four, five or at |east six

[0309] ntogg Wﬁ?@%@ﬂ% r};}o?e% nQ’inlth 419%3‘1@]:3 AHF%% SRR Batinent in

erapeutically effective
a patlerﬂ QERrdiS an efBtivedesadeds typidatly i 'Ehedanyg oftabpjtutdla(DO 1ytofabput6ﬁ 1g per
| east three consecutiyve d

kg bodpp eiat, 20EPEO D bR LSERIM IS 8’@% e %‘88?“0&%38% *ta 70 kg
human, %ﬁ%&&ﬂ& %ﬁuﬂ% 2bod0. (ffpt!'o aBolfeE da§3 abb@r0.3 fyaioat 2 5edley. In

a patient can adm ni stered a
some 11{2&@&&41 dbm detels teell doy Kreet lowelp]umttrowﬁ ghq afma@a;é ranggcan fp mere than

t he present netho f or, sever
adequaigoythie § WBoRBRETSI BREAo O RERES P SR bgpine gny parmtul

side eff%Et a?rgé}‘%foses da 3isb e RAdES e bevetal Bmald ﬂbs’ds o1 e&l‘u'mnmtratlon
ot her anticancer agents,

a
througlmw ﬂmdauyéuyl idfusionabkytl beusior SeHIQYSIE HHNE é periRheiplly wegtpd

central; Cﬁthgléﬁse Pgh,g&meﬁ% cf %orta% g%g{rlg%%ﬁr{d%{ §|r a?é?rfpl e,

prodrug can be adm ni stered once dail.y .for at {/ astion for
(0310} Hinewereerbodiinonstha elipaREoR: YA FEnpAd of fedeaept B ention

treaten%erngg{ ?%ﬁgrg %%?ltk‘bth%&gr(}lﬁe rafrie &iﬁeasééﬁg it &etrﬁ{%edﬁ%bout 0.1 to about

can eated once, twce, or hree or

35 mgﬂlf%)’ daydbses(.530 a’ﬁﬁutliésrlgx/kg/ﬂasa ahoutt(- ot abent 15 mg(hg/@y, about 0.5
osphoram dat e

to aborty Qrne e 6% Doy Al i EEHUER wnd RO BAp & Hapercay in

single {){1@1@ %H%Bsess'lﬂbhééﬁlﬁommnt @RI saRT b Tompound of the present
oram date al kyl ator prodrug is admni nistered

mvent@méoytrmdsment edyarfeor and etberthypewroligrative diseases g therapge of

about gf ! g@%{ﬁgytaeﬁﬂ%dﬁg ({gho%tréfa tngﬁ%? o&ndf gte 3o ! (%h@day in single

or d1v1@€’<[‘H6‘s!e§t [POACHED IREl e@athe RefetteRaRse df QMIBpourtd\Mfctha present
three or nmore times wth a no-tre t ment

inventismdoptrestempriat saniek 9%@@% fm)@mr rails’e 6@%’?588 1515 gy e of
about {)?g 49 ﬁ@ tzc’jci%g)ﬁ%/vcﬁkv %9?(% u S T he%%/w laha |a€01€i@Y25 to about

0.5 mgﬁig’uw i digdle endimided db@esaﬂmanemhbodlmeh'e tlskddSB eﬁdadmlmstered iv.

A R P T
(combgrpa‘ﬁg ﬁ&q,tﬁ %&?ﬁg‘rﬁ oPtar thnseP Wﬁro%@eﬂﬁ)b&n%nk yth@tfgctive dose for

rs to (i) admnistering a hosphoram dat e
treatelﬁbrk)df atirer adDotheityperproliferative dissesss isindhemnge agdescribggparlier

to 1 of a phosphoram date al kyl ator prodrug per kg
admingtergd, S’P ﬁg?ght typically 25 to 150 ng of a
phosphor am dat e al kyl at or prodrug per k

(3119 it giimants piriidse o TRIBIEr e B KPR o
dose g iy hohh et O P BhGLE o AR AR Y @B/ i

admlﬂli%i'&’é@ BRht& Ry Bte QYs fbﬂ’tﬁo&%t;kfer Iri amotlive epdpilisrent, a dose in the
ustrative therapeutica ect 0S nen

range fOﬁ abaut 350 @h@ﬁ&l@dﬁ%(ﬁﬁo?é’@ét H ‘5’%@@ 3 %b‘?gél&’e"ﬁhe
phosphe 2% eﬁ%? §triny C?gfrgprgfrﬁg llyadlﬁﬂf‘stér oﬁ’b@@ vVée’Rthf"fdu&? Kvells. 18 one

at or rug for 3 consecutive
embo@l@ib‘ilt aalose isthe wiigeafdbyd 0. 57to abons@mglligideydapéminigered for 5 days
consecut i ve days, at |east 3 days per week, at least 3
over tygykeakly CYRBKk for one nonth, at |east 10 days per

[0312]° N RinofBfedbodifRAL fadrdf¥eht B?fmrﬁ&pf)ﬁients, the maximum daily dose
of a phosphoramidate alkylator prodrug is not greater than 500 mg/kg patient weight and,
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[03191 In optim zing a phosphoram date al kyl at or
prodrug treatnent regi nen according to 30 the present
w0 pooen029sn, t he dose and frequency of a phosphpCHDIBIa/€25881
al kyl ator prodrug administration can be selected to
achi eve a maxi mal sustained area under the plasm

accord@%&é?%%?ﬂﬂo%ﬁ% ﬁfﬁ%g% %(Iﬂﬁnlanﬁs@%fgg Ii-)nnééflal%y dose in the range

of aboﬁQOﬁ@Mﬂ@B&spﬂ%@ﬁM&ﬁ@ ?deﬂh}a’z&&ﬁédrug&g: o:ﬁpatlw,t mreight $@; abouit A00 mg
X S re t he r.cells to

of a DGR SHHBIAIH AN BOBPIRG Tk of M Bt e tadn RS ebedinisgt o

e TARLT) Hﬁiﬁnﬁ&‘é&ﬁ@b ARl PEsER i€ GiRGenEd eftabott 5
phOSph(%gg (%Mydug};lﬁgﬂg Si r%l g adm ni stration. A hi herg Cmax

mg/kg\wd bbout 6AO nighg ef ﬁl@bodjkwclghyoﬁ/ﬁiﬁ petiqohto b&l@ﬂmd | In another

embod?ﬂelt r{ﬂgg]hegefef i agfyy egge@fw%a R ugs ﬁglﬁ r e(%e of aﬁ)ﬂggﬁ{)}ﬁlﬁ-ﬁte alkylator
prodru?h@&tﬂﬁ@'l@?ﬁgﬂl?% ® Ablyl A Ap/kploddietddyarcifia of ispeidaido be treated.

enmporari | toxicity 1s _observed, or for the

In anothen e@hc@mét dre thereppricp v effeckive ot ofcrapiorporgmidatsalk vator
prodru%C $R% a%{rﬁ forht\ﬁ%ﬂf 11ﬂfln%g%f ARy SR é/ gﬁ% tﬁ@ﬁ’a%@]lt tb'be treated.

oki net 1
In anofiep Slﬁb@dhﬁféh’d &teethadabwtﬂ:hby effedive dgse affa pHosplwrematate alkylator

TR P TR
anothe? %ﬂlb%ﬁﬁ"néﬁ't geaft?lfgra‘f)@ﬁ‘t‘fc%ﬂyteﬁ@&tn}esddsé 684 ?Hos‘ﬁh&ﬂﬁrrﬁdﬂeﬁe alkylator

or ami one enbodi nent,

| at or roaru
' prodrutgl"le abchmé Rang/ie diaalmua Illzy?lmg/bg Oﬁb@gfwggbtf ofithe pasiens e treated.

i nvention can have a in vivo half life of between 1 to

[0313PB0@;uiddAeé Eshcetnin®itEniaishadbiedt alsd Bepro¢ided By adé fiofn drhdies in
present invention can have a in vivo half life of

humartswd@@lmé mapgnalgnAninelesA therpeyhiealkymbbsiivdgse defggmined for an
wima GR35 B g SR B IO et .

the tatlé b€lo@f t he phosphorami date al kyl ator prodrug can
requi re an infusion tinme in treatnent that is |onger

Adld! et Tequi T e T o, PROGRACAANS SAHED) Aok VbR Factor®

Simeisiime! havih atonget ||a Hfe: ort nalr I'tTre
M o) o) Y 13

s€ / v
B he phesphoram-gate—alkytat-of ug can—tncrease

anl‘ﬁgerrmw mum t ol erafed dose (MID) fmu? Brodrug-
R4t0321] I n another enbodi nent t he nrpQ'.%nf i nvention
Fepeovi des phosphor ani dat e al kyl at or 203 pr odr ugs t hat
Guigempig up to 20% unchanged when i ncubhbed with nouse
MickyBfg M Cr osonal update wi th human efanpl e and data
Mini- gg\ﬁal —abt e) protein for 30 mnutes.iin another

Raﬁ)ﬂ) ot |||.-:||L, the i tbelll | nventl on pr 0315 des

At A Al l .. V- S V. V.

ospherant-date—at-kytator—protrugs—t ||flg remar T 26=80%
Dcrg'\r‘h:mmad when i nciubated—wth - muse|

M@mlﬁ%’él n for 30 mMnutes. In_ another a—dhi{\ndl :':rlg_m;__

Mpmesseht i nvention provi des phosphor anf- date al kyl at or

Squired mugdey hat 25 remai n greater than 88% unchanged

BaMagen 1 ncubated with nouse liver mcrok8nmal protein for
ORI AN ESanih Al @RRT el ISP ASD R ume8 % UM Laim®dn) in mg/kg, divide

annneﬁ’ ﬁ8 Eﬂ' Vﬁﬁ:’g{?‘ lfé’clt(ﬁl Q‘ro%%é%ﬁ”fs W51 Qb bhr u&[ﬁﬁ@ﬁtmde the

stand e Pdés%g )% e EA RIS Frohl fﬁ%(trforml%I?i
A R T R e R e
MM stability of a prodrug of thelnventlon its

t Relfeasaepleafyipmat gusctheyss, b SRl undesi r abl e patient
side effects
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30 wll be lower. [0322] In a related enbodi nent, the
bi or eductive group of the phosphoram date al kyl at or
w@e@doexyst of the present invention upon PCT/US2006/025881
reduction/activation in a hypoxic tunor zone forma
98 WD 2007/ 002931 PCT/ US2006/ 025881 phosphor ani date
five daily dose of a

1031413 e e e e TR de
phosph@?drﬁﬁat@fallstyﬂkﬂoﬁ produgds uonhp ndmimssersd imultiple tigees éo e patient. In

on b oS50 AR TRBS ARy s o

BMAGS 1(1%3 RhEBULSIEys Gl be eﬁxﬁl@)ed In
time. %ﬁéa@lyg g)rad%mgirsosona gt ability (1I\1/LM styabl lity % 5
S

related phitedimatts bidmirtistratiands forakleast SQ@@gqﬁq@Vgﬁq}@a@téea 7 consecutive
al kyl at.ar prodru of _t he prese

s, S R 00! B o DR3P

admlmls?{‘fi‘étﬂﬂpdéle%ied%y the ﬁl‘é@tﬁt&ﬁner abl @BR Tbnvenidree bf thatpatiadt, the entire daily

regi nens, thé dose can be adjusted to refl ect atl en
dose camb@a@nmtstﬁned otpe daidyi erthét ﬁi?é]é/tdf?éﬁ £an b adgpipt m‘a\]élp

b t|
BRERETINEEST v e .
admln@;fé@tuﬁi)s B6Y &thmpld) ghepdi)"sﬁ @ldn ‘gé d%vﬁi‘qiomgrtwo fsaiaileln@)sm ari)

admi ni stration (drug. holida e e at
administesed tree dailys er% Ringp thrgs, PoplleF CRees ong ﬁé %8%?53%%6%1-‘/ I
will beSA[@a#eBt £ o?gﬁ?lqﬂ 'iﬁeaefrf S’ffiao nBfr tReaRhGS PRI ANk ePh&ein, “daily’

or prodr or a sphor am dat e al kyl at or
admmfs&hﬁ@ﬁﬁ chot limited tcxxme(adtnmilstraimn e dae hst gaa dodwde multiple

determined indirectly by cessation of synptons).
adminipfalifiSor e, an internittent dosi ng period can be

defined not only by specific days but_individualized
[0315]by Adnuglstwﬁqmmh@ld%aﬁhqmanb@@wu@ﬁe 4@1%6}4% pisatigepn also be

| t
used. (iR a e SREY NG 4R (o RRERLAT, SRh it
adminisBafist 6868 evERBAI ddy,fopotd atveeln can‘ beeappm:}ﬁqib on somelstances, but

al kyl at or prodrug can, for exanple,
in anywmta@pboqu@ragmgﬂ e allphater Prodivg meggategﬁx g(gplélfstergé ¥ aeperlod of

time. Bhkbx ‘T@%hetlf‘e? ﬁ{hﬁiﬂ“&&t&ﬁ Hse@a'?ﬁr (i PUdY, 3k hoRd, S@kvidel ‘aﬁﬂy

and”su e?ns nt er |nject|on as a sterile
dose), Se@bxtytdtm daymnalsfreqnerﬁ@, mommmmssntfamhosp}mr@mdate alkylator

brodrigi PR aEH ghlcad 2 GvS Bpuet B gt 56T D RS fdh A B & east
six coﬁ&%ﬁg\ﬁ@éﬁsdﬁl ﬁté’i‘llle{%b(/leﬁﬁ Qdr a@[é&ﬁitrt% sk, Bsur] fivais dt least six weeks

orns suitable for single adn ni stratl on of
withinpr siginsentbl psaarh or, attdmaiively.tippatdaast PW<P rieteacfeus five or at least six

conventi opal r mac i cal arr| 0
Weeks[‘ﬁlglz‘g]a t&’ﬁﬂ?éﬁ&g B W&?‘ﬁg%le(ﬁ]te i°Ch Odgrér & aeého‘iﬁ F[hgme alkylator
prodrl 1|s ugRlSistefedfat |dagrisdayw@tewedknfdr welehsd tso, tBfzepfogs rﬁwe or at least
sol vents. The pharmaceutical comnpositi

six codmuhwwe@@nora alteraaftiiety,. &oraat leapthigos Hires g%“sﬁ?é%"%@ least six weeks
w1th1q; X f?i\)/(gﬁ%rﬁﬁ §8 Hod, ) g ea'it%{naﬁ%é\igl Piof g,]t Rast&98, thi2€, fouK Give LR Wbleast six

I Stra t's contal hing vari ous
weekE¥Fhipi aileBie-Btneth pasodi I ére eadiodimant alphosphokanyidate alkylator

toget her. with _various disint grants such starch
prodrg %iammma@re@l at gaef 5P BEREI aahaally alees 20 Ry gt phonth, for

at lea§ 839 ﬂ&t@?ﬁeﬁﬁéﬁ itg\&ht}ﬁée e A9€or LA} &R c@iﬂé@c@ﬁ%ﬁh@lﬂhs or,

I ona cati'ng agents such as 30 nmagnesi um
alternatiesdy,ait BaastScmé; twro, Haree, ours fivé at @, leashsix madnthsdan mopthepgriod.
to prepare the tablet fornms of

[0316] In one embodiment, the administration of the therapeutically effective dose is

continued for multiple days, typically for at least three consecutive days, and often for at least
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formul ati ons of a phosphoram date al kyl ator prodrug
descri bed herein. Solid conpositions of a simlar
wao ype/oeasl be enpl oyed in soft and hard fill ed PEel/as1006/025881
capsules. Preferred materials, 99 WD 2007/ 002931
PCT/ US2006/ 025881 therefore, include |lactose or mlk
an fbatient can
five to (R iuA88, RLE Vel bRtk BYHRAE Bhusab

be adm@figbred gahﬁsliioﬁzﬁmda’m alkyﬂuiomrodhtwggn abeordinge withrthppresent methods
conbi ne

with varjous s fl.avori,ng a
for severg] ey VB BRIy YRS 8 ROTTISSTiF BT ingh ST T Phimess
agents or suspendi ng agents, toget her with diluents
[0317]s®¢hsmemmmradnﬁnlslrktmmabgln}§n® pi ol ﬁl”earélcw ageyliy @er i n,
or caqnbi ions there e “ t er al
phosph Qe AR EEatH B POFIRE It R PUBRTSB nuitly ORAEEIE

U I ONS “Or suspensi ons

adminiSatfon. HRCERARFIRMhd8#He eﬁibb&lhfﬁnw a @h@siihldglmlﬂats taHayldt@I prodrug
aqueous sol utions, for exanple, aqueous

t
can be gilmistered pn%@ﬁlbrfer i lpash fhres lodiseer S5 BAS FBP OB ve days
and su%b@é%etokfg{ ?r}%fa\? bed%ﬁ&-‘éa}rﬁéﬂty cid I%f)@rﬂed Mcedﬁﬁbé %9 thrd@or

part ng various  pharnaceut i cal
more tHRIPRTh SRR & ﬁo-&re&lﬁ&ﬁt {vrich apbcmphoranﬁdai@ alikybtqupm(girug)

are known, or will be apparent, se, skilled, i
period raigingairemione jp seyerH VoKD etWF@c‘Faﬁé Eﬂ“étlﬁ gllay é")‘(‘gltmﬁn&sglmﬂaﬂy’ mn
some e'gﬁboldﬁﬁ%ﬂtp %tpq%oﬁ%o?ﬂﬁ{dqg%ﬁW%Sf%m@ﬁig%‘ G@%inidYBel every other day for

any, Pa., 17th Edition
two to &éﬁﬁﬁﬂlmsﬁr@&i’r&] mbheofret theed o teh adarinietrations setrfisetto ten

admin S REAQeFeHIch AVTIE T BV 6 Lcieh UV OUTRRkARY iy fppcited once,
twice, Epﬁﬁeed&f 1561%‘% rﬁestv(;‘itlgh hJ) tIe S et (\ﬁﬁi{ h Fh@sfpﬁwaﬁ@datél alki/haeor prodrug)

ypoxi ¢ regi on of tunor. Once released in the
penodhyr[gmxg fromeggiedn savepﬁomgh@b%twwa@@h ol pherrlyy dreatmagnt £ Qe

cells .an [
SRR LBE S Ek R 1 b BBarRTRE L backdons
mnda{@@ﬂﬂimsabyhglng cells. The hypoxic region acts as a
drug-factory to produce within a tumor an al kyl ator

[0318], 05%51# Ad e @a%rﬁﬁlg{% gg @eﬁnﬁ eﬁp&fecﬁ% h§se%@ réBReh BYa

€r’ concen phosphor am date
phospmrkmﬁc&t@alkwatdn iprodring”’ 1bfan331ro (1)rae1ltran1|s’wsng aphasnheegmidate alkylator

IR ST SR —
of pat{eﬁtxxk/&gﬁﬂ gﬁn?&fllg%tt% 186 ki (ﬁgl $He8piRaiidaredlk fglot prodrug per kg of

oXlI C r cancer cell  in the nornoxic_region of
patlent h'el ght)rfm' a speeifthdstingyed nugbley ploddye “ﬁ@gﬁ pppesHirddirepriod,

wheretne pgé@gﬁstgag%ﬁlls({f %r %1 ggxo?alﬁlild%ﬁ 85@?1 h% Fk}ﬁ#éyégtrlg effect on
the caggbr Ql?ﬂl%rp%ﬁ&?t Memadvehespbaiclly @ﬂbem&l dqsé ﬁdgmemﬁ)d BUQ
hi s i nvention or those known,

phosphaimidate olkyhtpuiresinag insjade thars dewoR 56tbiny qoghyas administration of

nmbi nat.i 0
oS S PSP ARLF, s, 7
conse@ﬂi’(?@'da% i1orohsRuBR €, % leﬁa@‘&?_ Qéyslmr aeclorati bmaste3 daysipex week for
nmet hods of the inventjon, %ﬁpor anm date al kyl at or
one mopie Ailgat AR dBES R TR r?Pétaélﬁéﬂ 2041y REFi A% on wi t h
ot her anti-cancer agents ("anticancer 100
[0319] In optimizing a phosphoramidate alkylator prodrug treatment regimen according to

the present invention, the dose and frequency of a phosphoramidate alkylator prodrug
administration can be selected to achieve a maximal sustained area under the plasma

concentration curve (AUC) over the course of treatment. The theoretically optimal dosing
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WD 2007/ 002931 PCT/ US2006/ 025881 agent"). Wt hout

i ntending to be bound by any particul ar nechani sm or
we@doemo293such co- administration can in sone CBSEES2006/025881

provi de one or nore of several advantages over known

cancer therapies, such as, for exanple

reglmeBrvgg%Ts]uﬂ 13% n?'c#n?lgl &poéhrl BPﬁl@l?@rﬁ L3k a ghgs?héltaﬁﬁdate alkylator

anticancer agen as a rgistic
prodrugf dsesdasared bpIEC) whilofimdminieg thee]heixuuiebplhsmesconcentratlon (Cinax)

Co- adn1n|strat|o rovi bet ter hera e
for any; el AUFIRISEPRE Rk C?r«weWﬁh 9 %fo 05’6 thélic 6ﬁ R win
determﬁegefﬁc ealqk uﬂ&?ér@c%dﬂfd 188 2R forPdTRérl cAh&dr |ﬂ%1‘a15kfut1@ ﬂﬁlg@,l’ treatment

fons the cancer, dim nishnment of extent
with a phosthe@asmte dlkbfhyor@rocku@mrn@e wispefided daepqpidlyr By is

observa I | or %'ﬁ%{]‘@meﬁg? ?ﬁ’ tg%; ngt?en c})@% gl?g a%t"i’lﬁ ﬁgrgﬁ?e g&%e of the

1nvmﬁﬁ%0&ﬁﬁﬁ§gu5§ﬂéylva| or ot her benef|C|aI t herapeutic
results. 10 [0330] The co- adm ni stration of a

[0320] ﬁg(? heoe‘r?? mggngft?rﬁ t%l E)K&x%a%{)lflﬂét?c o ?he O110; ﬁﬂgﬁﬁl&atbealkylator prodrug

tancer e ncer agent
of the Blek@iim@ntiVehipd9ed for dlie trdntmanttof camee can dxgemtmd; thetgdose, the
adm nstered to the patient or_allown cer .4
method gEMminis B oR gad tehng pLARHEA. i FoEf PAt bR EpRPLE sidate

alkyla{o?‘ ?fo%ﬁ’t?%tln e oditidnt E{HQ%QS?H&%d&e A PBtoMpBRirug of the present

0 treatnent t he known anti-cancer
inventR@eah &avma tevier bdlf tiferfdetvachd to 300 dhipuigs. vhlonmg:nd@mr@ent the

comp IR o 5 B S G NE AR s

In onece?x# odirhéht, th8 @Oﬂl?&hﬁl@ of Be PrétBy iBvéhiah oaflfha{?@i zn vzvo half 11fe of
iciently k by the anticancer agent al
betwe@romatb] 30aminusesd Aot helf life ol hepihesehor @HldéteaﬂlWPtﬁf pjodrug can

requ1r§ 6% mfu%%ﬂ élge Frgeﬁ.];ngg% t?lta)tei% goglée%\fhtgg thafg&lélﬂ@& {W%@Qﬁﬁ&mda’ce

alkylaRR @B Bavliskah Gongdt hatf dfep1A mom{wJQlﬁMtH&qémEp}mrmndate alkylator

adm ni stered as part of the sane co rse of erapy. In
prodrugrean 2ocresss desl marmunytoaiss HeselM Hal élParWF%f{ng pr odr ug

is first admnistered prior to admnistration of the
[0321]Ag em tmotfwr embo dithentj the preaent mmwenflom pmvcdda ehospharseridate alkylator
r eat

prodrags iy W Biin BP AP HeLetsRe MR B GHBUEOL A G ggsoma
(upda@ A4 %?.Eﬁé}i Slah@id AR @lta 1120aiBRY) trdtbintfor 30 BEmaed) rTa@nofher

er therapy). In another enbodi ment, a
embocmmp I&mmmenamemﬁq«wramcs mglnqxgmi@t%lhylﬁm peadeges that remain

20- 805%1}1{?0 ?ngheﬁézid'%a{)lng)l 3 egt\ﬂg} e% Rlncf'r%mitlﬁ%rgtgm%p% minutes. In

anoth@N@SHRARh&HY] a8 heesadtkieation pﬂfvﬂfb@ phosphofdntidate alkylator prodrugs that
adm ni st ered cont enpor aneousl W th the ‘ nitiation

remainp lgeeatey lti@qn 804murghangrs whepn ingihs qdowlth BRHD iyer @gﬁ@s%ﬂ R;Hteln for
N her
R S SR g i o
preselgl ifivdntian méﬁuhS\k/He&ﬁchatedr with moaﬂfmn\;]lar siic@somal prbtetrh’@r 30 minutes
ent, and treatnent wit a
rommap degR oS04 VR RIDEIGF Lot ohb b BaiEbf B MLAL Sbility of a
prodr\gggfé tﬂh SilVeRfib R L s%eir %ﬁéﬂ ffec{ {e Q6K aﬁ%ﬁ@és‘i‘ﬂﬁ'ﬁfe paflent side effects

oram ato prorugls first
will badiewéri stered prior to administration of the Agent,

and treatnment with a phosphoram date al kyl ator prodrug
[0322;%%%%18%%%&@%%&9, B8 blor&iuctiitegrbllp oY@ 38 iHIPARBAte alkylator

prodrugs of the present invention upon reduction/activation in a hypoxic tumor zone form a
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period of adm nistration of the Agent. For certain
drugs, such as certain topoi somerase inhibitors, a
web@spbmsam date al kyl ator prodrug adm ni st rat PONUBHNG/025881
be initiated and conpleted prior to the
adm ni stration of the second drug. [0333] In the
e s e R L e
diffuscHaB @éKioteer @Ehfﬂs (Zt&he ﬁtﬂ]ﬁx&r@bﬂtée turﬁora 110: feanaxofin madstetiedisease.

Variou§ phamspldas cuen GpRBeis S YOIuBRe GO R RDSe:sirady SR (Vss),
clearatrﬁr ggﬁﬂtaré gl\ﬁﬂgl_lé r@[dlﬁa@f)ﬁ ngh%l(}ﬁﬁp&Bﬁﬁl &éﬁﬁtﬂMM’c&lﬁhty),

mni s ination Wt
plasmaCéﬁﬁﬁli)tm atdeCld vsépl&gphdsramndaae dhﬁm pm@ugsayftthe present invention

wre eGR4, RSIGEPEOLECk NE8l s hRUP 4P

enbodi nent, the chenoprotective 10 agent is a thiol or
[0323]61 i rettiairoient r¢gnmome tlmﬂmd pmabﬁ adjusted torrefegspatieielgance of the

d d
pior b b o R Bl B PSSRl Ui con
be tem@@féﬁ!}a&tgﬁbécdra@ ReRrPReSRbNE ars shaberedl it périvd gfitenipogriahalting of
prevent "M chael - receptor"” fromreact| Wi th
admimstraties (deugihlidayicagibe e&é?‘bat(th%ﬁnﬁéﬂ’}&%)t e ﬁ%&ﬂ(g@)l of jpxicity no
longer[CSgékﬂs S}ﬁ%mef)lgant C ’r_gﬁaﬁ)on py t ! gnﬁ)&até Qkﬂator prédr&é ora

R R drug Y ay typically
phosphdi@ldaasalkidbtor ﬁdl@séd)ﬂhﬁrﬁnono(whlclycdmlm theasfired or determined

e
definel} 589'{&1? 1(9&' S %uplfndﬁﬁil&ﬂaﬁh% bth@holidsysWhhtl ar@Based on

ycl es) can be 'viewed as
symptaldsmm ad;maﬂ longan ofeamns@ofmgh@ph@ramﬁdqéﬁ dlsplatsr arediag er 2

tor odru adm nistered in any or all
PhOSP]i‘?ra H iigrsere%%ﬁ%ggergﬁoylr eatnment with the other
gen [ n general, 20 a phosphoram date al kyl at or
[0324r ddfougulagoadﬁﬁt nh@pbméall‘g@rﬁ EW&FWW%% £ Q/ r ggemple, b ina
a r
form b1 fr et g AT By By RP SuBaRe Bl
formulioaWolutiont eideshspénisiont foe p&@amralanjedn@ asqp tterila selahem.u;ua)ensmn
repeated at each round. 03351‘][1 In one ver

or emlgtoRo T dpiel sciiEanesin B ERe ey B 87 ok difsaion
asa s@g@ﬁ Lo REAM H@n offa ﬁ%ﬂ%ﬁﬂ&%ﬁﬁt@ﬁkﬁaﬁ)’r lo¥d db © BarPbeOid ingt
'S a nstere in co ation wwth™ 25 an effective
dosaga fﬁc?mtsumibleﬁn stnglenminenishretion bipragsedosagesgadvall typically include a
e ve am)ut of radi at herapy, an a i at
conveg P PYBIGRRAr SIS0 SRYPEBRD! nat § on of Such

addi tional therapies. 102 WO 2007/002931
[0325PCRuiigde pbadREegical carriers include inert diluents or fillers, water and various

organic solvents. The pharmaceutical compositions can, if desired, contain additional
ingredients such as flavorings, binders, excipients, and the like. Thus for oral administration,
tablets containing various excipients, such as citric acid can be employed together with
various disintegrants, such as starch, alginic acid, and certain complex silicates, and with
binding agents such as sucrose, gelatin and acacia. Additionally, lubricating agents such as
magnesium stearate, sodium lauryl sulfate, and talc can be used to prepare the tablet forms of
formulations of a phosphoramidate alkylator prodrug described herein. Solid compositions of

a similar type can be employed in soft and hard filled gelatin capsules. Preferred materials,
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[ 03361 When a phosphoram date al kyl ator prodrug is
used in conbination with one or nore of the

w@ada7ovoxsrl t herapi es, a phosphoram dat e al kyl BE€DUS2006/025881
prodrug and additional therapy can be adm nistered at
the sane time or can be administered separately. For

therefofgy et aptans i P SARRE AT iy ot v Bl pRIRE e ghycols

When &§iRBbs suspénsion® oﬁalﬁﬁfssar@ a@snb& faobra]mdaumsedhon the prodrug therein
st mul taneously or can be adm niste

{
can be gpEHInS@ NI Vo BY GRSl AOSER 460 O TG TRRHEEI Qyes and, if
desuet%, Eréﬁg;gfgﬂ'{%ag%ﬂs 0 @ﬁ(ﬁﬁ?épen@e tdyedRr fhith BREAE1 |s§<§heel’slvaGer

SI mu eous and sequentially and

ethanoR @s&yidne gdlydok gbmennpkﬂ doathivedions thérdofii st rati on. See for
exanpl e conbi nati on therapies as described in the

[0326] Exﬁ%jrﬁ@ & al adlagn{s9§t§7ﬂ forh€ irdUeNRsB I ERdAS Besuspensions of a
adm ni st éred

as the sane or different fornulatlons and
phosphmaﬁninlate addytator sItOdn@:inwtealet wpegumolgiong; of examle.agueRs,

ptvrb SRS TSR AR SRTOAR o s DA pE b com oo

Suﬂdﬂ?%@ﬂ%ﬁﬂ gmeghg_lnventlon i nclude, but are not limted
busul fan, inprosul fan, piposul fan, benzodepa,

[0327] Mngg) ﬁgreé r?l?%’ ola's %égﬁgﬁ&t clap&}rﬁl?dﬁtpﬁls%ﬁﬂl alspecific amount

of act1ﬁ@ﬂiﬁ1lgtalré31qlitﬁzvn oF kndlll bél alh)armt,tmrtknkepsmlled e thépart in view of this
dlsclo%:rqt: ;E&%T@%g}ﬂq;gg%b ot IP% al_Cngtlcrg? gcwnces ' Mack Publishing

opho iy trimethyl ol onel an ne,
Cmnp%ﬁ¢gbg%£§&ﬁ hhcﬁPoﬁﬁggﬁaZ|%@ estranusti ne,
i fosfam_ de, ef|t|n chl.or.et ha
osas) 5 ST o e e SFRY 6 Py gyisorprodg of
the pr&@ﬂﬁﬁpérﬁﬁhr&re R0 LEGIRG thorRendifiElt to&ill cancer cells growing in
trof ostam de, uracil nustard, 20 carnustine,

the hypésioregian oftd wmot oOneerleased indherdiposieregionn phpsphoramidate
prodn%a ¢ g@ﬁ)ﬁﬁ%ﬁdna @}Her}l('}r%nyl%tcleﬂse and thtﬂ%Jéa(ﬁEélr &hlls: zrﬁ?&] Qéeﬁf:fe%{ons

¢ins, actl
contalﬁﬁtghﬁ@ﬁ%ﬁig’\popu&x@ﬁebf ﬂapl.dl)bdileﬂhiyg:ceﬂs d“&eihlyp@uy mgnqn acts as a

carubi ci n, carzinophilin, chroi a
drug-faetorpiouBPIcs Withim A gp@@‘ 3 all@fl%rplég)a E%ﬁag adjlaceﬂng 1?] Cée%ncer cells
leadmg)f(? ? ﬁ)lll:%?‘rép Ldn%e e{tfém it ?r%aﬂlﬁ) _rﬁhmdaﬁi! AINABME iithin the tumor, relative

CanyCI n, firomycin ur omycin,
to norfifal 8169 H@B luﬂe ofsthe pmduzgmol gwnelzt'ﬁ the Dh@ﬁpﬁm‘ amidaip @Hﬁy}p@( within
the tu]%llp? g%{ r%éﬁc%t@é%{sﬂ%ﬁft&ﬁ@%ﬁﬁ% r | n I?Pox?gnl.}ﬁ 'After cancer cell

in the é@hﬁ‘&l@ Fddih oftthé ﬁﬁﬁkﬁf"h'r@@estt@?é‘d ta@i%@ﬁc r@@@@ b Hcome normoxic
azauri di ne, car nofur ar abi ne, di deoxyuri dine
and st xo Aividei d%thl,s peinbciuciy mlhe:anﬂap didlad; by the phosp oramidate alkylators

B

other &8icdncer ABBRS bt éb&omﬁ@@drﬂl@iyt&ed in dﬁnﬂﬁﬂdtr(mnmth the phosphoramidate
carbopl atin, defofam de, denecol ci ne, diaziquone, 30
alkylagorfroedrugasrissoriediipherfpliowingsedion. et ogl uci d,
flutam de, galliumnitrate, hydroxyurea,
i nterferon-al pha, interferon-beta, interferon-gamms,
interleukin-2, lentinan, mtoguazone, mtoxantrone,

I: acrine, pentostatin, phenanet,
Ille. COD G thefé lteE'd phyl linic acid, 2-ethylhydrazide,
L e RTINS T
prodrE&IW&Q@de@@s@é&d in combination with other anti-cancer agents (“anticancer
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erl otoni b, teniposide, tenuazonic acid, triaziquone,
2,2",2"-trichlorotriethylam ne, urethan, vinblastine,

wae s omwespham de, and vincristine. Qher PCT/US2006/025881
chenot her apeuti c agents that can be wused include
pl atinum derivatives, |nclud|ng but not limted to cis

3% I
e PP S g onntg i Al e

adminiBefRtat ﬁﬂsdﬁ& mesjpmmde @nﬂ‘or matd memmhada/ﬁntages over known
anti angeo en IS inhibitqr.i.ncludi ut .not
cancer thranjess Y : Sxie 2 ot Fiopioga p PRpiptfAmigh P elfptor

prodrug Ealé% {1‘% gﬁ%%&?#eﬁtrhds eghoRRtic RO @ASndwtidH bif G@ﬂcet &ll death.

antlangeogen|5|s i nhi bi tor and
Co- admmmmmepmv;des nébatterthevapévtiz rpswidhaoadmingsiretion af fag paiigsncer

et B T S O A OB P conce

d1m1n1§ﬁﬁén@ BEEQR Y AisSadeNB1RY biOglowing of uimawmagﬂessmrr @nateHdration,
a phosphoran1date al kyl at or dru wth a othe
palhatl@h@l‘rdlabﬂ@zdpmﬂﬁ the @g@?ﬁﬁ’ stajen partial Wgc etﬁ 5?m115§lﬁ?=tlfg op%e

survivel e B PSR ERE T8 r%snatnéﬂt"ﬂi. hg an O ese

ant i angeogeni si s |nh|b|t dis,used t
[0330]; r Ebe ccga@%gmst@a% efaplpm 55%.5@%/ o P Bg i‘%???es the

' ade
B

agent forbdiadedidtered toothe phtndmt or tlleviegiad @nmncg}ragmﬁo bﬁalé@%for gieatment
EGER r.ecept or, Lnhibitors s

of cells giharwise wesistenf i f mtﬁsaacerﬂﬁ%rgé)ﬁ 8ﬁ1§mv1&a £ %Fckr}/r to reatment While

the an\R/ dneQaer E%E%té R\RAEPRArdeRche G@l(ﬂ?fdh\hdmg l@el&mﬂ the normoxic
otonlb L# n anot her version,

reglonpﬁmmnsphammaate atdylegorprodrugs efithg gmre@tla@ Farast dhehomexis qelis in
o § 5 AR LOBOTFLS ARG, S e

pha (HIF 1 a) or_ to inhibit pro eln‘pr
(033158 et bergio e e DhPRANMHF sviobr N rgeagminisicted” with

a.nothef)%g{lﬁ,ea%%éro%e&ﬁf}'ﬂ_g &éf‘éﬁ%d’ hd lger!nﬁ @8 e@&cg%ﬁt”y Wh@n I HRb G BnitthiE

Ifors suitable for use in
alkylatdtipgodteg sidAgeft atdvainmintstepetbasarat Qfdh@ sang fomse efdberppyeli one

herein | nclude P13 _kinase inhi.
embogigisaing PhASPhATARIGHE alky: %ftlz{f"liﬁg ﬁﬁ? B?%‘Fz égﬁg%té’ [ (E)
admm&%r §$ §f ﬂ'le nt (i.e., the initiation of the other cancer therapy), and treatment

) et hyl i dene] - 4, 21- d||sopro%1 2- oxa 12,1
with a&alﬂspﬁwmiﬂate&,llﬁ@atgﬂp@@mg is continued throughout the course of

tetr.aaz 8,40, 6 tr|
iSRS ol A G Bl .«
phospﬁbi%ﬁﬁ@a)te hiRiakirtpes dus Wdﬁnﬁﬁm@ﬁé&@w hecinitiation or completlon of the
1yl am no- gel dananmycin (17-  AAG anﬁﬁlgq f
other ga;icdlamg@pg iln oﬂmpg@gdu@%ﬁ p@@pﬁqh@@mgﬁa a tew Qrg@rug is first

admng?et ﬁ %érlgv & ﬁor%ﬁgghsﬁﬁwﬁﬂfﬁéqﬁﬁlﬁuilg ?%Ktoﬂge? candRfBRENS: See for

nhi bitors such
example coﬁ@ﬁﬁﬁ@tﬂe?api@rﬁs desddibed neEKAMPLEgeutio); PX- 12
1-met hyl propyl 2-imidazolyl disulfide); 30 pleurotin
[0332§>X Ié)oﬁe eﬁgb&%‘ﬁ . &)%pg}?lﬂ)rghﬁéﬂe%ﬁ 1at§Pﬁ‘onﬁng”ﬁ)/§t aliinistered prior

um ni rusid and ot her NO
to adrelimiwdragion of thedtgebt)lard irastivisit with aspho$pMsanmld@T@ llodater prodrug is

contifgs aHesihe epBRART BHEGLIT AR B e HoFOT, T AHE SOUSUEREE »
phosp%%gazxfuggcg %ﬁ&%ﬁ@ré@%ﬁ@ 62 a@Rhisterbd phSr to admlmlstratlon of'the Agent,

it~ , " iiil i it} il
and trebtinent with a phosphoramidate alkylator prodrug is contmued during part of the
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derivatives of any of the foregoing; coumarins,;
barbituric and thiobarbituric acid anal ogs;
w@asppadbeci ns; and YC-1, a conpound descri bedP@TUS2006/025881
Bi ochem Pharinacol., 15 Apr 2001, 61(8):947-954,
i ncorporated herein by reference, and its derivatives.
r Mgy
period L)Qgé}% métﬁﬁgﬁ] f ﬁ]l% S%égﬁ ?ﬁ%{tﬁm g\gﬁth?«f_ygggiﬁlg gtéelén&lic e
inhibit&@ef pho sph@‘am@ﬂmt@alhwlhtom prodrigradmethidtatian tan baigitirgethans
agents selected fronwt?&i groH% consi sting of
Complﬁ%P’é%rttﬁtﬂPerﬁ miRisAlon ot e fCRAICEIE s or ot her wi se
ant agoni zes the action of VEG-, batinmastat,
[0333]c aht thp pidsenceaif t)xy%teﬂ@emﬂlvddlmqmrfonn@@vpongtbﬁ redugiion of Z; reacts

with o?aggf?l Q?ﬁ%ﬁ@é&%}%ﬁﬁ%&%e@&&& nAust) cﬁgﬁn aﬁd the nproductlon of

superom(ﬁtlﬁ lh6tmd @& tiRtedean Teadlo unwiaafdGededstfectsh ah b@smbediment, the
hronmbospondi n, TNP-470, and Avastin, Oher useful

presenamgcmgemgwdesmphqwhmamd%e plsylato pprsiag agpimigiered in combination
nmbi na

B

tissue Froh Bk texiSeffdcleofoatiearsi drugCelnadireax)boditheldtphe bamoprotective

Vol t t odol Lod f f Nal f
agent H(Sﬁgbwzgﬁfgélﬁﬂel(igngb‘%ferém QB BeehompRIO -G R B )
supero%tfé rlﬁef?(fthér gda%nt t?lé@iﬁg%hﬂ) @@&ﬁ{t% r&2PHITE R ichael-

I nort | tolmetin (Tol ectin),
receptwfgenameu ffovh mphc)s,phomupdaje elkylatehirbdrug nap provent “Michaek-

oo SR BB RSE AT (T 10

important role in angiogenesis, pyruvate mmcs and

gl ycolytic inh NBP s 11 ke hal opyr uvat es, including

br onopyr uvat yu\gan be used f7™Xconbi nation with an

anti - angi og&i ¢ g£onpound=amd a)il“r(b‘!;‘@ﬁd))r am dat e

al kyl ator pr g to, tr(eat xgaxcer. |n another

version, a osphor am dable al kyl ator prodrug is

adm ni stered\with an 20 anti-angi ogeni ¢ agent and

anot her anti-sancer dgent, including but not limted

to a cytotoxic ent selected fromthe group

consi st ng of al kylators, C splatin, Cia opl atin,
[0334] nHimicernes drugitherprs wdan biécalls davalysy mylgp rfé‘éﬁ Sc%‘hé‘éff’ eS

e [

acminiiAEh of BeABfiebd & pbfh S AT S B i ﬁhosphmdate
alkyla&&%ﬁ@drbg,d:a&boy@e of ahhnprs&amm (amdﬂcﬂsa canplaosges |cy¢l@ﬂ) <an be

vieweg RMERITBGR oF & S0NS SBHo AR eRRE A Y ARSI B chf be
admirdie@ ﬁrh%[ cﬁrég of‘%l?é'ﬁﬁftlp@é Sfes oFiRaMa Rt witkithd other ABéntaiftgeneral,

can rea etermne'the anti-cancer dr ugs t hat act
a phosrﬁlyrmngats a]kgfbltdr}pto@mglrs ainphissyébeaailaiby lasif foy pigleast two or more

days q%rg?)g %bas dﬁf}gﬂ% ?gpdec tgg ghvg P ion, a.ﬁhg%@io? ]tdggl alkylator prodrug

is co-ﬁi‘ﬁﬁﬁltera_d‘mﬁ t@ﬁﬁ&ﬁﬁcé&d&@% a §&ieﬁﬁl‘élr6§ba€€d aexehAgend.s
Cinical Trial," Pharnacol ogi cal Basis of Cancer

Chenot her a
e B M B s o
alkyldtcﬁr pYbdiag Tapkpidiaial datd Akylbiog grodrigy adhvimisierdd iAcbmbination with
for Anticancer Drugs, 105 WO 2007/ 0029
an effpetivelss o056 P88 morpﬁb@nothﬁﬁap%%enw%%e%&% amgignt of
eac [

rad1ot§g> %B}[ ea%C gpl% \ég & ng!éfﬁg%ﬁ&lgg Q{r %‘hg Q%ltﬂ fn%hBh‘né B¥such additional
therajded. er m nati on of whether two drugs act

synergi stically.
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[0345] While synergy is not required for therapeutic

benefit in accordance with the nethods of descri bed
wheoogioo3i n one enbodi nent, the present i nventPONUS2006/025881

provi des a nethod of 5 cancer treatnent, wherein

there is synergy between a phosphoram date al kyl at or

[0336] r %p}? horaﬂl%al?@{llhzﬂ{o'r g)?c?ﬁ’&é isA3€Min co%nﬁfdﬁ%ﬂ?@{ﬁb or more

possess t rap I C”synergy

of the a@@ﬂf@h?&hé@ﬁlleﬁi @%ﬂloslﬂmmﬂamfalk%izlﬂ:ot pmddr%)si aﬁdwudéberapy can
ni fi cant etter tunor ce ' the

be admirigersil ﬁgthé smgeme o4 caR E? @ﬁerm%?feﬁéﬁl?aﬁ%}tﬁ’% Fos et ifh

phosphsxoa%ﬂﬁ?te t&‘jﬂ?ffﬁ% Qf 2 dnSV A& with 38 aBEitidgdlichedothsrapedtic

by the optimum conbj nati on
agent the gwaegerﬂ—@cam hwslnnmstetadgnmﬁltmnmly oekan kg admipistergfbsequentially

pt d th t {
it e3P 28 i RBTRE OB LB, B et o

adm1n1£t91gﬁ ﬂfe%tg&%‘ Sinfl8fa86bueBNEIdUShd@kixlly bittipessiblegmeberiods between
Bpeu

Ic synergy. [0346] Wen a phosphar am
admlmairaqomae@p foresamply qoglhmaé@n\mrhplaﬁ@% desFribgI WPLE
agent, a phosphoram date al kylator prodrug will, at
sectioftt east i n some enbodi ments, be administered prior 15

to th t1at f th th
10337)r TsoAserts seandsnipterosipt rates oy Stierept Bemplsiph e be
adminig{éxr’egiu\ggﬁl%t Fﬁalg%rﬁ%éﬁr odreatment with the other drug

n sone enbo I ments, the drug
-admnlstered Wi t s r.am 0
[03381r GarmgbePrItsEcHs i) sl GRS Fopr eggh b IR
phosp}%%ﬂlﬁ%lt%' eh%ys 1548F gﬂoaﬁgefrf {REFvestson Tnblate,Wuk ket o€ litiied e desulfan,

enc a phosphoram date al kyl at or rodrudg
1mpro@1¢ihn,rp1p¢suﬂ’an,dx¢n2($lﬁph cathoguenss 8”depﬁlé1DaB]iu§@S‘32@n me an

analoga Etgfgelzo\% Wg{eﬁé«? ?efé)% lg,hu%p] g?mrgeh#%}@[lt)ﬂlg %g)g?ﬂ% éf‘ﬁﬁ@&@ﬂa uredepa,
altretalql@ﬁeehﬁé?tﬁhb tflethQTeHbrh Eliathines tﬁdﬂh}&émd@hosphommﬁe;pl atin, at

| '6wer t han approved dose and f {3 od of
riehepiambgmnemik wrpwgmﬂna% lefapugt SboPphiint
estramllilgp%e hﬁst[%ﬁc%.,]ggqiﬁgge met ‘Mntlﬂ'b Mé%hl@%ﬂ'?ﬁﬂiﬁe derie hiy@eehloride,

s can be used to inprove
melphBidh] ®Vemdithag IpBSnaeneﬁne,quedrmmU‘st;neptraﬁlea@ede zlsaoamusa@rdes
b

cmugt{wn,g];{g&ezgégg}%{z Iiéc\pétgllgﬁet}nea%m\\hgpﬁea géxﬁ{rﬁlgt?ﬁ%m gcﬁ.r az. n%pﬁ)laﬂr?onaustme
mltobl%nfnjc_gl ?III{O?&ZEOQ‘I V&ﬁ%ﬁﬁ@ Rt RIcidonSfRRY acti%ﬁfycﬁmlmmaﬁﬂlramycm

a p’hosphor am dat e al kyl at or prodr.ug,
azaserirteebhdﬁhlybmocea;ltlnamwmmlduclna@pgﬁpggt)llln,sc})g@g@gygg1 t1n0myc1n

e e LR AP AR, i
OllVO]‘F%(QIq é&éﬁﬁon%fcng b8 cABcn, tfdafiroieEs paioamtat, dtrdpttemgaa, st®Ptozocin,

m ni stration of a phosphoram datﬁ fAudarabi
tubemdmymnnnem riodstain,izerekiebrdsanpierini RIEFOPIFED, figpgiesgate, tudarabine,
ri bed,her.ei.n ol BWShfidERe, tAmofu
—merlc?,;g%]?urglgn%léaflm%ﬂ{l%% F‘S J taff&ﬁba é?zgﬁ ﬁ%g}?? oved) drugs o
cytaraBinel @\¥BSx HIRITRR, ﬂé)hﬂﬁlndmé r@ntﬂt@bmfs Adxyridihe,S-fluorouracil, tegafur, L-

anel i or at’i ng sone or al 06. WD.2007/ 00293
asparapOwsIRODe7 IS esqglat%% ald&ieflespilﬁlaéiee&h(@é{ %‘ngﬁ pyplinic acid,

alnsacﬂng%estrg cil, ﬁﬁgﬁtr & Gadl rpfleﬁgle ﬁei%'féfﬁ’iﬁe Rﬁz‘iﬂe%ﬁhﬁé%ﬂa@&uone

pendi ng on a nunber of
elfomﬁtﬂﬁfe@élﬁphmuinm:lem@, ttogludid) dlutzonitie,rgatlivom nidrapd, byEEX YRS

DT N TR

mitoxantrone, mopidamol, nitracrine, pentostatin, phenamet, pirarubicin, podophyllinic acid,

2-ethylhydrazide, procarbazine, razoxane, sizofiran, spirogermanium, paclitaxel, tamoxifen,
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determined using only the skill of the ordinarily
skilled artisan in view of the teachings 5 herein.
wQ 0B109298peci fi c dose regi mens for known and ap@Er/osym®de/025881
chenot herapeuti c agents or antineoplastic agents
(i. ., the recommended effective dose) are known to

erlotonifj ﬁl:pg%}??,g?@ﬂgorﬁé gcld%fnt\ég gu%%eo h 22¥afRiforot ety niRE Qfletan,

oun vSi élran' s Desk Reference
vmblast%QaO Syc1oﬁxﬁbmsanﬁaamﬁd vaa:sisuﬁef@mendemcﬁmmpeg@y agens that can be

Economics J 10 nd/or

used inelydg platinum fl%YﬁUtVﬁ% Hl’ﬂga@%gﬁﬁ}‘ﬁ énmﬁ'c\ﬁ By f”s?tﬂl A"6h car% bflatin, and
lat” | ustrative dosage reginens for certain anti-cancer

OXOP'r ugs are al so provided bel ow. [0350] Cancer drugs can

10339] e s BPieE: 4 D eEe it T St g B ba REUE B8 used in
combmﬁ'éf@{ fefltﬁ A Qﬁ{‘éﬁ%]% %éﬂﬁ‘dl@irﬂ)ﬂﬁﬁ)r iRRidigeu noelimitedto Avastln and

ators e ant agoni StS | NOr ganl C g sen
s1m1larmhe¢atmut1&:n.llla ona Netsionarfahe easebingtiansreaimentimethedsy,d & ec is

treated 13 &h agll 0 %?illflg‘gg egg?apld%g Hﬁ'ébﬁ"fr%g? Eﬁ?s%%ﬁéﬁlﬂkf RiehQRbSvittPd fikd sghﬁfhmldate

i Nol Opoi soner ase
alkylatbﬂﬂi‘b@i‘ugo IS ond RREbLE Ofteadmbiatioh ittehingems methods,tasubischie treated

i'nase inhibitors. I n accordance
with amkmtl@ngd@egmﬁﬂé irdiibitorgng ﬁB‘ésﬁHW‘é%tEFé{eg "élqu? Bﬁ‘tsgﬁc’m}}?‘ia ; fviator
can. be SARARED @rcigplhti Iaihd
pmdm%ﬂ’)]lthc?flo@ﬁe&de%q% s‘géél oF E%%Enagnmg%kﬁl stered pr ?%r I?o

carbopRkinAfid efie ¥ereiah b‘ﬁﬂiesa/\cctrhblaattgorsn@ﬁlodﬁ offreghmens ¥BiINGARI on
of such dru

addi t.i.on am dat e
antianggpReAiHs 5\1111?3%66139616 lﬁgseélé%tq??@? g?‘sg Er}r%%f corrbl nati on
with a biologic therapy ) treatment wt h
[0340]i niembeeoambodinteet, Ia@hhspi@ra%lgﬁfé w%yéqtpmpéﬁulgﬁﬁ aql'%’é‘fséerrgd wit
and nonqg naj I hodi.£s h
an ant1tqag%ﬁ1 ﬁgmt%%a& ‘rgn%lﬂ)lg gllI%C n%‘ \}\/rrlﬁl'e% ?%Qﬁnyﬁ gr% dép(ﬁllerr]r(r:llalu%rgwt
factor EPEG?]?{@ for. E@ﬁi whibTRE {uHebledpt coajimitigsitionittab and

Tosi tunomab (Bexxar), rituxi
phospm@ﬁm]atemllmslatat progrugsefithe miVﬁntmemﬁlﬂlga g?fitém% fm‘? E‘i"t"mg
met hods descri bed herein include but are not |imted

[0341]t OliPAt®H ek &Brs{oMy b @h@ephoﬁusddté ebk)/latqrmr@drgg'gm@dmlmstered with an
(Leukeran), ifosfa

anti-canges] a(gghtdggmg% gléhef 597 1n%é%:§lgr 1&1&%&#1&@%&1?%@01&6 factor 1
alpha gﬁbﬁ)?)acirqg ml1|rb f‘g}ot&ﬁ‘lok‘ ehAMe, sn%ofﬂrakg’:lﬁctdse tx@ﬁ%'ﬂoﬁeMEGF

nozo Tenodar). I n accordance wit é‘;]'é
whoseBpleesien desdivitly es:ilnhma&edvmn pmjgepﬁ@ R glsyels ;}IIE)] p apiybitors

sultab{)eﬁfglgés%gg:’L@%?/grm?)?}rgg eSt & ? and sﬁ%n?hé@é 1@@ erInﬁ include P13

cancer I's ronlc
kmaserﬁ{ﬁilbﬁ&% NEYS 94K Pdf?aﬁhycmnhisidnﬁ ldeaosy@hserimhibiors amdpdsa[ﬁi)— C

astrocytoi na. 107 WD 2007/ 002931 PCT/ us 0
(18,48, mzyR}ﬁl[(&a@t@wg@mrﬂem dnméoqyﬂ sx%3r 1% lrzr’*vgﬁf %??8%23

tetraa%my gggaq]ntgltcgﬁg 9%%{% I‘S;?F%Iré Qﬁcﬁfe FR@@PZZ%bH%)SH)\éptlde), heat

dm nis ering t

shock%?&%t%r(ﬂﬁb%tlﬁh@it&w|sﬁﬂoais geﬂximdmygm, bl- aﬂﬂemproeg@mnamycm (17-

i nventi on or those al one ar

s ore g LR ch L SO M
KF 58% £y aﬁ%%{dlé mdéﬁ&lf;bds uszESm@ﬁ(g@{nfkm&)é@ @QEPRSINhdtitbiders sch as

or et ham ne, nel phal an
PD980%Y @r-aninich lmettlacyftayané)nBX-12 (1-methylpropyl 2- “imidazolyl disulfide);

pleurotin PX-478,; qulnoxahne 1,4-dioxides; sodium butyrate (NaB); sodium nitropurruside

(SNP) and other NO donors; microtubule inhibitors such as novobiocin, panzem (2-

methoxyestradiol or 2-ME2), vincristines, taxanes, epothilones, discodermolide, and
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tenozol onmi de, carnustine, streptozocin, bendanustin,
busul fan, thiotepa, cisplatin, carboplatin, and
wo@x@biopdoat i n, and types of cancers treated usiPQI/ESZ006/025881

&.ulpnﬁ Of ) .&blﬂg@h" abkylatoerns alone or in conbination with
er antl cancer or chenoprotective agents are

. .desc or _exanple i t .
derivaries S gnd g Forey 2 Smpanine: B G B ot HER B apalogs:
campto'tﬁ’l‘)éﬁﬁ@t ANy OO Y icHRpodnd @isbbedih Bib&Hahi. Piasrmot 1 Dypr 2001,

coadm ni stering a phosphoram date al kyl ator prodrug
61(8):9477 194 aincorperptedt labw@fafe@pe 2o ds GpRVEPREN de, in the
treatment of Stages IIl and IV malignant |ynphomnas,

[0342] Mihtahdiher vaRieh,eiphosplsitigidas; alkyletos peodiugigadosstered ‘with an
neur obl ast oma, _ovari an adenocar ci noma

anti-angiegFiHe @g%ﬂaﬂﬂ ing byt pei ki gH-apRoekhig agents selected from the

group %%1&39 pé/] Sagig o‘f %q%ﬁﬁ g%]gﬁ@ Ql)/r ngetr\ﬁg? hg\:rﬂ%kﬁhie@ Ahe action of

VEGF aetiniakiat, ealﬁdpmlm tardleendasied 1mh1b1t@r,\gemgt¢1rd cadaestaipgintegleukin,

1avendlgsg1(r§1| &gge%;%gg%g&go%a\#ﬁg a eng‘j} ‘é}%fleli 8&? § f&clgo%r@ F¥xol,

tecogalhmt! Otﬁn%l%ﬁ)n'ﬁﬁé FRrod{RsFEHIA I TNEURO! dnBiAaYEn @tﬁélyusbﬁwl a@logenems
I'n ‘accordance with the met hods descri bed

mlnbltéms rfm yrpascp hibtplsombiriatian thesanigy pwided By 8mxasepémethods and

t d
compogldeﬂs é%g]@é re?%{l\{\ﬂl gude d%?%ﬁggz&g ﬁgli Qé"le g@%%lﬁ%)gdd@fofenac
(Volta@ﬁf %Edd@[hct(nacﬂlnﬁ)? ferbrdfen (Nl fon) 1ﬁﬁ6rﬁd§thamn (ihdocm), ketoprofen

DN Ty e o W
(Clmmaﬁbt%?ngletg{(Toﬁe% 'réfeg&hﬂ @Vﬁ)x&? %&J?S’Feﬁ A GRS n @k ¥éra(Aéve,

venti1on togeth a cancer

Naprodyng,aispieins artcbegtletmnnm@engTyltenbléaast the al kyl at or
Mechl or et ham ne. For exanple, 25 Mechlorethamne is

[0343]us’ﬁfj |dfidn) Be &R Rabic ARG SRR pa RN T ifRNgibEERsis, pyruvate
ch

or ef ham ne,” Oncovin (Vi ncristine procar bazi ne,
m1m1caant1 glwe«zlytlsnﬂld))ltormlﬂpmha,l@pmgvmsg includdegy OFOPYAvaiegedm be used in

comblpgloalo\glgll% %%ﬁ%@qﬁ% cljgc{pip%v g& g%ﬁ#%ﬁlﬁ%ﬂ‘g@ﬁg 2{/@%%&3(;&@ to
treat ci{cef Ak AnGRH Reesi N, atplﬁaﬁlf&ﬁmda{e&“ﬂ@ﬁitof prodn% ie mihatiistened with an
the present | nventi on provi des a reat g
anti-angaogsaic dgpnt g angiien i g@qCﬁ@a@nb H}@gﬁgg W r@é 1g11ted to & cytotoxic
agent §e:1 k%ﬁ(fr%o LR érgif]?m&{sﬁtiﬂg o'f@ e ltaﬁn 3Ce&961ﬂ§ﬁn and inhibitors

n usi east t e al kyl at or
of mickétasilaassdmblyl, iogéaraneri s used to treat pediatric and
adult sarconas, carcinomas of cervix and lung, and in

[0344@8@%}%&3@% t %&hgﬁén gr 4 sfoHéraﬁlﬁIa@é SRVlatol YoV with the

S2006/ 025 testicul ar cancer.
Agentb lasfined dwvesthe @m&erasnﬁpihtbds a@ﬂ compositiony deselpasihegein provides a

variety Q%y%gllé%s:t#ﬁgzﬁ nI?ﬁthE% gﬁ? ﬁﬁ vﬁ%ﬁ%%qus ee&)ﬁéﬂ’g%gr@other anti-

cancexat!lrugs FPRESI S skilPBfE attRaR P@dﬂ?’ﬂ@@hﬁiﬁ@&hs drtecapcasdngs that act
i nvention provides a nethod of treating canc bly
dec ?@Efera Noftor

syne@rhncaﬂil)ét with A gh@spbhm@pﬁ@p atvirdererradueg ag £65°

ent i of "
o ANt SRR A s o
Selectidh 6ﬂ1¢ev@ |AigBiht6 fémllﬁlbﬁ Trial," Pharmacological Basis of Cancer
Chemotherapy, Williams and Wilkins, Baltimore, 1975, and Simpson Herren et al., 1985,

"Evaluation of In Vivo Tumor Models for Predicting Clinical Activity for Anticancer Drugs,"
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treatnment of pancreatic cancer or Genezar resistant
pancreatic cancer. d ufosfam de can be used for

W e@anoagl br east cancer, Mrbus Hodgki n, PCT/US2006/025881
gastroi ntestinal tract cancer, or as part of the GCE
(4 uf osfam de, Carboplatin, and Etoposide) or RGCE

(Ri tuxan and R r
Proc. Ar(z-r.fi.&ﬁﬁr gpcgr Reg RGCQS %%g. %ﬁ)tnof ‘%g llfl% lﬂbgﬁ%e?%sz%lgg?%}%%?
describd fntafﬁgdﬂ?) aid @éﬂa@ﬁﬁfnaﬁ@@ 6f whettleRED dPags acApplerglstlcally

entitled "d ufosfam de conbi nati on therapy", Attorney
Dy 02 Hawith th
103451 oo iriRey AR E PpDrep Rt celi actfancRaith (e

methodg Q@@és@ﬁ‘@a@faremngmhp em’mbéninann thépiesent mven@@rypwgﬁeﬁ a ﬁ}ﬁthOd of
ref erence) 0357] n enbo

cancer {rgnjiment; wherﬁub Figds SiﬁleFﬁ’éf HoHa Sl?oesgﬁ?"ﬁ‘é“‘gagen@@%@? 5’i°§mg and

anotheri%%m:;ﬁ{c&t ehf!9rd@o @.ﬂ%g@ﬁ?ﬁ@ﬁﬁlg (73} ﬁoﬁééﬁ%@ﬁ@h’u@ spcbugy b

nvertion wt cancer treatnent gl MeN USi n% h
combinatiod dxmtre@mealoﬁﬂieatmrdrw woduags ﬁrsmfiqqgﬂ@ @_ﬁﬁgtumor cell kill than

consi st i ng of eth enj m nes_and | gy M
the sumEpl o SEB LA R HG BN Bh{oHTR ol b Mfebres
synerg%@aﬁ“o@ﬁl'eﬁﬂ&f'@s' R J3& f¥imor EdlI0tE b3 thé G@cﬁﬁﬂlm'Ebmbhmpan c@nen
to treat adenocarci nomas of the preas

minus m&b@ﬁetdnher cell oit) bygthe getamel doparphihgdrost 69%Yﬁéiﬂg@>‘*gé
lefereHFe(an &glirgﬁl’ c?tﬁgr%aé%han enIfg one lc{é:)] Qlte%ﬂsﬂ@i%d 'é§1§§us-’1‘¢fely

I'na |on erapy wt

1nd1catﬁr)é%|f%9®%ﬁﬁ@§ly&egy n pati ent s WI th refract ory
rra | gnanC| es treated w th autol ogous bone

[0346] @?1812 %ﬁ&%;hb%%u@zﬂg a kg’%altt(grﬁﬁl)dﬁg\@ﬁdeﬁtvﬁﬂpinow agti-8ancer agent, a

breast, lung, brain, and
phospﬂoyﬁiﬁhmﬁiyﬂaeﬁproﬂmwlﬂaw leasdin m@mbq(bmentmégeaélpgws@ppd prior
Cancer Monograp

T T
contlntr%la[ﬂl%%ghilﬁ YR ARtV caieR %ithftﬁé offesémpoh dﬁlgs Cfan;ome

s on the Eval uation of  Carci nog (g’u b
embodmmm ctheh m@omMmstereﬂ%@ asbosphwsndq_t?é y aﬁfam% g il be

dehver%la‘[ 3 gp optb(}na é(!nnlfo s;}%te{?ﬁe th-gﬂ'vm&’cpﬁe the case in the

icrn msthymsamne
absencAlotf%%h@éBhB?anhﬁatﬁ aBd1dter froéaiy adchisintaibno\iach Slovedosedtherapies

ter failure of first round ther
can 1n‘aﬂ@e, é@tﬁx@mm adminigeningaeHti- ?%\?%“rﬁlfgl%ﬁgﬁli’@wg %’Egn iifea to
pachtagelo Eg%eéarx @Iu ?rk%fégfﬁﬁh &ycarlﬁ%ﬂtﬁl' gt £lokwefthan approved dose

tor produg of "'the invention with
and foPa Rﬁig@ﬁpertddeﬁ‘ttﬂfﬁs"tb gethetgwnh 2] phssphgraandatg alkylagereprodrug

al kyl'ator Mel phal an, or apbu or._ Bendarnust i ne.
adminjtsreshia aggord e i Do psartietreRmos) 0onsel |1
used to treat nultiple nyolema and can be adm ni stere

[0347]0 r These. m@hbay auntbeciséd fosmpseid Rasient FUEAMESIVEHPEreNtY Prac 1ced
yphocyt

therapgé ﬁdéﬂ‘lfgte&’?lg?y lﬁa@l@}gg%ga Hggﬁy m@%ﬁﬁé’ ?1109&%' b r&@ﬂ&e@ cell as well as

can be use
dlmlnfsﬂm Lﬁ%nféﬁ RRfeQl Rt 6@ thermhmgna:apy e¥hersemploge] infeombination with

e, non-Hodgkin's |ynphoma, c¢hronis Inﬁ{rg é{;ged Ssine either
a phodphon#amrdase a&wbatmrodrpgethw itjpraal anti{canesH P 0 g
the statngggit 4ogggneté D ?yeﬁ ;glstﬁgée Ag&ﬁ@i {8 nwﬁérp\ﬁ ded SatRuEphghehmidate

stering a osphor am dat e
alkyla?dr‘@‘&ﬁ'hg} olr® thdgthah tlidse standadtdosagesi t h a cancer

tréatment reginen using at |east the al kyl ator

[03485 ;[ﬁﬁf ?gm%&lf'gﬁbn 3% JrdspiReinidtelAiAktof PloBRighn accordance with the

methods described herein can therefore allow the physician to treat cancer with existing (or

later approved) drugs at lower doses (than currently used), thus ameliorating some or all of
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| eukem a and chroni c nyel ogenous | eukem a. Hi gh doses
of busul fan can be used in conbination wth
w@yehoamwsphanm de to treat patients wth acut ePCT/US2006/025881
nmyel ogenous | eukem a 10 before bone marrow
transpl antation. [0361] In one enbodi nent, the present

L hvent i.on ovj des a thod .o t necer .
e o4 P TRa aTE PR s K AR SRR Y gpm puen
to patidiidepBYEAE bRA nvhiber 6f fsweShclutdidgtiediug corbinmion esplyed, the
at’ | east a nitrosourea al kylator. In another

particudaridingaseeheing treptedaiand Hienondision and prigk storsoiche pifiqnt.hut can be
Carmust i n . [ o [ ;
aetermye3ia @ GAYIEpE e iy SBl1eT A B G oPBR Crchings
hereinhet astatic tunors of the brain, nelanonma, and
gastrointestinal tunors. In another enbodi nent, the
ni ' t i | ' Qtié h&st
o341 ARS8 gL ERSEE ko W St il o
antineptinvidiagents (i.d. /the preosemindedeffentivo doge) evd Ihosvndopbysieignpend are

gven S SERS St R S SSBAS  PARBIEL e 2005,

(PhysitHRADIBIO R efekhcb CYHATR) NRURE! BéoroBRES CmbiryR Bl @radell, N.J
all kyl'ator. In one enbodi nent, the triazene al kyl at or

and/oriage Deadlablodianm éhe Haderal Pavg Administiption. (dnsiredye domaes {fﬂgﬁfns for
. mel.anomy, , Hodgki n' s_di.se and adult sarconma. In
ceﬂal%%'wefe%%sd%ﬁ@%f’ ,pr?‘ﬂéeﬁeﬁ%“zﬂene al kylator is

Tenozol om de. Tenpzol om de _can he_ used to trcﬁ.at ibioti
[O350haﬂag¢@ﬁ@g§|qa@ hgglas?ﬁg(:ggqnerq%lycﬂq@llgl]%%i ﬁg]ixﬁacy ings, antibiotics,
. i 'c§a8- i f r&Rpee
B T
modulptodd] iglatefantd@enisy Mot ganit asedehatas, gainotubule imhibiters, modifiers,

S St e Sl S G OTAS A SO,
retinofcf:lg,gtf) 615‘(%’1&1%513 £ oiRifts, AbpovdomtRasei2SinbibRBtsaid dtyrdslrkimdse N

b
e used to treat ‘cancer of bladder, head and
inhibitoe Kin aecatdanserwitnthe smhdds slesdribed heteitb swhesphorifefs glkylator

and sone neapl as .of chil dho i '
o Sy T RBAATE CO EJRPE PIERl 5] S ALENR o can
admin®¥&ed pRo3@ EARELIreatieRibliftahi osuch denmpdtwntiyatioh of such drugs. In
Cisplatin with Bl eonycin, Etoposide, and Vinblastine .
additiors aphesphosernidateralieditarprodrigesn bearminisigizd dh compgatin yith a
.. one of Pacl : o W
iy E, LRy A ARUOE 150 G LB BRI s
mono86T41 d5EBQRHEL) 2 BB@dgics 0804Dr thertinesicyfchncre sredswiwl inithe arhand

) racti ce of the methods described herei nisi,ncl ude bu

includgy Gt GEAmPIOAFEBEUGD (HEEPYIB EPUCRRT B o1 TnoSRp > (Bexxar),
- . { t oxantrone (Novantrone), idarubicin
ntuxnﬁﬂgg%)c/%xla%.’ val rubicin (Vvalstar), and epirubicin

[0351f.I S l,PlelE %g)ri)ﬂ%gﬂﬁg o drg ch 0 fcl%ggrpétggﬁis cgcres%%r?eg}e?cgﬁ %{cih%%%ut are not
limitef 96 BEHIBh $1E1@sh, Wishifad), fhievatibuait Yicduiany, dfobfagdde (with or

cancer. In one version, the cancer is acute

withonoMIBENZY0 eyl ophosphaeids £Cytoxesp Depsas), ghfedwnidepmsiphalag, L-PAM

cancer, . bl.ad cer, ' ' f th th
B S BRGE oAR eSPERLRI B o vt e
methddQ WBQYMEd herein a phosphoramidate alkylator prodrug is co-administered with an

(8S, 10S)-10-] (13- Am no-2, 3, 6-tri deoxy- al phla. - L- .
alkylator to treaf cancer. In one version, the cancer is chronic myelogenous leukemia,

multiple myeloma, or anaplastic astrocytoma.
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| yxo- hexopyr anosyl ) oxy]-8-gl ycol oyl -7, 8,9, 10-tetrahydr
0-6, 8, 11-tri hydroxy-1 -nethoxy-5, 12- 10

woaphvbesenedi one, nore conmonly known as doxoPCbiUsioneg/025881
is a cytotoxic anthracycline antibiotic isolated from
cul tures of StreptorTyces peucetius var. caesi us.

[0352] %?’ég gtlflg?](ﬂ A the %gﬁnyﬁl%gntﬁdélgﬁrﬁﬁﬁgyé Inttol JPhestitfecancer

N Sderina astic conditions such

treatabl@fby adfitistetiy %Tﬁhh@lkbfhﬁtr ibg akimmkletm*lag thequiiospheyashidtegdieylator
| eukemia, Wlinms tu neur ohl ast

prodruged (hOBrESeB InSGHIE T REitAOREAR R FOMATBGy L iaft oo aGther
alkylat?ragr% Jﬂ(gdm% Her&FS 'Alk)fl%ks e&dH asPiordLah pl@%g&ﬂfpﬁb@ﬁﬂude

rci noma, 1ynphomas of bot h kin and
ifosfanti@x) ghidotgitie; mpetsorettaning Immjehﬂl:m, ehlotnpied, dagagpazine,

astric carcingma, Doxoy ubiCi c
oS eSS SR BBl ey,
arbopl%tlﬁ' 2 R ali Plbfi R \4RA Pises lof At sAeated istigSing oad oﬁkucﬁhll@éqitors

erval s;- weekly 1'ntravenous injection at dosea of. 2 P
alone arrgi odmbioati@Owitly bHer algs @aglcwréé@élﬁoaﬁoteqlﬁ? agendy arg descripgd for

eat ed, eyer I n accordance with the
exampﬂaégﬁ%tgpa?n P %B l%lne \Bgazscrl bed herein, a
phosphor am dat e al kyl at or pr.odru S [
[0353lsthnrqner¢§1b06m@t th@p&a@te%wrlmpwg d&ﬁf“é’i‘e ?ﬁg fUifE Ethcer by
ni st YESalkPatoat
coadm %F%r'mg %]é}?otsg?&m&/da?@ {]Alr%]lgh ?g{ﬂ;@é whHGh QIS all A

I ne cytotoxin prodru%
Cyc1ophs>§§hakm¢1eq it the trenandrt of Stizes Hbanrebhwdbignané bepnhoarss, mul iple

myclopaToPRERR AU NBE oS G et ot Bhy
retlnob@%tt(j)tgé cﬂﬁﬁfa%f thé‘blteﬂsﬁ Pfy@lb‘ph@@h@ﬁndehg adfﬁirﬂfsﬁdsd for

erelnlncue but are not |imted t

1nductrd>&cthermnma105¢s @Ict50AdiBPR ime/ D (1@6 QWQEW)‘lStemdéB‘i’ﬁ‘rV&nﬂuSIY n

2
d1v1de§ ?qg %I)\(f%rn éno%aq%n‘%r Epeﬁve tl’lar}/sac L O gl%g%gm Méﬁaptyh?’ 50-550 mg/m

are adﬂﬁh&&‘éa HaSCL | Detysher Eion $5 ppesThosdminditred aitltaybramelry twice
prodrug i s co-adm ni stered V\Atﬁj@an an blotlc Ptlk?aacor
weekljaaht:@ﬁordlan\cedﬁléh {hermetheds deperined feEin.aP gajdate alky

sel ect IaBghi bt 1%@%&1 h3d es or at lower
pmdrqulﬁﬁ?lg mStgﬁ%ngEglmc%{acfbgghcﬁgﬁéjlgE I?g mas, and Fgapogl s
doses §1@I/§101fd$ﬁa 1§:336Tdraktotiah asemalrfhi inicistratieres{Fydlesphawhamide

practice of the nethods described herein include but
alone.are not linited to anastrozole (Arim dex) and

| etroazole (Femara). In accordance with the WO
[0354]20@%@@@9%@@@ wsaﬁ@@nomsagmn nrevidetsgBod of Hé%tmg cancer by

admmggerr?tg:% ogp o 516‘04}31?% zﬂggﬁ&n’ al k %g{é ég?ér%%r Ego |efher with a cancer

r to treat
treatrreﬁg% ]menI iR 168f B %ﬂqylettbkel\/[@&ﬂﬁﬁzthanﬁnda rBasxamalecer .

1 0 Bi sphosphonate inhibitors useful i nM(gf%
Mechjorethdrmine iptiset! fie thesombiratiga sheppBErapy Fegimen de but

re.not |iyted, t dnibdh ﬁplggu@gt@q)@th
(mecl’f}\l?rgﬂla{r% @F%W%V@ %Sceesf% pg&%Hﬁder el n f phrgspl’?gr am dat e
Hodgﬁllnks\/dl%a% arld QiuGtdrad Bpinadnemius belue ddmirtistragion is doses 6mg/m” on
onate inhibitor to treat cancer. In one

days h@n<t$ ogt he PR dlag greles of each coune ot redtnel ed from the

group consisting of nultiple nyeloma, bone netastases
[0355] I dfosekindodiuient, she presgnt rsteatien pmanﬂ@e p metigglgy]ireating cancer by

admnt(%/ﬁtgll;ggg g ngﬁsgggc:la? gé}gy{?gqr%r ug oLythe 1nven Ton Wit 5 th:epfreatment

regimen using at least the alkylator Ifosfamide. Tfosfamide is used to treat pediatric and adult

sarcomas, carcinomas of cervix and lung, and in combination with other drugs for germ cell
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10 include but are not limted to celecoxib
(Cel ebrex). In accordance with the nethods described
wheoogiooeal phosphor am dat e al kyl at or prodrug i SPCT/US2006/025881
co-admi nistered with a cyclo- oxygenase inhibitor to
treat cancer. In one version, the cancer is colon
testicu‘f%%%ﬁéeroﬁfogfaﬂ‘ﬁ 5 is DA ?@ﬁ'ﬁﬁ %f&ﬁﬁﬁmﬁﬁoﬁlaﬁ% laha!
At ous pol yposi s. ] 0370] Estrogen receptor
Etopoﬂdﬂ)l)dn&MCE (Rétekad andiCiH) eegimany for éreating lymphemhs (bse Hardman et
cribed herein 15 include but are not limted to
al. S”P’éﬁom fen (Nol vadex) and ful vestrant (Faslodex). In
accordance with the nethods described herein a
[0356phdis phoembodinieat, dHelkypsenbinyprtisgrrgvides @mﬁthad@if freating eagicer by

wi.th an _.estrogen tor dul at.or. to £
adminferdiel HERrBAP eI RO oY of hut i $h £ RPR rcatment
regiméd @34 gTB Tbast Sheatliefl b GaIfEsaiiep EURRfantileisds G dldie for die
reoccurrence of breast cancer. 20 [0371] Fol ate
treatment efgisnPTseiic erneenAr Gemaas sesistant preealic e B HgHgmide can be
| L

us (R PRISDEL A, NSt A AR I or g prt of
the G@Ef(Ghﬂﬁsfdﬁiﬂé[ Chdplatiey @idrEtapgided phRGUHE @atveam bid GEE) regimen,

for tre NG (ﬁg&na?%%% Ziiﬁ%ﬁ“ bt haok Qe g 1T Q0014 Bred on
22 De%ﬁ&??%%ﬁﬁ&’d’pﬁz@ pt s f@ﬁﬁ)’sﬁmﬁ@@orﬁ&ﬂﬁ%ﬂ@erapy ,

i am no- nyl) met h
AttormestydkariNo.d)21805-695900PCy kod BiSi Rat.akim Noc 6HATORIHO mbﬁw 19,787

and PTE N N RE2ndsinRsR eerPolefin il gy h R i ferenco

and in the treatnment of patients w th chorioadenoma
[0357Hedn pu@ ambedithent; dae pregsanhinyentéon provides amsthodsdgptingcancer by
admlql{} oggﬁomr%?é%e 8}4?1 ?%&oc%l%%??heobg%?g g’@glggé %ancel% treatment
regimby GE8¢ 6t I%asm @n Iaﬂ@ﬁator"&leb@:ﬂrfﬁ?f@ﬂ& gréuppcbnisisting ef ﬁﬂyl&ﬁlmmes and
foll ows. For choriqcarci noma ? i nt rarrusgtﬁv
methylmplagrnesn dn arothersewabodimens, the ctiyloniging e Taeyisrepepine or
Thiotdl@i |y for a five-day course, such courses repeated as
eeded with rest period of one or nore weeks

| nter f th F k
10358] oy FTGCigRrE R P S S A e ot B e b s SR e
mahghz[ht 1%p%%0%&93§§ﬁc E&?ﬂnbﬁ%@ Qtﬁ(l Q’th%g lund@SESotepa Wwhs used at

For mycosi s fungoi des, @I% i ntranmuscul ar
high doapsamqombma@bn @bge@thgfapmnﬂlrﬁg/cbpho paidedn mfectrys wigh refactory

d
RS PGl A DR EY b

includ@hKyladd @l oRiiaf) Bigast, Jus® badih] afmusmpmnw (bde, Internaz‘zonal Agency for
met hot r exat e adm ni stered at such doses (or a}
Reseagiefseis§ aner Wtanegr ards Pre (ﬂ:ge bvajuagion of Carcinogenic Risk of Chemzcals to

Humat(z[é,lofr?/;% 2? ; ¥ gfg %%h% Ps"r@H%en U DBLA%h A1 /%e; cs?%}* ﬁ@.ﬁe@:%lp&g tapihe

nmetrexa
Monogrizlik ohakeEehlugidnhgiCogainofmic Rish dfiChérsicels ea Hurahs,al 990, 50 :

T T N TN
of M&AARILY)! hE¢ n{@ﬁﬁ%@la{ﬂ]ﬁé HeSetarbite 1§ﬁ§d%’&eﬁt'aﬁ’vhﬁ:@d anrllqan cancer

arsenic trLo Trisenox). I n accordance with
after fadtueadSirsesend thexhpiet0 her e| nh a phosphor am dat e
al kyl ator prodrug is co-adm nistered with an inorganic

[03593" SRRAE @mbBdiment, the present invention provides a method of treating cancer by
administering a phosphoramidate alkylator produg of the invention with a cancer treatment

regimen using at least the alkylator Melphalan, Chlorambucil, or Bendamustine. Melphalan
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treat cancer. In one version, the cancer is refractory
acute pronyel ocytic |eukema (APL). [0374]
work@roo29bul e i nhibitors (as used herein, a "mPCDUSII0G/E25881
inhibitor” is any agent that interferes with the
assenbly or disassenbly of mcrotubul es) useful in the
. ractice.qf th BSCl:] I @il 8 idwed to
i wsed By G BT o P S e s
treat chidid Nph&eyk leneatia trkeimfrFanairoblanlinemla. Béndemabtviene

(Navel bi ne), docetaxel  (Taxqter . othi |l one B.or
develonrl o SABRFUAIRG 65 pe BIeCS PO BT BP PR o PU or
Sldnvahd L) chdhfdd i ia, dhd guligglé myeloma.
LA DD b s oot st
th thods of th t. 4 i '
03001 cp e BRSO By AR b

ini | | iddeCTlAaaf 27U inVintRoatveit a cancer treatment
admml%%‘é‘}*% %@:“?Sgﬁ%&%ﬁt itled " T%%ﬁ%%n Binding 20 Anti Cancer
regime\geing st last Ry dilylatps Brdfaso Busplien i5rused tortesat reyenic granulocytic

021305- 0085000S, 0213Q5- . .
AR SO R S sty stin
combirf88E WithaCl di§iHBkphatnidloassabpatmtsiaitie aaitdyiyalbgenqus deikegia

IS co-admnistered with a mcrotubule inhibitor to
before bongamarrewigasplantatigthe ver si on, the cancer is ovarian

cancer, breast cancer, non-small cell lung cancer,
[0361] KapQsie embodintanpthe ardentitesntian provides e enetlydd o teeating ggncer by

adminisok POPRLRIGURUB Y A OB T VGG i st treatment
re gime}éleurgllch\r%; aﬁ Hagteaplilih%scﬂﬁ‘ee?ahﬁﬁht%hdln ARt BRBodiRa, tikenicosoten

ant (Vinca rosea, Linn.) and is useful in
alkylatbhis Carmestimee rEarmiistireutee be askdioi teeat Hpdglan's slisgasep bapphomas,

shown _to be useful in copbinatic i t.h. -t
B
gastroiﬂhe%ﬁglgﬁ Sumb PR ASRR&Unibddini @it the hitiosorkd is Seeptoaoein which is used

rha

onyosar coma, neurobl astoma, and Wlns tunor.
to treadpamcroatic ishes cel cargifiorlast ered 30 in weekly intravenous

doses of 2 ng/in2 for children and 1.4 ng/in2 for
(0362201 é1fe erhbbdanen thepeaentihtdntivherowmddsodsetiiod of irpatig cancer by

erein, a phosphoram date al kyl ator. prodrug,is
adminisis ne M EROSHOFSROalg AP REPISY PR IRAPSEP A eaper dsafment
regime%?lgsgf&zg hOhsPRGAEBESHRatoR BIRRREMRThEA! Be alidoh@bi@ylator is

I's not adm nistered prior to treatnment with a
Dacarlizixeo tvatbazing i teet oo treas maiigasntanel ancapa Hoggkinjgrslisease, and adult

2007/ 002931 ./ US2006/.02588 ut. . .
sarcorgintrPR R F PR BFRG i HSARG ALMGL S TaP Ry B Tempaglomide
canbe"c}ge@mréﬁt%ﬁa@irgﬁ%t oHomdst aneously with or within a few

a

ys to a week after initiation of treatnment with a
1 ¢rotubul e..i nhi bi t or f ' @cer b
osssfy 55 3Bl Aol Gl AL HBRT ity e
adminft&irpot dphq'éplhdraaint@@b illylhtou pmdag iof tHeWVdntion ovithrg canakri tedatment
I's used with other drugs such a S-E)IQuoro racil Jta. oot the
regimen esing aideet 8 plainuBeoeEHNatoR 0885’2%63 &0hy HRERETOOCmER:
platin%flfgggr%gnaqf%ﬁ%angg% J]l?yrlﬁbpisgﬁ%d]?ﬁ{? ;’@iﬁgl%iﬁl @hifbe el )td Bk@icancer of

I'S CO- %lstere difier and anot her
bladd@Nhéadmn ek, agénhetiont, small celt earciapmalof therlong,end iseie neoplasms

t he cancer is_colon cancer, In one .version, t .
of childband s G1op126n F1onSeon P LR e AR e DRt Brog fiffanced garian
' 6O8Rpl iR itdB18Gmbeth, MobodidériahéWinblastine
cance 'oéi%t}n%go%gﬁ%ﬁge&% ydr%%}ﬂ?‘}é% N- h%r ox%/B(r) ea has X
is useb eetteatefodriced tasticahance; avewdbph¢ ofPaslitagel, Cyclophosphamide, or

Doxorubicin to treat ovarian carcinoma.
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cell to take up 2-deoxygl ucose (see the reference
Smth et al., 1999, Cancer Letters 141: 85,

w0 ponasat ed herein by reference), and adm ni BCT/EHS$10061025881
of N-hydroxyurea at |levels reported to increase
2- deoxygl ucose uptake or to treat |eukem a together

i th adm ni st j f 2.d ..
oo T ey AR B

are not! lﬁni@éﬁleco,\’d“d;&hﬂﬁ'ciﬁf(AdﬁénK&lﬁ, D&, Raber), mitorbrdtashe (Nooatitchad),

her el n. I n anot her such version, a &q%%phor am d%t e i th
idarubigirk{idamysin)pyaltiign ( algignaand sHiBDIs £q- Iy aceprdapgs with the

r.a nitric.oxi 0 [ :

mtioff i g R SRR S Bl e i
anthrady@lih€fo 16@NPA1LEE In 6hé MRtkiehetht bancerjstaakte nohlygiphooge: leukemia,

[0376] Nitrosoureas useful in the tE{.acti;ce of E‘)}?e d
Kapostie sarestmaa, deastite Banseh Sladir qanesr, oetagigtic §yrginosy of fye ovary, an
bmmﬁl%g% ed to procarbazine (Matul ane), |onustine, CCNU

f eBU), carnustine (BCNU, BiCNU, diadel Wafer), and

o365 S8E TR LTl IS I RS 91
lyxo-hgpgor@ga;n%%fﬂnd?ﬁ-@eél?&lWIIﬂS,9,& Dithtf£hy/@E-6,8, 1 1tEhYydeRY-1-methoxy-5,12-

e version, the cancer 1s pr ostate cancer
naphthacergtiook metecrmymainy kaeivmes doxesdhieiais agyioteia arthragycline

Ll ti f .2 037.7].. Nucl i d f i 0t
L s L
been WBEEsRBssTullitd pEbdube raptsiph @pdisédntinated Medp(ticiconditiohs such as

fluorouracil, 5-FU (Adrucil), thioguanine, 6-TG
acute lymipholastisi laeky ;mh,mp@)@yﬁl@tgaitm@}kgg)@ \%ﬂ{naﬁ,tgmo éleuroblastoma,

. to r - | ri.dis , . i

o o5 VAR o A LI, i

carcin@ﬂng,dhyﬂbﬁm@réigemal l?t;iplholgas ﬁﬂf\)th g%dghhtaag ma»HOGghméy%qs,

and capecl tabin el 0da) . n accor nc.e t t .
broncleG G0 HSEEh FBL B HEF P DOSRBPHT (A BC A Bfered n
dose i{? g}fét dB309%5 mBAM & S4RLIE thivivbdbid ifjeclamintlgisendd A2 1-day

reat cancer. I n one version, the, cancer i§ B-cel |

intervhly;mpdelityyinirevénouk ayedioq @t flses hEZQ gpgé@?; lor PR gigém goses on each of
adenocar.ci noma ,of the.pancrea 4

three GEePORa 0T ODBUBI RE LA AP G hPEALI s AR FHIEROE of o

metho®§ Bbschib@Ph&GBRCE f)hos%hoﬁﬁﬁ@eﬁé allkiyatd Praireg isedo-aimtiaisteverbstarting
As one exanple, the conpound 5-fl yoro-2, 4§1I

prior ti|aBfHponsinviing affendlan asimeinisirien elstArSFYCIR ALY gses (or at lower
5-f1 worQur aci . i . [ i ' apaldae

doses SIS Jing RPhiE Lol B 3l i PHRRAZHRS ALAL

descriBéd héreinepd provided biyuhe referemstMatsduohereit.,, PERP apem dpkigatidoiNo.
pati ents who are 5 considered incurable by surgical or

USO5@0R&- neans. 5-Fluorouracil is admnistered in initial

therapy in doses of 12 ng/nR given intravenously once
[0366§lai Antibi@ics dssfubindbe braetictayfshevnethotlhdescibed hereipgaclndg but are not

. . exceedi ng 800 T, oxi city.iS _Qbse a "
timito i GoaapEAG ™ HOTEBUP SO SRt Rl ! Tho Smorubicin,

L&l \(Ce¥h it decordbfive Wt the mdttods2tescribed
and d 513\95. C%@eherggg’%?@goggﬁ on tC%e 5teh, 7t r?, 9t%, e

. or
hereirld plnsgagremidate glphatar ipeddrpgisi coradgnipisterafoeh apm anidhiglin gy treat

in an 10 adequate nutrition t '
cance o e st e B bR Ble iR gl YpdeesgBfyde
lymplRS8e MakeR¥C 6B RAKARAs,Md Kdbosits safoohei. ty is observed

at "any time during the treatnent,

[0367] Aromatase inhibitors useful in the practice of the methods described herein include

but are not limited to anastrozole (Arimidex) and letroazole (Femara). In accordance with the
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3 ng/ kg.can be given on the 5th, 7th, and 9th days. No
therapy is given on the 4th, 6th, or 8th days. A
waegaemmoal of i njections on either schedul e conBtT/US1086025881
a course of therapy. In accordance with the nethods
descri bed herein, a phosphoram date al kyl ator prodrug

mehods 3537 eSS L BB EG § BrhiAbieic an

aromat&%ﬁﬁﬁ%ﬂ@ﬂ@'tf@i dndél UsbaeveleRasthe Aénc%flﬁ;tﬂir_&[st earzem| e,
the conpound 2-am no-1, 7-di hydro- 6H puri ne-6-thione,

al 0 €9 - i .
[0368] 5 ”ﬂ“rgkqvlp@%{é rﬁ?@?‘mt e g%&ﬁﬁ o o3 WEABBSH Hrein
includd it 'afé’ﬂ'ﬂl mﬁﬁgéﬁlw zbl@ﬂﬂ@ﬁﬁﬂe&%omﬁtaj’hhﬂg:uandam W1$h &gamtbodsh

adm nistered in _doses of a wei ght
describpa herpitya pireheBEH QY o8 93Tt e BIpra v ERE 20
biphos%lacgﬁte ikifibAbt Bl trdaPiincle qh%n@ fvelgfb%aﬂl% caheer N Scdne¥Bdelected from

'S no | nprovenent osage can be cautiousl
the group coeAsBg dfﬁmﬁtlpig /nhg@lcdn@g bohﬁmtastas@aﬁme soliid tymdyg or prostate
nmet hods descri bed herein, a phosphoram date al kyl at or
cancerpr odrug i s co-adni ni ster ed with 6-TG adninistered at
such doses (or at |ower doses). [0378] Osteoc] ast
[0369]| NG tibtonygenaseinbibitors useBil fr themr acticppl ﬁlﬁ@m%@(@gcnbed herein

ST RN N e
descriftatferdi § PhbhBiahid e PG TRdIPradiug & - axlrkmlsﬁred withadryaly-

IS co-adm nistered with an qgsteocl ast | nhf bitor to
oxygenase irthibitrarie &reat cppcesn B Qe rapn, thheancels gplopgancer or a pre-

cancerg}slst cecﬁllg nckdlgg{ﬁl as 1ot Eﬂiscﬁ %ﬁmgt{oug 'bggngs&an cer, and one

cancer nts are aI SO

L EECE AT e e —

includBHaCk @8 19&1*[&{‘ t%&i&ﬁaﬁg\ﬂﬂ%{eﬁpﬁm fRfegirant |(Fa(éldﬂéﬁ) Taut
are no !m to cispla éPI atinol) and
accord(aﬁCebwnh did metb&iﬁ @sbﬁlqdﬁ@erem a phospbptiaridete alkyiptergodrug is co-

. et hods, descri bed here has at
admlnkﬁtqgatf Wéth ag eétbO?ﬁaﬁfF??PgQ{ élgllf%) 9 %%8{ c%ﬂl:‘% rI]fS r%ﬁl%: gé(tjsi%hgtgle cancer
is bredsPcdncEadr t&HERMent if a@Rfhidteres It@pnevérh&hé:@d@ﬁﬁ'enaesor reoccurrence of
nmetastatic testicular cancer, 115 WO 2007/ 002931
breastR@¢e)S2006/ 025881 netastati c ovari an cancer, ovari an
carcinonmn, and transitional cell bl adder cancer. As
[0371p n @ola@(m@gmsw dfseful onfieypdabtice of Dieantthed ®h¢rdxedmemm inghde but
), commonly kno as ci s&sa[tl n

are nop hmlqeéltq m@tlmptrg)g{t treypetrga glapg)r{ieg)é;f: ﬁ{ tﬁF el Sl %escnbed
herein eﬁos@}ﬁbagxglf@[esalkﬁ%r &ﬁ drdd'8 colddfAKiERAA With & Feliiahta@omikt to

er cancer ch”1's not anenable to surgery

treat canceralli oddweardpy,. th&cabicspl astepsarcivesn used f or advanced
bl adder cancer, is adm nistered in intravenous
[0372! nlzfs%ﬂe%&am Rf ﬂfé%ﬁfpoﬁﬁd ﬁlq47[@(maﬁ&1ms@tamy)mahﬂe
r vveellg I'n accordance with the methods
methﬂmmonwammbhelwamap pibspmoray e 8 RybaiBRatp s e gifolate
S, .cosadm ni.ster r

drug %ﬁtelgaé begLped C%ﬁl L i of ggﬁit%hlnc&?ﬁgmr&hﬁﬁﬁ 288 iftthe treatment

ower

of pat?e%@é Wit BiRdricabéhonsAdR B lierdgad hydatifarm hmle: okt aclatsanirsefiidrin the
the platinum conpound and a p os

treatngﬂnk yf aivgnceﬂ@tqu@gfl@g igneat bywephe el a%g}% o? advanced cases
of mygﬂ%eé'] gLH%Blgireﬁ Wth\éﬁjegﬁle ik aﬁﬁﬁngﬁerg@as%gg\% SF@F &ﬂn%érbm@ma

e al ator prodrug anot her exanpl e,
intranfhs@tilian i echin s d’@ddséﬂ‘riyﬁ:]i 5toGAmm erecadministered daily for a five-day course,

such courses repeated as needed with rest period of one or more weeks interposed between

courses of therapy. For leukemias, twice weekly intramuscular injections are administered in
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adm ni stered with a phosphoram date al kyl at or prodrug.
[ 03511 Retinoids useful in the practice of the nethods
waele®enided herein include but are not |im tedP@DUS2006/025881
tretinoin, ATRA (Vesanoid), alitretinoin (Panretin),
and bexarotene (Targretin). In 15 accordance wth the
met hods ,descri bed herei.n a hor e k I
doses QHRQaREG" 1 Soewoaat freoereq SREATAEP SR Rl fodity pEifes of s

mg or, %ﬁ D0 8fively, rbe@ ‘%n%’ SeSidfiisteRed tﬁ/ﬁi&ﬁ@d‘eklys IiRac@nr@te with the
el'ected”’ from group consi sting of APL, Kaposi'

methodmiescnrhrd mrmm,md@sphqrmﬁmﬁwylwesw}lmgdé Gp@éwﬁé@dﬂlth

nhi bi ot
motho AR FtREf b Rk DB s S BIPTAGR s
tnmetﬁoﬁtpﬁﬁe%@zﬁ)%ﬁthMﬁw 4equindzblinatienae ((@amphlydnawn.asl n

accordance with the nethods descrj bed here
tnmetrph@sbh SnelhPTt & aleIdyh e 8t CBRS HOCRTREISERE] Wiihf RashbpEpidate

t opoi sonerase 1 inhibitor to treat cancer.
alkylat% md Strer ase inhibitors and pr odr ugs t her eof usef ul

in the ractice of _the, nethods
103731 g 5 B HBGHY FrachTRo Bt BiFCIER CRRppeLgpindpelude
but areaﬂot Tinfiel 6 3ksBhik t{i\@zﬂhé (gﬁ{s'eﬂ('}k)'\% aRetd e AHR/RIHSAIds Hekeribed
version, the cancer is netastatic carci nhoma of

herelntalﬁloﬂlﬂmr%tnldawl ableylator pmémgumm@dmmmed adth an laﬁ@% arsenate to
cance As not ed above,

neat e QBB ot HOVE A oreaine i PRl B (L)

phosphor am dat e al kyl ator prodrug either precedes or
[0374) oMionetybuy inbibiters (aguvedriiessim.dt InpiRragsbude WHEHIOE oepy agent that

1nterfe{r$§,ev|¥ %{?ssbelrjrf% é}é?% rgfﬂu@lro él?é%ﬂﬁ%lqﬁttﬂé/practme of the

omsr ase tors useful
methoki@ dé@ﬁb@f R@tindaclode lblh ereniﬁit ﬂnmiﬁedde sixrciibidek (Ianevm) vinblastine

| ude but arenotllmt S)Ig éf
(Velbqicqseiiaasl (Terh Boghal VIngrioae (EYATRS): deiips ipstdue
epOthngh%ﬁ?Btgﬁg) %@eﬁg&%ﬁ)e thd aﬁ&%ﬂ@ﬁﬁﬁld@&msﬁeﬁvﬁ%ﬁ' OWgbulin

erein a p osphoram date al Ql ator prodru
blndmgSanﬁOa;md]ndmgsamhﬁddmgs theaeotfa\gimlsméxeaz@ in thg ma@nts@ef

e b LSS0 B RGP Sy AU
ApphgangﬁlNQp PRGIURSIISU52006/ 02 PEBAL Agllﬂfdaﬁéﬁﬁrmtlte& STilsulinaBinding

tunors, refractory acut e | ynphobl astic | eukem a (ALL),
Anti Gandershgents ol Rrodiugs @h@raw‘é e(AﬁOm@Yr&ﬁf s el?85-008 , 021305-

e
oosacg B BTSRRI R AR A DBY BsBid erins
phospBbiahifdat® hRGRES Prédruf Qi dogmﬁmnmtm éIbWhh a naidratuhud¢ mhibion to treat
of a topoisomerase 2 inhjbitor Qut is not adninjst

cance; ofcamerErMany therfenediit Avargn ConisE| Teg GUICHe IRPIRS el
cancel 'f&ggh %f‘cwﬂ‘?aegﬂa rﬂe&sﬁ%ﬂ@ RHRFLf 2R br ey BBEMOUSs one example,

erern 1nc ut are not limted to
the coh{mhhcﬂl Dok Ghvémakukoblhstinacdsr campeniy kthlnh?@ vn'e:rlhtmlfs is an alkaloid

o 5 B oSS PR PR Y U PP

treatn{eﬁt Bf Sate ARGEE: Tt his ARFbAIAORA to B@ﬁse‘ﬁﬂﬁﬁ @6mbﬁ1afiM-W®ﬂh other
tastatic or unresectable nmalignant

oncolgtaxsagentmn ¢lot frevdiinettaf éfcallgkmrﬁ@$easel byrpoigsscome et g ppecell

sarcomﬁ\;ilﬁgcfoﬁoggréoﬁag@qtug% r ags I,?,ég \mlintsg'ﬁ%lgllt %)Sﬁgﬁﬁtme g aélmlmstered

in wea@lﬁf intfRBhoustRSes D ﬁ%@&gr clﬁm‘rgrﬁeﬁld427¥' mBHF T64I4BE; Inaredordance
applications entitled "Heterocyclic Lonidam ne

with tha atedpsts desribed heyirbe phetphRemidats 3bwlatermrodiug s co-administered

with vincristine administered at such doses. In one version, a phosphoramidate alkylator

prodrug is not administered prior to treatment with a microtubule inhibitor, such as a taxane,
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021305- 007900US) and PCT Publication Nos. WO

2006/ 015191, WD 2006/ 015263 and WO 2006/ 01007 A2.
wa2070898i Thus, described herein are net hods PET/US2006/025881

treating cancer in which a phosphoranm date al kyl ator

prodrug or a pharmaceutically acceptable salt thereof

L
mmultééie@ﬁ‘él}ﬁ Fithior GAHMGEE fevaa@ystts aiviek after inittation bf treatirteat with a

yl-6-[[(3,4,5-trinethoxyphenyl)ani no]-nethyl]-2,
microtubulthttaml i nedi am ne or a pharmaceutically acceptable

salt thereof, (8S,10S5)-10-(3-ani no 20

[0375]2 Sio@iflord a0 in Hlepfactice loyﬂm -rhethadsydeaeriwy|bemsiy IncBidg byt are not
| oyl -7,8,9, 10- tetrahyd

limited foj Iwyg@mx}m(w ﬁ@‘;&) %! 1%%?.}tvy}glc%thgroc}r8glses%p ag 5- -fluorouracil to
treat c@la%cﬁ?&ﬁ{égf ZI? {1) gag‘c%%ﬁpﬂh@ niehddsdeer®ed herein a phosphoramidate

uor o- pyri m di nedi one or a
alkylaoh pfoﬂﬁ(gas bomdhhmsiamdemtbbmdﬁ'wlr and prothesfantizapedr ggent to treat

1, 7-di hy -6-1 hi l.
BT T Y, e

comp n@ ok TRESYE tha Eﬁllﬁt}a@%&éllab hkeS dluddze) r1ﬁélf1d1ng -bb.t a¢t(I@nited to

the combbmuﬂéiltyﬂtoy(anmnﬁﬂwdthafhgﬂ@ hes begnrreported e sabanes Sharability of a
cell to%ﬂ@r@%deoxygﬁlrcosae (Eeeat‘h”?&@}é%&e"%h}{ et BF 0B 3Bl iReSBltters 141: 85,

mcorpbka&é&ﬂe&éla b réliereiic ey aift insinistthtion M‘ﬁéﬂiyyltcjxym iayleanius merjopted to
enzoyl]-L- glutamc acid, qor a pharmceuti.cal %t £
increase-&-dpramlusoseiyntalierirte freat lewkemyia negthsr Watliadmimphation of 2-

deoxy%%%ggégo%g%g%md%( 8 éalw:hﬁgﬂé%}g l\ﬂ%cgw‘@%g hg%g@n% 1)23 version of

the thétﬁlpbuhe fietierds révadel leveipo imshotles isgehavessionya Idquthrémldaée
reference to the

cture_shown ext 1Q
lkylof o4 e oo KR EHOR B RG O BRLTT O 04 Risafig S as an
organi I&ﬁ&‘ assr?leﬁn{ngﬁw oYl edst daBcdry sl the sdtee cdipounds stimulate the
ph osp oram date al kyl ator prodrugs of the present
uptaké of/gintdsen are provided in section IIb. Starting
materials used in the synthesis of the

[0376P N OSRDQSuRHs €had el @l thy pRktde cﬁftﬁéimlégmd@ﬂeichbed)h@emnnclude but are
I nventi on were bouglg @ when avaj | ahl
RO

not i edheriupeebainn b abelansy Srmstioh G U FeihApmaistiph BONT,
miond), AR st e AR B T e it ghy mothoc

describ¥dB& 6, a pHodpleoratintatecaikytetoc pmldh;g i Cosdumiinistioted wsitlnp nitipgourea
materials can be synthesi.zed via sta

to treat.cmeat i repiecal oo J oSl B B e e including
recurgggte@ Sﬁ)%avﬂnﬁ\tllf hfature search tools such as
Ci

er aval e fromthe Anerican Chem cal
s oSbei ekl R AP SsLROARY: BB Gron ntue
but ar%‘ﬁ%plnﬁﬁed {PheR¥ABPEne, BRER IP@iitbthdP - Hdorouretill Bails (Alimal)
chloro derivatives were perforned errpl
thiogaminyel it (Bapaaning), hydratairen (R, CHBGERGICIRGaN: DepoCyy),
roxoSBRRRATLED A By g GGl i,

cladrib@lel (P¥@EatRY 2METAN Brelbisdbind @eh0Ar), and capemtabme (Xeloda) In

accordance with the methods described herein a phosphoramidate alkylator prodrug is co-

administered with a nucleoside analog to treat cancer. In one version, the cancer is B-cell

lymphocytic leukemia (CLL), hairy cell leukemia, adenocarcinoma of the pancreas,
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crystallization, colum chromatography, or preparative

thick |l ayer chromatography. A suitable eluent for the
weoloakveoshr omat ogr aphy of a conpound can be dePEr/nmB1ve€i025881

by reading this disclosure and/or by determ ning the

Rf of the compound by thin |layer chromatography 20 and

chqosi ng a sal t hch al j .
s TR ST 5 A AFRRER: oAl o, o
one ex4 IR, B8 chinpolr S-ahorent,4Q a3 1dppaididisddivng, alsdesmmonly known as

actors, on the polar nature of fhe conpound,. .
5-fluoresiasil.dn e atimefalrlite Bpeeeside awplag ‘i%c ngﬁﬁgﬂa?mm@ﬁement

of carci{%%‘tiait eﬁé YoloR mSB'I%Qstas?oﬁhéﬂégﬁtti gﬁg:f&% iRh MRV HS B¢,

arourit “of "pressure us ute the sol vent
considéred augbabldiey sirgichlarathyer prease . S-Fiuguowetil sedministeraddn initial

therapj;': " og:;étl @ggg%%ré\%r{ ig%%%ﬂn%%gﬁ gsgc%'l iaggfcféﬁé 8%%&%?%2(&%& SWith the
daily d K%& 0t dd0shs. Mioltbyichy isiaadad & Ayalné iedlg the course of
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ort-puiighes st 161 CHEORGRE0 g P e AT RO B Ratog effeetive
in the g{éég e hBn YR Bho AR 1bll@nAsiY anThiokaysiie Wasally administered in

ated. The "aqueous |ayer was extracted with DCM
doses afigbauh @ negikgd Fledlyor ¢ glifiner dey.- utheietahdailyidesesan kg siven at one
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cautioBfl9GhdrOEe@RY3 h@l@dﬁu & accorkarp méthahe Setitode desribed herein, a
Commpound 5 23 / O ) -

phosphoramidate alkylator prodrug is co-administered with 6-TG administered at such doses

(or at lower doses).

[0378] Osteoclast inhibitors useful in the practice of the methods described herein include
but are not limited to pamidronate (Aredia). In accordance with the methods described herein
a phosphoramidate alkylator prodrug is co-administered with an osteoclast inhibitor to treat
cancer. In one version, the cancer is osteolytic bone metastases of breast cancer, and one or
more additional anti-cancer agents are also co-administered with a phosphoramidate alkylator

prodrug.

[0350] Platinum compounds useful in the practice of the methods described herein include
but are not limited to cisplatin (Platinol) and carboplatin (Paraplatin). In accordance with the
methods described herein a phosphoramidate alkylator prodrug is co-administered with a

platinum compound to treat cancer. In one version, the cancer is metastatic testicular cancer,
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accordbficewR{tR tifymethedd deschitedHengin a@hb*lﬂlop‘nmdad @H@’lajltglemod@lg is co-
the preparati %‘.t of conp

adminjstegedriyith 2 retinoigytqoiregt Par\}ce% _pn%vgrgleln, %ﬁéaﬁc‘fhw@ gueey selected
from tHé E’(oup consisting of APL, Kaposi’s sarcoma, and T-cell lymphoma.

3 C-P-NNC
P-N UN(TMS) 2
[ N QGpCTZUS2086/025881

[0352] Topoisomerase 1 inhibitors useful in the practice of the methods described herein
include but are not limited to topotecan (Hycamtin) and irinotecan (Camptostar). In
accordance with the methods described herein a phosphoramidate alkylator prodrug is co-
administered with a topoisomerase 1 inhibitor to treat cancer. Topoisomerase inhibitors and
prodrugs thereof useful in the practice of the methods of the present invention are provided in
the reference Matteucci et al., PCT Patent Application No. PCT/US2005/041959. 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 herein,
administration of a phosphoramidate alkylator prodrug either precedes or follows, or both,

administration of a topoisomerase 1 inhibitor but is not administered concurrently therewith.

[0353] 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
phosphoramidate alkylator prodrug 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
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administerdiomed p)phgsphﬁrquﬁat(:ggyllﬁ_gr ;gﬂgxygﬁtpgrprgq ¢ follows, or both,
LF%Oln% gqé&a{ %%fé CZSllnﬁL etgiebﬁt]ign&  ad MR don¥@ertigdRE ewith.

P 190c (bath reaction m xt ure vvas heat ed
0 te
[0354] Tyrosme kmas(e m}‘ubltors se trhe )prac 1ce ot?’ thgz methods described herein

include but are not limited to imatinib (Gleevec). In accordance with the methods described

admini

CC)WU

herein a phosphoramidate alkylator prodrug is co-administered with a tyrosine kinase
inhibitor to treat cancer. In one version, the cancer is CML or a metastatic or unresectable

malignant gastrointestinal stromal tumor.

[0355] Lonidamine analogs useful in the practice of the present invention are provided in the
Matteucci et al. U.S. Pat. Appl. Nos. 11/346632; 60/764,427; 60/764,438; and applications
entitled “Heterocyclic Lonidamine Analogs” (Attorney Docket No. 021305-007220U8;
021305-007900US) and PCT Publication Nos. WO 2006/015191, WO 2006/015263 and WO
2006/01007 A2. .

[0356] Thus, described herein are methods of treating cancer in which a phosphoramidate
alkylator prodrug or a pharmaceutically acceptable salt thereof and one or more additional
anti-cancer agents are administered to a patient. Specific versions of such other anti-cancer
agents include without limitation 5-methyl-6-[[(3,4,5 —tﬁmethoxyphenyl)aminoj—methyl] -2,4-
quinazolinediamine or a pharmaceutically acceptable salt thereof, (8S,108)-10-(3-amino-
2.3,6-trideoxy-alpha-L-lyxo-hexopyranosyl)oxy]-8-glycoloyl-7,8,9,1 O-tetrahydro-6,8,11-
trihydroxy-1-methoxy-5,12-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-1,3,2-0xazaphosphorine, 2-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 (II).

IV. EXAMPLES
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g, 200 nmol) was added to the reaction m xture,
foll owed by dropw se addition of 1,3- dibronopropane
W@ 1@7992930 nmol ). After heating for two nore hRCI/ES20061€25881
reaction was cooled to rt, poured into water (250
nL) and eigrgcted with ethyl acetate. The organic
was ri Wt h
[0357]y| it KRt oo e e g PR RPN AE g pugiteris o

r [ [ t
referen§g td {?;g E?&&Ir? sggﬂvg gggt tlc_>| é)? %?(Z\}Se %ﬁatggﬂté% 11)1 {Hv%adg)ﬁrg?p;){ﬁ{dlmlgggacttfn

scheme¢senove the aqueous portion (about 20 m), and the
reaction mxture was refluxed for 40 h. Additional

Synthed@ueous portion (5 m) was renoved by distillation and
= the reaction mxture was 15 refluxed (4 h). The

re i qn, m [ S i
o ST T MR gl st oo
inventioh lakd d@bﬁd@@&h sRice bl Stating mathrintsesed frothy ismthesés of the
resi which was coevaporated with eth ano

phospharemideie aUkNLFIgr BRIGTIEE Of i Te P LB B ireS COPEe Bhiagate
from cMe‘fcﬁl%é&fﬂtﬁ% Cgu&]% R sxdrhpik ahe 8ignd Avasdhech. Wi -NaMethyl-

one tw ce an enpl oyed I n the phosphoryl ati on
-mtroﬁmaialzded -netheno] i3 purihadaré0GyesameplridSionepnrsealy

0368] A suspension of co ound
avallal?}g)stagggg RAefiay cajp bg l()) 1%%8 afan?%%#t%)a‘alr@ 1}; é%saéuges( %Ch
procecf) %]c%n bE Eﬂ%‘ﬁﬁﬁe&' Oz@q{teﬂéﬁﬁé' b’é'ﬁlréﬂ t0dBRGcH RagdiFindemeaaihle &pm the
resi due was purified by colum chromnatography on

Amerisarl Chemigall Sasinty oy/Beidsteio, fs@%blgﬁmmx aPEWES- vi el d
product 35c which was convereted to conpound 35 of the

[0359PT ReEHONS mﬂh\{ﬁﬁbﬂu@mseﬁﬁi]ﬁlv@w)mgoﬁﬂde ssialres, fooc@diple PAS]; and
provi ded in Exanpl e 2 enpl oyl ng

PClL, asiitheinmoge ApRAISDLEp APAYHERS Ve I?;e&f%&&P chilpginggihydrous solvents
and uné%f L2R Eéﬁ (311 #E&F 9 6{’4@%0 n&f lzl S ducExathe réhctisty ﬂl‘éﬁﬁ@' wasof

nd 7 was prepared
perforﬁim |eﬁ§pllcl%@ng\h opdt-op mdpyd neZesshﬂyo fadletweg lbarvaowing mstﬂlatlon

o B B B AR LB b B
su1tab%%§{t Fsfthdi¥olitn ch¥H2dt32:6hKy of a énfpohd cdih b&tletéiimihed by reading
this disclosure and/or by determining the R¢ of the compound by thin layer chromato graphy
and choosing a solvent which allows separation of the desired compound from undesired
compounds. The choice of a particular eluent can depend, among other factors, on the polar
nature of the compound, existence of other closely eluting compounds, type of stationary
phase such as silica gel or alumina used, and the amount of pressure used to elute the solvent
through the stationary phase. In practice, different compositions of solvents can be used to

separate the same compound.

[0360] Separated compounds were analyzed for their purity by standard analytical
techniques, such as, TLC, NMR spectroscopy, and LC-MS, and stored in a freezer or a
fridge, avoiding moisture, light, or air. Stock solutions of phosphoramidate alkylator prodrug

compounds were prepared in DMSO and stored in a freezer.

Example 1
Svnthesis of Compound 23
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over 35 mnutes. The 15 reaction m xture was sti rre
for 1 hour at rt al heggiemzat_506 f or 7@%@@ ~N—""Cl
erOHcogql i tion mxtuge wasN r aygd
O:N yield an ora?1 e THF to whEsrHmas added a 122 VS

2007/ 002931 PCT/ USZOO6/ 025881 sol ution of sodium
hydroxi de (7g) in water (50 m). The reaction m xt
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temper@tur@ﬁa@raﬁmfd t) roolm M}peﬂ'&ﬁﬁre((ﬂm thd Jeactionswasroingpuesk fopope mare
di oxane (4. OM

hour, b FHRE 018 R hed adihati P s e BES z,,g@ Sepguated. The

ek RAEBEN NG Yid R indtGrgadasslion W ftcband
aquemé[}%}%r %Sxe h), cooled, and concentrated to yield

concendrateds iChugpoudth é3 eSS |smatﬂéby flesh eplama ghromajp graphyy %ﬁd analyzed

and residual volatiles
bﬂcmﬁ%wlgs%?lf%o% %P%rem (5.42g, 95% yiel d) which
was anal yzed by 1H NNR to be pure. [0372] 7i (3.00g,
19.2 mmol) was added to POC13 (15 m) and refl uxed
under nitrogen for 7.5 Ursde 2 The reaction mxture
was concentrated and theresulting oil distilled in
vacuo through a siymthepatofl Coingiorhd &t i on apparatus to
yield Iii as a clear, pale yellowoil (3.6g, 79% 15
yi el d) which was analyzed by 1H NMR to be pure. B®373]
lii (0.50 g, 2.11 mml) and
N—cyclopropyl-z-chloroethylainine/hydrochloride§x0733

H Q s HN._~CIHCl  CI—P-N__

N + POCly — Cl—P—N N cl
~ ek i & > ci DIEATHF 5 N
Si cl 5ii
0 9
1 / \ N 1
Cl—P-N LiIN(TMS), 7\ O0—P-N
ALOH . N Nl OzN/kD\/ N T
O2N S DME l 5 ~
cl
C g 5

[0362] A suspension of N-Methyl-2-chloroethylammonium chloride (10 gm) in POCl; (40
ml) was refluxed (135°C) over night. After removing excess POC]; under vacuum product 5i

was distilled out under vacuum as light yellow oil and analyzed by 'H and *'P NMR

spectroscopy to be pure.

119



10

15

g, 2.11 mnol) were conbined in dry THE under argon.
The reaction m xture was cooled to - 78C and DI EA
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flash chromatography with 6-12% net hanol in DCM
yielding 6. [0376] Conpound 15 was synthesi zed usi ng
wao b@7neobod descri bed for the synthesis of 15pCDOROEICRS881
6 above. 0 ~OH ~O-P-N PCI3 + HNC TEA 02N N OOH 02N N
NC HC G DCMC 15 Exanple 6 Synthesis of
Conpounds 23, 26 and 36 GQNH~~0P-N~ ~CH
HO P-N 02N N CI 02N N mg\—CI + PPh3 + DI AD THE ~NH
Cl 20 d 36 124 $\WR&EGGACR/DBLUINEST/ US2006/ 025881
[?3’\>I_77] :;OI a sol ut| on 7561, KaS0q. M/TS
t hy - trai m da t hano N
l'lzN}r)ﬁt)’lcgﬁe trify henyl pf%sphl ney(;800 Ny, @J/I%;m’ml), arT(lJIAr\
i sophosphoram de nust ard (IP c, 127 ng, 0.57 awmol) in
THE (10 m) diisopropyl azodi carboxyl ate (Dl AD,
0.22mL, 1.14 mmol) was added dropw se at A After two
hours reaction m xture was concentrated and the Br
resi due separ at ed 5 by flash chromat ography wi thQ
ar 19 %acetone |n Ht ol ueng yi el di ng d8?faund :%—P
ConpoBids™2 “erer synt‘h‘e‘s—g%—ﬁd enplLNyi g

OH

tbeopr ocedur e of Exarrpl e 6. Exanple 130 &ynt hesifs ©

Conpound 1 C-Pl i) LiN(,ITM5)2 ii) NH3 0 Cl L+ D

HONON N2 02N d 1 a 10 5C
Br Br

(}E \j . on /QLOH LIN(TMS),, DME OZNXU\/O J
: -78°Ctort j

Br 35¢ Br
- 35
[0366] To a solution of ethanolamine (6.03 mL, 100 mmol) and K,CO;3 (13.8 g, 100 mmol)
in DMF (38 mL) a solution of p-toluenesulfonyl chloride (19 g, 100 mmol) was added drop
wise at rt and the reaction mixture was heated up to 120°C (bath temperature). K,CO3(27.6
g, 200 mmol) was added to the reaction mixture, followed by dropwise addition of 1,3-
dibromopropane (10 g, 50 mmol). After heating for two more hours, the reaction was cooled
to rt, poured into water (250 mL), and extracted with ethyl acetate. The organic layer was
dried with Na,SO4 and concentrated to yield compound 35a as yellow oil which was

employed in the next reaction.

[0367] A solution of compound 35a (5 g) in aqueous HBr (48%, 50 ml) was distilled to
remove the aqueous portion (about 20 ml), and the reaction mixture was refluxed for 40 h.
Additional aqueous portion (5 ml) was removed by distillation and the reaction mixture was
refluxed (4 h). The reaction mixture was cooled to tt, diluted with water (20 mL), and
filtered through a celite pad. The filtrate was concentrated to dryness to yield a residue which
was coevaporated with ethanol thrice, and following addition of a large volume of acetone a
white solid product 35b was filtered and washed with acetone twice and employed in the

phosphorylation provided below.
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[0379] N-nethyl-2-nitroi mdazol e-5-net hanol (50 ng,

0.318 Mol ) was dissolved in dry THE (2 m) under
wopdoroeesl The sol ution was cool ed to -78C andP@Er/US2006/025881
solution of lithium bis(trimethylsilyl) amde (1 Min

toluene, 0.35 m, 0.35 mvl) was added by syri nge.

After 5 .mnutes a |-tk Qn. i 0
osss b Smepabh B 55 B ML OBl P et 30°
about 14%h Mld ex¥8s FOOE demdNddamdsit vactimat 430°C9BathdempBerature). The
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e10ADHERETh LRIAHI 8GR (Bbenadals ch ol mt e prsen
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ethyl acetate (4 .x 2 ). . he combi ned organic | ayers
chromizegapbie sear St sehaniigihar ot sng Y B2 Sht

yel l ow oil which was separated by flash 20

chr omat ogr aphy over silica gel using 0-10% nethanol in

di chl or onet hane vyi el di ngera(%%n e(ynd 1(32 ng, 28 %yield)

of an oil which soldifi ofr-standi ng and was anal yzed

by LC M5 and 1H NMRniesRefDehoulkanpl e 8 Synt hesi s
of Conpounds 25, 2 80 0 a_solution_of

[0369]2- Bpmpoeny Was prepaied b avmdeying Neawloprepyl2rehigspethylynpmgnium
Hlori t - 105%4/?% added a solution of POCL3 (2.3 nL) in DCM
¢ Oﬂ‘{%@smw %8d by addition of a solution of TEA
(14.1 nL) in DCM 25d‘|q_). The reaction m xture was
filtered, the farf'trate /C@hCeMtrated to ga. 30%of the
original volume and filtered. The res/i_dy/e was washed
Wi th I_q:%x25 n.) and the conbime,q\]DCM portions
concenfrated to yield a solid to whikdHgl(125 WO
2007/ 002931 PCT/iygen&skR26881 m xtuze of THE (6 nl)
and water (8 mL)somas added. THE was renoved in a
rotary evaporator, the resulting solution chilled
overnight in & frid preci pitate gbtained was
filtered, /\/\mﬁed e (10 ) and ether (30 ni),
and d edN,'gzrz,,)gg_guo te—yiete 2.1 @—dﬂ:,,oo H HOP-N ~\NH
Br 1%(r [ 1] I sophosphoramnm de fustard O H

HO-P-N ANH ~Cl CI can b  synt hesCkeg enpl oying the
nmet hod provi ded i n Exanpl 2: 8, substituting 2-
Cl
o D>—NHCIE) S
/! . DPNo A

>N 0 P—N
P-cl DIEA / THF ar /‘
Cl
. 7iii
7ii ' Cl
cl Cl
>N O >—No A
\P//\NA \ /P\N
o LiN(IMS), N o
02N—<\Nl
7iii I Cl

[0370] To a solution of cyclopropylamine (25g) in dry THF (30 ml) a solution of 2-
bromoethanol (17.6g, 0.141 mol) in 30 ml THF was added dropwise over 35 minutes. The
reaction mixture was stirred for 1 hour at rt, and heated at 50°C for 75 minutes. After

cooling, the reaction mixture was concentrated to yield an orange oil to which was added a
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br onoet hyl am nnmoni um brom de with
2-chl or oet hyl ammmoni um chl ori de. Synt hesi s of

wo s@phaedphor am de nustard has been descri bed (BEEUSWN6/025881
exanple Wessler et al., supra). 10 [0382] The
phosphorarri dat e aI kyI ator toxin: OH HOP-N//\ NH

solutlolé I‘?ﬁ F%}Uﬂé@?ﬁéﬂ %rv(:gg 91‘819 %(ég%g‘ 8@151‘5 r@éisﬁléred for 10

minute§PRHRRIrh@b®4 Tiiheg gﬁfh éﬂr&l acutarl/ & rrﬂ) TBheSyomibinai argadic layer was
Compounds 37 - 105 [0383] The f oL I oui ounds
dricd (VS Onpar! evpRetatad to &V ARSI eREC LY T ARIAYH (herrtig Vﬁ%dlstﬂled in
Pd Aot 19 0
vacuo Ctg‘;g 4d Elg(ﬂ %%o@qggrb{kg %I} ?T@S%Ei]iﬁ%}%tl I?E{)%Agg A, #eld) as a clear,
colorleds h@g@ bt wadartahered bo $CAMISHadriib NMRI tebapwg. en‘pl oyed.

For exanple, for the synthesis of conpounds 40, 81,

8 f
[0371] 3Tct) g dlugiﬁ% og’ghe é&@rmeltﬁ)&)ce aﬁeﬁolj(@ H(§5BB% mﬁ]@ﬁ%&ggm 2(5;0 ml) a
solutlonm)f EITino divckanS 0L 0M318 5, ’562 ng@ol) w@sa @g Theg Ieac’qlgn mixture was

N N L s

was 1eﬂﬂﬁ4 dod1ddOR @&H‘Iﬂt@ﬂdéﬁ’él}i Airediuet omeeeﬁdee ¥ds tri'ﬁlﬁkated
Cpagqgé‘:li‘]d 126 WD 2007/ 002931 PCT/ US2006/ 025881

with dtyh@herf(d)@(f o), @étewdgmr@sﬁwgp@@t@qmp@gw ingyagyptopyield %1 (5.42g,
o nti.omer of 12|ncood38,
95%%2(6 h}}} gﬁﬁla%a}y%%g' %SW must ;r d anal gg lejzﬂplsoyed
Is the S enantioper HOP
[0372]c oS Higs 143 mmaly wag AtrieAgo P PP é‘gﬁﬁg@ &P@er nitrogen for
R e e T e
throughhsshoft @afhaditiliation spparetus enwgklolg7ieass Qigegdpal\ggeltq%ogﬁ 6g, 79%
enant i oner CHI\/EZ) CH2Cl) 2. [0384] The
Yleld)\‘?’é‘ﬂqho‘ﬁésaf’lay&@%%&&gg?& T%npl oyed in the sy]nt hesi s
of Conpounds 37 - 105, included the follow
[0373]Tr ngg@ 50 @2 .d brmpool @ed Nicmlqmmglﬂ-czﬂ%‘pﬁth&sliam%eglmf%d%mde (033

g, 2. 1£emmcﬁ)? g?ﬁrcgwbén%{qyﬁ%%ﬁﬁl d%' ﬂk&?zﬂheeregctmﬁttﬁﬁﬁﬂe was cooled to -

78°C éfﬂdtlDIEA" &MB‘JQ,G# 2> ppddipaiided slowilieby sﬂ’xhﬂ‘ge) Wérmdhﬁhl-rtlglawl})\, stirred
N NOHNO2NFs \ / OH O—I%% d/ oS
for 1. 5\ hqur@nd omiergrated to give an orange 011y residue e residue was separated by

flash chromatography over silica using 0-50% of hexane in ethyl acetate to give 315 mg
(47% of theoretical) of pale yellow oil which was analyzed to be 7iii by MS.

[0374] N-methyl-2-nitroimidazole-5-methanol (76.8 mg, 0.489 mmol) was partially
dissolved in dry THF (2 ml) under argon. The reaction mixture was cooled to -78°C and a
solution of lithium bis(trimethylsilyl)amide in THF (1.6M, 0.306 ml, 0.489 mmol) was
added. After 15 minutes, a solution of 7iii (172 mg, 0.538 mmol) in 2 ml THF was added.
After 15 minutes the reaction mixture was slowly warmed to rt, stirred for 2 hours, poured
into 25 ml water and extracted 3 times with ethyl acetate (30 ml). The combined organic
layers were dried over MgSO, and concentrated to give a yellow oily residue. The residue
was separsted by flash chromatography in 0-10% methanol in DCM to yield compound 7
(110 mg, 51% yield) as a yellow oil which was analyzed by LC-MS and 'H NMR to be pure.
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4 - 02NN MO _~0OOH -~\/ OHO2N N N ~ 02NCH 2

N NBr NOHd NO2N-/ OH 02NN~-OYN 02N S\ / OH 1 0
W@O@20M029B8 ~i OH O _ 02N N~N\ 0 H 02NN \ / OH O0RdI/0S20062025881

\' / OH 15 ONI NNNOHF _C~, nOH 02N ; O02NCH,

O2NOH. 02N N2 b 02N OHA NN ~OH ~~OH 02N N 02N N/

NOHN®2 NN. ON-/~ S\ OH N2 2 SN, 7~~

OH 0 2N~-N~OH O N N S~~ ~YOH O02N-~ 2 02 N CF3

127 WO 2007/ 0029861/ 30826t dE@8&id INC NO2 Br NC / \

OH /S\ OHO02N S~ OH S

cl
Y ! 3
_ N OH ; \_ O0—P-N
A~ tEa 0NN L oon 0Ny NG T g
PC|3 + HN HCI R S |
\/\CI DCM
cl cl

[0375] To a suspension of bis(2-chloroethyl)ammonium chloride (1.43 g, 8.01 mmol) in
dichloromethane (DCM) phosphorus trichloride (0.32 ml, 3.64 mmol) was added at 1t
followed by addition of TEA (3.05 ml, 21.84 mmol). The reaction mixture was stirred at rt
for 30 minutes and then N-methyl 2-nitroimidazolyl methanol (0.474 g, 3.31 mmol) in DME
was added. After stirring for 0.5 hour, the reaction mixture was cooled to -20°C and zerz-
butyl hydroperoxide (0.7 ml, 3.82 mmol, 5.5 M in Decane) was added. The reaction mixture
was warmed to rt over a period of one hour, and poured into 10% aqueous HCI. The organic
layer was separated and the aqueous layer was extracted with DCM. The combined organic
solution was dried with MgSO, and concentrated to yield a residue which was purified by

flash chromatography with 6-12% methanol in DCM yielding 6.

[0376] Compound 15 was synthesized using the method described for the synthesis of
Compound 6 above.

N N n /T
i \__OH r . O0—P-N
0NN —L OOH OZN/QD\/ N N
S~ TEA | Cl
PCl3 + HN HCl | 7
\/\Cl DCM
Cl
15
Example 6
Synthesis of Compounds 23, 26 and 36
(0]
N it H
9] \ 0—P-N
H i
/ELOH Ho—é_N\/\ - OZN/LD\/ N
|
Cl
Cl 36
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ZN/ OHO2N/ OHONS, S' Br NN p2NNOH 02N J/
N\ OHI SOHp2N/ OOH Il | ,and [0385] The foll ow ng
w@ovpowss were according- to the nmethod descrP@EUSI0N6/025881
Exanple 6. N 10, )OO NdO ~ -P-N\ ,OP-N 02N N HN

H 02NNHN~CI | ,\Cl 3738 0Oo_ Il H ""d 11

[0377] 5 TP@, solu n o%]@net}gg/Z ﬁtr?fmgé%éyg‘l r%tﬁ%o? &%O‘i‘h% \1014%111%163{\'
tnphen#d&ﬁos@hfﬁe% Oé)rng g \41,4 Qll\tlﬁ’olb* d9d Ehc@hbl&}bhﬂrdﬂi’iﬂb SuiskardH(12, M’Hkig, 0.57
i

mmol) & PR (D@ml)\dlmmplfqpm@cmowlemwmz ld- 14~Lft131<% Waﬁ;ﬁdded
dropwi oy L}‘EI %ﬁﬁ tweI Fhop %ﬁt{gnfnqxturgvs/as Concenfthtbd hhPald rBbi@eR sePharated

by flash chromatography Wlth 30-100% acetone in toluene yielding compound 36.

[0378] Compounds 23 and 26 were synthesized employing the procedure of Example 6.

Example 7
Synthesis of Compound 1

Cl_g'zo i) LIN(TMS), i) NH3 . o o
PO WS N iy S
NNO: [ NN N
! cl Ci ‘ cl

[0379] N-methyl-2-nitroimidazole-5-methanol (50 mg, 0.318 mmol) was dissolved in dry
THF (2 ml) under nitrogen. The solution was cooled to -78°C and a solution of lithium
bis(trimethylsilyl)amide (1M in toluene, 0.35 ml, 0.35 mmol) was added by syringe. After 5
minutes a solution of bis(chloroethyl) phosphoramidic dichloride (91 mg, 0.35 mmol) in THF
(2 ml) was added. After stirring at 78°C for 30 minutes, the temperature was reduced to -
20°C employing a NaCl/ice bath and anhydrous ammonia was bubbled through the reaction
mixture for 5 minutes. The reaction mixture was purged with nitrogen, warmed to rt, poured
into 25 ml water and extracted with ethyl acetate (4 x 25 ml). The combined organic layers
were dried (MgSOs) and cohcentrated to give pale yellow oil which was separated by flash
chromatography over silica gel using 0-10% methanol in dichloromethane yielding
compound 1 (32 mg, 28 % yield) of an oil which soldified on standing and was analyzed by
LC/MS and 1H NMR to be pure.

Example 8
Synthesis of Compounds 25, 26

[0380] To a solution of 2-bromoethylammmonium bromide (19.4 g) in DCM (90 mL) at -
10°C was added a solution of POCl; (2.3 mL) in DCM (4 mL) followed by addition of a
solution of TEA (14.1 mL) in DCM (25 mL). The reaction mixture was filtered, the filtrate

concentrated to ca. 30% of the original volume and filtered. The residue was washed with

DCM (3x25 mL) and the combined DCM portions concentrated to yield a solid to which a
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48 49 F F ~~Cl  02N-ill ~~p / OP -NBr 02N-J,/ 0O /
p-P-NNN | HW H- | HNHOC Br , a 50 51 128 WD
WQeO7H@O2031 PCT/ US2006/ 025881 02N OS \ / O PNCI/USENG/025881
~S\ \ / i~Br NHO"' H ~\ H\~ C1 | Br 52 53 MO
-\1 N~- B @N-O\/ OP-N_C 02N/p\ \ / p-P-N

m1xt|,1rebc¥,¢¥| gg_l P%‘?ﬁg(? ater Eﬁf“iﬁ ﬂﬁg/‘éﬁ%eq "%%IB"W%]'(; P%rélo@d’:i’n %‘T“t@l‘y

evaporﬁér @?e'\leéultﬁlé sdlut%xPclﬁhed thermghtGﬁ b fiiige- i pﬂeclmtatgpbtagled was

O 02N O N 02 PN
filtered, washed with water (10 mL) and ether (?0 mL), an rdrye 1m%c 0 E) yleld 2.1 gof:
Ho-b—N
)SNH e
Br
[0381] Isophosphoramide mustard
Ho-P-N
NH Vel

can be synthesized employing the method provided in Example 8, substituting 2-
bromoethylammmonium bromide with 2-chloroethylammmonium chloride. Synthesis of

Isophosphoramide mustard has been described (see for example Wiessler et al., supra).
[0382] The phosphoramidate alkylator toxin:

n H
HO—I‘D“N\/\Br
NH

Br ;

was transformed into compounds 24 and 25, employing the method provided in Example 6

and the appropriate Trigger-OH.

Example 9

Svynthesis of Compounds 37 - 105

[0383] The following compounds 37 - 105 were synthesized employing the Mitsunobu type
coupling described for the synthesis of 25 or 36 above, and upon appropriate substitution of
the Trigger-OH and the ifosfamide mustard analog employed. For example, for the synthesis
of compounds 40, 81, 83, 87, 89, 95, 96, 100, and 104, the ifosfamide mustard analog
employed was HOP(=0)(NHCH,CH,Cl),; in compounds 50, 53, 55, 56, 58 - 65,68 71,73
~175,77 — 80, 82,, 84 — 86, 88, 90 - 92, 94, 97-99, 101 - 103, and 105, the ifosfamide
mustard analog employed is HOP(=0)(NHCH,CH;Br),; in compounds 37, 39, 52, 54, and
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NHNHI HN." Br Br 10 60 61 O -N 0 02NJ""O p- NBr
02N S\ \ / P NI HN\HHNHBr Br 62 63 Br \~ NNO
W0 2007/0Q93C, Br 02N~-N\ O P-N~~Br -N O P- N*Br 02RCTUS#M064025881
CHN" 02NHN" 2 D2C-CD2 Br Br Br a 64 65 66 0 11
,~ ~O0S 02N ~O0OHNHO _J/ NONCOP-NBr 1-3 11

0
o, SR e e Bl e SRR SE0T 00201
HOP(-)INNCHNetHE),; incdmptind28,'41B51,,anB157 th@ifgdfamide mustard
analog employed is the S enantiomer of HOP(=0)(NHCHMeCH,Cl),; in compounds 43 — 45
and 49 the ifosfamide mustard analog employed was the R enantiomer of
HOP(=0)(NHCH(CHMe,)CH,Cl),; and in compounds 46 — 43, the ifosfamide mustard
analog employed was the S enantiomer of HOP(=0)(NHCH(CHMe,)CH,Cl),.
[0384] The various Trigger-OH compounds employed in the synthesis of Compounds 37 —
105, included the following Trigger-OH compounds: 1-N-methyl-2-nitroimidazole-5-
methanol, 1-N-methyl-5-nitroimidazole-2-methanol, 5-nitrofuran-2-methanol, 5-

nitrothiophene-2-methanol;

ozm/qgﬁ\/O C "OH OuN I\ OZN/QN\ © C 'OH
! ;e S OH; ;
8 =0

ON"g OH; 0N S ;0N s OH;

N N
o\
N oZN/kNj\/S\/\OH ogN/QnTL/ S~"on
l |

CF3
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02N O O ONOP-N~~Br / OP-N~~Br 2 0 HN H 02N O HN

H~Br ~\Br 57172 N--~Bir ~Op ,0,- NBr Br HN
WORN07/0@2BI\ p IIN HO2N N O P-N - 02N )" HNM _\PET/HSNOZ025881
\ ~ Br, Br, Br 737475 00 O0-IN~C N

0-P-H~~Br 02 % O-P-N,Br NI\ NOP HN ~ 02N H\_\ N HN
HO2N\ C Br \--\ Br 76 77 78 Oi~ ~Br N~NO -P -N
-,V OP-N -' ~N;OP-N 02N J

H\-\ Ng2N 1S

BN HN H ~ S\ -~ Br N~ Br GN—79 80 F1\N ,6n Ci

/Z_V\B\BLOHO ~Br M -g,\|~- _OFO RN D2N-N
B s ’

N H ozckl“NﬁHNH 02NN

/Q-S\/OH ON/QB\{ U\; \ OH

[0385] The followmg compounds were accordlng- to the method described in Example 6.

N
_)\/o /\/ OQN/QN\ O
\rCI l H

37 38

0N Ng Hr'u H OzN HN \/\
5 \l/\CI ’ \/\CI , E cl ,
39 40 41
1 N o Y
O H 11 /\/Cl
o cl A\ o—pn Y / \_ o—p-N
OzN/Q\/O HI]DN M OzN/Q\/ an OZN/(;\/ HN cl
~ i A
:C , ,
42 43 44
~
Cl 9 I/C] 1] I/CI
—B\/O—— /\/ /@\/O———FL—N /@\/o P-N
O,N " H O2N \
cl =0 AN~ =8 HN~c
, PN , AN ,
10 45 46 47

50 51
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82 83 84 NO2 0 OBr ~0 N\ Np-P-N'I"C O P-NBr O
HNHO2ZN' H 2 NHNHSNHW_\ Br , Br , C 15 85 86
wW@20000@94 0 Br / OP-N/ OP-N-iCl OP-N-i O20¥ANSH406/025881
02N s HN H 021 ~ NHNHBr \--\ C CF3 Br 130 WO
2007/ 002931 PCT/ US2006/ 025881 88 89 90 /J'N / O N~

w~~s~~0P N~ NN S\/ O-P_ N Br
I\Nj/erN
0 NHO BN O - N

0 £ Br. BrgO O-P-N O

N ~ AN S™HN 2N's HN H

, , 93 94 95 NCONCOMN/OP-H.m
CIOIOPN~Br 02N bs \O-11P Br s HN 28 S HN HN H
%rz Br 96 97 98 NOZOE?, O~ SC N( Br 02N
OP- ~Br OPHON /~\\ p-0 SHNSHN2 NI HN

C ) < > o
OZN/QLO o N/\/CI 0N g O_ﬁ;_u/\/Br
HN

NN
7/\01 , Br ,
54 35
MeQ _
I\ :
;o\ o@—\ : Br O,N _ BN C
I HN HN
. T
Br ) )
56 57
I N — 0] B 0-N / \ ] /\/Br
g 0By ~Br O2N" s o—P-N
A
Br ) Br >
58 59
MeO OoN
N
-\ o@—{
| HN | HN\/\
\/\Br R Br s
60 61
0 N
\
B
0 /Q;\}\/O—{N_/\O_I'?'_E‘/\/ r OZN/Q O_I%_H/\/Br
I Q HN HN
N N
Br . Br ,
62 63
Br
N -
N 7\ \ 0
v RO oty o—p-NF N)':N>ﬂ —p-N
O,NT TN O—R-NTE I H N 1 H
l HN 2 HN\/\ HN
-CD
D,C 'Bzr , Br )/\Br ,
64 65 66
N
/m/\>—\ I /\\/O-“—
ON” N O—‘l?"u 1 \ H 0 ~_bBr
l HN NS O MO R
6 02 N 3 HN
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O,N

~Br CI , Br 99 100 101 ON® ONii Br 11 --,,_, Br
OP-N--~/ OP-N O®Ni HNHSHNH 10 Br , Br 102
wae®7/0@91 O N O P-HCI 02N/ OP-H --,.Br 2 H\NeQ/HBR0G/025881

, Br 104 105 15 Exanples 10 - 26 describes the

synt hesi s of various Trigger-OH conpounds enpl oyed in
t he )§nt hesi s of phosphoram dake al kyl ator prodrugs
of th&invention. Exanpl e 10 nt hesi s of Conpound
52i 131 WO 2007/ 002931 PCT/ US2006f%25881 02N \ Br +

HO. OH PdC12( dppf) Stpl g)&b N,S OH 52ii
52 52 r i (00
mn;gM% ,l“il H 73 rr;(g ho M8 ol agiﬁzﬁ@é (193g
1

mml) in-BWF (5 mM) was degassed th«i ce and
I5dC12(dppf) (36 g, B70. 048 mmol) added to it Bt rt
under n argon at nosphere. The reactjpn m xture was
heate at 5 60C for two hours, diluted with ethyl

acet aNe (EA) and washed with brine. _The organi c | ayer
.o @ comzentrasted d the‘.re,s\/g,e separ at ed by

r olgat®af aphy enpl oyi ng as
eI uent EA/ HexH{ 0%) to yi eI [0387] Conpounds
55i, 63i, 59i, \G?SWBr and 68i were iz‘\ﬁrared ina sinlar

manner_ as described schemati gﬁﬁy below. OH 02N/ O\
Br + HA Bj - PdClZ(dPPf) 0 [ Q—IKOAC DMF 02N

i 52| i1 5bi PdC12{dppf) O02N-~ HOO~ /
(N&pﬁf) I\ /\/Br o—p-N">F O.N O-—P N
02N i H 2 H
HN NO, HN
N 2N
Br N Br ’ Br
73 74 75

76 77 78
R 0 no A~ Br N cl
7 Br SN NO—P-N ) R RN
PN 77N I 0—P-N
OZND/\O HEI H (N;k NI OZN/QQ\/ un o
NO2 N
B, Br a .,
79 80 81
0
~_-C! 0 ~_Br
/43\/0 N/\/BI' OZN/L—>\/O N N OZN/QLO HE ﬁ
O,N \/\ N\
\/\ Cl Br
Br 5 [ ?
82 83 84
0 NOz Q cl
II:I N/\/Br U\/O N/\/Br /( o— P N/\/
O.N N)\Z ‘ H S HN\/\
|
\/\ B , Br R CI »
85 86 87
O 0 T Br
I\ o by~ B I\ o—P-N">C N o—P-NT
ON">g Hn ON""s HN o N,
\/\Br \/\CI CF3 Br
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OH KOAc, DMF 02N S OH 63ii 52iii 63i . OH
PdC12(dppf) 0 S Br + HO 2N\ B KOAc, DMF 02N S OH 10
we07/0Q9B69iii 591 //~~ Br Br O N~ "' 'Br + HEZT/HS2006025881

PdC12 (dppt) N 2 N ~H KOAc, DMF 2N N OH 65ii 52iii

65i Exanple 11 ®@N NN )\__ "o~ SOH N\~ O NH-~OYO
Dl EA + N~\ OH ~O2NN | 0 NOZ THE O 68§ 68i 132

WO 200 00292% PCT/ USZ006/ 025881 [0388] To a sol ution

onpound i (1 ng, nO, 31 mMmol ) ang,

OaN \ g\-(\@m %?Q, Q41 5082 Rl i BHE (2.5
ml), DIEA (OH m 0./93 'ﬁumol) was adged at rt. The
reaction m xture s stirred overni ght and~
concentrated to vyi ‘el d a residue which was §%pa’rat ed
by col @im chr omat ography on siligga gel enploying as
el uent EA/Hex (0-80%9 to 5 yieldc ound 68i. [0389]

fgw Fou Mo i o6 e i o8 e

O,N el ow. -

F{E?,t H2N 2 STHE OQM Noe%égl SExarrmuz 00
Cl

2

5 93 94 95
NG o NG, o) e \ o)
N Nge /Z‘)\/ BB i Br
OzN@\/O L OzN /s\ OHZ N ONTIST S O—HZ~HN
\/\C] 4 \/\Br s \/\Br 9
96 97 98
\\\ NOZ o) Br
Cl N
T\ O——IIDI-N/\/Br 7\ O—ll:l"“N/\/ A\ O—B—N/\/Br
ON"Ng oy H s AN H oy
N\ M l N
Br Cl , Br )
99 100 101
\ (l:l) /\/Br N02 |O| Br
) O—P—-N /I \. o—P-N">
on " sty
M~
10 Br \/\Br ,
102 103
o 7\ o~‘Fl'>—ﬁ/\/C' I\ o—P-N>F
2N" o HN O2N"™o Hn o
\/’\ \/\
Cl , Br
104 105

15 Examples 10 — 26 describes the synthesis of various Trigger-OH compounds employed in the

synthesis of phosphoramidate alkylator prodrugs of the invention.

Example 10
Synthesis of Compound 52i
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N O K2C03 N O02N~-NN + HO 02N--/ AD- X OH Acetone N CH 10
70i1 70iii 70i [0390] To a solution of conmpound 70i i
W@ 1@0/002931 0. 87 nmmol ) and conpound 70iii (112 neCT/US20847025881
nmmol) in acetone (8 nm), was added K2C03 (78.6 ng,
0.87 mmol ) at rt The reaction mxture was heated at
0OC with stirri ?3!5' filtered, and congcent
h \

olyi el d a reS| d RASL&pér at ed by [[cdy
Bf oRit ofr dffhy |I|cagel——en% >
to 15 yield ound 70i d 51| was

e simlarly a35gﬁp| cted in the schems bel ows2i N F

K2C03 N 02N-N-Cl "+ HO ®2N-~0 | \ / OH Acetone N OH
[0386]78isblufibi iof caifpounEbéiil @0 iy, a8 (iiAbl)f 52i ¢&Y mg; 0.48 enhol), and

KOAC(EIQ mepi o) 5 PP Dy wsimesncd Birige o Dot idspdanene

0.048 1519ddl) id%i@? téH ,a’s 1Q uBfer T dorPAfhosterd, THZEalfbn Hixdfe W?g%ated at

. was degassed thrice and PdC 2(dp
5 60°C fﬁg'fWOCilQWS ntoteyl withsethddeetate EiA) and 3@ shd \QﬁEBﬁﬁ@ ZD&‘lorgamc layer

v AR08 s L RIS 8 e S gt

emploﬁh@ﬁSBﬂ%ﬁt@z@AHkxflgbe 80%}% yﬁ:{u smixture was heated at 60 C
wo hours he reaction mxture was diluted with

f t
[0387]dompeiaide 35ni68Ta 5Bk Oie and A% verrg ardperadsy ersimidaanannetias described
schemgtfdaﬁg'beﬂ) concentrated to yield a residue which was

separ at ed by coI unn chromat ography on silica gel

oy| ng as 5 = % to vyi co und
O,N P%Ib sEXamphe_ 1 o 0 oH%ﬁ‘éZgﬂHHQbs Pt 02,

P-Cl + - SB NNH2HCL TRya DEWIF H~@N_ ® -2 OH
tort HN Et OH CCDH )
55ii 52iii 551
RN OF PdCly(dppf) B
0N g "Br F HOg s OH
o KOAc, DMF  OoN
63ii 52iii 63i

T OH  pdCl,(dppf) W
OQN/QBr + HO. 5 OH

-~ &oH KOAc, DMF OzN .
10 59ii 59iii 59i

) PACly(dppt) NJ\§_C>j
1
oZN/QN Br + HO.4 Ay OH

| o KOAc, DMF O2N" 7\
65ii 52iii 651

Example 11

N N
7\ o. 0 DIEA 7\ H
OZN/LD\/ \”/ n HgN/\/\OH OZN/(;\J}\/O\H/N\/\/OH
. THF | o
68ii 68i
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671 1 67ii &S 0 OO0On If -N HORNH'0O O N OH
PPh3, DIAD 02N J~ 0?11 OO N~ O+ 02N_/ NTHF O
wW@2d00/002981 H N~ 0 11 Os- Os- 67iii O 67 O [ OBGBPSA06/625881
suspensi on of 67i (472 myg, 2.69 nmmol) in DCM (20 m)
was added 10 phenyl di chl or ophosphate (0.2 m, 1.34
2 e

ossm 5 ) o Bcubgh IS by o 91 A6 En i atpanc
(0.047 Hi1X0.62 enr6l inVEHPED. Supl) 1 DIEA (0. 562 mi,éD3ammol) wésordded ht rt. The

poured into, brine, Qrgan er ed nd
TeaCtIOtlmxalém@éﬂ§tnFeéVé‘fen&1ﬁ€traé‘étCQH°%%F{?ﬁ¥w9fde i %‘S%ﬁb as
[ fe A8 e RNEAM xaDBD%%) t
separa Eg%&e) &%ﬁla ag)hglr()gt%gl ng% crhﬁﬁr%lgchr omat ogr agtew()t/) on) ?
yleldcsmh)bﬁlﬁi@hl en‘pl oy| ngas el uent EA/ hexane (10 15 100%
to yield conpound 67ii. To a solution of conmpound 67ii
[0389](é<?m di g0 FlaPhadB sihilar¥as depidebadn Meaichauebelvvoxi de

ng), the reaction m xture degassed, and

|\ or%usld/ sti rred under hydrmggn fgﬁl {g mhe
oZNAr

§- Ot e BHwi—ta Ot OH
tlhr oughoa Q e filter, thelHF|trat é concemt rated
under vacuum and toevaper ated with tol uene cdi0 yield
conmpound 67iii. Conpound 67iii was react ed W th

1- N-net hyl 2-ni troi m dazol e-5- nmet hanol 20 enpl oyi ng a
M t sunobu type reaction as scribed for the synthesis
of Conpound 36. Exam | £ f% Pynt hesi s of

CoMpoundsl 06 and 107 134 WO 2007/ 002931 N

PCT/ US2006/ 025881° & S' POC13 OH TEA, THE HO s
OZN/EE%\G O - -10C tort K,C0, /ELO

| HO oH Acetone 92N ITI OH

70ii 70iii 701

[0390] To a solution of compound 70ii (100 mg, 0.87 mmol) and compound 70iii (112 mg,
0.87 mmol) in acetone (8 ml), was added KoCOj3 (78.6 mg, 0.87 mmol) at rt. The reaction
mixture was heated at 60°C with stirring for 1 h, filtered, and concentrated to yield a residue
which was separated by column chromatography on silica gel employin (EA\Hex) 0-60% to
yield compound 70i.

[0391] Compound 51i was made similarly as depicted in the scheme below.

F
N R
K,CO N
/QLCl + > ;o\ O‘@j
> | HO OZNADV OH
OH l

Acetone

70ii 51iii 51i

Example 13
(HAP triggers — check #s)

OH
/[ \ PdCly(dppf) £\>——:—_—©—\

KOAc, DMF O2N
581

59ii 58iii
[0392] A solution of compound 59ii (200 mg, 0.96 mmol) and 59iii (127 mg, 0.96 mmol) in
DMF (3 ml) was degassed thrice and PdCly(dppf) (50 mg, 0.07 mmol) was added to it,
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I\ OP-N-~OS 02N HNHO O -lot 106 0 [0394] To a

solution of 5-nitrofurfuryl alcohol (200 ny, 1.4 mmol)
WO 007296110 ) was added PCC13 (0.13 nml, 1.4remubl006025881

-78C foll owed by the dropw se addition of TEA (0.216

, 1.54 rmol) The reaction tenperature was warned up

f"”"“’egé’fé‘ﬁﬁ%r Y 45D G RN ST BRI, W s agon

atmosplyere hrd theddactioo migfurd &was heh]:wd gt 60 °@nfot jwo E’digs r’EHcffehét{bn mixture
nc W

s RGBS e ISR i e

t
o kUSRSl U gy SHTHAE oo

eluentr%%%&éowﬂ/ﬁVdﬁow@édccsmmdﬁéd by col um chromat ogr aphy
on silica gel enploying as el uent acetone\tol uene (30
10 to 100% to yield product 106. Conpound 107: O O
11 QNI OP-N-" OO C Ba@pdNH O OS G 107 O was
synt hesi zed using a simlar nethod. [0395] Conpounds
é%&illZ shown below. O Br O Br Nljc}g_FiBrlil/CB}_ng ~/
2 TBA, DU 108hd:-49-N 02M0,, H,
PR PN bzm%op/ﬁ/w“g%‘amm BraBr 135 WD
26671 002981 PGT/ US2006/ 025881 110 111—\0 Br EtOH
67ii —..
0
0 0 0
Ho-P-N">9"%

H O0—8—
L H 0 PPh;, DIAD oy o P N/\/ I
HN + 02N4_>\/0H 3 OuN 3\/ o

“ © THF, 0°C to rt "\
0-5— ° —('s?——
1
67iii ° o1 o

[0393] To a suspension of 67i (472 mg, 2.69 mmol) in DCM (20 ml) was added
phenyldichlorophosphate (0.2 ml, 1.34 mmol) at -20°C, followed by the dropwise addition of
TEA (0.75 ml, 5.38 mmol) and stirring. The reaction mixture was warmed up to rt, stirred at
1t for 1 h, poured into brine, the organic layer separated, and the aqueous layer extracted with
DCM. The combined organic layers were dried with MgSOy and concentrated. The residue
was separated by column chromatography on silica gel employingas eluent EA/hexane (10-
100%) to yield compound 67ii. To a solution of compound 67ii (42 mg) in EtOH (5 ml) was
added platinum(IV)oxide (20 mg), the reaction mixture degassed, and vigorously stirred
under hydrogen for 0.5 h. The reaction mixture was diluted with MeOH, filtered through a
syringe filter, the filtrate concentrated under vacuum and coevaperated with toluene to yield
compound 67iii. Compound 67iii was reacted with 1-N-methyl2-nitroimidazole-5-methanol

employing a Mitsunobu type reaction as described for the synthesis of Compound 36.

Example 15
Synthesis of Compounds106 and 107
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02N O HN-OPJ N Br 112 5 were synthesized
enpl oyi ng the procedure described for the synthesis of
w@ooepoorsl 35 in Ts Ts Exanpl e 3 and substi t ut PEUEL0@/025881

NOHwth Ts Ts HO N N -'-~OH Exanple 16 Synthesis
of Conpounds 113 - 117 1, LiN(TMB)2 p I QO C THE 78
cl /[---1/ ZN O P 02N H + d - NgCl 27 NH3, -20
Ca 10 113ii 1i_ 113 [0396] Conp 43 was HCl

synt hesioegd: f 9 BI L 8whngoa pite&dfur e tésari bed ' Exanpl e
7 as descrlbé

h€re. To &7§6¢ut|on(9% 113ii (181 nmg,
1.16 mmol) in THE (8 nL) was added (5 W|se Li N( TMS) 2
(1.2 m, 1 MTHE solution, 1.2 nmol) at -78 C,

followed by the addition of Ii. The reacti an ture

was warmed up to -20C and NH3 % &
reaction mxture for 5 m raw 20 rrLé
added to the reaction mxture and t e\,«(eab

m xture extracted thrice with EA (30nL) .0 Th mbi ned
organi ¢ layers were dried and c®fcentratéd to yield a

0394] €SS MRS Gt ng‘
O3 S R PSP R ol AL IR SR 3 s
addedyRQCH (Q.d)&pﬂuhéi nirﬂc’ﬂ) af GZ@(Z] folowpa by dse drbfwibd AdaE6A of TEA (0.216
ml, 1 nthq}'s::o d accordln to the nethod descglbed for ~ ~
S b FR A O R Gi6 S FAEPAIREN WG 0 § e
Qohenﬂ@tﬁlf&ﬁﬂ)_e_ﬁ{yﬁalﬂihé Egd%c}%héé tng 5] W fldeho itProftbwed by the
addltlon of TEA (1 ml 7 mmol). The reactlon was warmed to rt, stirred for 1 h, quenched
with water and the organic layer separated. The aqueous layer was extracted with DCM
twice, the combined organic layers were dried, concentrated to yield a residue which was

separated by column chromatography on silica gel employing as eluent acetone\toluene 30
to 100%) to yield product 106. Compound 107:

0N Ng a H . 0
\/\ I
O—ISI Cl
107 o
was synthesized using a similar method.
[0395] Compounds 108-112, shown below:
N 0 /\/Br 0o /\/Br
11 {]
;' \. O0—P-N / - o0—P-N
ozN*T—A\/ NS OzN/Q\/ N_)
Brj , BrS ,
108 109
O /\/Br /\/Br
AN _o—p-N [ ) 0—P—N
O,N | O5N S ]
s N N
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NH2 CI, 02N 114 115 136 WD 2007/ 002931

PCT/ US2006/ 025881 / \  Cl 0 SCI 02N S O PNO2N -
w@@Re2931 NH2 CI, NH2 C 116 117 Exanple 17 SPCT/US2006/025881

Synt hesi s of octadeutereated ifosfam de and Conpound

64 (octadeuterat ed- Conpound 25) HO D2 48%1Br /0

\C~CN1 ON Br\ .-CZ PhOPCI 2 P ;t'&\@ ,Br 2 1650C C2

\NH2 “HBr TES H\ H D2 /CD2 641 64ii Br PtQ2/H

2 Nl\/b()—l NOOZNf\/ ~OH 0 p2N~- OGP\ D2 HOP-_ D2 i
Br Di N-C,BroH\W HD2 HW HD2 D C CD2

D C C[ﬁ 2/~\\/f3 Br Br 64 64iii [0398] 48%

OZN/AH dd dropwi se to d4-ethanol am ne at
. The t|on N ture was stirred for 1hr at rt

and then gently uxed and slowWy distilled, 16 nL

liquid being co Iected in 2 hrs until 155C (oil
bath). This wa®rreplaced twice with 60 nL of 48% 10
HBr angd,the distillation continued for an additional 5
hr. 90 nL liquid was coll ected. The resultant

were synhasized empheyihgtheetoceiuesBeribed forthe sypfhesisagisogpeynd 35 in
under vacuum The resigdue wgs recrystalled from an

bsol ut e et hol N et\ylNgecet 30 nL) to 11.3
Exampgﬁf?ﬂ‘l‘y?ﬁ’ BJ%IH%&%ham ne hydrobrom(%i (con‘pou)nd 84|) ’

CoTspound (19.5 mol, 1.0 eq.) was added dropw se
Ho/\t/o ﬁs‘i’bt)Hof d4- 2- br onoet ham ne hydr obrom de
(40.0 nnDI 2.05 eq.)
Example 16
Synthesis of Compounds 113 - 117
1, LiN(TMS), o} Cl
o}
0N H—0H+CI—B—NN % THET8°C O2N@_“O_€’_NQ
& “ g 2, NH;,-20°C NH, cl
113ii 1i 13

[0396] Compound 113 was synthesized following a procedure described in Example 7 as
described here. To a solution of 113ii (181 mg, 1.16 mmol) in THF (8 mL) was added
dropwise LIN(TMS), (1.2 mL, 1 M THF solution, 1.2 mmol) at -78 °C, followed by the
addition of 1i. The reaction mixture was warmed up to —20°C and NH; bubbled through the
reaction mixture for 5 minutes. Water (20 mL) was added to the reaction mixture and the
reaction mixture extracted thrice with EA (30mL). The combined organic layers were dried
and concentrated to yield a residue which was separated by column chromato graphy on silica

gel employing acetone\toluene (30-100%) to yield compound 113.

[0397] Compounds 114-117 were synthesized according to the method described for

om-@—’— OH
Compound 13 and substituting with the appropriate Trigger-OH as

starting material.

N ) 9 Cl
02N4&o—p—N
N 1
| NH, Cl, OoN

114 115

)
or‘D'N/\/
I\/\

NH

51
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15 in dry DCM (100 inL) under argon,at -20C, followed

by the dropwi se addition of TEA (81.9 mol, 4.2 eq.)
W@0078@331 The reaction m xture was stirred at PQDUSH006/025881

0.5 h, and at rt for 2 h, poured into water, and

extracted twice with DCM (30 nL). The conbi ned organic
ayers were washed with brine, dried over Na2SO4, and

ent rated un r educed press re to yieldcl a

Mg C u" p'cnfo?ﬁt ogr aphy

oY sikticapnggl @ oyi ng

(100: O(v/v);vzgﬁyleld 7.0 g of conpouna 64|&A Pt 02
(0.7 gllgas added to a solution of qggnpound 64ii (7.0
g) in MeOH (160 nL), the reaction m xture degassed and
exchanged with H2 thrice, stirred under H2 for 3 h at
rt, and diluted with MeOH until the 137 WO

2007/ 002931 PCT/ US2006/ 025881 white solid in the

reaction m xture dissol mn 7 di | ut eed reaction
5 SvnthB@ﬁ(Bf’é&ad%?eréa,‘téé #6s28mideRRd C()Hp'i)ﬁﬁ'd &4 & 1?%93@&%@@0&%8&& 25)
reduced pressure to yrerd a resl C Was  wWast

Ho_ Wk th ankeydmpus ether twice to y|eId29gooPcrrpound
g; 2iH,i 4@—a-)&us%en/%2 f cotpRinds 4 ,P(\h/@ngBrl 0
eq.), 1-Mgethyl- -ni“'t*zr |mmt IH”(\l"'Ol g. 1.1
eq.), and PPh3 (2.39 g, 1.5 Hhq.) i 20 nL) was

added DIAD (1.76 ml, 1.5 eq.), under a%gozn,Brat 0C. The

reaction mxture WAs stirred for 2 hours vvhlle bei ng
warmed up fromOC to rt, follow ng which \L/E Ies

were renoved under vacuumt ield a resi dugmed
resi was sgpar at ed h;éN-f-Kas oy omat ogr aphy on

|,\; Ioe I i ng as eluent_AcetonghT Iuene
J/q gg%yc%f wg_g_of conp %

Exarrp e 18 ggnt hédi s of Compound 2i Nt ! @ej ects
cannot bepgyédted from ed'P‘f“'i’ Rerefiel d @@desz 2i0 2i.di

2i  [0399] The vinyl derivative, 2iii, was synthesized
according ¢0 the reference Cavalleri et gp al., J.

Het. Chena., 1972, 9: 979, and oxynercurated as

0 - 5 rrﬁml was _dio ved .
[0398 le%vﬁBr {@(&% gf?ﬂgﬁffgﬁ"‘(lgé e» c?’ -e) npiﬁﬂ}lgﬁgtgd gliolilﬁéreactlon
mlxtuladvhststmnd dér 1o atpaud thedi gehtly 106y ands16GE, dis@led, 19 B, liquid
xture was stirred at rt for 1.5 h, NaBH4
being pJECle R 2l SPLC (G e | oM wassvaiaasd Brica bthieOmpL. of 45%

10 HBr aﬁcpﬂlejfﬁstﬂ?aﬂoﬁ B&l’[fnl%@& Fdr al egﬁ)ﬁﬂ dﬁ' 1 8¢ rﬁf‘?ﬁ(ﬁ% ?E&ﬁec‘q%d The

ayer concen
resultaat $<é13111<duw aSJ\hﬁawﬂ kel 65 XD fos paarsit Mpbmtedldnﬂmava@elhmc (Ilhbl mEsidue

s e LB PR SR SH e o SRS A 0o

bromo@thafiEIBkiRehbr8fide (EbmPHUindBA L Cotpeahd @& 8550581 8% I A
editing field cod(gg 925 IIFI f% 1(@ d S

added dropwise to a suspension of dj-2- bromoethamlne hydrobromlde (40.0 mmol, 2.05 eq.)

15 indry DCM (100 mL) under argon,at -20°C, followed by the dropwise addition of TEA (81.9

mmol, 4.2 eq.) at -20°C. The reaction mixture was stirred at -20°C for 0.5 h, and at rt for 2 h,

poured into water, and extracted twice with DCM (30 mL). The combined organic layers
were washed with brine, dried over Na,SO,, and concentrated under reduced pressure to yield
a residue which was separated by column chromatography on silica gel employing as eluent
20 Hexane/EA (100:70(v/v)) to yield 7.0 g of compound 64ii. PtO, (0.7 g) was added to a
solution of compound 64ii (7.0 g) in MeOH (160 mL), the reaction mixture degassed and
exchanged with H, thrice, stirred under H, for 3 h at t, and diluted with MeOH until the
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[0400] A solution of 94iii (7.1 g) in Ac20 (9.7 nlL)
was added dropwi se into a solution of Fumng nitric
w@eiod/0¢2e36 nm) was added into AcOH (12 nl) at PCTUSZ0he025881
reaction mxture was warned up to rt, stirred 1 hr,
fumng nitric acid (1 niL) was added dropwise into it
I3 . . e
it B e e e e Bty T b et o Sag e, the
filtratededneenteatell wler mdncal messue tpiyidld aaesidis dhich wés wishedsvith

ted b i ] I I .138 WO 2007/ 002931

anhydﬁt*gse /ae@éaﬁgwé? %’zﬁ?é@' '1293 é%?&ﬂt&cgwmum @ﬂﬂsmeﬁaogg% epmpyRepnds 64iii
_ Lo g

(.02 ERBpaLa: bRt i AU AGREHIGLEY | sy SRENI e 1

eq.) inddH{F §20 ©E) s hdded DIAD (1. hemddds q.grundér a8t 02 1Thegeaction

e ] ortions ynto t eaction mm xt.ure.qQver i n. .
mixtul B8 052 D5 bl hERE silBe b pr o) i 2o Rahing it
volatile@@id reonbdlndet vi@snblol yiéle d rbflue3 . Theltesi PR 8SlsPataldDy flash

water, extracted with , the EA layer dried and

chromaiogephy oastiga el gnapying ap et AcaipnetFoluened 18 FAMVADR yield
i | columm chromat ogr aphy enpl oyi ng as
1.35 gyﬁéﬁkb@%%xane (0- 100% to yield conpound 94i (289
ng) as a yellow solid. Exanple 20 10 Synt hesis of
Conpound 96i Error! Cbﬁ%é@@kbgﬁnot be created from
editing field codes. 96ii 96iii 96i [0401] A m xture
of A (1.4 g), CuCNSytiesgpfEnohpbivid 225 nl) was stirred
at 140C for 35 mn and on 300 nL of crushed ice ‘and
Error Dbjéc¢lcduiot be chdated ldth éRABAL R &Yaeb.ure was then 15
filtered and the residue was separated by col um
c@gonatography enpl oyi ng as el uent Hexane: EA (120 to
2*%) to yield conpound 96Mti as yellow oil (6172hy).
und 36iii was converted to al cohol 96i and

Co
[0399] eﬁﬁé’ A g5y el eHrRRe B bRyl thadaiyerce Cavalleri et
al., J. ﬁbl{rtlhéﬁz., 1%,@@79%@% ¥RbrhQf ?S\ngig?\gly.%(%cﬂrggg tnl?%§:653

using THE Inistead o as so
mmol)P@assissopied i WateByR T ndls) ad AT oLl dfollBived By tigr dddition of

hi, ect annat_he created framediting field codes
compoggyl ?“béio imga&ﬁ [”6%85] Lfie AYACHOR BIEPregsR stipsg @t ﬁg}‘yr, 1.5k,

N BH a 3 P « fs . . .
PSB4GB s
daonidripd

water, gsgegierbwith Heh, il Ard @ncenteted togdtld aResdyawhich was

T N T R

yield catnpb0fd Digibnig®r 2 h. The reaction mixture was poured
into EA, filtered, the filtrate concentrated to yield

a residue which was sepg&%ﬁg Ry 139

Synthesis of Compound 941

Error! Objects cannot be created from editing field codes.

94iii 04ii 94i
[0400] A solution of 94iii (7.1 g) in Ac,O (9.7 mL) was added dropwise into a solution of
Fuming nitric acid (1.5 mL) was added into AcOH (12 mL) at 0 °C. The reaction mixture
was warmed up to rt, stirred 1 hr, fuming nitric acid (1 mL) was added dropwise into it and

stirred for 1.5 h. The reaction mixture was poured into water, extracted with EA, the EA

layer dried and concentrated to yield a residue which was separated by silica gel column
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WD 2007/ 002931 PCT/ US2006/ 025881 silica gel colum
chr omat ogr aphy enpl oyi ng as el uent EA/ Hexane (0-100%

wao o00yf0edost conmpound 99i (286 ng). Exanpl e 22 5PCT/US2006/025881
Synt hesis of 1-N-nethyl-2-am no i m dazol e-5-carboxylic
acid ethyl ester 2Et/ CHOON N 1. HC1l, EtOH H2N O

ety PO FATE s s Rl P
Compsand 94ii (600ehf)I.77estel) wyshussdnted ind@eth&ol¢10 mB§at @°C followed by

I rounded i nto powder, prior tQ reaction
the addgion gt NaH r(lgl lilglﬂmﬂmn%a thprEgction maNureTrar § axat Nty

0 S LY AT Gy Py o

into watespetractod withdE 4y, thd EBﬂa}mIdﬁed daé doxﬁieﬁwltyd duyﬂelalga ®@sidue which
t irred abo

od of..2
was spfaset nfutiGepd oo @ity Baornis a‘éy PP LEafhipgne (-
100%)’1!0%héid%on%>€§1‘uﬂ9‘ﬁ 6y 19@? 0eS vl iR ed IW' ce with
hexane to yield a sticky light brown paste
whi ch was di ssol ved in ethanol (400 nL) and cons HC
(50 m.) and stirred at 110C for 1.5 h. After the
reaction m xture cooled down, the white precipitate
was filtered off and t h&xample) due washed with 2 x 25
nmL of ethanol. The filtrate was evaporated to yield a
thick brown oil t8Sywhedhof@smpelgddcl0% aqueous HOAC,
H2NCN (45 g, 1.07 nol), and sodium acetate (88 g,
i ' YBsuestirred at 90-100C
Torror} (ﬁge@kanmg%acg%gd f@&g@ﬁhg&ﬁ“ on§v\,h| ch was cool ed,
ng adjusted to 1 using ﬁ$oncentrat ed HCl and the
8 ting solution concenf®ted to 1/5 its ori gi naPoi

| ume usi n% a rot ary eva orator at a tenperat ure not
[0401]20Armt>@unew£ dste), THENG hendhDMFE (28avl) was mrxadlmazto"c for

I I ti
35 mnwa'?d (friag(% fﬁl(%n cex#lr:(g % 'a.é(? 9t1$%d %qu émgn 3'86 r??gg ?Ibmub%gadwas then
ﬁlteredbynthh)e ré@du’dsafas s’Ebﬁated byoheth eirbyhtogfphleplANes S M
over flltered and vol atil es renoved to

Hexan;c;r eg 1; @go& 3o Ile}ql_ CRERIMAI: d 96iiasslliow oil (617 mg). Compound 96iii
was cdn%ﬁ@dz%l a@co@o?%1%&¥é¢a‘f?t@tgb§i cSh! chfSh&bera af @y o gla%i‘)fmlar

Synthesis of 1-N am no 1 mdazo
method e§ employgd f(E@DmpouﬂdﬂfQ)ﬁhiM)l 20DTSH OO PHB inf?&GH dISA00H/ 2@%58'8131 in the

reaction.

chromaf

b~

Example 21

Synthesis of Compound 99i

Error! Objects cannot be created from editing field codes.

99ii 99iii 99i
[0402] A mixture of 99ii (500 mg), PACL,(PPh;), (208 mg), and Cul (56.4 mg) was
suspended in TEA (15 mL), the reaction mixture was degassed and flushed with Ar 6 times
each. Propyne was bubbled through the reaction mixture for 15 min, and the reaction

continued under a propyne atmosphere at 50°C bath for 2 h. The reaction mixture was

poured into EA, filtered, the filtrate concentrated to yield a residue which was separated by
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HCOREt / CHO HCOREt/ CHO 0 O 1-2CO3/EtOH 1 O NaH Ho /N
v ~OM TAN N Ove OV ONa 1. HCl, EtOH H2N N 2.
WONRNAHRAY292CcONa /| N COR2Et {0404] Et hyl formate (8BOI/IE}006/025881
was added to sarcosine nethyl ester HCO salt (205 g,
1.46 nol, grounded into powder prior to use),
silica %%@%&éﬂr@ﬁﬁ@%ﬁ? e EQ)%III% aseldtt ER/I)Iexa"ﬁ@ do.Fb§7) td efd
n.,), stirred overhight "at and filtered. The
compdund{I0aE286wag). concentrated in a rotary 5 evapor ator
during which the residue separated into two | ayers.
The upper | ayer was separated and the |ower |ayer was
extracted with EA. Conbi ned EA | ayers and the upper
| ayer was dried over A ddd tered, and
concentrated to yield 1§§“gp%‘ ) of N-fortnyl
sar cosj ne fmst hyI elster whi ch was used for tEe

fol # : Pl ¢ g AeY :
0.4 m)I) was careful%il added in several portions in 1
h to a m xturBCAEYN-1'0t nyb sar cosigee gt hy 1M1

t he tenpera ure rai sed lto rt, andNaNmg, ADN&rin

es
(59 g, 34 rﬁdﬂ andyet hyW f or rrate 160 mL) cf)ﬁ/
anNi¢ ~TheyfeacthPon T xture was st|rre

conti nued overnight. Th react| on m xture
triturated twice with heX%ne (100 nL each tine), theoOzEt
resi due dissolved in EtOH (100 nmL) and concentrated
[0403]HCE(led formpte @A mIPevasedded Mamoxmuwh;;h gstar dgidmthlotioe(82 g,
ere ctl on m xt

585.7 i ool Aef Rt et AR i R £ 8 Bidgbottomed

flask. fTihktréaation ARGEINEDIRIEI A ailli@-Fafer Bzhhcs}ﬁrhﬂo asoddtlet Jdiﬁected
was added to 10% HOAc in water

with ﬂ(f;sféaS}j)NaH Qs erlwsReRsicat ¥ & Q@ngol)gdéed dawht d@m a penod of 2 h,

and stlﬁfeﬁ Gt rtlf{)]r eﬁ%ﬁt fff}CVo%lesmvég ?grﬁo‘y&%sﬁ%rbcr%w& a‘g edor tt S tll 3eld a
ts original vo evaparator’ ahd 11 e pH!

re&duadqhuﬁt\mi; tritupatad ovice gmh)heaaich GO mIYfto Siutd Bm&@rlighn Bfo@vn paste

The react S en extracte
which ysg§ thE?lve# tﬂ%wi (400 mitranc:ipar High (@ EPISfainfi tSB’F%‘d at lamoc for 1.5
h. AREOME Hctigh BhthRs abbﬁs'ddio%vnf gl \gh{‘e‘e }%Qmﬁ@éte B R Jef hiEfhne

by recrystallization to yiel -am no
residu¢ wshedovith Bx @amblorfj ethanol adhd filitdiy vae eva;]ore(téc’am yield a thick brown

oit to TR b g 0 Eqens HELAS BRI e el e acetate

(88 g, a @}7%1&(;1?\' 1%&%%&?&8 W shifedd M0N0 26883 1 thihbidNa SR
solution which was cooled, its pH adjusted to 1 using concentrated HCI and the resulting

solution concentrated to 1/5 its original volume using a rotary evaporator at a temperature not
more than 45°C. The concentrated reaction mixture was carefully neutralized by addition of
K2COs to a pH of 8-9 and extracted with EA (5 x 200 mL followed by 3 x 50 mL). The
combined ethyl acetate layers were dried over MgSO,, filtered, and volatiles removed to

yield 48 g of 1-N-methyl-2-amino imidazole-5-carboxylic acid ethyl ester.

Example 23

Synthesis of 1-N-methyl-2-amino imidazole-5-carboxvlic acid ethyl ester
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[0405] A solution of the am no ester (36.94 g, 0.218

mol) in 200 m of acetic acid was added drop wise to
wa@2@olwson of sodiumnitrite (100 g, 1.449 noPQT/H8IH06/025881

water (300 m) cooled in an ice-water bath, and

stirred. The tenperature of the reaction m xture,

which was 5 nmeag@gd to ke ar ournto,By - 10CHwas [ ai sed

tort and and t@@oar/@@lqt ifon moxt uva stirred over ni ght .

The rgacti m X 8. e ted with o0
m.) ~ The-ConDioned EE% | ayers wele drled an

evaporated to yield a reddi sh residue whi chAwas
separated by colum chronat ography on silic@Ngel
enpl oyi ng as eluent EA/ hexane (30% to yield 1-N

nethyl -2ubi ﬁkQLE;ENcarboxyllc acid ethyl ester
("nitro ester a |fght\brown solid 10 (27 g,
yield 629 406] Thi od described in Exanple 24
and ewpmmwﬁm@xaﬁueo ic acid is an inprovenent

of the nmethod using about % sul furic acid (v/v) for
the diazoniumion formati &7 rom the anino ester
Usi ng aqueous sul furic acid, the reaction val

[0404]beEthyk formlater (§80 odysiasgdded tojsersogipe petlst jeptey H&l ﬁéHb(ZOS g 1.46
mol, g{})gl%ﬁefill&tqlp%\ﬁ elf%)glogt f\?s%ﬁ 8%S¥mm FQhuo ?1 rf@bf" ﬁ4§ ﬁl%?)t LRELOH

am no es

(800 n[]??%ﬁh@dl‘ oVrXicHt & r¥, Qht Mitefell. dihe lirdte wlas ca'ﬂit&ntrslbd a:lkg(rotary
ro ester formed as product in ?queo sulfquc ac

evaporatut dyiisg mba@otht: rréldélteusmrﬁsd BYto $e [aYPrsa dfe SRP S LY s 'sEparated
and th%i(cw r’ié?%?‘z \5>va§¥ {E?@d \§1tlg EA. Conéblned A 1a¥ers and the upger la%_er was

rol mdazol e- car poxyl 1 s acid

dried &%Wgﬂ@4, ﬂﬁe@dﬁeﬁﬁ onD?dﬂtl{a&d@ﬂ ekl 3fcp &31Sh)of Miformsd sarcosine

¢ L 600 .l
methyheier ek weg 2o ot fevRlowne Fretion i G Slishienagiio0 e 04
mol) \tfa% St rf‘a&deﬁ?ﬁ sdvieB hoR1ofMh BRkIE nRurd SENEH M saichbéine methyl

actrom mxture was adjusted to about 1 by addition

ester (60 gc@M mafCindatialy! tfrnate 660 o) caslodtinee @zwa@eb@ta Whe feaction

Th d
m1xtuwe\?/%s s&geéutgg\ﬁé%peﬁ & CO {a nrg, a(rzlgtﬁ%% sr;c rﬂﬁg tc%{t nue&‘)ﬂ@%rglght. The
reactic 1%)&@1%%’45113&!9&&([ ﬁzlgﬁé d@th@ﬂeﬂarﬁ*(@@(b hoxgdch $ineed tﬁe ¢&siduerdissolved

oot o). s a1
ter ST B B TS fades B ot

the filGthielcon@mitrdie(i30 yRA gthidBEroRa ofiitralhe calnslas added hyl%%H@Ac in water

00 SR B S S 85 i 0 st

mixture was concentrated to 1/3 its original volume in a rotary evaporator and its pH adjusted

to about 9 by addition of sodium carbonate. The reaction mixture was then extracted with
EA (8 x 100 mL), the combined EA layers dried, filtered, and concentrated to yield a residue
which was purified by recrystallization to yield 1-N-methyl-2-amino imidazole-5-carboxylic

acid ethyl ester (“amino ester™).

Example 24

Synthesis of 1-N-methyl-2-nitroimidazole-5-carboxylis acid ethyl ester
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dry ice-acetonitrile bath (tenperature < -20 C).

| sobutyl chloroformate (37.8 nL, 288 mol) was added
waele@p/owd9se to this cool ed reaction m xture durPEyUs2006/025881

period of 10 min and stirred for 1 h followed by the

addi ti on of sodi um borohydride (36 g, 947 mmol) and

dropw sgnaddi tion of water during ameri od of 1 h
whil e main g a tenperature aroun | ess than
0C. The readti onpym xture was war ned up 0 O The

0 vyi

solid was fin /ed off and washed wi The
conbi ned 'DI4E poxti ons were evaporate eI d

1- N- et hyl - 2- ni kpget M dazol e- 5- met hanol as ao.orange
solid (25 g) whi ch was recrystallized from et hyl

[0405] § ngu%% bPiHesR IR @stgr7(36 o4 be3B $ndlf inCoIRAMGRhcdddacid was

a suspensi on of
added dl‘Oﬂi-WIIBdf toyd somtmntafaodmmuite(wmlwalﬁonolo gad ygter (309ml) cooled

in an icg- @B‘Zegbgh,sq%'c\{lz p}rrﬁgNﬁ"gNFeé‘ﬁ)ei rﬁ]oﬁ({jhe rg%ﬁmn %gi%l \phlz:}é was

measuf8d to Be 3bAAE ) 1985 wadgesdane dnldent eacichfonThikture stitneds
warnmed to A. After 1 h, the 20 reaction m xtur

overniglgtn e reastion mixture wes exbwrigd &vithaRCNE¥ ASQBLYy The combined
I
columﬁ)dlrbnﬁkog?apiﬂifoﬂ I\s&dal\ggg Mﬁjﬂiﬁ vk /ehienNEA/Hdxamé (BQ%)@I) yi‘dld 1-N-
- a 28A- 28\ 143 7 2
methyp=pi pl@z%saghoxs[lmf@he%%ér?ﬁ% ﬁd%“f? §ﬁte¥§ 2§ 8¢ g(MeQWIS‘?V% Solid

27 g, 4 .zed by enpl oyi ng the correspondi ng
@78 g’yeg ???Lt ed phosphormam date and hydroxy substituted

(0406130 TB b St Ea b Pyl Sa b I8 RO RBig iy oo
1mprog§i1‘?erﬁ Sk gRihdihod @sfm% %uft odd Qe a6idPRY Rsighé Giaddnitindbed

ow. Compound Solubility (in saline at room
fonnammﬁemahmremo es®r.1 Usimg/aqueops suburigpqid, thyrpagigomiplype becomes

large causmg %11f?1'gu1{ﬂ”1n SF%(rlng tlhg reaca(%? mixture effectively. For example, a reaction
involving 150 g of the amino ester required a reaction mixture volume of about 12 L. The

sticky nitro ester formed as product in aqueous sulfuric acid and disrupted the stirring of the

reaction mixture.

Example 25

Synthesis of 1-N-methyl-2-nitroimidazole-5-carboxylis acid

/ \/)
)9, )
CO,Et CO,H

[0407] A suspension of the nitro ester (39.2 g, 196.9 mmol) in IN NaOH (600 mL) and
water (200 mL) was stirred at rt for about 20 h to give a clear light brown solution. The pH
of the reaction mixture was adjusted to about 1 by addition.of conc. HCI and the reaction
mixture extracted with EA (5 x 150 mL). The combined ethyl acetate layers were dried over
MgSO4 and concentrated to yield 1-N-methyl-2-nitroimidazole-5-carboxylis acid (“nitro
acid”) as a light brown solid (32.2 g, 95%).
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Antiproliferation Assay [04121 To determ ne the effect

of phosphoram date al kyl at or prodrugs on cell
w@e@ioémsati on, 10 the antiproliferative actiRCT/YSWH6/025881

t hese conpounds was tested in a nulti-well Al amar

Bl ue- based assay. Cell growth in the presence and

absence of the test cor@}gagﬂg%g?s conpared, as

nmeasured by a fl uorescerce e reader at excitation

550nm and em sg,fllon 590r1m (see . 1t er.nati onal

I nc. A RERY I PO GAZ & in the
measur ement ofo |(j:el lyViability N T|QXI ci ty
Determnlnglcé e following €el} lines were 15

tested with 2oo /ells/weIIISObJ medi um NCI - H460
cells (ATCC HTB-177,cd&3PM  nmedi um ( GCgaH Product s,
I nvitrogen Corporation, Carlsbad, CA)), HT29 cells

oo 15 0 T b e R it 25
mmol)Ge bhisydt A TIRF GR0-rB)/w)s stivisCoyhite the reastdomumixtpecT)s)C cooled in a

RS (TG TR, W e et
mmol) 'I;ng' aldg&i &BW%%’CO-EH‘E cS@lleh §eéﬁﬁ6§ n}ﬁ)i@tﬁﬁhi‘dhﬂdg pedidd of N6 efiihsnd

plate in the density
stirred dmdl hﬁdlawnddly thp e@ilfwredf &ﬂdumebgmby@@@p @bigp P47 mmol) and

est | After
dropw;&p gﬁﬁgan P Yvate{ Ibg,aog od2 St l%y(&)lhge a{ra%ﬁéﬁng a?%ﬁ??fﬁg{rg Sré)und or
less thﬁl bR St TIRORRAIAN MBFe ddd edrhed 8860°@ The 6@0Dghs filvérade)t and
the treatnent (gr oups at concentrati

vary.
washecﬂ miﬂm"lﬂ@ﬁ) Thecomigine@ THY pogticgs werg evapogrde P&l@gdlﬁl\ﬂqetm’]rz'
L4 0 fhQen88 stam&p@ﬂeﬂlseth 1
mtron%g?zeo I%érm élc\ﬁ)?n)? ?ggé ?1%135’ i Snolfgggggg’gl neQ)g?%u mér\y\n htinal Y
acetatddMBO concentrations less than or equal to 1% in each
well. The cells in the anoxia treatnent group were
i ncubated for 2 hours in a Bactron Il anaerobic
chanber. The cells in the air treatnment group were
i ncubated for 2 hours in_sta d tissue-culture
i ncubat ors. Fol | owi ng tM@ treatment 5 with a
test conpound, the test co ound vvas rem)ved from each
wel |, cells were ws8me | BQ8YL e di um and

j cubat ed .for
[04091@9 2 suspensign of 1 rl\g%}sé Igggfn% Eﬁz%z%‘/i E?élﬁrlréaﬂra g 0 §2 mmol) in
DME hgwﬁmbzt Wis added bt 178%(3 e@mangdryumlmag | Aftbnl(pmm |0bmpat11ed 119

asured (as_ nentioned above and the 5% ?‘ﬁo% the
(67 mg,rﬂﬁzmmn/wem@@ﬁ@v%fheaﬁacc@@@x b wgs WaEpet &
f atography on silica

reacti i thlwRlcohtlae TR UISIAS vae) HIIY Glidimatoeraphy
gel (0 %O%mmmnamblm&mtd-ﬂieﬁ G ®AdINES- ACHN PC3

Anoxi a/Ai r Anoxi a/ Air Anoxi a/ SA/ Dx5 Anoxi a/

ST oo 1 108 il S SN O 7
OZN/QSN_@\/OMOO 19 Zk/cbl Q@W% / 5 oy

+ c—P-|
119 N=<No
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Examples 28 A-28V
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Example 29

[0411] The solubility of the following compounds is as listed below:

Compound Solubility (in saline at room temperature)
10 10 mg/mL
25 15 mg/mL
73 10 mg/mL
155 <1 mg/mL
Example 29B

Antiproliferation Assay

[0412] To determine the effect of phosphoramidate alkylator prodrugs on cell proliferation,
the antiproliferative activity of these compounds was tested in a multi-well Alamar Blue-
based assay. Cell growth in the presence and absence of the test compound was compared, as
measured by a fluorescence plate reader at excitation 550nm and emission 590nm (see
Biosource International Inc., Tech Application Notes, Use of dlamar Blue in the
measurement of Cell Viability and Toxicity, Determining ICsp). The following cell lines were
tested with 20,000 cells/well/500uL medium: NCI-H460 cells (ATCC HTB-177, RPMI
medium (Gibco Products, Invitrogen Corporation, Carlsbad, CA)), HT29 cells (ATCC HTB-
38, RPMI medium (Gibco)), MES-SA cells (ATCC CRL-1976, McCoy’s 5a medium
(ATCC)), MES-SA/DxS5 cells ((ATCC CRL~1977), McCoy’s 5a medium (ATCC)), ACHN
cells (ATCC CRL-1611, Minimum essential medium, Eagle (ATCC)), PC3 cells (ATCC
CRL-1435, Ham’s F12K medium (ATCC)). The cells were seeded in glass inserts placed in
each well of a 24-well plate in the density and medium as specified above one day prior to
compound testing. After 24 hours, these plates were divided into two groups — anoxia group
and air group. A test compound was added to each well (200uL volume) in the treatment
groups at concentrations varying from 100, 30, 10, 3, 1, 0.3, 0.1, 0.03, to 0.01 pM. All test
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10

26 0.1/ 35 10 100 / >100 31 83 />100 24 0.01/4 0.1/2

0.1/0.8 27 25/ 100 28 0.15/ 20 32 50 / 100 33
W@2006/06430. 01/ 1.8 0.8/57 0.13/10 35 0.075 / S5PCBESHIQE®R5881

/ 55 1.8/ >100 1 / 100 74 >100 / >100 75 9/26 76 9

/ >100 77 1.6/5.5 78 >100/ >100 79 3.5/3.5 118

comp%x%lgg \xffref s"e%%% ﬁﬁ%‘%& %p%%gplﬁge%ecﬁélg%ggﬁgal %Mg 68p%n§)<§n/£r/%§8gs less
than ot &§ual 181 % @ch 8ell. 0TBEEel s i) Che dB6xid2raatrrdkd @roupSwere incubated for
2 hour%'itcl) g/B%'ct?gn II%?laegbgi%/cﬁéglber. The cells in the air treatment group were
incubated for 2 hours in standard tissue-culture incubators. Following the 2 hour treatment
with a test compound, the test compound was removed from each well, cells were washed
with 500pL medium, and incubated for 3 days in 500uL fresh medium. After 3 days, cells
were stained with 10% Alamar Blue for 2 hours after which the capacity of cells to proliferate
was measured (as mentioned above), and the 50% growth inhibitory concentration (Gls (also

referred to ICsg herein)) of test compounds was calculated and tabulated in Table X below.

Table X: ICsq values (uM)

Compound H460 HT29 MES-SA MES- ACHN PC3
Anoxia/Air | Anoxia/Air | Anoxia/ SA/Dx5 Anoxia/ | Anoxia/Air
Air Anoxia/Air Air
P2 44 />100
1 0.4/72 50/>100 1/>100
23 0.04/5 7.5/-
23 0.1/14
154 09/2
139 16/ 100
140 5/65
2 8/>100
5 0.05/6 10/>100
22 0.7/16
3 >20/>100
142 >40/>100
4 40/>100
143 4.5/3.5 A
6 0.7/>100 | 22/>100 5/>100
144 7/>100
145 >100/
>100.
147 >100/
>100
7 0.14 /25 7/>100 0.59/ 83
11 5.2/>100
12 1.7/>100
9 >10/>100
8 0.013/0.6
36 0.88/ 55/>100 | 5/>100 | 7.5/>100
>100
149 50/>100
15 0.08/1
16 1.6 />100
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1&50 0 1/334/88 V:IJ,/ 2*051 ; ; ;u.i?; 4y -7 3100
14 8.5/>100
150 -/21 : .
25 0.15/ 86 16 />100 0.3/>100 02/62 | 0.6/>100
26 0.1/35
10 100/>100
31 83 />100
24 0.01/4 0.1/0.8
27 257100
28 0.15/20
32 50/100
33 8/46
34 0.01/1.8 0.8/57
35 0.075/50
35 0.05/55 1.8/>100
74 >100/
>100
75 9/26
76 9/>100
77 1.6/5.5
78 >100/
>100
79 3.5/3.5
118 >100/
>100
80 >100/
>100
81 0.05/0.3
82 0.03/0.02
83 0.3/>100
84 0.003 /40
85 0.7/100
86 1.4/3
119 0.3/>100
37 0.36/
>100
87 22 />100
88 0.03/0.53
89 0.33/3.7
90 0.01/3.4
38 0.33/
>100
106 0.09/3.5
107 0.06/2.8
108 1.1/>100
109 0.3/13
110 03/21




53 3/10 99 0.1/1 100 0.5/ 35 54 1160 55 5/12 56

0.5/ 10 123 100 / >100 57 14 / 100 124 -/0 125

-/

wae®7/0a281 -/ 0 111 50 / 100 58 5110 59 2/6 BOI/LSHIF 025881
61 0.3/ 4 62 2/45 63 1/ 8 127 0.02/ 5 128 0.02
/ 10 112 70/>100 103 0.02 / 2 113 1 / 100 147 V\D

380077 DUZYB5 PQT7T US20067 P2Z5881 B5 25 1 75 1141180
2129 17 ,Q“'WI 5 116015+ 15—1366—F+26
926 03 >ﬁ —48—f +H00—68—100—+—>106—69 F11/>100-
>100
41 -/7
42 05/9
93 0.1/3.8
94 03/2
95 -/2.7
96 0.1/0.1
120 0.3/50
121 0.04/1
122 0.04/1.3
43 2/60
44 3/100
45 6/>100
46 5/>100
47 4/>100
48 -/>100
97 0.01/0.1
49 -/>100
50 0.1/3
98 0.1/2
51 3/7
52 15720
53 3/10
99 0.1/1
100 0.5/35
54 1/60
55 5/12
56 0.5/10
123 100/>100
57 14 /100
124 -/0
125 -/ 100
126 -/0
111 50/100
58 5/10
59 2/6
60 15715
61 0.3/4
62 2/45
63 1/8
127 0.02/5
128 0.02/10
112 70 />100
103 0.02/2
113 1/100
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Example 30

Antiproliferation Assay - Oxygen Dependence

[0413] To determine the oxygen dependence of phosphoramidate alkylator prodrugs, the

antiproliferative activity of these compounds was tested in a multi-well Alamar Blue-based
assay as previously described (see Example 29). NCI-H460 cells (ATCC HTB-177, RPMI
medium (Gibco)) or HT29 (ATCC HTB-38, RPMI medium (Gibco)) were seeded at 20,000

cells/well/500pL medium in glass inserts in 24-well plates one day prior to testing. The cells

were incubated for 2 hours in a Bactron II anaerobic chamber flushed with gasses of the

desired oxygen concentrations varying from anoxia, 0.1%, 0.3%, 0.6%, 1%, 10% oxygen,

and air. The calculated ICso values (uM) are tabulated in Table Y1 (H460 cells) or Table Y2

(HT29 cells) below.
Table Y1: ICsp values (uM) in H460 cells
Compound N, 0.1%0; | 03% 0Oz | 0.6% 02 | 1% Oz 10% O, Air
1 0.3 10 7 50 100
23 0.05 5 6 5 5
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35 0.05 6 540 50 84 0 3 40 119 0.3 >100 >100 37

0.5 25 >100 88 0.03 0.5 0.2 0.5 38 0.4 45 >100 106
wWO2®7002934 108 1 >100 >100 109 0.3 10 15 11BCOUS2086/025881

25 44 45 >100 46 50 100 47 60 100 97 0.006 0.01

0.02 49 100 100 50 3 3 98 0.5 2 517 7 52 10 20

200?/ éégzggiﬁgbwb%ga/ g'z_ggéﬂlj “s5ls 8 121056 [0. 558 10 40
383 >100 >100 p10@0 61 0.3 4 4 & 2 B0 45 LdP B 5100
127 002 1 5 1128 0.02 1 10 113 1 >100 >100| 114 1 5

36 0.3 10 10 100 >100
25 0.1 1 3 5 10 25 55
26 0.3 3 6 5 10 40
10 >100 | >100 >100 | >100 >100
24 0.007 0.85 >1
34 0.01 1 5
35 0.05 6 5 40 50
84 0 3 40
119 0.3 >100 >100
37 0.5 25 >100
88 0.03 05 02 0.5
38 0.4 45 >100

106 0.1 0.7 4
108 1 >100 >100
109 0.3 10 15
110 0.3 3 25
44 45 >100
46 50 100
47 60 100
97 0.006 T 001 0.02
49 100 100
50 3 3
98 - 0.5 2
51 7 7
52 10 20
53 5 10
99 0.5 1
100 0.5 10 35
54 1 30 60
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Oxygen Dependence [04141 To determ ne the
oxygen dependence of phosphoram date al kyl at or

PPN nar

odarugs; & clonogenicSur vi val—gssay —was—pet+tfor-red

[1s ywere pl a‘ted in 60 min glass dishes (5x105 cel|s 12
per di sh pm 5nL of nedium 2 daysg prijor to conpound 10
testing. The flollowng cell lines 10 were tested:
IR@1 - H460 >déDI s| (ATCC HTB- 177, | RPWDOngdi um (G{bco)), >100
HF29 cells (ATICCHTB-{38, RPM npedium (G bco)), PC3
ekl 1s (AT®@ CRL- 1435, |Hani's FL2K 4redilum (ATEC)). A 4
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¢ cel[s (¢Znl \vorume) | AnoXxi a| or {gypgxia (T ess tharn 3
200ppi h 02) wals achi eved by ekposing |t he gl ass di shes
2R a BactG.eh 1]l anaerjbbi ¢ chapber1 or {15 in alum num 5
vessels (see Hxanple 33) for hours. | For th
1ZRaer opi O-®hanber, desired |evel sl of oxygenati on 10
hetween—200pphn—and—ai+r—were—pchi-eyved—-by—FHushi-rg—t-he
llglﬁaerobi culchanber wi fh pre-cal i>ﬂ)pgted gasses prior t 0>100
1@xperipent@atign. For gthe al unf nurg VeESSersS, a e or 30
150 W) 2007/002931 PCT/ US2006f 025881 | hypoxi & was
@Gchi eved 08 exposi ng the gl ass dpghes in prefwarned,| 100
air tight aluminumijigs to al serieslof five|rapid
®acuatiorks and fl ushifngs with 980 nijtrogen plus 5% 65
carbon—diroxi-de—+hr—a—37+C-water—bat-h—en—a—shaking
platform (controls are flushed as well). After the

fifth evacuation and flushing, the platform (wth
wat er bat h andaplegE: IgmsvadueaiteM) imHT39 eelhut es, 5 after
whi ch one nore evacuation and fl ushing were perforned,
and the jigs were transferred to a shaker in a 37
Compfifid €€ &) ncUpavpo, a5 39,6, T 6F8) BYeT 10101 elf}%‘@ ot
hour |drug exposure. | Level's| of oxygenation between 2
2ppm and 2ir Were achieved by vasyimg the degree and>100
nunberof eviacuations. The bxygen concentriations iin
the nmedi um and gas phases were checked using an
oxygen el ectrode (Anima, Phoenixville, PA) in a
specially nodified 10 alEsamplerBlj i g that allowed for
noni toring of both gas and |iquid phases. Foll ow ng
the —exposure dign G ALRE. B3 HhriGs,ceer e removed
fromthe chanber or afu the drug was
hed off the cells by . rinsing with diu The cells
104141, SEiene FRRiieen Bepohdieest BletphpBI 46 ARy HIHOdES, 2
clonog8hilc ¥irM@dal bibap s peFolRedd. | CllsSRES plafdn 60 nt SHRY Bishes (5x10°
| ater, the dishes were stained wth crystal” vi of et
cells perglisision Sl 9bmedimarodays peatitocwipoued testimg. aTlr foflowingecell lines
O celql ee Exannle h
were g N RIS B S BT p M g i BB Prrad 8 arec
HTB-38, RPMI medium (Gibco)), PC3 cells (ATCC CRL-1435, Ham’s F12K medium
(ATCC)). A solution of the test compound was made in complete medium immediately
before the test and added directly to cells (2mL volume). Anoxia or hypoxia (less than
200ppm O,) was achieved by exposing the glass dishes in a Bactron II anaerobic chamber or
in aluminum vessels (see Example 33) for 2 hours. For the anaerobic chamber, desired levels

of oxygenation between 200ppm and air were achieved by flushing the anaerobic chamber

with pre-calibrated gasses prior to experimentation. For the aluminum vessels, anoxia or

150




10

15

20

90% kil i ng, 10% survival) of test conpounds was
cal cul ated and tabul ated in Table Y3 below Table Y3:

wo ao/ovaues (M Conmpound N2 0. 1%92 0. 6% 02 Al PCT/{€®06/025881
Line) 23 (H460) 0.3 0.6 5 25 (H460) 0.1 0.4 5 30 25
(HT29) 0.2 3 40 25 (PC3) 0.3 50 24 (H460) 0.07 0.25

14 35 .(HA80) 0.5 0 T . . .
ok B o B e i
a serie2 Q0T AR a RGETohSADAI DS 8iith 504 bhlogTo phistset parhen diegide in
N AR e
evacualih %@ﬁi@%ﬁh@la&@ﬁﬁ walgg@f%ﬁl B%ﬁ N8 Yigs) WANRLRERr B¥ninutes,

I 0Oana st ens, . experinents were
after whivhchne tneste e duatjbmsisd/ flushitgomere p8rfomnedd padibiedigs Wese fepasderred

to 0 shifer én &34 GRETEP S PORTRLL POIE SN 31 i Tt B RS PR Re.
Levelshdgto%ﬂ;g%eﬁxﬁggﬁﬁ&Wee 19% ahll BRlwdls bhieveangaatyiag iteniegree and

5 and after the addition of 9nlL
numbePhbeyvastionBu fThe vapgedaionpentratipman thermediga) and; g8 plgsss were

dded t | ect 7 i d i 1:h
check s FpOReT HERTBIATI T s e P P rRBalig bathdd
alumil%‘&jé% glav gl 6B brvain g 6f bk prdaralt likd phddés effollcaving tte

nVv/ sec scan rates at a gl assy carbon worKki O ccels and
exposwk b dmgdde shse dishet wergnempyedriooTp dig chapbar o AlumesEpEyessels an

ner cur | N K . .
o B S0 A B S ey
and pletes &sr\eishdpetivservivat ircplnyticatetri gishes yTandpdnlays later, the dishes
were SRS STRY B0k (&2 SY4aB o8 oD e pdBdip i Hore than
50 celfesz%ﬁg gbﬂﬂe@gggﬁkétﬂﬁl% 331, CRITPH BASK IHBAIEbASH oAt radbn (ICo,

can rate and are” tabulated in the table bel ow
90% kilfing,alfi% surRad)ctfitesh c@opeumds alas cglawtptedans tabutateroip Table Y3
belOWm\//sec 10,000 nv/sec 1 -596 -638 5 -606 -634

Table Y3: ICq values (LM)

Compound N2 0.1% 02 0.6% 02 Air
(Cell Line)
23 (H460) 0.3 0.6 5
25 (H460) 0.1 0.4 5 30
25 (HT29) 0.2 ’ 3 40
25 (PC3) 0.3 ' 50
24 (H460) 0.07 0.25 14
35 (H460) 0.5 | 3 30
37 (H460) 0.2 5 90
70 (H460) 2 8 20
Example 32
Electrochemistry
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36 -609 -634 25 -594 -626 24 -568 -636 34 -584 -663

78 -704 -746 82 -428, -610 -414, -769 88 -559 -629
waed7oeb41 - 593 103 -638, -769 , -875 -756 PCT/US2006/025881

2-NO2-1 m dazol e -634 -693 5-NO2-Furan -487 -638

4- NO2- Benzene -712, -1106 -735, -1268 Exanple 33 152

oars1chE P GREE HERAR RN BREE Ena ShAURR RD RO 0

phospl*@fralﬁﬂ@telaﬂé&mbﬂ ﬁﬁdﬂn@ﬁ &:ybﬁs vethnmogrhms af theye esnpdunkds wm‘—:

ponentially grow n hurran HAG60 cells é b
seneraieH /O MHSH LS ST .| W S BORRTON ER GBI SEL i £PG8) carbon
3. Omﬁﬁgﬂbeq&?m}%{ng Elﬁgﬁ fi;/%r%@l adbereRcedfarRI8Y, Iaﬁd ?ﬁi’cmﬁhﬁifﬁe

suppl emented w'th
aux111af~3eéla¢tr<hhy i @empenndn Wema dsalmgdinpimilo metlanol toimaket finag drug

ool LSELIETL o 8 1 S5ta2L e L5k S BEHE i
(PBS). n?ﬂé Wi Waadied o at HecteRnbned] edloEk ddpelotd weticArgon for 5

To achieve conplete eq[w i brati on between the
mmutes tio remmdlrmgst gﬁ'élemsgl dPylictyvelthpinmetry ves peeormekat) 0§ niby/ sec

L T

perforti88 AVLCEN R Hér& P ERGirdNSICTRME i ISM/IBEbmde mngbm@apﬂxry,
was evacuated and gassed w t h either a rtifie

size 8 dropkibut bl dﬁf%ﬁmeewqmw PeigeRn HIECuY o, gy carbon

voltamglg(g%/ju% § Xso %e glgyﬁ 82@%0%%. vis. 8{ ?&H@Fl:lési \"I{gf}? glé‘élélftl%n or

multlpﬂd@étbﬁﬁl&édudm)h poteheald bfi gothpounds ety genatat Q74T eaftogcad Fatppnd are
end of pr odrug treatnment, plates were renoved from
tabﬂa@éélhﬂ\?é%@%foe O%nd the 15 prodrug was pronmptly renoved
fromthe cells. Plates were washed with phosphate
buffered sali neTabid lée@mtlo.n Pofgnigels (mY}JS| n- EDTA and

then t r\/ncl ni-zeg

OF mha-es—at 7. C etHs
vve@@np@lﬁlfir alized with F’r@QﬁnYrﬁeﬁl us sefum an@ d@@lm\é}éﬁéd
by —centrifugatignfor ?5 I0UXg. Cells vage
resuspended at appr oxi rmt ely | x106 cells/nl and
diTuted 10 fold|to yield-¢86 ock concentrati onss3or
plating. The concentration of each stock was
det er36 ned by 20 counting60®#th a Coulter Z2 pdicle
r‘mm.tznsr. Knownnunbers Of-sgfl Fs—wererptated; g&% the

24 -568 -636
34 : -584 -663
78 =704 -746
82 -428, -610 414, -769
88 -559 -629
108 -614 -593
103 -638, -769 , -875 756
2-NO,-Imidazole -634 -693
5-NO,-Furan -487 -638
4-NO,-Benzene ~712,-1106 -735, -1268
Example 33
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25

30

pl ates were placed in an incubator for between 7 and
10 days. Colonies were fixed and stained with a
wa@ doand1s1 of 95% et hanol and 0. 25% crystal vi oOPEL/US2006/025881
Col oni es of greater than 50 cells were counted, and
the surviving fraction was determ ned. [0418] HT 29

and cell based clo f di h
saz{ri way as 25 descn—gEMB%% e SERAAP A ienp(;(a?r;rg 3|1n e
(04161 e oS TSNS HE9195 RIS b Hh INAOHIGB,2T G fpted in the assay as

|
follows, B%%@lﬁh@@%% é(?ﬁ@ gotﬁﬁﬁed(;%&?l etgg ég‘dgs)ﬂlﬁ%g géeded
into 60nﬁn Motchedi glays plates afa d:énsftg Dﬁbetwnera% Sapd §e<r110 eetscpepplate and
grown Jn o %ngllg@@mgtlell yat i]@ygﬁ)ggt% Ll be%%fb%r? 'E’a%’z Eépfég)lrior to
1n1t1atlﬁ%§1%g tﬁ'gtl;ﬁéiﬁ CaNtle B éf tﬁ@ kdst, |dhige§to@k@%f EXOWE S6EnBStions were

n M(see Exanple 29). The ratio of 1C50 or 1C90
preparetbinerompied madlmramd@ ral efithe ﬂwf@s& istock gdes) tp eacthplgisx i Lo achieve

ompl%’tgtegl\é\ﬁbz O7§bgt§&f2?9r3; erF;S(l-%-/é)ILJJ%S gésgﬁlg’ag a.‘nc% ﬁ%thﬁgl%}ﬁlsé ¥he lid of the
glass pP&b @@k kotBovedt-aH brd ﬁlhﬁe}éhﬂfenﬁbﬁS nﬁ)ﬁtﬂé@ organ obithhshakere Shwetplates
invention. Table 1A Cpd # I o Hypaoxi a Nor noxi
were r@ope@d rngd stopgl ipsigds a glpvecpoxp g lqyebpEgvas egagaaé%l aS%(F\;gassed with

e S0 S b i S b Bty 80y

aerobul (rﬁ)r@loﬁldj) ods ke X200 aitP2A 546 BarBobdivaidel CallslwereGhemincubated

180 8 0.01 0.6 60 9 >10 >100 >10 10 100 >100 >1
Wlthtfﬁdrsg,ﬁorﬁﬂeﬂ}“%@toﬂ 2 1.7 >100 >50

[0417] At the end of prodrug treatment, plates were removed from each vessel, and the
prodrug was promptly removed from the cells. Plates were washed with phosphate buffered
saline and a solution of trypsin-EDTA and then trypsinized for 5 minutes at 37°C. Detached
cells were neutralized with medium plus serum and collected by centrifugation for 5 min at
100xg. Cells were resuspended at approximately 1x10° cells/ml and diluted 10 fold to yield
stock concentrations for plating. The concentration of each stock was determined by
counting with a Coulter Z2 particle counter. Known numbers of cells were plated, and the
plates were placed in an incubator for between 7 and 10 days. Colonies were fixed and
stained with a solution of 95% ethanol and 0.25% crystal violet. Colonies of greater than 50

cells were counted, and the surviving fraction was determined.

[0418] HT 29 and cell based clonogenic assays were performed in the same way as

described above and in Example 31.

[0419] Cytotoxicity of compounds (Tables 1A and 1B) were determined in hypoxia and in
normoxia by clonogenic assay employing H460 and HT29 cell lines as provided in Examples
31 and 33 and expressed as ICq in pM, and by anti-proliferation assay performed by
modifying a multi-well assay described by Hay et al., J. Med. Chem., 2003, 46:169-82
employing H460, HT29, HCT116, and DX-5 cell lines and expressed as ICso in pM (see

Example 29). The ratio of ICsq or ICyy determined in normoxia and hypoxia is called hypoxia
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14 8.5 >100 >12 15 0.08 1 12 16 0.5 1.6 0.2 100 35
60 175 17199 18 3.4 93 2018.58 210.25 7.8
WQ@20078a@981 7 16 23 154 WO 2007/ 002931 PCT/ US20P6r/02588025881

217 0.04 0.2 5 10 125 50 24 0.01 4 400 25 0.05 50

1000 26 0.1 35 350 27 2.5 100 40 31 83 >100 >1 32
cyior g ich ISR oS I RSE s AR PR gt ot the
prodryigs-offth¢ presadt @ventibn.) \ N QZN' \ t \NHZ OCl S1 S2 5

Table 1 B Conp HT29 DX-5 HCT116 No. P C HCR P HCR P

HCR HNHNP CHI1L N HMe1A

Cpd # | logP Hypoxia Normoxia HCR
P C p C P C
P3 1025 10 40
P2 44.0 >100.0 >5
S1 >40 >100 >3
S2 7 >100 >14
1 0.4 0.35 72.0 75.0 180 200
2 8 >100 >12
3 >20 >100 >5
4 40 >100 >2
5 1 4.5 3.5 1
6 0.9 0.7 >100 >140
P22 4.5 3.5 ca. 1
7 1.4 0.14 25 180
8 0.01 0.6 © 160
9 >10 >100 >10
10 100 >100 >1
11 5.2 >100 >20
12 1.7 >100 >50
14 8.5 >100 >12
15 0.08 1 12
16 0.5 1.6 0.2 100 35 60 175
17 1 9 9
18 3.4 9 3
20 1 8.5 8
21 0.25 7.8 26
22 0.7 16 23
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1 50 100 0.4 100 >2 >100 1 >100 >100 23 7.5 2 5 10

>100 >10 6 55 >100 >2 5 >100 >20 7 7(100) >100 >5(1)
wW@2®78®9310 36 55(35) >100 3 >2 7.5 >100 >13 5PCI/08200Q®R5881

25 16 >100 >6 1 >100 >100 0.9 >100 >100 34 0.8 57 70

0.13 10 77 P = Proliferation; C—Clonogenic; H =
Hypexdi-a - N—=Nogrox] Exanm, |c 345 WOT26077/ 002931
23 HCT/ usadb ozs@gl 0t ect qf! CorrpoEFn%Z 25|0n Cel| Cycle
24 BrstTibig pn [ 0420] [gel Ts (|H60, @nd HT29) were
seeded |at a density|of 1.0 x 106 gells/3m nedium per
25  60mm di|sho5 After 24| B0attachnent,| t@d s were exposed
tb Conpound 25 at the |ndicated oncentrlati for 2
26  h| under Qeither normpRPa (ailr) or ph¥kia (Initrogen).
Cells—a ohed 5 ce—and—hettbatedfor
27 addition%l)l37 h infpu@ medi um qufls wer e
31 ¢ ypsiTirged, [ centTityggd, [and i Keg 1n 75% ethpnol at
| bast for 24 h at -20C Cel| cycle distrijbution|was
32 determ sy us|ng GuavaoCel || Cycl e| 2eagent| (Guavp,
Hayward, CA) by flow cytonetry ('?lln\/n’gjawg_pd CA) .
34 The dath<@@hohstrat ¢ lthat Conpound>?80 i nduces cgl |
cycle-arrest—nr—oexyg ang—econcentration=d dent
D, oTrC atT yYIr=utcpt
35 rhnner | XOA i pl e r§ﬁan ancer cpPf?linds. 10 H460
ceits MR & G180 A T SRyl 2| P10 N Trogen b9 11
36 26 Q)?OOSO?gdgr g218 42 i trpgen 50 12 38 | 0.05 Air 58
IT 28 Nitrogen 30 7 59 0.5 Air 58 11 28 Nitrogen 23
31 40 5 Air 42 6 59 N trogen 47 15 17 50 Air 14 19
65 cl
\/
N )
L
OzN N /\NH2
I / cl >
S1 S2
5 Table 1B
Comp HT29 DX-5 HCT116
No.
P C HCR P HCR | P HCR
H N H |N P C H |N H N
1 50 100 | 0.4 100 |>2 >100 |1 {>100 | >100
23 7.5 2
5 10 >100 >10
6 55 >100 >2 5 |>100|>20
7 7(100) | >100 >5(1) 0.6 | 83 140
36 55(35) | >100 |3 >2 7.5 |>100|>13 |5 >100 | >20
25 16 >100 >6 1 |>100|>100]0.9 |>100]|>100
34 0.8 57 70 013 |10 |77

P = Proliferation; C = Clonogenic; H = Hypoxia; N = Normoxic

Example 34

155




10

15

Nitrogen 33 14 11 PC3 cells MG/GE S &/M 0 Air 54
13 33 Nitrogen 60 12 28 0.0005 Air 55 12 32 Nitrogen
we201000831 0.005 Air 52 13 34 Nitrogen 56 11 3PCT/0S186/025881
Air 55 12 33 Nitrogen 43 12 44 0.5 Air 55 13 32
Nitrogen 21 33 46 5 Air 55 12 32 Nltrogen 35 38 26
15 HT29 cel s, > N 12:00:
PCT/ US2006/02583 0 OUE 13 39
[0420D. GIEAs AHS0 axmaldamgyu Wwere gemlea at alderﬂ;ﬁy of 0D xAl(Ié 0511)8/3151 medium
35 N.tro 7.1 5 Air 48 14 37 Nitraogen
per 6(in diiia A8 24 Bauiggprmgyt o ?%1@ &¥Fr9 axposedty Comppynd Start@gee:ndwated
o R o B o TR, S ero washed
twice,chatl emq‘nbﬁ‘@dtﬁbr@ddﬁloaﬁlf 1l uyfrcs‘h thérbuny [kl @vem;tmmmgﬂi

centnﬁl%(e)&) ho&%me 5‘9'6“&'}/anca)lt et Por I’ZH% at {8;%9 CFe lc%lrc e 1str1but10n was

determined using Guava Cell Cycle reagent (Guava, Hayward, CA) by flow cytometry

(Guava, Hayward, CA). The data demonstrate that Compound 25 induces cell cycle arrest in

oxygen- and concentration-dependent manner in multiple human cancer cell lines.

HA460 cells
}J.M G()/ G1 S Gz/ M
0 Air 56 12 30
Nitrogen 59 11 26
0.005 Air 38 18 42
Nitrogen 50 12 38
0.05 Air 58 11 28
Nitrogen 30 7 59
0.5 Air 58 11 28
Nitrogen 23 31 40
5 Air 42 6 59
Nitrogen 47 15 17
50 Air 14 19 65
Nitrogen 33 14 11
PC3 cells
},LM G()/ G1 S Gz/ M
0 Air 54 13 33
Nitrogen 60 12 28
0.0005 | Air 55 12 32
Nitrogen 59 10 31
0.005 Air 52 13 34
Nitrogen 56 11 32
0.05 Air 55 12 33
Nitrogen 43 12 44
0.5 Air 55 13 32
Nitrogen 21 33 46
5 Air 55 12 32
Nitrogen 35 38 26
HT29 cells
Y <Y<EE [GM |
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20

adenocar ci noma (colon carcinoma) cells were seeded

directly into a 125 m spinner flask at 10,000 cells/
waorkooane2ogr own i n RPM  nedi um suppl enment ed w t hPQDUSOBE025881

and antibiotics. As these cells divided, they adhered

to each other and fornmed spheroids. H460 | ung
carethora—eetHs—yere segeged TNtz a fiagk coated with a
0 non- rerent—surrace—+t or-m-sagH-—16——hal | s of cells

t hat |Ad¥ifOBEN seddtd | nt spinmyr flask. To initiate
0.00560 |o&irl seeds.52150 cnpl? ti sqd® culturle fl asks were

coat dNiniopén 1 %4gar osel ¥hd t het 10. 000 cell s per
0.03 ask aere addedso and al 1%wed (t3p grow ijn RPM nedi um

supplageRged W[ty 10% HBS and |asg i bi otijcs for 3 to 5
Ogayb ggﬂore seedidg I'ntjo;4£pi nney7 cul turles. For bot h

-

©

cet—i fes o T edi wWas [cfipnged |every day after
t he— sl are—visppretiodheeys. 15 [0422] In

5 arder B _det ernj e the pptphetegy—and—the | ocation of
hy pox|i Nit¥ogg® ons| i t hi n 20 i ntlstt

spheroi d, whol e

5 spherjobits were prepared| for histolagy. [For frozen
sect i [ONfrogemt act spherpi ds were washed i n phosphate
buffered saline (PBS) and enbedded in OCT and rapidly
frozen in a dry ice/2-net ipgdaiplaps sol uti on before
being stored at -80C. For paraffin_ enbedded sections,
i ntact spheroids were fi»@ erpigl Moflglesh| y prepared

| ution of 4% 20.paraf [ i 0. .
2113y E by Py e B MR R RS oR Bg sl the
efficadyltf tl?&lﬁ}tﬂok%b &Eiﬁae@bmmbﬁ{]rﬁﬂhiﬂ _atl@/laad)ﬂqgrbémgf.l pPié8 calyrectal

enetrate 0 e I .nner oXI.C. cancer. ce , econe
adenocg&in%@ E@lon ereigama) 0 SSRGS Y ak&?l%é?ﬁsr@m’e?ﬁ faskat
10,0001t/ mf 3§ Srd Wi B RO RIS lsﬂgﬁ)lerﬁé’iﬁe&%ﬁﬁqgeﬂﬁgs and antibiotics.
sSur vi 0 Sp S

val er ol exposed'to drug for 2 h was
As theseadisrdévlded] Bey\WOh 260 76 63:2981er paT faysrdGehaoRisg H46) dure|
. Spheroi ds werge pl.ac i n e r owmt j
carcingiga l%lgq[ @Brefsqueegtmtp é‘gﬁﬂﬁ fo%e(P B/\g}’l% nbagglglﬁeﬁjf ér‘ég}agggo form small

balls oj?%&?sr th QL He seRRR@ b Asphgkraak. TR0nant BIS gl weds 150 cm?
isolated by filterin the spheroid culture thr

i pated i 259%8e added
tissue seltire flags vstrecpated withA % pgareseqnd thanek(,0cedls per tlask were adde

e R AT RS B i b0
days beforb béedidEnegineecuanes Mor dbiborelldines azowismediompeamehanged

The di shes were placed, in sealed alum numvessels and
every dypefterdhe whgroids hesame vistlg lUBE¥hs and gassings with

kA a5\ g % gkicne ithi
oA G RO I TRyl

intact WeHtegoitl nwhdlatsplebroids svesshakpargd fathéstolbay.hFemirenes se@ionss intact
the equilibrj of. the dissolve ' ol ut i

spherqiffewErEAL 1 BIOIHLE ST L e (PO L e R0ORH bnc

rapidlil\[e@r?)ééﬂ %(grgqgegfz‘%tﬂﬁﬁutai% JoRRES B BetnBatdad er-80US. For paraffin

fore 'being conpletely digested with
embeddeyl seétivns, iBiantehetoidsivere Sed ivofreshdy preapied setiop Oh %

deby j rr ment , W th se. 1 red to yield
paratogrg eyl dfp e were e ARGt B RS
[0423] ESsReAd etk Hilith Q8h Bhoshdraphiaite dlifylitor prbangge pemetrate to the
survival. [0425] Initial dose response expe

¢ rlnent .
inner Wapaxipeanterqelle, Heaome aetivajass redease ﬁlem%@éwh%wﬂa@eﬁfﬁator» and kill

those inner cancer cells, the clonogenic survival of spheroids exposed to drug for 2 h was

measured.
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25

15 0.6% 02, or air to establish the appropriate dose
range and the oxygen dependence of phosphorani date
wa@bdoyloaxosr rel ease from a phosphoram date al kyPEX/082006/025881
prodrug. C onogenic survival was the end point and
the data are summarized by the 1 C90 or C90 values (the
[0424]. ] herotu?J %e&gali'%%%lg /'%“hle& 6&&%écﬁ&¥ntaﬁd lhdubat@@ ¥6:0% 1da8€1 h
and sur Daunor ubi ci n and
before Begﬁmﬁg lemperamins (ﬂphmt'mdhbqwn@t 504t andl GORtLan Syses igplatediby fHtering

di ff t
the sphatai@ SHIEHTE AWM & 158 OB FEISnBBILITE of VPRt St P e and
20 sph&%ﬁﬂ wdle p @&%ﬁ Qtsﬁlcl)l'ﬁ%e(%ﬁt@ded' GOMBISPYREX AisHid 8 inebf tbditm

r0|d ue toi1ts high affinity toward cells and
with thmdsemmlt doncewsitios edthettesd @Q@BOIH]@p %]@rdlﬁheé werg plagsd i § segled

alummgg{)\?e% g {n? %{%85 CtGaLsgPeMnf eivac%sa’u% %: o4 u% ggmgi%tg%zrgﬁed gases
con’canﬂﬁ%1 94 AYO) arkHh HEiRSE, antBtint 00, (0% Oi)-@%l(l‘zelld)%lajorcmi)l Spheroids
ture due to its hi reactivity an

were npmlheued i a oraking walgaba tm@lsmsbozlsthmaﬂwwﬁl pifhe dissolved O, in
solutign &‘Bﬁ |t1(1§/ 18!:]6%@{8 etdthg g@%&&gg Eﬁ]ﬁfé)n' fg& % 22 ggle'ft c&ﬁ%ound was

remov¥@hiiEHe kptier6ido Q/effe‘ivhﬁleé X)pfm&eﬂemg corpletely é:ugsstcd with trypsm
spheroids Drug I ayge Spher oi

Since the neyrefif gepreﬁ:ogtamc? bigadregipe d%%ﬁa \ﬁasorei%lm%oto

s ST DA, T O RN

clonogehiesphavam dat e al kyl at or prodrugs were tested in
spheroids to deternmine their ability to penetrate

[0425]I Rﬁt?al 4h& ﬂeEHlﬁlrse k¥ etigh dhYPRE Pefamed ingaddotayeb edlsrader nitrogen,
I vated, ‘and ki'll the hypoxic cells. The results are
0.6% ®atnm hite dstildisbwhe anpoeprizse dosesanaeand shexpigsn depdence of

oo R ST RSP D BLOSPRIAE 5, Bopyfen

surviv@Pwahe @nd pdinOarl thie EQtaMré.ﬁliaﬂZéd(hyGHe Mf oP 539dW dudsfl (’Qlel\/l
97 13M 70 1.25M 25.5 M1 0.35M

inhibitpapconcssirgmpnwequsdo kil 80°% of se celds ﬁ%“i éi’PiLd? g‘% |S‘t1f§1‘fa9r
Daungﬁ!%lgigﬁf d%?s%}/atﬁf eABTRIHICh FencHBESIHS SRASHS & £8iffefert Bftent, were

employed to kill the outer aerobic cancer cells of the spheroid. Daunorubicin was used to

penetrate the outer layers of a multicellular spheroid due to its high affinity toward cells and
cisplatin was used at doses appropriate kill only the outer aerobic cancer cells. As a control
for a bioreductive drug that killed cells under hypoxia in monolayer cultures, but not in
multicellular cell culture due to its high reactivity and poor penetration, Tirapazamine was
used both in monolayer based experments and in spheroids as tabulated below for H460 cells

exposed for 2 h.

ICy values for H460 cells exposed as monolayers or spheroids

Drug Monolayer Spheroid
N2 0.6% 02 | Air 10% O2
Cisplatin 4.2uM 7.7uM 7.3uM 8.0uM
Daunorubicin | 0.16uM 19uM
Tirapazamine | 14pM 27uM >100pM | >200uM
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spheroi ds as tabul ated bel ow. Conpound Mnol ayer
Spheroid N2 0.6% 02 Air 10%02 25 0.2M 3M 40M 29M
wQ 20028929The phosphoram date al kyl ator prodrug BBEUS2006/025881
conbi ned sinultaneously with 10 cisplatin or
daunorubicin and the spreroids exposed for 2 h to the
cophi pat i
104261 R B0 Bk S AL X1 S BT R M Roict bR RRRI
detennir@'ftﬁelf MilityDe l]ﬁnettdbe mito thk innecdyipg hypoxds c@lceﬂaﬂhdvﬂsrbmél n

ound 25 ound | C5
act1vatq§ 3?‘511 | the hupoxdp, ﬁ‘f)lgﬂoj exgsufts agg @é‘ll'\fbﬁtleflggl-% Conpound 25

2.3 5.4 [0429] Phosphoram date al kyl ator prodrugs
1Cy, foleiitbtstallaterpdshe aamohollayers or gmeemdsatoa)ho'sp@amp@tq mﬁ@fugs for 2 h.
15 lvingreeH-s—+n—t her-otd—and g | POX) C cancer
compound rM p ?{ * er

flnn \A‘fl

one and i
that_tar

kﬂ@%r()mr

L Aife) | g

Ed

e 36

agent

Aht i prol

1Bes aer
Pdrdi on

Peubl- I

DIAA 1t an

1 foaubyAi r
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WD 2007/

D02IIM P(

0. 2552006/

GRABE81 |

0480] Chin

ese

banst er

vary cel

| s nut ant

to speci

fIB@MDNA r e

air

Fat vays
1 '1Tes Wwe

- bhaeea!
—0€e€€o
th 109

ai _ned frjom ATCC. | bs (iml | ow ng cel |

30 vt 3, 798166 LG/ wel |/ 500L
%0 Hy‘ CECIHg WRETP) enent ed

|||a AA8
TR Sl

c3§||q (A] CC_CRL-1
"UV135 cell's (ATCC CRL 1867),

cells 5 (ATCC CRL- 1860)
E
[0427] SRR 1&8ld ;Elféo%fﬁgféiyl %ﬁdoogﬁ@ggggg B liinhdkicAh BRI

sphercﬁkﬁmrtsﬁuhﬂéd bgowensitivity were

P|nnnnﬂnlcgavcnu (ac nrDVI

""""" o confirm
{Granpavse Menalayer ¢ 3 ed 1o

sel ected |d6ses of 0-pf@Pho 4 dat e .’-‘1|0 p tar {prodrugs
@5 the progdvit | 3pMdnt i on |HERMP h hypaxi ¢ or
aerobic conditions, the test conpound was 10 renoved,

(0428 0T phosgomniGp AN FORHEatS OB IRen LR L

mspla‘%% UFd%@{%ﬁ%ﬁmn 8?(% 4h(e| fé?m%* Lo Rl PWRY the Bsmbliahedd, folRifed by

measurement of clonogenic survwal The results are tabulated below:

‘1‘@"5&1\/9 bt

retested vvlth t he

C

pos

ol
ouSH _y C

f‘eJ-I—s—

feratln

10

1C50 (uM)

17
9
2.3

Compound

Daunorubicin
Compound 25
Daunorubicin + Compound 25

1C50 (uM)

14
12
2.3

Compound I1C99 (uM)

Cisplatin
Compound 25
Cisplatin + Compound 25

54

[0429] Phosphoramidate alkylator prodrugs demonstrate the ability to penetrate into the inner
15  lying cells in the spheroid and kill hypoxic cancer cells alone and in combination with

another agent that targets aerobic cancer cells.

Example 36
Antiproliferation Assay — DNA Mutant Repair Cells
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20

EMD Base excision repair XRCClL UV135 Nucl eoti de
exci sion repair XPG Uv41 Nucl eoti de excision repair
wW@na 7662031 Honol ogous reconbi nati on | rs1SF HonobPOQUs®06/025881
reconbi nati on XRCC3 [0431] The following table lists
the effect of exposure of various cell lines to
ounds 25 , j ' ere i

10430] CHRY Peer B S inbiapClo sPARAL DGR rRlGRIeys trere ohiained
from ATCHY) TOfMewAtE ANdineBretdrbtelivith®, 500 RS,Q0BrRIlsATRII W

Otk 20 e A 085 0 oy e

e L)

(ATC/ERUEEGONU T dnedisitAT CSUERLVERGTY, JRSESF edlisechlbeql} ines were
iniiall A TeR OHG: A BT DR Eog P (m RS EABlfensitty were
retesteg"\{ﬁ&x e Ql%n&genﬁé 5s8hyas Préddowdly d435Hd) Entonfeel the biahideration

efective 1'nh honol'ogous reconbi nati on_were sensitive
resulist Eellymprerposinto28lecind dpsasyphakewhominidate eliwylptor prodrugs of the

artici pat i oth the n eoL LS '
prsen QbR R ol PSS Ea 6 gl e
removEERAH ki1 werhyedCoTHROfd 6w 2fy thisls $istaltlye edilinetfifie WBhway mutated,

2007/ 002931 PCT/ US2006/ 025881 produced a si gnifi cant
and thasnegiic gshe gpfestidduct s. However, UV135 which is al so
i nyod iy tepty de excision ' ot
oflime' ['Mutaht pithiwey ~ =" ERAL GeftR S
nsHive—+oa—Cotpotn P reaq
;?C &A&d b /N&n.. V laéypfgdeechj\V;: mbﬂ"”; I“ $one
cr $MP nks BWISFQQQ‘@P@E were an?g,flmu j w41 and
i r 9A5F1 | | Dugleptidq dreisemisB#eni ¢ ASIAY _ The gxposur e
unddivékr opNucleotidt tt)dci:srimll@ppiremdjceé(ﬂfﬁe same [spectrum
of |sensi ti yHomedogass swembimatien hypoxi a, indi cating
t hdfdIBE acrRRidlogduddcoinbynaties al §XR@U3ed byl DNA
i nterstrand crossiink formtion. npound 36 exhi bited
a simlar pattern of sensitivity in the nutant cell
[0431] Thefllowmiag whte list thi affeCofpgspastreyd varigws ool lines seFomraunds 25

and 3%&} or %ﬂrx?g glége[% Sg%cinpd?&()nsla%d %és%%)& Sy ﬁ%uf%ﬁiéﬂ L AyeLatd by ICso.

Compound AAS EM9 Uv4l UV135 IRS1 SF
(Anoxia/ (Anoxia / (Anoxia / (Anoxia / (Anoxia /
Air) Air) Air) Air) Air)
36 2 />100 4/>100 0.03/20 2/>100 0.3/59
25 8/>100 7/>100 0.2/95 6/>100 2/>100

[0432] The following table lists the ICqo values for clonogenic survival for selected cells

exposed to Comopund 25 under anoxic or aerobic conditions.

Cell Line ICoq (},LM)
N2 Air
AAS8 0.85 >300
UV4l 0.02 17
Irs1SF 0.02 20

[0433] Only cell lines defective in homologous recombination were sensitive to Compound
25 under hypoxia. Since UV41 participates in both the nucleotide excision repair pathway as

well as with the homologous recombination repair pathway, Compound 25 possibly also
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[0434] This exanpl e denonstrates the effect of

Conpound 25 on tissue penetration using nultilayered
w@edo7/0ea98t ure (MCC) and to assess any byst andePCEUS®04/025881

MCCs were incubated w th oxygenated nedia (20% 02 &

5% 02) or hypoxic nedia (approximately 0% 02) and the

producé'(g? Fle S1téicc S 'Er%%{ﬂl‘? om%agﬁﬂa\%ﬁ@ Ao HRIEO TR/ 153'5 %1 dk?f%pa‘?s%qgvolved in

noxi ¢~ Si 1e the othe
nucleoﬂi(ﬁl’@&[s&fﬂ tepaie has adt whiiti¢é ’aJrCmnﬂ@J,ndlﬁﬁp &heqargloaha)lant\ms@gns

bat ed % 5% 0
N XCRET ETRN T ITIE LE 1K
in UVéfllh ntdlf]lﬁsrl Fﬁ%glltléaggﬁ cgénc}glaﬁlc 284ayS thb 3gfosfe tirliRr GetbbidicBnditions

ti'ssue bécones depleted  of
produc@d( yiganme Epectaunt efisensitiviRs degsicatinder liypoxiacimdioating that thegperobic

i g oy nd b PRSP SRR Rt 386 e o
similar’ ﬂ&@t%acg‘ sBeki M iInthé BhutdFe BiRlidds &%&ﬁn@ﬂﬂﬁb&m}p@ﬁﬁ&?ﬂ@ also
hypoxi‘a, where tunor bl ood vessel s becone

produoeéwmurﬁewrdmbd:reﬁémk@f oxygen and test conpound nust
penetrate extensive distances to reach all cells.
This situation therefore poses a greater barrier to
drug penetration, if bi Eelamgle@ﬁ activated drug acts to
limt its penetration. C£j?0435£1él\/[:c based experinents
were carried out M}HllﬁYﬁ@él faduey™M%8h 0, 5 or 20% 02

[0434]f"§rg§ 2] 2%1@ ‘d&g@nﬁi@kre%rtgé fo%@ dr Egh Z)Hﬁ’nd PSP atdue ‘ibeﬁ\étfalﬂoﬁ BSing

S wer grO\Nntoat i ckness
multﬂ@fereﬂﬁfémcﬁltul& (M:dl@)jarsijp [assretss arybyshedel diech M e werd ingihated

| diff |
with oxop A S @O0 o) DELPARRBA R UE ey B To and the
test coﬁlé’oggd wadh %)taﬁ) O fréR6He4iRNExRIsbd SR eate ARRBERGIAY while the other

uring I nhi'bition of BrdU 30 incorporation. The
side wesetmpoemilyiettscd o (batidd poxis sl oRdiondde L wre ineshated in

002 d
e 0 B A5 RV L BSpRRP R R Al
medla%/\%rdp HetasSéifise of tHeh@ItMeCThORthESES0 W tismmliwbmds depleted
for 24 hours prior to BrdUrd |abeling _an bse
of oxygey.oEeeextontiof§): depletips i Sipaien Wb ove AR t‘@?&cfs ’anfha
id t 7
o AL S B g

mediafit O%C@Qfml@&ells pegision Bmited byputie wheramger dimidyssselspcome
assess the effect of Conpound,?25

[ Y

complgieli depbgted PWY%&@%&@SW@?POBB@ filisbRerEipig exiepEive distagees to
reach Qﬁ agrd ]3)‘?§‘§ﬁmﬂf)n s HBARF % B Arudpédhdtion, ¢56inding

npound was required on the far (hypoxic) side
ofact@@ueﬁ)dn@adtsﬁotlhmtetxpenmmtl()lmor noxi c) 5 side to produce

co ble results, denonstrat,i n etr 0

(0435 BEGF baset PTIPERC T TeORTBL A 8 BB Dl e s or20% 0
for 45 RORE BribPtot ﬁﬂtd&iﬁgﬁ@dﬁﬁﬁhdﬂ‘ﬂﬁh tlee t@ﬁrc@mpbyﬁd oHagi t@lbél},s were

evant condition of 5% 02, Conmpound 25 was 10 fo o{
growmtorae:hwkfl@@toif\l éO;an oiratsobifl supngriEmdOneisifles s &l e clamped off

to dev%pﬁ%ﬁ%@% as CO i ggggze&séy}?g égigﬁ/o@%g b&mﬁ&gﬁ for 1 hr under

0% o%g%lb'z Yor eb%ecg; ﬁm éiﬂcﬁ?rm@swiﬁ Hanémeﬁ;glmé iARibitibd of G438 ]
ound 25 is nore e

t t.h l.d
incorpedtias ddhegmlieres me@cylpﬁggfi I%ﬁgg@wgﬂr %ﬁ%&?‘? o @ff% 02 and
removid X i apparatss AR HRa 36 F85rRd1 ot fnthERibeY) SleredHedig flows

over both sides of the MCC. Cultures were incubated for 24 hours prior to BrdUrd labeling

and subsequent cryosectioning. BrdUrd labeling on the exposed and far sides of the MCC
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denonstrated that Conpound 25 penetrates effectively

through relatively well oxygenated tissue. Conpound
wQ@2oreoxapabl e of killing hypoxic cells | ocat ePCHDS2006/025881

150m from functional blood vessels. Approxinmately

3-fold reduction in exposure to Conmpound 25 to the

hypoxi c. 15 si de .
were o OB AT oAb SRR S o Tl Bl et
image éﬁﬁ?ys%t@ QEeedihe R ctasf Cl‘dihﬁpd‘mhé Réoh celd podiferation.on. [ 0438]
he followng table lists the effect of e exposed to

ded.d 0
s EHESH R AR by oo oy 0. 5o

less coﬁb@@n@%@&qﬁlﬂ@d &%Iﬁﬂ‘al((ﬂdypéﬁ%% ¢olyparddytodlé expoged (norimoxic)
NorrmX|c-178 >10 20Ex

side to prodcemEIRES B IR TRA TR A IO AU VAT PP R o

rARAIIEE o 1
Compc{u% §$‘gp hos p @FS mg ggtdaé%%ﬁe;llr{g? %S;[ 9(?2115119%% odr ug % ﬁcfgan%%%yrﬁ dyOglcall 7

relevard 5amcwasn pE5% e mpeind 2 waah0 (ol more p*éfpct(vrezwmnhdﬁang BrdU

incorp QR OR i LIFIPASS Stk PR PRI LS MY RBRCRE KRl sides of
culture@ P?‘% & QN% @‘?\?Veﬂzr é‘t‘llﬁﬁ]l? fo&ifedjw pob@redo Dwﬁ@oﬁﬁmk

ution wat er: met hanol bri dg
[O437]s oCumpomd m@nnmge nffc,@to@omthe bmm widg of %‘iﬂﬁ@é)unﬁﬁf 5% O, than

Cl2, . and 0
v o5 SR SR R L L
demon%@at%@ shaVChigband2 Sberldirakd effe@ivehnitirad@hielativay vatltosygenated

addi tion of the NADPH sol utiaon
tissue. 20mpooRddiis papgblesyido ding hypexic cglﬁsgp«éqtﬁg W&SO pum from functional
blood gesgég? ﬁa%)? ?ﬂnﬂ'eltygjnﬁqg }éﬁgbtﬁéﬂ 1|neexggﬁr$ QﬁC&hﬁ@\Ind 25 to the hypoxic

yze anmount of Conpound
side wabolhigrvied uadadiys thaslativoNBs Mposhiefuadeni thé-aouditions. Bystander

t est osteron sed as positive controls. The
effect pis gbseryedp Bt%tﬁ-%%\hle%g‘ CRPEBURER ( Tabl e 1) and the

second st udy conpared HLMto RLM (Tabl es 2A and 2B)
[0438]TEhs llowlmtpblertsibe affettiof e skpased i graged desesof ﬁ?lﬁ)’ound 25 as

measueelﬁ)l\g% @%g%%?%/ﬁ%g% 8”% eéjrg@': 1?%01‘&/1%@({1‘]1 b%[ gé‘t/ /osgfr gge 0%

N $iHe 0% O, (UM) | 5% O, (uM) | 20% O, (uM)
Hypoxic ~1.1 0.7 2.6
Normoxic ~1.7 8.0 >10

Example 38

Metabolism of Compound 25
By Human and Mouse Microsomal Protein
[0439] An in vitro assessment of metabolic stability of a phosphoramidate alkylator
prodrug (Compound 25) was performed using human (HLM), rat (RLM) and mouse (MLM)

liver microsomal proteins containing cytochrome P450 enzymes. A solution of Compound

25 (500pL, 5uM) was prepared by diluting a DMSO stock solution 100 fold in a
water:methanol bridge solution, adding microsomal protein (1 mg/mL) in PBS/MgCl,, and
enzymatic reactions initiated by adding an NADPH solution. 50 ul of the reaction mixture
was withdrawn at 0, 10, 20, and 30 minutes after addition of the NADPH solution, the
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HLM RLM 25 127% 137% Ni fedi pi ne 22% 2% Test ost erone
65% 33% Tabl e 2B Conp. Metabolic Plasnma MID

wo paoray®sous adm ni stration in mce | ntraperi t BCEEE2006/025881
adm nistration stability stability (nmg/m) in mce
No. (MM (%at t 1/2 Cmax AUC Vss CL t 1/2 Cmax AUC

Protelﬁs/ Wélte I;)l‘ 9(:1%?%@& Mtk Ql@ét nr?g/ %Ise(cﬁ% ?%&é#t%ﬂ)lwa% gnéléjnaend for the

amouml OZ @dﬁﬁ)ollﬁd 25 by4‘8veﬂseﬁ PhaRH CMIS/NSS. 5Nﬁf2&b11ib%d@es@c§’stel@né’were

4.5 .1.25 18 1. 85) 6 0 60 250 7 0 85 250 16 40
used a3 0§ fonjfofs, Tyl 410 eomagmedRER iy ML &b Dogmdgpsecond
study @orﬁ%ar&? HIM - t&ﬁLX@(’lgab(e%t%deﬁB)VD( 11 mn) mn) mn)

26 56 85 34 28 85 (at 20 163 2007/ 002931

PCT/ US2006/ 025881 min) 35 5 36 90 60 400 0. 24

27.7 10.8 1.27 77.4 0.18 44 Exanple 39 Iv Vivo

Phar mac gomirfubgs of Phosghg{agmaﬁﬁﬁﬂl@yh@@;mgrodru S
[04401 Vari ous pl asma pharggGeKI net e par SR S —of

m—KBa

ph horam date =t Kyl ator kld_%ﬂ'l ugs 5 wer-e g/. erme

in ITI’bC"C‘XCGﬁI et Qrea—as V—A
Ta5 lfilplﬁhj e—3 Dbx g Das %l?\é\ut e Fou
L _(m

LA A L4 T

l
rmil at.i rﬁthl nax
id) (g/m§%(g- |if

vuu Lo

&Stﬂﬁﬁerqlﬁlf (nmof ka) (me/ké (

O X J J7 AY ~ e
Table 2A
Compound Metabolic stability (% at 30 min)
HILM RIM
25 127% 137%
Nifedipine 22% 2%
Testosterone 65% 33%
Table 2B
Comp. Metabolic | Plasma | MTD Intravenous administration in mice Intraperitoneal administration
stability stability | (mg/mi) in mice
No. (MLM) | (%at t12 | Cmax | AUC | Vss CL t12 | Cmax | AUC
(% at 30 30 min) (hr) (pg/mb) [ (ug/mt | (Vkg) (ml/min | (hr) (pg/ml) | (pg/ml
min) x hr) /kg) x hr}
1 90 100 0.26 | 35 12.5 1 1.48 | 4.0 0.25 | 29.9
5 5(20) {100 0.08 | 16.9 | 4.5 1.25 | 185 3 1.0
(85)
6 0 60 250
7 0 85 250
16 40
23 71 84 0.15 | 7.8 2.3 33 [368 |0.16 |8.5 3.5
25 92 102 0.11 | 27.5 0.18 | 22.9
(at20 (6.7 (11
min) min) min)
26 56 85
34 28 85
(at 20
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h/ml) (min) 23 50 i.p. 25%PEG 75% Saline 5.00 8.50 210
9.60 23 50 i.v. 25%PEG 75% Saline 5.00 7.80 136 8.87

W@B08001931 . 25%PEG 75% Sal i ne 15.0 44.0 1439 1BCOUSB66/025881
5o i.v. 25%PEG 75% Sal ine 5.00 27.7 646 14.1 la 50

. p. 25%3EC¥75%SaI|ne 15.0 29.9 - - Ia 50 |_.v.
Ab%tu 7 192 rme 5. 00350 12 5 S50~
259%PEG 7 aline 5.00 3.00 l=7.42.56 5 501i.v.
35 25%@5@/ 7686 Salli ne §5.00 16.9 270 4.67 @7 2011 . p.
Crleppphofe: ranol Salime-2.00 1216 196 23.2 (132:7)
36 37 %0 (i w00 or etBPhqreEy Radol |16 i| A7) G0.415 0081724 ~ | 26.1
9T 00 (1277 85 25T p—10% PEG 5-00—3-9389-110-0-

128 25 i.p. 10% PEG 5.00 3.85 102 8.31 24 50 i.p.
Saline 5.00 7.60 F-644.0 4Ei&mpkB3l b/c m ce Exanple 40

v Vivo armacol i netjcs of Corrpound 25 10 [0441]
Vari ous g e ngrmasekpetisrffhesehorsraidate AlkylatasPapdrups

o4 EoEG 551 ISR B BB o

5 were determiheak indiD-T, mixk eSompx wARKE rdaddf asllisted Bebow (nTpdtig3. (m n)
(gg/m) (g-h/m) (min) (%9 150" i.p. Saline 5.00 90.
1239 58.7 - 150a i.p. Sal [ nera%ﬁag) 3.38 307 ND - 100
P Saline 15 0 158 784 95.2 - 50 i.p. 30% PEG 70%

Drug. poDese 9| Regtelll. 0 - Baniudaid®0 i .v. | INUPEG TQY 2/ 0AUC | Half
(mg/kgy| 6ngRE) 6. 7 - 164 WD 2007/ 002931 PCEnld$20Qe/HLH88lug- | life
Sa ine 50 I.P. B0% PEG 70% 15.0 9.2/ - - - Saline| ymlL) | (min)
23 50 1.p. 25%PEG/75% Saline 5.00 8.50 210 | 9.60
23 50 iv. 25%PEG/75% Saline 5.00 7.80 136 | 8.87
36 50 i.p. 25%PEG/75% Saline 15.0 44.0 1439 | 11.0
36 50 Lv. 25%PEG/75% Saline 5.00 27.7 646 | 14.1
1? 50 i.p. 25%PEG/75% Saline 15.0 29.9 - -
1? 50 Lv. 25%PEG/75% Saline 5.00 35.0 125 | 153
5 50 i.p. 25%PEG/75% Saline 5.00 3.00 574 | 2.56
5 50 1v. 25%PEG/75% Saline 5.00 16.9 270 | 4.67
37 20 i.p. | Cremophore:Ethanol:Saline | 2.00 12.6 196 | 23.2
(1:2:7)
37 20 1.v. | Cremophore:Ethanol:Saline | 2.00 15.0 172 | 9.00
(1:2:7)
85 25 i.p. 10% PEG 5.00 3.93 89.1 | 10.0
128 25 L.p. 10% PEG 5.00 3.85 102 | 8.31
24 50 i.p. Saline 5.00 7.60 64.0 | 4.10

“Balb/c mice
Example 40
Iv Vivo Pharmacokinetics of Compound 25
10 [0441] Various plasma or tumor pharmacokinetic parameters of Compound 25 were

determined in CD-1 mice except where noted as listed below in Table 4.

Table 4
Dose | Route | Formulation Tinax Crnax AUC Half-life F°
(mg/kg) (min) | (ugml) | (pg-ml) | (min) | (%)
1507 ip. Saline 5.00 90.1 1239 58.7 -
150" | ip. Saline 15.0 3.38 307 ND -
100 p.o. Saline 15.0 15.8 784 95.2 -
50 1p. | 30%PEG/70% | 5.00 22.9 438 11.0 -
Saline
50 iv. | 30% PEG/70% 2.0 27.5 325 6.7 -
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50 i.v. 30% PEG 70% 2.0 27.5 177 10.1 - Saline 50 i.p.
Saline 5.00 38.5 635 7.91 - 50 P. o. Saline 15.0 0.93

wae 04089317 13.6 25 i. 10% PEG 45.0 6. 33 247 4prdBUsN06e25881
mce with H460 tunmor bTunor PK Bioavailabilit 5

—Wet

3
w

Exanpl e 41 Cytochrome P450 I nhibition of the

Vet abol i gm Okt ound 25 [ 0442] Erght—Teac
SOWi =100 S@EMTE(;/UIU‘EB Acot i_zai nag—50—HM S&HHim
KR at SO B S0 0%, | 6 NADBZ 6| 6 M -
0.

hosphat
plﬂ D 8 Ulm of glucose-6- phaosphatle

U
t
t

o T
P
B

gHiicose—l6photdifate 10 8 Ul of g
Soglei;;/g?’ogeﬁg%ép,ﬁ%(rqg%’. 8 Jetial #-PutjonsiBF the tidst -

wpound (suShlites Copound [10 25) Mmere prepared al ong

c ¥ . T
S0wi thipi ght wealine of JL: 3.08eri a38.8i | juti o685 of B ATt abl e-

50 posip.ove conBaldde i nhi bf.bor (&osh as fagafyllTng 7o 136

25 CYPiag, |sul f@premazol e4d or [CYEZE9, | N bepzy! N T a[tol

 eNfude eNEGAIPHAGAbD! Ne T CYP2D6 and—ketoconazote
f brunfoYPRA4) . The concentrations of test conpound

r@@@ﬁbﬂggw 0. 0229, uM to 200,uM The reactions were
initiated by adding 100 ,uL of a pre-warned

enzyme/ substrate solution. A zero time-point control
reacti on was 15 preparedEdaynpheldtii ng 50 nL of 10% formc

200" miCopegmE B3P Tuihiion sh Fred el ot Compem s es,
[0442] bt AdGiiOwdBOwith 100 41 STREBRABH RS LA S f@}n&{& :petrelssiﬁafg

control reaction with no inhibitor was al so prepared.
phosphgte.gyH 24, 3.6 MoNADRe GisanMogluease S7plosphaie; 0 $HEhL ofiglucose-6-

phosp 6 Sl PR L8 37 2D opPle 8768 o Compoune
25) wa€pBpareihuborigeaith eRhsweRY 6f 123 ehadl efu@std o7 saRM1Y p6FtiTObontrol

. ..k h tapolite forns of the probe substrate '
inhibiop Gt SO RIHOHBIe (oY RBA2CRIG DA oAeRle R Y BG4 80 benzylirvanol for

- ; an for .
P STRB 50005 S EA R QAR DB o
test cogypBpdjanges frgmHFLIONBVING20EAM) HEs@YCtiRS WPl eEsly Ading
1 C50 values are listed

00 o T oy bS5 Bop o Ston
prepar€®By b@linZ50 IIASF F098 fhnic 258 (AR -k Acetdfite Fo Y 9) it 8ter to

100 mL of cofactor solution to inactivate the enzymes, then adding 100 mL of

enzyme/substrate solution. A control reaction with no inhibitor was also prepared. Aftera
suitable incubation at 37 °C, the reactions were terminated by the addition of 50 mL of 10%
formic acid in water (400 mL of acetonitrile for 2C19). The reactions were prepared and
analyzed for the metabolite forms of the probe substrate (phenacetin for CYP1A2, diclofenac
for CYP2C9, (S)-mephenytoin for CYPC219, dextromethorphan for CYP2D6 and
midazolam, testosterone and nifedipine for CYP3A4) using HPLC/MS/MS. Each assay was

performed in duplicate. A summary of the IC50 values are listed below.

Table 5
IC50 (mM)
Compound
Isoform Control 25
1A2 8.6 NI
2C9 0.20 ~10
2C19 6.0 NI
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M dazol am 0. 049 >50 3A4 Nifedipine 0.03 NI 3A4
waemvoeer one 0.10 >50 N = No significant i nktUS$10061025881

detect ed Exanple 42 Deternination of the Potenti al

Met abolites of Conpound 25 5 Forned in Muuse, Rat,

Dog and Hyman Heﬁ)%tocyte [Odlﬁ%] rrpoygw@ 25 |s

i ncubat ed W|t %Z?;a : no key
cryopreserv t s a co cen t|o of 10 M
The reactilo ‘5 ’PB}YZ) 6 (pré-in égatl n), 30,
60 and 12 ﬁAﬂtheﬁtQStﬁKPnﬁu m‘ho Q witth adtonitrile
prior to coWTNe sigeifitashinhibiliondarsied s by

hi gh- performance |iquid chromatography (HPLC) in

conjunction wth tande ) spectronetry
(LC M5/ M5). Potenti al %ﬁ%@]ﬁﬁges are identified by

per f or nhegrhinbliors68ths Pofentiah MeboliteSROC@npourifiks

product ion spectra of _the potenii al tabolltes are

subsequentPynedialYigpteeBa Peecs & oduct

ion spectrum of the parent conpound to det erm ne
[0443]vBenpamdsdk insobatad with meusaret dpg menkey|agg bymap cryopreserved

hep atoeggn%to%%o&c%??lgﬂ 89{1 ﬁ gR/P AL ANE&: g#éqﬁ%qp%a f£0 '(pI% QRRMHAG), 30,

dppearance
60 and"El0aRRluics ®§ qavthidd With ateorkfilepriot mrcenitnlﬁqygad:lomaad pmegysis by

th kK h ht t h t t |
highepaclomeies WA LRI GYEEeREY (0 CPRARHAIONI D BEEE TGRS

o RN AU ki e B s
from 100np 6200 amd5 Taa @rddlust iop spdetaiof d(q;gotctmlasme‘a@g]etes mubgpquently

rats _are determned follow ng single |ntraven
collectgd and, campaged ¥h %fprcgiuctzlﬁn sg%fugtﬂ‘a "T‘gﬁ parﬁﬁi} ﬁp%o d%}ermme
Wheth&Seac%Eﬁt ?t%%@%ﬁ't@ﬁtrélﬁﬁd% aagls, 2’5hca@1@appfe§rance of the
te(s) wll also deternined in beagl e dogs

parenta:nmpommb((imnpxgmé 2 andethis apmarw agpafeniifl angt léﬁﬁmsﬁ%me are
trat f .2
monitGipd b sRair S Be St o s SR TR e TP Lo P e

deternmined by a LC M5/ M5 net hod and nean
pharmacoki netic parameters are conputed. Exanple 44
Mass Bal ance Study in Ryxamplédfs WO 2007/ 002931
PCT/ US2006/ 025881 [ 0445 Nor mal and bi |l e- cannul at
DetGprinajice-dbdl loyVivaPharnasokioaiien it @merpund €5 oS %?}aboi%e (s) in
as a single mtraveng ﬁ%%sagdl\%lﬁc‘%g pl asma, urine,
d

feces and are collec Speci
[0444] Pharmacokinetic parameters of Compound 25 and its metabolite(s) in Sprague

Dawley rats are determined following single intravenous administration of 5, 20, 50 and 100
mg/kg Compound 25. The pharmacokinetics of Compound 25 and its metabolite(s) will also
be determined in beagle dogs and cynomologus mornkeys following single intravenous
administration of 20 mg/kg Compound 25. Concentrations of Compound 25 and its
metabolite(s) in plasma are determined by a LC/MS/MS method and mean pharmacokinetic

parameters are computed.

Example 44
Mass Balance Study in Rats
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30

times and concentrations of total radioactivity are
determned by liquid scintillation counting (LSC). 5
wEz@mpd®3n5 Quantitative Whol e Body Aut or adi ogPEpiig2006/025881
[ 0446] Sprague-Dawl ey rats are admi nistered a single
i ntravenous dose of 14C-Conpound 25. At specified
| RRm ¢

O e S By B e sy " g pound
25 as pbiagledanmaenamadosz.c Bldodrplasoreg aring, dedes and fire collected at speclﬁed

i SRSl e G AR SR R

(Lsc)Lei ca CM 3600 cryomicrotome. Col |l ected sections are

freeze-dried, nmounted and exposed on phosphori magi ng

pl ates al ong with 14C aut or adi ographi ¢ standards for

subsequent calibration of the inage analysis

sof tware. Exposed screens Bkgémpleasned using a

Mol ecul ar Dynam cs 15 Storm 820 or 860, The

concentration ofQuatitagxe Yhale Bodn Astradipgiophy yes

n q

(0446]SpERD BEl PR e BB R0 E S Plron G U & 304Compound
25. Abqvmzﬁadﬁrmvan@mcpm tmdpmnmsenﬂmmzecpl Blodis egntrifuged to obtain

plasmp,eqygl)tﬁg ﬁfépé @¥$ ) sr&pé aiygca(g ? T CRR ggg%€$@@a0t1V1ty Frozen rat

carcasg?sdéfle bfboB@Rith % entt GRikA ftd ﬁ%ldcﬁ%d sb@od&d aﬂ 4@1 88 kh Be.cica
and contents, |iver, Iung, ' ynph node submaxillary),

CM 3@@(hmyemscroqomm @c&lneyteg rs@mnd»ns 21@ frreostited r@oumﬁl andegxposedyon
naI Vesi . Cla

phospg?%%@ﬁ %5; al%l}%]‘?”é t aiut et aﬁtcggalnlﬁﬁr 5 {(gﬁ&gkquent calibration
of theQﬁBg@ma@sas SBtvRed), E)ﬁﬁ)'s&%cré‘éﬁﬁ dre dch@fdaningtdWocdlaBDgnamics

urlna;% bl adder (and contents) are neasured by inmage

Stormgf78) ar 8. TAep@m@aﬁr@l@mfﬁ@@pmstyam seleft disgugs mthéa@& ipose

o) RS RSB e SR8, LR onc e

marrob}i nebung aﬂmcdm’mﬁsa ﬁplﬂaiymlsi@gophﬁgﬁlsk eyelmﬂc([ﬂvaatamap Iaqsefmls tfimor,
ound. 25 eterm ned us ul t flltratlon
lens), Haf e gy pesgt. nﬁ%ﬁ%ﬁﬁéﬁ@(‘d@%amp& nd gtigg sechign), large

1ntest1§19 'aﬁ@ gorﬁ&nts JReE ‘?urﬁgo N A&l sﬁﬂﬁaﬂll&&) %@&Hé" ‘iint?ﬁa %fléhd

Centrifrée(r) device in triplicate
prostagcaglph@ssa]av@y ghed, seoundl ivbsicles dk@lgtaBﬂl@scla' h;km stomach (and

conte: t o [rggs(t]?%ézaﬁxcoa en%? fgfeﬁggﬁ?)ﬁ 8? Og %@%ﬁ}(;rog(f) gnd ér?nary
bladdéf (Eﬁ@f:dﬂtéﬂt@%&@rﬂe&s@é& el adetaRalb/ ki, Auﬁ)radlamﬁh@@gﬁ;ﬂ@ and digital

ound and anal ysed usi ng LC M5/ M5
nnageg|afe(1apd1pqed peeachppimphal yzed and quanti fi ed u5| ng
human ultrafiltrate standards for the calibration
curve. 167 WO 2007/002931 PCT/ US2006/ 025881 Exanpl e
47 [0448] Exanpl e 47 denonstrates the useful ness of a
conpound of this inventi onEE#PIedSt i ng  cancer

enpl oyi ng a HT- 291 iesdo kel BRRR FEFburERgar af t

nmouse nodel .
[0447] The protein binding in mouse, rat, dog, monkey and human plasma of Compound 25

is determined using ultrafiltration. Ultrafiltration is performed by aliquoting plasma spiked at
three concentrations with Compound 25 into a Centrifree® device in triplicate. All plasma
samples are then equilibrated to 37°C. The Centrifree® apparatus is centrifuged at 37°C for
30 minutes at 2500 x g. A 75 uL aliquot of the ultrafilitrate is spiked with the LS. (deuterated
Compound 25) and analysed using LC/MS/MS. The ultrafiltrates are analyzed and quantified

using human ultrafiltrate standards for the calibration curve.
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5 [0449] Fenmal e CB17/SCID m ce (purchased from Charl es
Ri ver, Canbridge, MA), 7-8 weeks of age, were all owed
wo eooaoeddsnat i ze for at | east three days, and heemiUsmo6/025881
under pathogen-free conditions. Human col on carci noma
cell line HT-29 was obtained fromthe Anmerican Type
Culture Collection. The cell lines were cultured in
RPM 1640 nmedia supplenmented with 10% fetal bovine
serum Cells were maintai xdmple 47/ 37C i ncubator with

i1 5 AR o e o OSSR EORSHA Gt

& S f SIFRRES]. gr ew t o
o S MEEITAPL BTG ssonegs Wit o o o

| e ) |
04491, e GO i reen PR B R g GHDLfae M, 7-8
weeks 995%&9 Wtk AR vRlda acdifhaee foied 1dast tBR%dayS laad dxidledunder
PBS) "at a daily dose of 20, 60, or 200 no/kg (G o %s

pathogn-fige anudiipny: ddyoen ¢alen garcingig celb lige H;Togg was ebtatneg om the

.dai 0 0,. 60 nd, 2 f .
amei e l5REEafloRO PR P0PRF SO FR LA layte
supplefheafRd with 1088 I@iﬁﬁﬁbédéﬁ{eys)ar@deQW%mhihtaimd@m @@[°C incubator with
5% C(&; FJS;QVI-II"F asgllrlls %lf’ﬁ]@ %@%teé%{%éuﬁ%}gé gggﬁ%ﬁ%%@g Sé{,\égblldk get:lfs(? animal
in the éﬁe%iﬁgl{e%f%l tcﬁ{aﬁgg(l.{ggpaé@e Q¥ herFhe Wilor? fgré%@&han Wr@f&ne}/\@ﬁl 00

onl y e nal l'y neasuring tunors in two )
mm’ (Hy B Gich pBoupsi i@ mice g bdhini@€red &bri these Wesks evepiste akgnea(saline

and P e g fhou 3y SR 6 (o) bR st o
PBS) 4t3 cfah? gg’b@&ﬂ‘z@%oﬁor@() %9%/%% gcir]oﬂ{ﬁm,m Ml AlFespeurdrety), and

nmeasu tw ce weekly Adm ni stration of

CompGariifiatc dily aos2ef 20600, aad 200 vee/kg Livgn da/hawe plterefipseaf 10

t . wt d dmi_nj i ' .
e/t Ry, GREHPR] TR poh st 74 E0umy St iSRS Al seeeiving
only 586 N0 ndFkb (Gfoub 85 ds tabulteddicRfw.and dose rel at ed

i nhibition of tunor growmh conpared to vehicle. In

[()450@%I . %gg@%\g«g@k Qiaéaicﬁﬂ?ougﬁwggr&%ea%ic@qg‘@eéﬁ. @fﬁmﬁglg%ach

unor gromh to a greater “degree than
xenog?if%was maéiwgd % eglerreily n{dangidegmad inhivbidimonsiass usiBegaudgital
) X oup 34.6 - 60 16, 1 - 2 2.- 5 2
calipesieaBLrmesks Tomsy valisia [VAgues Cpistined 6 e lora gyt v =
(Lx Wé,%‘?egg P/i94888cth ndRPis thoRldiP8f £ xénbgrafd BlrhbSfbldmes were

measured twice weekly.

[0451] Administration of Compound 36 at 20, 60, and 200 mg/kg/day each reduced tumor
growth compared to administration of vehicle alone. Administration of a combination of
Compound 36 and 5FU resulted in greater and dose related inhibition of tumor growth
compared to vehicle. In addition combinations of 60 and 200 mg/kg of Compound 36
reduced tumor growth to a greater degree than SFU alone.

Group Treatment (mg/kg) % Inhibition vs
Group 1 Group 8
2 20 34.6 -
3 60 16.1 -
4 200 20.2 -
5 20 + SFU 35.7 3.3
6 60 + SFU 46.9 13.3
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[ 0452] Associated with these anti-tunor effects, there

was sone degree of weight |oss and occasional
wororr/ab298y, particularly in the group treated PET/HS200€025881

hi gh dose of Compound 36 but in other groups as well.

CNeraLI Cbnpound 36 shomed varylng rates of tunor
ar-owt | A 4+ 3 A 40Q. . [.AALQL

Cofonstr at so 0he Sl i naco Sfar chmpoubborihi s

i n%enn on in t ﬁEin ng C nr‘f:\)l‘?’l8 anl "\\II ng a-NClL H460’

human col on carci noma xenogr aft nDuse nodel . 10 [ 0454]

[0452] E%,%ﬁl;ﬁ 8§§V1t¥1l\i%'sl %H‘é&\%m( &EJC‘EJW ??é?cgwfaé g@%@%‘%@& Wk loss and

occas1cﬁfél3idoﬁ&ﬁﬂyzparﬁaﬂa@§' inl tﬁag’foubhfea’&ddaﬂsthe&wgh dmadf €dmpmm¢ 36 but
pat hogen-free conditions., Hu ol on car0|2ﬁga cel

in other greappa) Welk60VeaY, GeRRIHEPR ﬁﬁeg NRTYingates Of fHg o wth

lnhlblt(é)lﬂlture Col l ection. The cell lines were cultured and
War vest ed according to the procedure described in
Exanpl e 47 and inoculated at 1 x 106 cells/ aninmal in
the 15 peritoneal subcuhgnequ space When the tunors
grew to an average vol u 80 (day 8), each

[0453]gr gk'zf]n}?@ é@d@ﬁo%&t@qm DicTiIRERGFh Qbmtphﬁﬁﬁomlﬁﬁverﬁ@n in treating
in the table below. Conpound 25 (2.5 /m

cancerlempl@%n@EHCIe}MﬁOnhwnaracql@m carg@p@axenogaﬁ moge (1
ng/m in 5%EtOH 5% Crenmophor and 90% sal i ne;

[0454]aderﬂh1%UEﬁt7VSElD mice(purdhikeaifloat ChgtdsrRiser, @ainbridgd, MA), 7-8
ound

25). The body. MEIght and tupor val u
weeks méaswee@e d@ver@st@ erelEnatize fomat fsaghibres dpys. g andied thder

t
pathogfaj e@@ﬂémﬁﬁg lﬁgrg!nh%glﬁﬂ g%rb n%ﬂ%:&githlr\lm I:i"ﬁ@ ‘ggs{]?bﬁélﬁﬁ'k from the
Amerib&hlType Goltuse elsllactRnwdik sell Endtehérelcelthiad @od davesyd pcgerding to

the progedamgouiredin BunRod” and asaietel s SIS sty iF RS

pentox%é} g&gﬂ&ﬂg&hs\)ﬁg&y “’Wﬁéﬁ %en'ﬁgflﬁ%g ‘ggegv g)se{ﬁ'(?é%)k(agu&o(@ﬁéjoﬁl 00 mm’

(day Syyeakls gibar of mi@: \(J@ﬁzdnmnsyewd/@e Khrge Wedﬁe R%tab@a@én% &h?rtéble below:

comopanls 5 VR 580 LA ) g

5% BOREKS, CIBHPHEr 200090 QA8%L adthihidtiSHOR6/; @725 88 fter administration of

Compound 25). The body weight and tumor volumes were measured as described in

Example 47 above.

Treatment protocol
Group Treatment Dose Regimen
(n=10) (mg/kg)
la* Not Applicable (NA) NA NA
1b* Saline NA (q1d x 5)/week x 2 weeks
2 Vehicle NA (q1d x 5) /week x 2 weeks
3 Compound 25 25 (q1d x 5) /week x 2 weeks
4 Compound 25 50 (g2d x 3)/week x 2 weeks
5 Compound 25 100 (q7d x 1)/week x 2 weeks
6 Taxol NA (g2d x 3)/week x 2 weeks
7 Compound 25 25 (qld x 5) /week x 2 weeks
Taxol 10 (g2d x 3) /week x 2 weeks
8 Compound 25 50 (92d x 3) /week x 2 weeks
Taxol 10 (92d x 3) /week x 2 weeks
9 Compound 25 100 (q7d x 1)/week x 2 weeks
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Taxol 10 (g2d x 3) /week x 2 weeks Goups 1 a and IDb,

n =5, qld/gd = every day; g2d = every second day; q7d
wo2@vmeep3sevent h day. [0455] Results are presePtBEUSI0N6/025881

Tabl e X2 based on tunor vol ume neasurenent on day 29

when vehicle treated mce had reached a vol une of 946

faaaaP) Oy e —Af— . : — L -
ISR RE = o oup O1 o 1T CE TET V1Tl DO, éj!{()x
t r eat|nent \7\};3!7(81 addedlin ofder tlo in l?&}g?’g%{%y \/%meﬁ]fse
@rbepd ka dndtlbgne ot used for conparisons in this

SR GospasBod ' S secgBl g g~ Hherk s¥iPay. o°
[0455] Z ﬁ{&t‘lﬁg are pré&sefiRd il P45161X0Th8ed 68 tilnich vdamMskat@néritah day 29

ree regi nens for dosing Conpound 25 provided 10
when vehivid taeatefoniceded efachehibyolgmewt A4 AR bi F10¥RS ahvinygrsecerving

. conbi natign the I |
saine GigH PO e o Pl sl by Yepll GHEISui e not used for
compalifianyhiyaslpssoci ated with some degree of weight

| oss but not | arge enough to cause any nortality.

Overall the results indicate that Conpound 25 is
efficacious in this nodel of |ung cancer and provides
addi tGengl bepefit t % Inhititipreovi ded by the standard
chenot her apeut Fe—agent,—taxol G F0457] Using the
mouse to HED chnv W% GonpSiR® 35 can be
admini $tered at a YHerapdutically effective dose of
about 2 to about 8 Y/ kg/day, for the treatnment of
cancer,5 particul ardey7 | ung cancer, alone or in
conbination Wth Tageal TM [wher gggg t he daily dose can
e adig i Stered wigsh a decreasyng fregquency of dosing

£ /H | . " ol
fFor—htgher—doses ¢ ret to TOpe doses. 20 Exanpl e
49 104581 Ex 63,...\,\, 3

[ 04581 Exanrpte hré.ucobl Hoes—theusef ul ness of a
r‘nmpmm(H of this in?8ntionintreati Rg- cancer as

denonstrat ed enpl oying a H460, non-snall | ung
o154 PR ARGy T, g g o e
simila7 dégras ofeaksr gbwigiahibiérrears thowethbimatigo ¢herrpt pasicplgrly with
every 3&%@%@%{?&%% g?%éﬁg g%éhegomutﬁggt{on t%in%py\@/as associated with
some degree of weight loss but not large enough to cause any mortality. Overall the results
indicate that Compound 25 is efficacious in this model of lung cancer and provides additional

benefit to that provided by the standard chemotherapeutic agent, taxol.

[0457] Using the mouse to HED conversion, Compound 25 can be administered at a
therapeutically effective dose of about 2 to about 8 mg/kg/day, for the treatment of cancer,
particularly lung cancer, alone or in combination with Taxol™, wherein the daily dose can be
administered with a decreasing frequency of dosing for higher doses compared to lower

doses.

Example 49

[0458] Example 49 describes the usefulness of a compound of this invention in treating
cancer as demonstrated employing a H460, non-small lung carcinoma xenograft mouse
model. Female CB17/SCID mice (purchased from Charles River, Cambridge, MA), 7-8

weeks of age, were allowed to acclimatize for at least three days, and handled under
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pat hogen-free conditions. Human non-small | ung
carcinona cell line NCI H460 was obtained fromthe
wa\pwrioeasl Type Culture Coll ection. The cell | iPeBUSBNE025881
cultured and harvested as described in Exanple 47
above, and inoculated at 3 x 106 cells/ aninmal in the
| b t

PO B S S g, o Vo TN 88
obtaingdcfeory thenAmpericagr Dyne)Culaise Gdiieationt @hedell tihed \mxeeumek snd

eSS ) 0 0 B SETRLTS o St

itoRe
RSy, S O A1

(day @y eaehgenp efraico (ion pat grep) eardmisisteaed fon threé weeks2ashtabulated in

the Bl B O A 201 C g TAEES: FOBRRAEhe ra 1

Com;(olﬁﬁd e} (e 00. img/ml ik Q OVPBCE lagfhitiérdth rHuté —5‘}9 )( é’iﬁef‘axél (1 mg/m] in
ek 2 8 Taxol 10 (qg2d x3)/week x 2week

S%E Y sdemaphpr egd §0% Sabl}?,\né@km%ﬁgml V.2 lgaf@m ﬁﬁmunﬁ:r@m of the
teStC&n\,\é&an)'x 5d) /week x 3week Taxol 10 (q2d x3)/week Xx
2wee 5 8 Conmpound 24 3 (qgqld x 5d)/week x 3week
Taxol 10 (g2d x3)/week x 2week 6 8 Conmpound 25 25 (qld
x 5d)/week x 3week Tg%?ﬂtmi@PEQfQSOXS)/week X 2week *
50% PEQ NQZI{;{BF The body Wei qggﬁean Itunmor —votumre—was
e

d@t@FQﬁ]medmge sciiesleenin § (7 abRegim&esul ts
f or—tumorgrowth—rahi-bi-tHenreastted—eon—day—27+—are—as

t abullated bé&Pow  OEhiE"Y sons Weke nﬁﬂémﬁd)dmckzﬁweek
beaca@ethatg S thﬂ-k@st dﬁxy qTO me@ 5&3;@] ng W@g

N o~y FaVal=Y

15—vehi—<cl o—tt y-al-s }

oup j/f Lo F Sotgpoundd T ..n"(qddqc 51 vepok xpvagsk
- B2, 74 5151.65 3. Crmpusd 24 31. 71 2 BEIT x JOAESK xTivesk
results denonstjrat e Takelt daill y 1@oses (q2d 33 )yigédkox Deck
Ctbn‘po§,|nd 24 and Topmpowh&g4of CoFpound;1dx 3d)RvdRkkSveek

t bmor” gr owt B and t hgtxfonpolind 135 haqqag 83)/988d Y 2week
gfeat & g Compound 25 25 (q1d x 5d)/week x 3week
Taxol 10 (g2d x3)/week x 2week
*-50% PEG

[0459] The body weight and tumor volume was determined as described in Example 47
above. Results for tumor growth inhibition measured on day 27 are as tabulated below.
Comparisons were made on day 27 because that was the last day of measurements for the

vehicle group and those animals were sacrificed.

Group % Inhibition vs
Group 1 Group 2
3 39.9 -
4 16 -32.7
5 51.5 23.3
6 56.8 31.7
2 36.7 -

[0460]  These results demonstrate that daily doses of 3 mg/kg of Compound 24 and 25
mg/kg of Compound 25 inhibited tumor growth and that Compound 25 had a slightly greater
benefit both as monotherapy and in combination with taxol. These effects were accompanied

by mild weight reductions, particularly in the Compound 25 + taxol group.
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benefit both as nonot herapy and in conbination with
taxol . These effects were acconpanied 20 by mld
waoweioghe29seduct i ons, particularly in the ConpouPdI/BS2086/025881
taxol group. 171 WD 2007/002931 PCT/ US2006/ 025881
[0461] Using the nouse to HED conversion, Conpound 25
CqReqadm ni iont BEM 25 8dd Be fhiRfstdréeat a
[0461]d212%n%}he rr(l’rr%? E%ﬁgay? tVgliglotn\‘l28{11?eat nment ofe canlcer.,
therapdﬁﬁb%liféﬁe%}fi%’ dd)smgﬂ 2 rﬁgkg/dgi;, fat ’dnneregiménm of eanger partionlarly lung
w th Taxol , and Conpoungy24 can be 1 ni st ered .at
cancer eIy 9@1@b1n@90%wﬁg5'@?<91e d%%éwp%?gyﬁﬁi’aﬂﬂwaﬁa ata
fofORGRE/ ! fof teafdatnént o BshceaPekicularl
therap%ﬂ%g%ly%?écﬂﬁé]g%%bﬁ nat i o%/k\%v)i% " Taxol TM Exanpl e gﬁ 4
5 1ungc&ﬁé@2&nEnﬁhpkﬁMﬁmuﬂﬁgdﬂfﬁasﬂ?%e usef ul ness of a
conpound of this invention in treating cancer as
denonstrat ed enpl oyi ng a HT-29, hunman col on carci nona

xenograft nouse nodel. 10 Female CB17/SCID mice
(purchased from Charles Ri ridge, MA), 7-8

1
wegks qof e, \yere all i i . )
o462 o iRl LA GAThBIRYr R ot g
cancer@@Aeinbh@Rsed dibiiBying alHN 20 dfghamcsvtorceirtinbinn eehdE24eft wasse model.
obtai ned fromthe American Type. Culture Cog)g&cgi 0N ks of
10 Female R 1260TDIive Sueliec® (P bales RV et FBRRLEF YA, 7-8 Weeks o

descr.i i D 7 i X
s v {GRTEARRT LAUFIRIPR of o UIOX B2t hORRY iyt
conditfoRa.c Huméh esloh kercimnia el isedi B2 wes obtaineé fragethe dingricanType
100 mB (day 8),. each group .of .mce en.,per.. gr.0
Culturpdpllggiemn S binFo o chéag By 3%%%5?‘_%%{ (k1 ’{aﬁlgle 4
above L ARl iBoREl V4t 3OTPUNY oAt dll iR thel{KISHahl suddifanédik kpddeOWhen the
route - 1.p., admnistrated 2 h before 5-FU or
15  tumorciispl tatah avér@BDRyIuing of 480 imwe’) (dan8), gechazrgup phaice (ten per group)

onbi nat jon t her schedul ed. I ' :
was s fg e pienty p BRG] eI RE? CRifhoph Bt (n
10%PRGY &1dkB8StrAdnirehie -Dos eadianisested Béghoftres-F( wy tlsgletin (CODP; in
8 Saline 10 m/kg iv, q3d x 4 2* 8 5-FU 50 iy, 3%X é
salineon theNays the sewbiting fergpx vaas-schedylags ST Jlens (i sefingy or CODP
m/kg ip, (gld x 5)/week x 3week 5** 9 5-FU 50 iv,

g3d x 4 6** 9 CDDP 5 iv, once 7** 9 Conpound 24 3 ip,
(id x 5)/week x 3week_ 8** 9 und 24 6 ip, (gld x

20 5)/week x 3week 9** @r%%ﬁ@%ggﬁ 6 ip, (gqld x

alone.

S) GRS F e TR estoa iV | VDo#3d X [ARoutes, Regimens
(mg/kg)

1* 8 Saline 10mlkg |iv,q3dx4

2% 8 5-FU 50 iv,q3dx 4

3* 4 No treatment N/A N/A

4% 9 Vehicle (saline) | 10 ml/kg | ip, (q1d x 5)/week x 3week

Sk 9 5-FU 50 iv,q3d x 4

6+ 9 CDDP 5 iv, once

THE 9 Compound 24 |3 ip, (q1d x 5)/week x 3week

bk 9 Compound 24 |6 ip, (q1d x 5)/week x 3week

Otk 9 Compound 24 |6 ip, (q1d x 5)/week x 2week
5-FU 50 iv,q3d x 4

10%% |9 Compound 24 |3 ip, (q1d x 5)/week x 3week
CDDP 5 v, once

11** |9 Compound 24 | 6 ip, (q1d x 5)/week x 3week
CDDP 5 v, once

12%* | 8 No treatment N/A N/A

#. tumor location flank; ** - tumor location peritoneum; Q3d = every third day
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10** 9 Conpound 24 3 ip, (gld x 5)/week x 3week CDDP
5iv, once 1l ** 9 Conpound 24 6 ip, (gid x 5)/week x
w@week029¢DDP 5 i v, once 12** 8 No treatment N PCT™MUS2006/025881
tunor location flank; ** - tunor |ocation peritoneumn
Bd = every third day 172 WO 2007/?02931
. r

e PR e or, AR gl PATORS LofHEHP S pekFhp Borate study
of effeqt wjocaidén ed fadrol gloup dembr growdin Thest resultghadito tnipaet on the

: i he . .

o B AP e it s

on thecRARA€ Bf the bbg'ﬁ VRS yew S LR dWMitabBr {/M{Iﬁfe%veré’o ehgnge%é;ﬁ;escﬂbed
V.

. are of the bo The body wei ght and tunor v
in Exqpaple ¢l e d ustor geosch ifubition inreafiwedrph day 25 whenwehigiedwhbrs had

i nhi hi ti ; . )| had
o BLASAD RSO, 8, A5, APl LHBIURS,

were sacrificed is tabulated below Goup % I nhibition
vs Goup 4 Goup 6 7 44.1 - 8 42.1 - 9 71.1 28.9 hlo
53.72 II750. 7 209 1.8:09, 3 63774 [0464] The
rest| t;bﬂgg?mngffguqu fj% nh.ajé@%ﬂn\ffnd 24 _agq nonot her apy
resylted in tnoBToH® 4r owt h iGREBOL i on |of slightly
nor é_t hal 40%|whe#éds c@nbi ni ng- Conpourd 24 _
admini st@&red |in édabination with CDDPjor 5FU provided
abouyt 50970% gr owyh 11 nhi{bi ti onggg\ccpffﬂ ng to this
Exanpl e, 1 he nosts§perapeuticay effeqgtive -
conpinat{on s that of TConpomr24—= 5FU. e

orid 10 367 209 wth minor
decreases—+n—weights—of the—mice during treatnent;

ho E,/eJ.r Bh& m;ppg’}ZZm,p ed the 1ost weiight after the
end of treatnment. 15 [0465] Using the nouse to HED

o] ' admi ni stered a .
(0464 D THE LS A0 derh BRI FCor TR 243 B o Pt s s por
growtlDirhibitigh kfislibhsly nfooe thah 04 @BéreRIdontining AWaGfound 24 administered

cancer, alone or in conbination

in conflthiof b VB3 LA 16 SRo GO (6650 vER AP 0B According t
this EARSAE tH@&thﬁeﬂdﬁ&fti‘dhlgeéﬁec@ifve @01312{%881? %a??hg% g%éc)mpound 24 and

I nvention 1n treatin cancer enons
SEU. EhpkBydtngn ket @owihomers mesokiatadnwitle animirnieomases o geihts of the

mice dﬁ%%% %reatment; however the mice recovered the lost weight after the end of treatment.

[0465] Using the mouse to HED conversion, Compound 24 can be administered at a
therapeutically effective dose of about 0.25 to about 0.50 mg/kg/day, for the treatment of

cancer, particularly colon cancer, alone or in combination with 5FU or CDDP.

Example 51
[0466] Example 51 describes the usefulness of a compound of this invention in treating

cancer as demonstrated employing a H460, non-small lung carcinoma xenograft mouse
mode]. Female CB17/SCID mice (purchased from Charles River, Cambridge, MA), 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 carcinoma cell line NCI H460 was
obtained from the American Type Culture Collection. The cell lines were cultured and

harvested as described in Example 47 above, and inoculated at 3 x 10° cells/ animal in the
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nodel . Female CB 17/ SLID m ce (purchased from Charl es
Ri ver, Canbridge, MA), 7-8 weeks of age, were all owed
wo eooaoeddsnat i ze for at | east three days, and heemiUsmo6/025881
under pat hogen-free conditions. Human non-snall cel
l ung carcinoma cell |ine NCI H460 was 25 obtained from
I [ cell 3
peritoh 3 SMIRIERD sDARG Wil Uleulls 6k O Gl Py mo”,
treatméit whoinitjatethin Wwhicic ptoapedf Bl micereddiedowdhicdé (@dupa), GDDP at 3 or

173 WD, 2007/ 0Q2 CT/ US 6/ 025881 t I
6 me/ki Fore e 2 504 3 srﬁmﬁvéw]e?ﬁwlménﬁ?@p@vws ¥ SRl imsdine 5
t
:““es ’é O WeBR 10f i ol @roud £ 0 MBInd B at MG Svbrd ML Bl for s
1mes

p 56 onthelcgmb@ratiop of 2achris@of Cempemtd 2fewych eithér@rt& 6 mg/kg of

j und / in saline 5
CODE, (e FAE TRinsREv Jtrsy 67 el drvatiag 30 melig oigegpound
25 arediliastatddinake f.OFighre® $HOWRSirh A AHRuR oI 00 RE ke of C
conbi nati on of each §§%e of Conpound 25 %nthle§¥ﬁg gm@mnm
or 6 ng/ kg of CDDP (Groups 6 and 7, respectively).
Results for groups receiving 50 ng/ kg of Compound 25

[0467hr &hicéd restltsplesfdrhed whe aEh@w ﬁnﬁulaﬁd%fsﬁo@oﬁd)&ﬂ@ound 25
mpound 25. [ 0467]

mlar results for 100
demonﬁﬁé@él%ﬂéé%ﬂ# éoi?éﬁlfat?firéeereaﬁmﬁ%@n@mlme fad ingregseth tumor growth
delay WahSI @y Abs MR Hgﬂgtzéldlﬂ)oqﬁ%géﬁ%ng& ﬁécglgﬁtf do%%%tctogl%%%d to

rel at ed decrease unor I NCrease
that engploywchfor dcd Hymgikighdadly dasd. yTibos dateklsb Aeihittate tatbdtBAosing

ess ent . dosi g conpared to that
regmegﬁ_pa:é&}% Cﬁsﬁg%t&ﬁ 183 y dose. These data al so
denDnstrate that both dosing reginens add to the
[0468)ef {Usingghemogspp HlaDtchn*serme@omp@uﬁ@s dasbagdmmstmdaea

ca a m ni st
therap&?tic'_ﬁ? ﬁggé}\é}e%u Iségsa o%t a?)o t8 8’@@‘&2‘?% 05612)%rlrea o% cancer,
part101ﬂhxd)julun§ candek gl 6layor 1ﬁ osmbih@tiéd Sath FENL o:AfDPRNGBErein the daily dose
rti cuI ar I l ung cancer, alone or in combination with

can bej ppigisterssp aﬁe?reasm& fieaugngey 9t dnsing for higheredoses compared to

lower 8GHEL Ni stered with a decreasi ng frequency of dosing for
hi gher doses conpared to | ower doses. 20 Exanple 52
[0469] Exanple 52 describes the useful ness of a
conpound of this invention in treating cancer as

denonstrated enpl oyi ng @xhff»nR%, human col on carci nonma
xenograft nouse nodel. "Fe il 6 CB17/ SCI D i ce

[0469]( pEK@hﬂ@é@ desaibectherisefilRiy ef 3 ca@apdymiddgeis MARntich @ treating
comcer 388l 8GN0 432U, 561 BB00B5 St g mocel.
Femal@ @Bd 7ASCIDSmickigHmBhaaed ﬁanp@neele@ Q{Wercélnhbﬁ&% MHY9-9@8eks of

obtai ned fromthe American Typ lture | 'eCtion.
age, wateallowed tq poelimalige Br ableasirtige davs, n@d barsllesunglsr pathogen-free

C t ed. at
“mdﬂgﬁf H¥R%nfﬁg ﬂ? (%ég} oneé? @pgﬁgggghgﬁg@%umnType
Culturé\eHedtiva. Tha Kfelll fingy weretcoltared ave hﬁ@@stv@ hdacabedlid GBxample 47

roup of mce (ten per group) was
and 1“%?&%{18 %@e’f g@ ¥/ Anpaldn sapest (torz% | yubpuitangasg spaset ghen the
tumorsi @B €0 B¢ h o SUTRAHBE 1 GPmint® (§8) $)"Each group of mice (ten per group)

was administered for three weeks, as tabulated in the table below: Compound 25 in saline,

administration route — i,p., administrated 2 h before CDDP on the days the combination
therapy is scheduled and CDDP (in saline, IV).

Treatment protocol
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30 adm nistration route - i.p., admnistrated 2 h

bef ore CDDP on the days the conbination therapy is
wa@edvedodded and CDDP (in saline, V). TreatnentP@F/U$m0e025881

174 WD 2007/ 002931 PCT/ US2006/ 025881 G oup Test

Article Dose Adnministration Reginens (n = 9) (ng/kg) 1

(n=3h d—x otRe—25-100 Q8d X 5 6

Kix—2 K52 tObP—570On 3
skl Citeslinge Jo o
ot

i~ e
Comonfins fqé»mY sk x2vesk (od v |5)/ week

x 2664 cppp 5 Tnce 8 dd¥sund 25 100 (q2dx3) [ week x -

2uedlempopmp25 Otk 9 Conpfadad)aEek002wsek x 5 CDDP 5

On¢ €onpdu@baPpounitd25 100 (qZdix 8 )/FetOBR2wedbnce [ 0470]

The Chaghuné ght | woud tuerrQ%pJ(grre was determ ned as

des;@joh{f)@q;ld% Exlajge) € | QFpEa are based on t r

NN WIN =

h cte oup had
\r/gl g%%oﬂﬁd ??y ?ﬁn?ﬂg{]z%tgggbjg%%e%?%ﬁ%ﬁ t he ?n ce be

racul t o |_l"\|j'|4r\lr'\ fnrmr 5
=)

8 S?:B%%;‘}Wd%%bulg}\oegjbél d"é)/ %‘Z‘;Yﬂ‘%kbl t ;'on VS

Goup 223 28 2 &em1-5313- 6 #48.1 - 7

9 50| #onpopnd 85 44 12)027.5 93d6.2 21.5 10 51.8 33.2

CDDP Once
10 Compound 25 100 q7d x 2
CDDP 5 Once

[0470] The body weight and tumor volume was determined as described in Example 47.
Data are based on tumor volumes at day 25 when tumors in the vehicle group had reached
sufficient size to require that the mice be sacrificed. The results of inhibition of tumor

growth are tabulated below.

Group % Inhibition vs
Group 1 Group 2
3 28.2 -
4 30.1 -
5 31.3 -
6 48.1 -
7 50.7 30.8
8 44.2 27.5
9 36.2 21.5
10 51.8 33.2
2 24.2 -

[0471]  The results demonstrate that monotherapy administering Compound 25, formulated
in saline, at 50mg/kg/day and 100 mg/kg/day with a variety of dose regimens results in
inhibition of tumor growth in this model of colon cancer, and that treatment combination of
Compound 25 and CDDP enhanced the effectiveness of Compound 25 for treatment of colon
cancer in this model. These effects were accompanied by modest body weight loss, more so
in the combination groups; the mice recovered the lost body weights after the treatment
ended.
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2 24.2 [0471] The results denonstrate that
nmonot her apy adm ni stering Conpound 25, fornulated in
wa@alo7ne293nt 50ny/ kg/ day and 100 ng/ kg/ day wi t hPET/US2006/025881
vari ety of dose reginens results in inhibition of
tunor growth in this nodel of colon cancer, and that
treat t co 0 SRR
04721 TR RRER) PEE) ORlicP CHRRANA S &3 SO R red oo
therapéu]'chf@élly@féctﬁé desek eflabaidAde nbout Stmg/kg,idayi,ébr thEHeegnent of cancer,

ects were_acconpani ed by podest. bod
partlcumxy@o@osmqumealﬂang:&%sp% Sionair B stensttmily LB, abtin e

T e

comparadus éower ddkds. conver si on, Conpound 25 can be
adm ni stered at a ther apeuti cally effective doses of
about 4 to about 8 ng/kg/day, for the treatnent of
cancer, particularly non-small cell lung cancer,
alone or in conbi nation wilAengdB3 wherein the daily

[0473]0? Eﬁzgﬁp § 69%81% e@ 3 eserd:%gl}ee\/\é n‘p}g g%?lt}ﬁ? Sgﬁs/eatlng
cancer @é AERbAstRded dpidYinE @I%Oen&ﬁsﬁeﬁ Qurighasciidiga m@rdﬂlmsme
a conpound of this invention_in treatln can%&A)afg

modeld § rmAkst G R BICENplies pHEhasaddeom Charesivarer Gamgidee

car ci nonm
weeks r?? age, weie lﬁas (6()1% %cct:h %r% r thﬁgs fei?ée %r%h?aﬁa$a hfdr D
pathog%n&ré&%h&ltloﬁs agemanveslon ahiconoerh detl lmedy GlIrifé%sz ag @:rtalacd from the

| east three days, . and_hangdl.ed under en-fr
AmerignByng GHETe Falisitiogol 196 € EhBFWﬁf& ol ﬁgaﬁ%&?te‘fﬁ%%?mbed
in Exa%‘{”? 2p Eu?d &S&;rﬁt%@m ? %6 AUTRY hGAAl RS pbiohét] Subcutaneous space.

ection e ce l'i nes were qu ured and harveste
When dis: tdemes glowdo an avéngapdlems pf A0 mion o tatateatiwag ingiatedjipgvhich

cel]s/ . ani mal t eri u C
sroup el i TS B PO B, SIaPRaes i e b 1B Srar2)
CompEﬁrﬁPﬁﬂ@c%O‘f@é‘k% M daliak &shet B wildk (fJSlr tw@rvoeds (iof., Gfdupidg.eor the
recei ved vehic Group 1), CDDP at 6 ng/kg (1V one
combinpting ofthetiye @ents (Cseiotnd 25 at 150 ng/ kg in saline,
once a week for two weeks (i.p., Goup 3), or the
[0474F 0Tk Reit® showin inlFglires c’c‘eg&m"sﬁaté @an (15O tt)g/kg 104 Pk Ph€ompound

eSS, oL S B a6 ek 120 Bk o o
the twh %ﬁ%ﬁgpésuﬂ&ﬂ‘ﬁ[alad& ﬁéheﬁpDﬁl&le Q8118 9do idtBdatd 8t during the two week

nat1on of two agents resulted in added
periodogipkink mébhes@or eczimlnb slicthastewhiamgti ménc@tmgmnpi@tp iipfgbitipe of tumor

f.d t
erowthiy ThEE Al ae A Conieund 28 prmitie P ob ¢ R éhy 8
mono@k%ﬁz honctRSRRK IR e MBS FREBvd :ﬂﬁfhe@éﬁiﬁg WéEmafs descnbed in the
i stered at 150 / kg/ da nmonot her aP once
precedipg kxaniges G’ﬁecamplﬂs 49¢% cwﬂe c zmgetm BOdOYRIEY Wé@?bﬁéﬂ@d
I Ex I
T SRR o e

suggesting reduced toxicity with thjs_do r.e n.
[0475] i sing the%nouse to HED conver31o¥1 Compound 25 cansbe a%mlm%{eg% ata

therapeutically effective dose of about 12 mg/kg/day, for the treatment of cancer, optionally
administered at a frequency of once every week, particularly non-small cell lung cancer,

alone or in combination with CDDP.

Example 54
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[0475] Using the nouse to HED conversion, Conpound 25

can be admnistered at a therapeutically effective
waelewa/oafo3nbout 12 ny/ kg/ day, for the treat nentP@f/US2006/025881

cancer, optionally admnistered at a frequency of

once every week, particularly non-small cell |ung

0476p2 |
0476 5312 BRSOy SOUOBRNDRS M R AT 5
infusigrx alopé er Moc.té:zwﬁmnemﬂe@fwl@anyn HA6Caequpmfts Ruseintodeh Female

PR ol B0 epleR P B o Pt S Pt M), 6

Weeksmf@@b w&e REb®ed Nuadchxaliz: f60 BDRNEG Mse BksNshd T8l
purchased from Charl es River, Canbr | gse MAa?j ed under

pathows‘@eﬁ@e emditigas. Weman szploawe@mmaa@aﬂ lineel T22 whoobtained Gast the

i, e AR R

in Exemiqﬂarm end frioontatddet 3 A icelen adivie if bl teFiRnEi|shSGHABus space.
he cell lines were cultured and harvested as

When hefumapsare t amaxgrsee valymged 10p S0 @eed), gechaereup oBmice (ten per

ce,
ookl Sy 4R ] A0l B ARSRH SBS
Compoaral2 Bifornmdeted gs aup nmg/mitrsaime(sbhntlop,&!rdmmisﬁam)n 18R —ip.,

oanin el i gt B 67 ot i whedlaond coe

insalid@ woy/ M saline solution, adm nistration route - i.p.,
adm nistrated 2 h before CDDP on the days the

conbi nation therapy i sé&g%gul Zd zimd CDDP in saline,
| V. Treatnent protoco 88 Article Dose

s _Dose._Concentration: (my/ kg) Dose Volune 1
Gfoupsiﬁﬁﬂé@deqm § D0sg m Regibgensi / kg 2 CDOPDése@ahcgnization:
0l6 nmu/nl : 10 |rinekeg) 3| Conmpound 25 150 Q7Bose VYoliime

npBatine: 10 nl/KdO 4 Conmp@ydck 25 150 q7d X| @mbAnNGA0mL/kg

1pCoiDkkg CDDP § an7d x 2| Q7@ g/ mi = 10 niV K@ m@Pml : 10 mL/kg

Coag@lpsgn@@ 15 1@¥d x 2 dr;;gan 15 m_/ Kgs el g ke

SN =
C

ﬁb 5_ 115 eK XZ lg{k ”L . J. pT_ ( mL/kg
CHDPTY 14;)&[?{ 20( ?’e Né‘;;.g %2* 15 ng/ Q.&mg@iml e

aYaYa, ¥—2 {J‘QL IQY‘P

|\.‘u

25
- Coiap 5”" 25 ¢ ] ASUM'”' V8 XD477] The b ialn 15 ml/ke
Lusaliney ol ime wad-2el ar 'EQQJH s IgeedkriPed i hmemahpl pL/hr

4l7Comppend 25 | 1 4 Sargimil nHROALEd 1i wedki xir e |45 Mpmldal al/r

*\]O\U’l

- Aldehpiiropit 200t Mafqr lvm‘telke( Z (atimplmbise ppinp@atheaand off one week).

nbi nat
104771 FREBRP R o8 TRt yahEe W chica s dssorebin Besswnlg 7.

The re§iiM3 apé I?Midélﬁédgﬁ ?%u% 4t rRE apg lﬂﬁdlgat@ R ftile Bnlififous application of
treatnent of certain cancers such
Compound 25 alone or in combination with CDDP is efficacious, intermittent, such as once a

week dosing can provide greater therapeutic benefit in the treatment of certain cancers such

as non-small cell lung cancer.

Example 55

Compound 25 And Gemcitabine Combination Therapy

[0478] A combination of Compound 25 and gemcitabine was administered to nude mice
that were carrying tumors derived from type MiPaca2 human pancreatic cancer cells.

MiaPaca-2 tumor is a highly invasive, rapidly growing tumor that results in death within 20-
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as non-small cell lung cancer. 20 Exanple 55 Conpound
25 And Gentitabi ne Conbinati on Therapy [0478] A

w@ ooenioeeasi on of Conpound 25 and gencti t abi ne waBCT/US2006/025881
adm ni stered to nude mce that were carrying tunors
derived fromtype M Paca2 human pancreatic cancer

30 da$€inl tﬁltregéd M &ARAS a1 ‘c&rﬂ 5e11ls ﬁa@b%ngﬁ!xﬁhfe'g < a?ﬁ{hvtﬁ? gene fopred

rapidly grow ng tunor t resu
fluoresgent YOtEA00 Ml@@%&l&ﬁﬁﬁﬁ@f@bﬁﬁb@%\&ﬁﬁcle Shhtdh\enicitabine,
been

Com it &5 preGu L SPppnd 71 e Baions or gemeitabine

C 8 it Kerd hBBinY¥e:Ed A ”hsﬂﬂa%l@t'é@@ 1%5 Sk Ces ds 24 and
0mﬂg’(ﬁnlntrol . m:ltagl ne‘g Conpound © ,@ gﬁﬁ%b ngoun S an

25 Weg%‘f“ﬁﬁnelk@m /sam@mmkmdvxﬁgd by a”breabald é’hanmccm;mts, Irgbgmzledry
t el ow
powd ETRRHIALE 'S A0 DL EER hoPirep RSy sRRH) S eehs

manufantxmrsmanamdnprow ded by Threshol d Pharmaceuticals,
Inc. as a dry powder. Centitabine was obtained

comerci al | y and prepa[rgaqmgﬁtﬁm 1accordl ng to

manuf acturer's |nstruc | oNns rrent prot ocol Group
oo ra-Bese—{ el -kae)—Schedule 1 Vehicle 10ml /kn ( Id

xﬁ%ﬂ?ﬁ%ﬁﬁmg gpdﬁiOSe:(nﬁﬂi L%Qheéﬂezoo qw X 3 weeks
3l ComphMelicls 30 (d Wndkeweek (f@d 2 SWwekis for2 vamipound
2 6 (lgdemcitliineek [f200 2 weeks| g 8meedkabi ne 200 w| X
3 weeksCaoppmdzb 25 380 (d x 5)V aeks)vadek doVBoksks 6
Genci t pBbMeo@R2AW %6 3 WeeKS JQRRRW)yf Br 1 Hders

> 'wee GERLitabieEKY 200 d0 = CVELW x U5 eV — EVETY

A =2

week. J@Ollnfd MZQIHh%IOb+ Were LI B(ﬁcu wac PW&H*M

the—en
6

N ﬂlbq gitabine " o in?;'f?;fhiv'vxj}i%pgkﬁ.”w’ the
DS

AT II\,

¢ Qmapum% y 6{ Ei gure 5)adxd)reeekifordiweeks1 00p6
| EOA A Sy By ﬁWy—S‘(ﬁrYF&{eg]&re 6). [0480] Groups 3 and 4

d.
[04791 e% o(?sd\fv%r C{H g&{ o@%ﬁ@?ekgf &ntx&%n%xr gl!? ;ﬁc}yaa{.}gﬂ{}%nme open
body m@emelretabrmnemwaﬁﬁnﬁ ffeqs.OlnoBERY 15 tHetiats. gr&% OMRA (Figure
g(g gest reduction in tunor size but no
) andafﬁﬂﬁtfsgb‘h 6 /éirl?t ity bydlag 3P (Figare 6 n contrast, G oup 5
denonstrated significantly reduced tunor grovvth and

[0480ki GbdnisCeand 4repultddon geidor effectsi onalimoe rplamedintl ba@tielefct on

ressed rapidl
survwgl'f ;/(grplqlloj 5 s1gn1f§oanﬂy redsuceél tumo? %M?ner aen prolonge surv1va1y Group 6

provided modest reduction in tumor size but no additional effects on survival. In contrast,
Group 5 demonstrated significantly reduced tumor growth and significantly prolonged
survival compared to Group 2. Five out of 8 tumors in Group 5 regressed rapidly after

treatment and within a short period failed to emit fluorescence (Figure 7).

[0481] Four of these tumors remained at zero fluorescence until the end of the experiment
and the tumors were considered to be cured. No tumors in Group 2 were considered to be
cured. These results demonstrate that combination treatment with Compound 25 and
gemcitabine is of greater benefit in this model of cancer compared to monotherapy with the
stand of care, gemcitabine. These results demonstrate that tumor reduction in animals
administered with a combination of Compound 25 at 30 mg/mg/day and gemcitabine is

significantly greater than that in animals treated with gemcitabine as a single agent.
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treatnment and within a short period failed to emt
fluorescence (Figure 7). [0481] Four of these tunors
WO eqvaioomal at zero fluorescence until the end oPCT/E82006/025881
experinment 20 and the tunors were considered to be
cured. No tunors in Goup 2 were considered to be
un t [
o e R 3R, LR Pl s GRTR PR GRred ata
therargu‘emlle'reff@etm‘@f dases of abnusz frogg’ke/dby, farthe treatoopao Rehnt @,
with the nd of care,. genctitabine.
particl i Z para el Bhiss iprrerbiEon ith drero Peduct on
animals admnistered with a conbi nati on of Conpound
25 at 30 ng/ing/day and gentitabine is 25
significantly greater than that in animals treated
W th gentitabine as a si lcag@nt. 178 WO
fOO?/ 002931 PCT/ US2006/ 0258 [é§482 Usi ng the nouse
[0483}  liisprcognzed thabatill cwwﬁbc@ss firep %lélﬁfhlm@redle@asgﬁt
[
includfg (PG IR AEAL pYa s B o) S B2 £l BRI nfndgpegmegessary to

achlexp@rmﬁﬁaall effectan EerdetGM1mﬁpro1ﬁiatdﬁbs\afaﬁdlr@@éf@ﬂ ddaiihiering such a
recogni zed t hat  ef f I caci qus

l.Le 56 483
°°mP?+Bl|%nB aﬁe%?e?sgw ﬂ%ﬁ?fﬁ@ﬁ lfé foxieva R Qtigslys wutial approgehes &
deternSiaiHz@he PRI R sE MWobverthe HASES0AGR SLg:(f:xﬁ? g{\;{gé Lgﬁeﬁﬂgﬁ ﬁhmmary

greater than doses necessary to
data thet faghtsuppiut hetdesign nésiapler sipdieairelades eniarath emdutumanﬁ Test

comp s RS2 3§ VB bl RS b omns o

detemhﬁkaio@@ttS bEluBddg 1hhder Adiak. EReSHouBY 05 \Gais tdifedus o s as h1 gh as
rodents such as mce to provide prelimnary datat

300 mgikerns aginghvdescrand foins) tg saese renakitdxaeities wehes tubnlalr acgems and

L T e e

Howevar littideddcitg wasugotibed eslotwer Besey §EID dnd zloerrﬂgk RIMTHER §oses
1 égr ound 25 was testeog at doses as hig 300 n;l?
selecteggropresenh g APRIGE ARG of darg tha neighihe %@@1&1 logask peirmalesich as rats

[

o S 8RS SR B30 KO 5Pl LS Prons

functigreshoull teonedssdviedumaiowever, little toxicity was
noticed at | ower doses (100 and 200 ng/ kg). These

[0484)d09@Bougeihe Ei&gntﬁﬁ%rﬁ%ﬁ s BénaRR el FRESHAN wifh AR3ERe to
that m ght be used in |larger animals such as rats and

SPeClﬁ&@gﬁofi@Feﬂﬁa thaseppelgl i thessinwilk iebogpizethet rsodifications and

1mpr0\'}e%>fénl‘f§ dﬁr% gﬁtrlgeﬁg@?rscé Iarﬁld?? il gﬁlegtaxl/{nglggﬂﬁs s ﬁquﬁ ﬁl{]ef c‘h%lms which
followp rﬁd!splﬁﬁllcamel‘ahd@atehﬁﬁodm&femsqp%ﬁfs hetiikieddsitent ?(lyuctaﬁons and

{ﬁ?@ﬁr ence pﬁ) specific enbodi nents, those of s
unpublished patentgnplicatiqnslyritedchergia reipenmooratedihsrain By geference as if each

such phbaBY¥E UP@&&H%E?W\S% % 1ctc1ﬁ§ ﬁc? %ﬁl@lﬂﬁ‘ly\?ﬁ Jﬁcgd? 0 hei Elgorporated

I nvention, as set al ns
herein Abflreﬁgl;dnbe: c@ﬁatmmsofqmbhmtoam tndipatertrioteméftaisant $ntended as an
I icati ons and unpublished patent

hed patent a
admis e Pots s OB sk Ghont B 4th e ol ISHERAT agpaission
as to tHeRJoRIARE date dfftheamik. Zﬁheslﬁ(}(gl *?Ja{/iﬁggloc o eg dg&%%g@%/ way of

was specifically and indivi
writter @ngmptmnaméaxamp}eethms@yf skelf er tha :aﬁ willireguighize tiedt the invention can
be pra&;}égh he %'cltr?ert]? of emb(l?cfl }neepltts ag rtnalnet f%relgcs)mréo esclznrgh%g%% eggmples are

for purposes of illustration and not limitation of the following claims.
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25

adm ssion that any such docunent is pertinent prior
art, nor does it constitute any adm ssion as to the
w@oenwreemesl or date of the sane. The invention hR@T/D§MEIR5881
been described by way of witten description and
exanpl e, those of skill in the art will recognize that
WHAthS ¢rwitbqR: can 30 be practiced in a variety of
enbodi ments and that the foregoing description and
exanples are for purposes of illustration and not
limtation &Cﬁﬂnm)uﬂélog&mm@@) aims. 179 WD 2007/ 002931
PCT/ US2006/ 025881 WHAT kp CLAI;I\/ED IS: 1 1. A compound
of formula (1): RIYJl NII' NNR2 112 2 Rl

3 (1) 4vvhere|n5Y1 or NSO2R6 6 Y2 is
0, S, NR6, NCORG, NS%Z% %ﬁzn each R6 is
i ndependently (Cl- 7 C6) al IngI Cl- C6 heteroal kyl
aryl, or heteroaryl; 8 each'waf R -R5 independently is
hydr ogen, hydroxyl, amino, C1-® alkyl, C1-C6 9
het eroal kyl, C3-C8 cycl oal gyj , heterocyclyl, Cl-C6

C6

al koxy, Cl1- CG al kyl am no, 10 di al kyl am no, aryl,
het er o‘é{hynem Cl-C6 acyl, Cl-C6heteroacyl, aroyl or

het er ogr 11 any two of RI-R5 forma
C3-C10 %/e’rsc’fg\g% %Bel{e‘sach of R - R5 independently

is a TYh @#00s S, INRJ N(t(am, g NSTeRE Ghetdifedeh 28is thdeperdently (C;-
? cted fro t he group consi sting of 14
Cs) alk}t (‘flzpﬁ lgetqrg]i { a Ayt e(ﬁoaryl,

21 T bt W ata bbb o ot oo

heterodlksA>C21Qs) ayrlodbkylyetess ayclyd aly -@s alloxyg) C1 T alkythngino, C;-Cg
or. NR7 wherein

dialky FR0,R s BAPRAR T iabnion), Gy BisEnmey hyeivh R betiontoy T exgether

wal IO -R Gbrik% e L qal;
any t 8 a erlocsqg‘al 2 0] Ci%'h@ﬁbk&)jfgl)? &3%1? 8?3 E%lﬁd’épendenﬂ{ dsa Trigger T

havingthe fgmdilalidet ani no, aryl heteroaryl Cl- C6 acyl,

OC?' Coh Efsre%%?%ll from they fifroug E:on31 1(1:"1%(?)‘%_‘r oyI » 20 Y4 1s 0, S,
—[C(Z1)2-Y3}-[C(=0)-Ol¢-[ C(Z1)2-Zo-Y 4 Ju-[C(Z1)2]-{C(Z1)=C(Z1)]g; and
—[CEZ1)2-Y31~(S(=0)2)q-[C(Z1)2-Z2-Y 4]u[ C(Z1)2) - [C(Z1)=C(Z1) g

wherein each z, v, g, u, and g independently is 0 or 1;

Y3 is S, O, or NR; wherein each Ry is independently hydrogen, hydroxyl, C;-
Cs alkyl, Ci-Ce heteroalkyl, C3-Cg cycloalkyl, heterocyelyl, C;-Cg alkoxy, C,-Cs alkylamino,
C:-Cs dialkylamino, aryl, heteroaryl, C;-Cs acyl, C-Csheteroacyl, aroyl, or heteroaroyl;

Y415 O, S, or -NR7-C(=0)-O-;

each Z; and Z; independently is hydrogen, halogen, C;-Cs alkyl, C;-Cg
heteroalkyl, aryl, heteroaryl, C3-Cg cycloalkyl, heterocyclyl, C;-Cs acyl, C;-Ceheteroacyl,
aroyl, or heteroaroyl;

Z, is Ci-Cgalkylene, C,-Cg heteroalkylene,
X1_X1

7 N\
Xi—==X, X 1
X1:X1 X1 — X\
’\M\ﬁ< >AAN \ / X2 /X1
\ / * \ / .’}: X
X1_X1 X1‘_‘X1 ) or
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28
29
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31
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33

34

35

36
37
38
39
40
41
42
43
44

45
46

21 each ZI and Zl independently is hydrogen, hal ogen,

a-C6 al kyl, C1-C6 22 heteroal kyl, aryl, heteroaryl,
wE&Xog8owycl oal kyl , heterocyclyl, Cl1-C6 acyl, PCT/US2006/025881

Cl- Cohet eroacyl, 23 aroyl, or heteroaroyl; 24 Z2 is

Cl- Coal kyl ene, Cl-C6 heteroal kylene, Xi-Xi X -X X

%o oot st el ens e e

hydroXen, ihgloige eydten dyand, CHF.0CFCRRD M) @frgind) 02804 akyl, CI-C6 heteroalkyl,

Cl-Csép[Elggl?Qﬁgm y chygﬁf[qg%ﬁ@ ne g lgnq 12@%0 aryl CON(R7)2, Ci-

Ce acﬁ%ﬁt@l@été’rﬁﬁoyl lg'h%r j0al kyI Cl-C6 al koxy, Cl1-C6
ky am no, Cl- di al kyI mno aryl, CON(R7)2, d- 29

C6 acyP(,zlﬂ\IRﬂéhelré)“@adyl ar oyl or heteroar oyI 30 X2

is NR7 uctive oup L.

havi ngzélsfaol?lﬂ{ﬁggc%veq %8?%@‘?’?%?7? get? $1‘ﬁbp consisting
off 32 of NO2 X2 A02 02N x, / X1 x2 X Xl__Xl Xl X1

NO2 X, X, X1-X, x,-X, X, 33 x1 XI1-\ X1-X1 )i7L- 34

02N X2 X1-X1 , 02N X2 00 X X1 X1 1l X111 Xx1 2
X2
NO, O,N « >X1
/K X1—-X1 ___X1 X1/ 1\ \ f
X X4 rw< NO, X
/ N\ / N ’
1 X 17 X4 =K
» , X1 ’
Xi—X _
o
on . \\ />1WV\IV\/\A /4 —
Xi—X4 R OsN Xg ,
Q 0

an individual isomer or a racemic or non-racemic mixture of isomers,
bioisosteres, pharmacophores, a pharmaceutically acceptable salt, solvate, hydrate, or a
prodrug thereof ; with the proviso that in formula (I):

(ia) at least two of R;-Rss are selected from the group consisting of 2-haloalkyl,
2-alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl;

(ib) at least one of Ry-Rs is selected from the group consisting of 2-haloalkyl,
2-C-Cs alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl; and at least one of NR,R3 or NR4Rs is “‘""N<|; or

(ic) NR,R5 and NR4R; are ~N; and
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48
49

50

02N R7 and X, N R7 35 Xl1-x1 o O 36 37 an individual
i SOnMer or a racem c or non-racem c mxture of isoners,

w@oobiaaospst er es, phar macophores, a phar naceut PCHUE2006/025881

acceptable salt, solvate, hydrate, or a 39 prodrug
thereof ; with the proviso that in formula (1): 40

12, 55 188] o o shas o rom Lhe orou

2- al kyliekélodsd coxymiukgd havmg the formula selected from the group
2- heteroalkylsulfonyloxyalkyl 2-aryl sul f onyl oxyal kyl,

consistiigPty 42 het er oal kyl sul f onyi oxyal kyl; 43 (ib) at |east

one of R1- F&S is selected fromthe group consisting of
2- If%ﬁ%ék“k\y NCYAHP2 C1- C6 al kyl $>ul f onyl oxyal kyl ,
2- het er oal kyl sul f onyl 0X§l|a¢l’k‘yé|“\,\ ;—'&hyl sul fonyl oxyal kyl ,

and 2- 45 qeteroal sul f onyl oxyal kyl ; Mand at | east
one of NRzﬁgg or/ NR4R5 is "' "' JO\Oor 4 jﬁ NR2R3 and
NRAR5 are -ROJ; 181 WD 2007/ 30\

PCT/ US2006/ 025881 47 (ii) at |east one of RI-R5 is
the Trigger T; and 48 (iii) excludes conpounds having

t he drampeul a ||sedsect ed fromt roupo 49 consisting of:
0 (CHCRE 2N | N(cm@ﬁf%wg\p/“hb |

N{GH2CH2Cl)2 IN(CHgCHgC
2

P——N(GH,C
HaCl)z

P ~——N(CH2CH,Cl)

MezNHchch

NO,y NO,
N(CH2CH,Cl)2 gl(CHZCHzCI)
O
TT—N(CH2CHCl)2 N(CHoCH
1 I 2Cl
o) Q
MEZNHQCHZCO HaCHzCO

NO,

182

NO,



Hz \C H2 N (CH2CH2Cl )2 N(CH2CH2C 1)2 O i
~N(CH2CH2C1 )2 O i --N(CH2C H2C1)2 O 0 Me2NH2CH2CO
WOROAAQIB1 O S 0 S NO2 NO2 N(CH2CH2CI ) 2 N( CH2 GrRIZU$2000025881

O\ / O\ / \ i --N(CH2CH2Cl)2 i ~N(C 2CH 00

Me2NH2CH2CO H3CH2CO O 0 50 NO2 NO2 182 WD 2007/ 002931

PCT/ U 5881 N (CH2CHRCI)2 NH2 NH2 O O,,/ B,

|N§CH2%&%I{% P--N(CHZ;CtIZ%,%)Z \ j'' N(CH2CH2Cby_ /2 0 0
eechamonzo ON®R 1 NGZ\!(N@HZMZCWCWCI )2 P\‘N(CH:zCHzC‘)
CH2CI 2 O- A -N CH2CI)2 PN(CHZCHZC))O’Z

% H3 CHZ CQ Cgo\o(% Hsco\%/

N(CH,CH,Cl), N(CH,CH,Cl),
O / NG /
‘]’\N(CHchzcnz T\N(CHZCHQCI)Z
0 o}
H3CHy H3CH,CO
co
O N 7 ‘ (o] N/ ‘
\ ' ~ NO,
51 NO;
Br
Ra
Br
0N \

52 i S NH,

53 wherein R* is H, Br, NMe;,, CN, or CONH,,
Br a
Br o} C
O
s OMN s \N
QU gt
54 Br . al
cl
Q ol
/@/ ol "
OuN s \
55 NH2 ,
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N2 , 51 N2 Sr Ra p" /NBr 02N s 52 NH2 53

wherein Ra is H Br, NMe2, CN, or CONH2, Br C
w@kdo7opBBr O\ /N Cl 02N 02N S S N N Br cl PESHUR06/025881

C C NCd O" [/ 02N 55 NH2 183 WO 2007/ 002931

PCT/ US2006/ 025881 Br CI O O /N~Br 0----' O PANCI (2N
OO-~/ ®NO\ NH&/ N-\, C C Br d 0\ /N-Br / \
OOON-~Cl 02N p OBN N\ /N-\, Me /N....,D \, B

Br C d Cl Br P{ o Br 02N --C N Me e

o
B SR
OuN R O2N™ N \
NH2 2 N\\\ s
A

Br cl

y Q\/O\?%;N\/\Br
BrJ/ \\\Br

Cl

Cl
/[— N)\/O\C\L/N\/\Cl

/[LO\QL/N\/\Br S N :

OyN N \ \\\

Me N j cl
f S o

Br Br

HoN HaN

Br

COsR COsR

56
57

58
59
60
61
62
63
64
65
66
67
68
69

(H2034

ﬂ\/"j &
ON g

N\\\ 3
I
wherein R is H, Me or allyl;
3-(5-Methoxy-1-methyl-4,7-indolequinonyl)-methyl bis[N-methyl-N-(2-

0

bromoethyl)] phosphorodiamidate,

(H2C)4
\

[¢]
/&/0\\'\/%
02N o }\l\\\ s
Cl

Ci

3-(5-Methoxy-1-methyl-4,7-indolequinonyl)methyl N,N-bis(2-

bromoethyl)phosphorodiamidate,
2-(5-Methoxy-1-methyl-4,7-indolequinonyl)methyl bis[N-methyl-N-(2-
bromoethyl)]phosphorodiamidate,
2-(5-Methoxy-1-methyl-4,7-indolequinonyl)methyl N,N-bis(2-chloroethyl)
phosphorodiamidate,
2-(5-Methoxy-1-methyl-4,7-indolequinonyl)methyl N,N-bis(2-bromoethyl)-
phosphorodiamidate,
3-(5-Methoxy-1-methyl-4,7-indolequinonyl)methyl N,N-bis(2-bromoethyl)-
phosphorodiamidate,
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70
71
72
73
74
75

O 0 9 N D W N

e e S S
w N = O

—
A

— e s e
(>IN B R

N @2NNM NC JCd Br Br H2ZN H2N (H2C14 ' CO2R

(H2C)bCO2R / \ 0- 11 O~NH/ \ OO/NH 2N p \ 02N p
wG2@700BLi cifN ------ \\, ___cl 5 57 wherei nPEY/IUS20p/025881

Me or allyl; 58

3- (5- Met hoxy-| - et hyl - 4, 7-i ndol equi nonyl ) - et hyl

bi s[ N- a- 04 B~ : 2 i_a'd~_e~
60 Ea, ( ge(lt\s/bh%ﬂlﬁgl%&%%eagﬁg%ﬁgﬁ @IP%JA%(%H urn n%fsiﬁerp%ylaﬁ @
brompgthylpb¢sphowdianridatect hyl ) phosplhor odi am :j;:lt ei h6|2

2- (5- Met -1 -met hyl -4, 7-.i ndol equi non net hy

bi g[ Nwﬁé‘?%t-h@‘i’ :m%‘%ﬂﬁf‘éﬂﬁ&qﬁ%ﬂ?ﬁrﬁﬂ Be b Bis o @oethyl)-
phosphérodidnSidMe] &xy- | - met hyl - 4, 7-i ndol equi nonyl ) net hyl

N, N-bi s(2-chl oroethyl) 65 phosphorodi ai ni date, 66

2- (5- I\/Bt(ﬁcMyﬂllf)XYrétlh9¢1¥]4‘},7=lhddﬁ@l%ﬁpnmd6@h}?l ?kak(gébromoethyl)-

'_ - broi noethyl)- 67 phosphor odi am dat e,

phosp%{px%%l?a@%i g’xy- 1- net hy);l 24, 7-indol equi nonyl ) net hyl
N, N- bi g( 2- brTheeeinbylnd of6Saph 0SRREILY, 3Rl dgteo, 184 WO
2007/ 002931 _PCT/ US2006/ 025881 70 ‘ ' _
2- ( 5- Mt hox P shpeynd of apyiof sl eesidinangtaimsertiepéin R, is T.
bi s[N-nmet hyl -N- (2 71 bronoet hyl )] phosphor odi am dat e,

72 2-(5- Met 2] . [ i+RO et hyl

N, N- bi(g'(Z- (B Yorhp ﬁ?f@%“%%8§§ﬁ%§?@%¢§rﬁ%be, and 74

2- (5- Met hoxy- 1- et hyl - 4, 7-i ndol equi nonyl ) met hyl

N, N- bi s(Z-E‘f om)etRﬁyI )- 75 phoshohoroii am date. 1 2. The
1

compound o 2is 0. 1 3. The

conpound_of'~a ins wherein RL is
T. Rs

Clﬁai 1 wherein Y
P \R2

2
y-OfRt he precedi ,L‘ng?gl
Rz PSRN P
o 1,
Trigger and  ReO:S” ™ Trigger

In (1)

wherein each Ry—Rs independently is hydrogen, hydroxyl, amino, C;-Cg alkyl,
C1-Cgheteroalkyl, C3-Cs cycloalkyl, heterocyclyl, Ci-Cg alkoxy, C;-Cs alkylamino, C;-Cs
dialkylamino, aryl, heteroaryl, C;-Cs acyl, C;-Cgheteroacyl, aroyl, or heteroaroyl; or together
any two of Ry-Rs form a C3-Cyg heterocycle; each Y independently is S or O;

with the proviso that in formulas (IT) or (III):

(1) at least two of Ry-Rs are selected from 2-haloalkyl, 2-
alkylsuifonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl;

(ii) at least one of Ry-Rs is selected from 2-haloalkyl, 2-C;-Cg
alkylsulfonyloxyalkyl, 2 heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and

2-heteroalkylsulfonyloxyalkyl; and one of NR,R3 and NR4Rs is MN<‘; or
(iii) NR2R; and NR4R;s both together are “‘”N<I; and
an individual isomer or a racemic or non-racemic mixture of isomers,

bioisosteres, pharmacophores, a pharmaceutically acceptable salt, solvate, hydrate, or a

prodrug thereof,

5. The compound of Claim 4 wherein L is selected from the group

consisting of:
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1 4. The conpound of Cdaiml of formula (I1) or (Il1):

4 RBY) MY, RBRN~NIIT RBRP RRSR I 2 1~ N
wQ:200rioggger and R602S~ Trigger 3 (1) (I111) 4 wWher/E52006/025881
each R2-R5 independently is hydrogen, hydroxyl, am no,

C1-C6 al kyl, 5 Ci-Co6heteroal kyl, C3-C8 cycl oal kyl,

h 5 Gl 1,50, 1< C6 6
e LI B R ALY A2
a - 06héC%b)zamF[C(Zf)Q%-YMCtEDz%[«zngyhb(zm- together 7

t C10._het I h Y1
cpoRaUnT S NL IO OGN he provi o that i
fornul ag(A )Ly q@(z@]ﬁal o9 (i) at least two of R2-R5

are sel ected rom al kyl, 2 10

al ky| sCfanyY d(EERy0)- [Ql(ble)zt]eE@(éﬂl)@ﬂ(Z@[l-f onyl oxyal kyl,

ﬁe?[e%iﬁ@?&h?(ﬁ %@a{?%ﬁﬂzzazl(lu i) at |east one of

R2- RS is(Agplegt 1-C6 13
al kyl Sllg| ? o)r?ylggf;@:@; @p[a(ﬂ%]g?i(‘)@kyl(gl}?fonyl oxyal kyl ,

10 AR (s A e AR AL

11 2-heter I yal kyl ; and one of NR2R3 and
NR4ARS |@k5ﬁﬁé{)ﬁr?r}:}1{ i) NR2R3 and NR4R5 bot h
12 t oget hend 40¢ZpJY}; and 16 an individual isomer or a
racel nic or non-racenmic mixture of isomers, 17

O 0 N & v M W

bi oi sostere phar macop or es, a pharmaceutically

1 accept gb jQFPomE%‘i‘r\flaq améﬁ"ﬁ’@é@m bris 4 C(482]pr odr ug
thereof. 1 5. The conpound of Claim4 wherein L is
sel ected fromthe group 2 consisting of: 185 WO
2007/ 002931 PCT/ US2006/ 025881 3

[ (2 ) 2- Y3] Thetemapory-gfclatin Pwhgrelvidach €@, )2 }ibependently is:

| l)
L2 ) 358 s SOy CHEG Oy SR o ST
CH(C[HEE% ()Zg\)l %%Y%(Htg (Z]HXQI‘ENMEQ)Z' XE@CENM@) QI(CHzNMeZ)z— or

[ O ZI ) 2<(Fa}C 9:20) O-[C(2z1)2]z [C(Z1)=C(ZI)]-; 8

[C((Z1)2-Z'3]-((=0-0-[C(Z1)2]Z ;
8. The compound of claim 5 wherein -C(Z;),-Y3- is:

2 -CH,-0O-, -CH,-S-, -CH,-NMe, -CH,-NH-, CH(Me)-O-, CH(Me)-S-; -

CH(Me)-NMe-,-CH(Me)-NH-; -CMe,-NMe-, -CMe,-NMe-, or <CMe,-NMe-.

R W e

W

1 9. The compound of claim 5 wherein —Z,-Y 4~ together is selected from

2 the group consisting of:
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9 [(21)2-Y3]-((=0-0-[C(z1)2] Z [((ZI)=((Z])]-; 10
[C(Z1)2-22-Y4]-[C(zZ21)2]z [C(z)=C(zl)]-; 11

WO pa(/AbP2] z- [ C(Zl ) =C(Z1)]-; 12 and -[ C(Zi) 2] Z°CT/LSBHN6/025881
The conpound of Caim5 wherein L is -[C(zl)2]z. 21
7. The conpound of claim5 wherein each -C(Z1)2-

i ndependently is: 2F CH2-, -CHWe-, -CH(CN
-CH(CF3)-, 3
-C(E 2-, - CH(CH2NMe?2) -
»rn- or 4 -C(CH2

gfpoL A aimb5 V\,heC(ZSBF)Z-Y-
-vae,w'——&«- —€H( Me) -
.3 OH(MBR- NVe-. - CHOWR)/NH- © - CVBZ. Nie-

or -CMe2zNMe-. 1 9. The goppound of claim
éin-ZZ Y4 t gether is selecyed from 2 thepMe

G 20046882931
F IS

oM TR

The conpo f claim5b

[C(merqzm is: 2 CHECH, -C(CN)=CH, CH=<:(CN)

F

=CH, -CH=CAr-, 3 C(COAr)=CH— H=C( CQAr) -
= 2)- wherein AL is aryl "and
sndepey hydr oge G- C6 3
Cghet er oal ky cl oal kyI or G het e\ocyclyl

The conpound O ai‘maBdwher ein the z3 |7

sel ect ed fromthe group
10.  The compound of claim 5 wherein -[C(Z)=C(Z;)]- is:

-CH=CH-, -C(CN)=CH-, -CH=C(CN)-, -C(Ar)=CH-, -CH=CAr-, -
C(COA1)=CH-,-CH=C(COATr)-, -C(COR;,)=CH- or -CH=C(COR 13)- wherein Ar is aryl and
R, is independently hydrogen, C;-Cs alkyl, Ci-Cs heteroalkyl, C3-Cs cycloalkyl, or
heterocyclyl.

11.  The compound of Claim 5 wherein the Z; is selected from the group

Lo

_ /A
O,N \ / — %OZN s %é

s H

o =0

or OzN

consisting of:

187



O 0 3 &

10
11
12
13
14

15
16
17

2 consisting of: R N N7/ NO2 O NO2 SN2 " ill NO2Y

I I X1 x1 3R8, RB, RBRE, RBRZ NC/ \ 2N 02N
wW@2004/0@98 5 O2N or O2N 187 WD 2007/ 002931 PCT/US2006/025881

PCT/ US2006/ 025881 1 12. The conpound of claim 4 of

formula (1V), (V), (M) or (VIl): RO RO RO >-]1x4 X4 N

X4 OX MNII:N(Rlo)2 X4 P 4 PR 9 2 X4 RO OIrigger

e xa e ol b BBy (¥ T BBy U

I 4 ORL1ReTrigger and O Trimgger 5 (M) (VIR

N N X
Nl NRioe XN 4
9
o R (0]
X4 Re Trigger ? ™~ Trigger ,
(Iv) V)
R
Rs Rg Rg ° R
Rg Rg
Rg - f—éRg ‘,_<
X4 N ﬁ N X4 X4 N ﬁ
R11/ \T/ \R11 / \T/ \
(0] O
Trigger and ™~ Trigger
(V) (VID)

wherein each Ro independently is hydrogen, aryl, heteroaryl, C1-Cy alkyl, C;-
Cgheteroalkyl, C3-Cg cycloalkyl, heterocyelyl, Cs-Cy cycloalkyl, heterocyclyl, Ci-Ce acyl,
C;-Céheteroacyl, aroyl or heteroaroyl, C;-Cs alkoxycarbonyl, C,-Cs alkylaminocarbonyl, di
C;-Cs alkylaminocarbonyl or C;-Cs alkoxy,

each Ry is hydrogen, C;-Cg alkyl or heteroalky 1, C3-Cs cycloalkyl,
heterocyclyl, C~Cs alkoxy, aryl, heteroaryl, or together two Ry form a heterocycle;

each R, independently is hydrogen, aryl, heteroaryl, C;-Cs alkyl, C;-Ce
heteroalkyl, C3-Cg cycloalkyl, heterocyclyl, or C1-Cs alkoxy; or together two Ry; form a

heterocycle; with the proviso that when each Ry is independently C;-Cs alkyl, C;-Cs
Rog

Y

X4 is Cl, Br, alkylsulfonyloxy, heteroalkylsulfonyloxy, arylsulfonyloxy, or

45

heteroalkyl then R;; excludes

heteroalkylsulfonyloxy.

13.  The compound of claim 12 of formula (IV) wherein each Ry is

independently hydrogen, methyl, ethyl, propyl, isopropyl, or cyclopropyl; and N(Rio)2 is
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6 wherein each RO independently is hydrogen, aryl,

heteroaryl, Cl1-C4 alkyl, Cl- 7 C6 heteroal kyl, C3-C8
weyehoeddkyl , heterocyclyl, C3-C8 cycloal kyl, PCT/US2006/025881

het erocyclyl, d-C6 acyl, 8 Cl-C6heteroacyl, aroyl or

het er oaroyl, Cl1-C6 al koxycarbonyl, C1-C6

al kyl am nocar bonyl, di 9 £1- CG a | am no%mfnyl or

Cl- C6 al koxy; 10 each [

droge - yl, or
het er oal kg} 1, C3-C81\$%c ,
selectedfrans Nk kMe, ¥ ez, Mdde-er var yI ) o get her R10

forma ﬂer ocycle; 12 each Rll i ndependently is
n

i

hydrogenN aryl, heteroaryl, Cl-C6 alkyl, Cl-C6 13
het er oal ky,., C3-C8 cycl oal kyl, heterocyclyl, or Cl-C6

" NQoxy together two RI1 forma 14 heterocycle;
e I i' s
pr ov ach R11 is independently
@%%@%@}?er oal kyl then R11l excl udes
X4, 16 X4 |s a, Br, allcylsulfonyl oxy,
het er oK. kyI Ty éompdlmmqf Glaiyl Buoff forrhlexy) whereird dach Ry

. het er cal kyl sul f onyl.ox 1 13, . The c d of claim12
indepegfei b GO yoliudy S BN HSPTRISD B HanRREEh [y
hydr ogen, nethyl, ethyl, propyl, isopropyl, or

cycl opy9pyl Th@&ﬁnﬂ)\l(ﬁh@f%m@ 121§18foi»?Q118Q0'7)( BB Tach Ry
PCT/ US2006/ 025881 ON'r, v, |, sel ected from NH2,

indepexiive]y iNtb@rogNEmaethy, pthy, propykl@sppmpyllwr&w}@pmpﬂ 394 hydrogen
Vﬁ NHOH. 1 14. The conpound of Caim 12 of fornula
Ormet? wherein each RO 2 independently is hydrogen,
nmet hyl , ethyl, propyl, isopropyl, or cyclopropyl. 3
15. The corrpound of daim12 of formila (VI) V\,herei n
each R9 4 independently is h eth
propyl 16 sophesm O‘B’id%fﬂf‘%{%ﬁ%% ]&n%tlﬂ 1"r‘?§ﬁd’P8
indepe?\%ﬁ?)’ 1'3 %(lgdro%e& Gmetﬁyle eﬁgﬂrﬁﬂg{?p r@ﬂ' dPcéloBfophB iy leé’ch Ry is

rern eac ently iS h drog
independefiiy hydeogonl mefirybmyihyl, prsprir ISPWOPYbbeWUSUéQ‘WW el

cyelofpRgy PeTPEE AT By e SR LSS RecoBh TR

cycl opippy! TheBbApSINd FHTaidy dkdédein Tas tegBthek: t Wo
R11 form a_heterocycle. 1 17. The conpound of Claiml

wherei Z,T fas the formula: Z1 Z1 02N X2 N2 XJ X102

X1 212~ NO, Xy=X4 =X,
—NO» k
X1—-—X1 1 X=X, T2 X —X,

or

The compound of Claim 1 wherein T has the formula:

N\[NOO | Zj}kkfjm

wherein each Z; independently is H or C;-Cs alkyl.

19.  The compound of Claim 1 wherein T has the formula:
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10

X1-X1 , Z1 X1-X1 Z1 Z1 X1-X1 2 or 3 18. The conpound
of daiml wherein T has the fornula: Z1 Z1 0 NO2 Z1
WQ@200500@BL2 4 Z1 R1 7 Z1 N NO2 Z1 RN7 NO2 \ PCT/US2004/025881
rN02 5 N 6 wherein each Z1 independently is H or
Cl-C6 alkyl. 7 19. The conpound of Caim1l wherein T
ha Eie forrmula: 189 WD 2007/002931 PCT/ US2006/ 025881

R8 9 wherein each Z1 is hydrogen or Cl-C6
And is H OH or - 10 OP(=0)(OH) 2 1 20. The
Ziconpodpd of Caimi12 of formula (M), (1X), or (X):
0 X4 Ng, R11 Xa R11 i X2 X2 2/ Z3 0 HZ X2 X2 2 RO 3
(M) 0 (X4H2CH2C)2N | | N(CH2CH2X4)2 P X ~X2 |1 2 O

wherein each Z; is hydrogen or C;-Cs alkyl and Rg is H, OH, or —
OP(=0)(OH)2

20.  The compound of Claim 12 of formula (VIIL), (IX), or (X):

ﬂff\

| N—
R11 \T/ R1)1( — 2
0
~
/4\ A \]/
(VIID)
(X4HaCHoC)oN H N(CH,CHX4)
T /Xz
o)
e
« /X2 Y
(IX)
@]
(X4H2CH20)2N\L\/N(R10)2
’ x_,_éXZ o
© /4 7/ -
~ /
CH)2 \x — %2 Y
2 Rg
X)

21.  The compound of Claim 12 of formula (XI), (XII), (XIII), (XIV), or
(XV):
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/ ' z3 OH2\ --- X242R, or 5(IX) O
(X4H2CH2O)2N I | N(R10)2 P X fX2 2 O OIIl zZ3 H2\ --
WX2006/0@2980 7 (X) 1 21. The conpound of C ai m BQT/082006/025881
formula (XI), (XIl), (XIIl), (XIV), or 2 (XV): 190 WO

2007/ 002931 PCT/ US2006/ 025881 Xn O X4 X4\ N11,/N X4

Me NO2 30NII~ X ORICN\II~,--N X4
R, Me NO2 SC)X NOG X) XX4

\\’\I/L/X“Me

10
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11

12
13
14
15
16
17
18
19

20

O X4 NII,,/N(RIO)2 P M NO2 7c/r H N 8"
(XI11) X4 X4 Rah/NOp RI1 X2 N2 9 ¢c H2 X, R8 , and

waoofx0de31 191 WO 2007/ 002931 PCT/ US2006/ 02588 1PCXiI52006/025881

F-"\x, RNII"- N\ RL 11 P 1 OTC/ Z3 11 H2 12 (XV)
13 wherein each R 1 independently is hydrogen, nethyl
or substituted net n 14 b i sopropyl,

cycl opropyl, nethdxy, ‘andohydroxy; nd X4 is d, Br,
al kyl sul fonyl oxy X4 15 lnet rog| kyl sul *onyl oxy,

cycl oal kyl sul f onyl oxy, “hellerocycl oal kyl sul f onyl oxy, 16
aryl sul fonyl oxy, RoF heter aryl suffonyl oxy; with the
proviso that 17 (i) in (X|I), (XIV), or (XV) when X4
is d or Br then R1 exclO@;is ropyl 18 and 19
(ii) formula (XVII11) exclude Ha/ npound wherein Z3 is

(XV)
wherein each Ry, independently is hydrogen, methyl or substituted methyl,

benzyl, isopropyl, cyclopropyl, methoxy, and hydroxy; and X4 is CI, Br, alkylsulfonyloxy,
heteroalkylsulfonyloxy, cycloalkylsulfonyloxy, heterocycloalkylsulfonyloxy,

arylsulfonyloxy, or heteroarylsulfonyloxy; with the proviso that

(@) in (XII), (XIV), or (XV) when X4 is Cl or Br then Ry; excludes isopropyl

(ii) formula (XVIII) excludes a compound wherein Z3 is

0 0
Xi N\ X X
| ; X N\
0 0 .

22. The compound of Claim 15 and Claim 21 of formula XII, X1V, or XV

wherein each Ry is hydrogen.

23.  The compound of claim 4 of formula (XIX):

R
I
0 ~
Trigger/ \]:\, \
N—K
X4
Rg
(XVI)

wherein K is C;-Cgalkylene or C;-Cg heteroalkylene.
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Ut b W

OO0OX1T XX X, R and 1 R 20 o 1 22. The conpound of

Caim15 and daim?21 of formula XIl, XV, or XV 2
wok@reie3each RI1 is hydrogen. 1 23. The conporemUsf006/025881

claim4 of formula (XIX): RO O~X4 O1 Trigger/N

-~ K X4 2R 3 (XVI) 4 wherein Kis Cl-Co6al kyl ene

or Cl-C6 heteroal kyl ene. 192 V\D 2007/ 002931

wher ora K 1 o e meaysdr B 2 SRS RGBT Chcmcxe

CH,CER{ o @H{THR)-CHglp wherelih 319 1310 ﬂ@o 3f Xis s O; S, or¥R J, SWHereiPeach Ry,
erei n_each IS |ndependently hydro en,

is md??fn@%“téﬂ *&;FO gegnCrks H]éfth f(bade%Vrer%@?ylc@s-Qy sydaalkyl, or hﬁterocyclyl
heterocyclyl. 1 25. The conpound of Caim21 of

0 a5 b T R R OB8L e o

(XVI1) (TFager 4V\Inere|ne|s (yogpr 4|sCI or Br,
al kyl sul f onyl oy, heteroalkylsulfonyl@xy, 5

aryl sul f onyl oxy, or heteroarylsulfonyl 1 26. The
conpound of C a ga’/ 5 of formul a:

LMJ”@ 4

(XVID (XVII)
wherein e is 0-4, X4 is Cl or Br, alkylsulfonyloxy, heteroalkylsulfonyloxy,
arylsulfonyloxy, or heteroarylsulfonyloxy.

26.  The compound of Claim 25 of formula:

Wherein e is 0-4, and X, is Cl, Br, alkylsulfonyloxy, heteroalkylsulfonyloxy,

arylsulfonyloxy, or heteroarylsulfonyloxy.

27.  The compound of Claim 4 of formula (XXII):
'T
P
N TN
VALY
Trigger
(XX1I1)
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10
11
12

13
14

Cz3~\0 'j NP NX4 2 X4 e 3 Wereineis 0-4, and
X4 is d, Br, alkylsulfonyl oxy,
woedogoaaBkyl sul fonyl oxy, 4 arylsul fonyl oxy, OPCT/US2006/025881
het eroaryl sul fonyl oxy. 1 27. The conpound of Caim4
of formula (XXIlI): I yNl I, NO~" 2 Trigger 3
(XXI'1) 193 WO 2007/002931 PCT/ US2006/ 025881 1 28. A .
of . o L }
o T 7o s aB It ANV bRk A St TR s Tom 2,
or ~CHEZi1)<3 Wigrein Z9 2\C1- aﬂ.kyl!andzglsxl -XL --X1 Alj \ /N®
/X1 3 X1-XNo, or X1-'X1 4 with the proviso that in

formula (I11}):" 5 (i) one of R2 an is Hand one of
R4 and Rﬁ/gH 6 (ii) one of d R3is d-alkyl
and on&zof RAXand R d -al kyl ; {iii) at |east
one of _R5/i s r oxyl ,NO - ¥c| oal kyl ,
het er oc IyIX,1 8 CI /I koxy Cl-

di al kyFami no, aryl hetXEroarylor d >€36">éuch G 9

yl am no, Cl-C6
C6het I or roaroyl. 1 29. A
corrgoﬁ%ﬁ‘@{ Hoa/ S&%ﬁﬁg?fmlﬂ%‘iﬁﬁ (11) wherein Z3 is a
bi ored(ﬁqbnwnga:ﬁﬂwi@E@h@@ﬂe&ﬁmfa%mm1&@2 02N X2/ X,

X1=X1 -. X1 X1
(ii) one of R, and R3 is Cl-alkyl and one of R4 and Rs is Cl—alkyl or

o)

(iii) at least one of R,-Rs is hydroxyl, amino, C3-Cy cycloalkyl, heterocyclyl,
C;-Cs alkoxy, C;-Cg alkylamino, C;-Cg dialkylamino, aryl, heteroaryl, C;-Cs acyl, C;-

Csheteroacyl, or aroyl or heteroaroyl.

29. A compound of Claim 4 of formula (II) wherein Z; is a bioreductive

group selected from :
NO,

/K OaN
X=X N\pgz—x1
\
I\I\l\<\ / NO, \ //X1

or X—X

with the proviso that in formula () :

(i) at least one of R;-Rs are selected from the group consisting of 2-
alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl and

at least one of Ri-Rs are selected from the group consisting of 2-haloalkyl, 2-
alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl ; or

(ii) at least one of R;-Rs is selected from the group consisting of 2-haloalkyl,
2-C;-Ce alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl; and at least one of NRyR; and NR4Rs is WNQ; or

(iii) NR,R3 and NR4R; both together are ~N;

30. A compound having the formula:
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22
23
24
25
26
27

3 X1-X1, or X1-X1 4 wth the proviso that in fornula
(') : 5 (i) at least one of R1-R5 are selected from

wo b@70oxsp consi sting of 2 6 al kyl sul f onyl oxyaP&yiU$2006/025881
2- het er oal kyl sul f onyl oxyal kyl, 2-aryl sul fonyl oxyal kyl ,
and 2- 7 heteroal kyl sul fonyl oxyal kyl and 8 at | east
one of RIxR5 ar,e sel ected fgpm thg.group consisting of
2- hanaIk* L9 alkylsulf¢nyk xYaIkyI

2- het er oahky s f onyl oxyal ky yIsquononxyaIkyI
and 2 &0 he ET/(u)a\kgzb@&kzbmn/l o& (a\rRZr or 11 (ii) at
| east one of |R1-R5 is selected|{fromthe group

consi sting of:2-hal oal kyl, 12Y¥2-Cl-C6
al kyl sul f onyl ox§al kyl , 2- het er oal Ryl sul f onyl oxyal kyl ,

ﬁe?re?”‘%ﬁ% ?’Sull?on;%' yda?r@ﬁ;)z%%ﬁésat | east one of NR2R3

and NRARE 0,58, NR¢ dNINSGQRé twhefein edchNRARMdanehdRAREC O} halkyl,
get her are "' 1 30. A compound having the
Ci- C61F‘?$?fﬁ‘@|]|ké{1 amémwez@%w 002931 PCT/ US2006/ 025881 RR4 RI\

13 it el,agﬂ\%1 m%nd lf‘)th (lﬁgp%ﬁ(ﬁnf\ég Qe[éctéd R thezng%p bétkisting

YZ\ R * erei
of hydfhgefs, hydeﬁ(yd),ratﬁiﬁm@Cy\ﬁkyle CoCa alklmeGJ i€ atlhyilaxmemj éhtC[fsy

dialky it g hettigtrah i P et 2R S B Grdogether

twoIrRG ired Ifkpﬂmﬂhﬁmar URrGQRE, 6F el R d'dR po@Bependently is
any B R R o, o s 5&%’ R ey e pependently

a Trigggr Aydelavhadoronctheasosp etnsiskip aki no, aryl, heteroaryl,

CL- G0 aethy, O SISO e o L Qg IS BRI 2% ane

het er oc[mkgg-YQ]v (s@ah)ZBJ[C@I)@ZEiYE% [BAZ ) Ine@ryaN@s Ny Zi s

10 a Trij gger sel ected fromthe %roup consi sting of

-[ Q¥ Weﬂeﬁl *Yﬂé%"d(ﬂ‘&f@l Yigdopdiu [c(zl) 2] 2

{ c? (le)‘g 5 %08 }F%(‘@%?%jl %3?1 I%% %ﬂ%ﬁyﬁg&o@é@h@&oxﬁ Ci-

Cs alkﬁaCIﬂ-C% ;hetcroa(tkyl uCs- @chlcq;)ailk}dﬂma‘rdardﬁyci -€¢ Blkoxy, ;1-Qsblly8amino,
7 wher ein each R7 is independently
Ci- CGWH%?&@HO W‘d getAeylcl. 15 C6 al kyl, Cl-C6

het er ogl, kyd, S(g,g_g@{ SYEDYDKYI het er ocyclyl, Cl1-C6
al koxy, 'CL-CB al kyl anmi nd, 16 Cl-C6 di al kyl ami no,

aryl , ¢eshehoadyh mdtpendsbnﬁls1salyd®gen,rhaw@nc@p©)s alkyl, GueCs
hetero%%y%g i’l%%azr(]@l I(% pc%tnl% ﬁ]<y ¥1e€erocy 1‘% 1-(96 acyﬂ (919@6@1’eteroacyl,

aroyl, or heteroaroyl;

Zz is
X1
x1___x1
T /\Mg——gw
”“<\ />““ \ / |
X=X X—X%4 wherein

each X is independently N or CRg wherein Rg is 1ndependent1y hydro gen, halogen, nitro,
cyano, CHF,, CF3, CO;H, C;-Cgalkyl, C;-Cs heteroalkyl, C,-C¢ cycloalkyl, C1-Cg alkoxy, C;-
Cg alkylamino, C;-Cg dialkylamino, aryl, and CON(R7),;

X2 is NRy, S, or O; and

Z5 is a bioreductive group having the formula:
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28
29

30
31
32
33
34
35
36
37
38

39

40
41
42
43

19 heteroal kyl, aryl, heteroaryl, C3-C8 cycl oal kyl,
heterocyclyl, Cl-C6 acyl, Cl-C6heteroacyl, 20 aroyl,

wo@eooneomspar oyl ; 21 Z2 is X,-X, X/~ X, X, -X,POT/UN006625881

AIN'" x2 X, x, X 22 X, --X, X, -X, , or wherein 23
each X1 is independently N or CR8 wherein R8 is

i ndependentty hydrogen, hal ogen, nitro, 24 cyano,
CHF2, CF3a CO2H, Cl1-C&,atkyl, Cl-C6heteroal kyl, C1-C6
cycl oalXyl ,~xC1- C6 Xy, 25 C6 al kyl am no, C1-C6
di al kyl Q@ipb, aryl, ayd CON(R7)2; 26 X2 is NR7, S, or
O and 27 73 is a bioreductive group having the
formul a: 5195 WO 2007/ 002931 PCT/ US2006/ 025881 NO,

I XJ=Xl ~-X \Xt-X1 00X 1~
XI N X1 each Z independently is

C, S, ﬁ P; N\ i ndepe 1 or 2, eachr 30
i ndepe |2Ient is/@ or 1, |31 Klli s & al kyl ene, C1-C6

het er o3 syaryl ene, xior heteroaryl ene; 32 with
the provi o that in’fornmular{XXI)R,33 (i) at |east one
of RL-R4 and one of R *-R4f is selected fromthe

group 34 consisting of 2-Hal oal kyl,
g- ﬁl ky b&h]l Zk b::alyj)clmlzdyﬂlﬂylkwc, Sl, ltzr }J;eaczh t igcéependently islor2;eachr
. - het er gal kyl sul f onyl oxyal kyl, 2-
mdep%’ilémsfoo‘?ﬁfll’ oxyal kyl, and
2- het egxga U?ldéﬂ%lfeﬂg,ydi1Qéé’l?été%ldkylene, arylene, or heteroarylene;
with the proviso that in formula (XXI)
(1) at least one of R;-R4 and one of Ri*-R4* is selected from the group
consisting of 2-haloalkyl, 2-alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-

arylsulfonyloxyalkyl, and 2-heteroalkylsulfonyloxyalkyl;

(ii) at least one of R;-R4 and R;*-R,* is selected from the group consisting of
2-haloalkyl, 2-C-Cs alkylsulfonylox,alkyl, 2-heteroalkylsulfonyloxyalkyl, 2-
arylsulfonyloxyalkyl, and 2-heteroalkylsulfonyloxyalkyl; and one of NR,R; and NR,*R3* is

MN<]; or

(iii) NRoR3 and NR,*R3* together are both WN<]; and

an individual isomer or a racemic or non-racemic mixture of isomers,

bioisosteres, pharmacophores, a pharmaceutically acceptable salt, solvate, hydrate, or a

prodrug thereof

31. A compound of Formula (XXI):

Ra R;3 R3* R4*
NP
Rs/ \ / N~ \Rs*

R2 *Rz l
O\L2 /o
'Irrigger
(XXI)

wherein, Y is O, S, NRg or NSO,Rg;
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19
20
21

22
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25
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27

36 (ii) at least one of RI-R4 and Rl *-R4* is selected

fromthe group consisting of 37 2-hal oal kyl, 2-C1-C6
wa@bkdoylosa9sf onyl oxyal kyl , 2-het eroal kyl sul f onyl orRgEUK2006/025881

2 38 aryl sul fonyl oxyal kyl, and

2- het er oal kyl sul f onyl oxyal kyl ; and one of NR2R3 and

{\I 55;?3%}11.52},5 &ﬁlaﬁlr ySQzﬁ%“&%}elgﬁ%aNEﬁ%l }ag}l Iaff}gFrCaalkyl Ci-

Cshetér§aﬁ@ra1‘?f oRhERFRMIC Or non-raceni c m xture of isomers,
b1 oi sost eres, pharmacophores, har naceuti cal |
accept%bh B Faland Rs’B-IRvﬁﬂIéiepden%YhS selgpted fropm theygepn gpusisting of

B0 e AT PR i,

heteroa_ 1 @g gebhel X3¢ dwo &if RyFeR & form \dheteeod@rpleSor ¢deB Roi*-RNSO2R6;
6 WO 2007/ 002931 PCT/ US2006/ 025881 . Y2 is 0, S,
lndepelilﬁ@lﬂdrls rdeizeer hadedrhremdhe %“P§°P~°ﬁ§f@p¥é%fdent ly

C1- Coal 1 t | I L
7 eac h_[gk%géhé@@ ) bg Rf(zg)'e&ér}&é (y(zl)z]3 [ )%rCQZD}’g Z5 and
f rom tHE(@pWp] B 0B )HGZ 0f- Zz-8’4h3{|6l)i£5%jdn[C(]Zy)ﬁQ(Zy)l]g-Zs wherein
Cl-C6 a 0X Cl-C6 a am no, Cl-C6

each Zgy,4), P&y‘l‘réig’rﬁ’éiepeé’rdﬁli‘ﬂy if)h‘l§y163r oaryl; or yt oget her any two
of R2*yRp’s i) rm7m%e@élﬁréx&i 1; is9hdepasdiniy hyBen, J;Q'droxyl Ci-

| ndependentl is a T selected fromthe group
Cs alkglp ¢$1(k&1ﬁt¢g)adi{yl,1(j3 C§ Q( ag \Igtero@xq)dq:}-@ alkoxy, Ci-Cs alkylammo

Zl) 2-72-, 2]z Z1 Z1 Z3 d 12
o SRR Gt bkt 1) 21 2 (-7 =0z ]g 23 an
[ OZ1) % 220 8los-RCA- 20 O Z1) =C(21)] 623 wher ei

each z, g. i ndependently _is 0 _or

oS, “rchan k7 G eR i SHRIORRS, hmﬁeﬁu&q@uﬁ“cl@

hetemﬁl)é(gfé%%%%eﬁ}?ﬂ%_@é%cg c&l: ﬂﬁ@k%@t@(k}cﬁ% gg o(éc ]S:Styl C Cﬁheteroacyl

aroyl, ak kersyparo9l- C6 al kyl ami no, 16 Cl- C6 di aI kyI am no
aryl, heteroaryl; 17 Y4 is 0, S, or NR7-C(=0)-0-; 18
each z¥28¥nd z1 I ndependently is hydrogen, hal ogen,

Cl-C6 al kyl, Ci1-C6 X1———X1
x1__x1
T /\N\/g__gmw
Xy—Xq Xe—X;

wherein each X is 1ndependent1y N or CRg wherein Rg is 1ndependent1y
hydrogen, halogen, nitro, cyano, CHF,, CF3, CO,H, C;-Cs alkyl, Ci-Cs heteroalkyl, C;1-Cs
cycloalkyl, C;-Cs alkoxy, C;-Cs alkylamino, C;-Cg dialkylamino, aryl, and CONR7)2;

X, 18 NR7, S, or O; and

Zs is a bioreductive group having the formula:
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28
29

30
31

32
33
34
35
36
37
38

39

40
41
42
43

19 heteroal kyl, aryl, heteroaryl, C3-C8 cycl oal kyl,

heterocyclyl, Cl-C6 acyl, Cl-C6heteroacyl, 20 aroyl,
wo@eooneomspar oyl ; 21 Z2 is x1-x1 X1-X1 x// X1 DAF/KES2006025881

% X2 X1 X/ X1 Xi X1-X1 X1-X1 or 22 23 wherein each

X1 is independently N or CR8 wherein R8 is

i ndependently 24 hydrogen, hal oggly nitro, cyano,

CHF2, CF3, oRH, Cl1-C6 al kyl, Cl- Cb \het er oal kyl, Cl-C6

25 cycloal kyl', Cl-C6 &l kgyy, Cl-C6 aNkylsami no, Cl-C6

di al kyl 'nb\)gryl d (R7)2; 26/X2I's NR7, S, or
O, and Z3 y3 a bi'ogedugtive-grati\havifg the
fornmul a: WO, 20070623931, PCT/ US2 25881 NO2
02N A-, XTI XL --XL X2/ XLi /INOR ~X1I - X1 X1-X1
X1- X1 O XX X1 L1 XXt/ 111 R7 or N R7 28
OO0 29 L20is Y4 4 or 30 31 whergin Y4 is defined as
above,;
X \ X X1
“ l X1 f I >I\l\l\1
X4
N X
, Or N ;
R, R,
o O
s
\(4"“‘“r Yfﬁ

wherein Yy is defined as above;

with the proviso that in formula (XXII):

(1) at least one of Ro-Rs and one of Ry*-Rs* is selected from‘the group
consisting of 2-haloalkyl, 2-alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-
arylsulfonyloxyalkyl, and 2-heteroalkylsulfonyloxyalkyl;

(ii) at Jeast one of R2-Rs and Ro*-Rs* is selected from the group consisting of
2-haloalkyl, 2-C;-Cg alkylsulfonylox,alkyl, 2-heteroalkylsulfonyloxyalkyl, 2-
arylsulfonyloxyalkyl, and 2-heteroalkylsulfonyloxyalkyl; and at least one of NR,R; and

NR,*R3* is WN<]; or
(iii) NR2R3 and NR,*R3* together are both WNQ; and
an individual isomer or a racemic or non-racemic mixture of isomers,

bioisosteres, pharmacophores, a pharmaceutically acceptdble salt, solvate, hydrate, or a

prodrug thereof.
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22
23
24
25

32 with the proviso that in formula (XXI'1): 33 (i) at

| east one of R2-R5 and one of R2*-R5* is selected from
wo b@7gexsp 34 consisting of 2-hal oal kyl, PCT/US2006/025881

2-al kyl sul f onyl oxyal kyl ,

2- het er oal kyl sul f onyl oxyal kyl, 2- 35

aryl sul f onyl oxyal kyl, and

2- het eypyoal kM{eSdéMﬁﬁﬂa ol x>8fn (i 1) at |east one of
R2- R5 and R2* i's s§ ecteé fron1the grgup
d

consi sting of 37 2-h alkyld 2€1- Co

al kyl sul f onyl oxyal kyl , Yat efoal Ryl sghf onl1y| oxyal kyl ,
2 38 aryl sul fonyl oxyal Kyl ifn

2- het er oal kyl sul f oxya \ and ‘\PJ aSF\Uﬂﬁ of
NR2R3 and 39 NR2*R3* is lI\U B B9 (ilii) NR2R3 and
NR2* R3* t oget her are both ~N ; and an i ndi vi dual

i somer or a racemc_or - TRES LSO
i somers, 42 bi oi so$i¥e¥es, pharnacoﬁggresmeer-

pharmaceutical ly acceptable s §§8@$O|Vate hydrate, or
a 43 prodrug thereof. 198 WO 002931

PCT/ US;Q&%OQ{;B@ S ,NBLor N$®,Rgonmpound of for rrul a
( XXVI1) 1T NNII1T NR2 P~ 1

R5 R5 Yg N O,ﬁ, ﬁ\@’g@r nglﬁ)s Hereaopa T 1§ Q@epergiegﬂy g&l\,py)alkyl Ci-
S, NR6 NSO2R6; 5 Y2 0,
C6hetef{@%mglr %&%teta%‘ge. n each (F){g is i ndependenlt Isy
( C1- Cogach Ry!IR 5 #0ld-R,8-K8 1ﬂm‘pe1ﬁctmﬂkyd sele]:tqdi fromithe group consisting
het |, 7 h R2- de
of hydSeeB NG G nINEh Gurd ee DSy S g U BRI it Gy aino
aryl, h%%%é%ﬁ%ﬂf)é&?gf@nﬁlt&x%f ngf %@Rﬁk‘mx)f@mgh%r@b&)él am no,

dia het eroaryl; or together
any tmchfrriggeﬂslmlmdfmﬁtltecgmu}acmwangoﬁcl e; 10

each 11998t 1. S8} B L RAZ L IRt TR RR SRS R, 25 and
ARl %@gﬁ[@gﬂ)@%@dm)w 4{1 P 7

Z1
%C(C(zn%/hmm\ea}:hz{c(qzm)az] zg{néem Z3 13 V\her ei n

Ieglcg Z33 s, %{l < N\/@g ?}ée?em %Qﬁﬁﬁhgqﬂﬁép%n%&ﬂg hgﬁrogen hyarekyl, Ci-

Ce alkbily dr, @gaRterditidyl 0B Y-Cg cilloalltid, hifledbitil, CG136@H<oxy, Ci- C6 alkylamino,
et eroal kyl, C3-C8 cycl oal kyl, heterocyclyl, Cl1-C6
C1-Cs ém%&fi,mm@larm hgteraprdini no,

Y48 O, S, or -NR7-C(=0)-0-;
each 7, and Z, independently is hydrogen, halogen, C;-Cs alkyl, C1-Cs

heteroalkyl, aryl, heteroaryl, C3-Cs cycloalkyl, heterocyclyl, C1-Cg acyl, C,-Cgheteroacyl,

aroyl, or heteroaroyl;

Zz is
Xi—X,
T S
ol @ o
\ />”” " \ T 3=
Xi—X4 , XX, , OF

wherein each X is 1ndependently N or CRg wherein Rs is independently
hydrogen, halogen, nitro, cyano, CHF,, CFs, CO,H, C;-Cg alkyl, C,-Cg heteroalkyl, C,-Cs
cycloalkyl, C;-Cs alkoxy, Ci-Cg alkylamino, C;-Cg dialkylamino, aryl, and CON(R7)2;
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26
27

28
29

30
31
32
33
34
35
36

37

38
39
40
41

16 C1-C6 dial kyl am no, aryl, heteroaryl; 17 Y4 is O,
S, or NR7-C(=0)-0-; 18 each Z1 and Z1 independently is
whyaroeges; hal ogen, Cl-C6 al kyl, Cl1-C6 19 het erOHUK3006/025881
aryl, heteroaryl, C3-C8 cycloal kyl, heterocyclyl,
Cl-C6 acyl, Cl-C6heteroacyl, 20 aroyl, or
het er oay o 2 1L.S54%, -X, X/ \\X X ~X X1~X X
X2 fi %E§¥R7§&%a§ld 22 X, -X, X,---X, or 23 wherein
each XIZ;iisa bivdahetidegioly hhviag tHeRBrmblar ein Rs i s
i ndependent|y 24 hydrogen,, hal ogen, nitro, cyano,
CHF2, CF3NoCCO2H, Cl1-C6 al kyI Cl- Cohet eroal kyl, Cl1-C6
25 cyclo |, d x€84al koxy, + C6 al kyl ami no, Cl1-C6
di al kyIEm np‘ am(\\ ,%‘m]\' 7);<1 199 WD 2007/ 002931
PCT/ US2 #025881%26 X2 is KRK S, or O and 27 Z3 is
a biorefluctive group having the formula: 02N NO2 /
\~ X =X1 AX2 /X, \ )-NO3 < // X Xi | X -X1L X -Xi
O0X1 9 each Z independently is
C S g ntlyxis 1 or 2; each r 30
i ndepen[ I's ¢l- Coal kyl ene, C1-C6
het ero hiet er garyl ene; 32 with
33 (i) at least two
al oal Kyl ,

ent

or 1;%31
kyl |

e, /ar yl ene, |or
tha,'i i n, bror m
nd R1-R4* are 2-
2-al kyl suIOf onyl oxyal kyl ,
2 heter I [. k
2_het ergal KX BUEL R, el . BaiXh b MY O 6P K
independently is O or 1;

K is C;-Cgalkylene, C;-C¢ heteroalkylene, arylene, or heteroarylene;

with the proviso that in formula (XXI)

(i) at least two of Rj-R4 and R;-R4* are 2-haloalkyl, 2-alkylsulfonyloxyalkyl,
2 heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, or 2 heteroalkyl-sulfonyloxyalkyl;

(ii) at least one of R;-R4 and R;-R4* is 2-haloalkyl, 2-C;-Cg
alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, or 2-

heteroalkylsulfonyloxyalkyl; and one of NRyR3 and NRy*R3* is MNQ; or

(iif) NRoR; and NR,*Rs* together are both WNQ; and
an individual isomer or a racemic or non-racemic mixture of isomers,
bioisosteres, pharmacophores, a pharmaceutically acceptable salt, solvate, hydrate, or a
prodrug thereof.
33. A compound of claim 1 or claim 15 wherein Trigger T is selected from the

group consisting of:

Z1 z Z1 Z-| R Z1 Z1 R?
\ / , \ / , \ !\l , \N / and
NO,

Z
1Z1
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10

11

12

13

14

15

16

35 (ii) at least one of RI-R4 and R1-R4* is
2- hal oal kyl, 2-Cl-C6 36 al kyl sul fonyl oxyal kyl ,
wQz2menesnl kyl sul f onyl oxyal kyl , 2-aryl sul f onyl BXyEE1096/025881
or 2- 37 heteroal kyl sul fonyl oxyal kyl; and one of NR2R3
and NR2*R3* is "NJ; or 38 (iii) NR2R3 and NR2* R3*
t 0get D esmAsrdRRhidE3 V@lﬂﬁ‘en?i%l M oﬂ{cﬁgé yl IA,%% ; 1 is@ethyl,

racemc or non-racemc m xture

trifluotviethiys egtybrrespyl paralrayalobpidy @l Reis yﬁbﬁpn@tl’é"e@)(@ﬁ)i;ﬁg is hydrogen

or C-Er R 'egc@th Axaioow&%‘saﬁgr@%{: faim 1 or claimis

wherein Trigge is selected fromthe 2 group
coA%iA Eompp olea1m|34mhezelmRb ighydrpeen, neth wlylosm@pﬁ or

isobutf i, B8 Bt lalitsutlflfd. 5,2 Alco?rp(?ﬁngogf

claim 33 wherein Zl is hydrogen, nethyl, or ethyl; R7
i s3%retMppmPORnd of gt feyptlagt hyl | propyl, and

cycl ohexyl; and R8 is OH or OP( O)(G—|)2; RO is

hydr ogen 7 or Cl- al k¥l and each X4 is halo or

R 1S(=0 20-. 8 35. ANgon oumjI of claim 34 wherein RO

i s hydrogen, nethyl, ethyl, r |, or 9 isobutyl;
and X4 is chloro, brono, par t hanégul fonyl oxy. 10 36.
A conpound of cl ai Mg f formula: O T\ 11 OP-HN HN

X4 RO RO 11 X4 12 Whergin T is L-Z3; 13 L is CH2,
CHWe, CWMe2, ~/o MO MO0 /O\ CH3 O HN//O\N / /O
t~/ N X4

Wherein T is L-Z3;

L is CH,, CHMe, CMe,,

—/<o MeQ MeO (0]
- 0] - CH3 - (@] .
-~ HN7<\/ ’ \ ?g\/O’@ﬁ/ \;JO—@—{/ S <\l-—//

’ OMe ’ ’

OoN CHy . “ o .
~ NN

\;JO—<\ >‘—{/\ ’ e"i/ T)r \ 3 \fs\/O / ’OE;JO/©7
and Z; is

AN e 4©W
T I)m O |

H,0(0=)PO

NG N gy S— @w )

S ’
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02N Ow CH3 HO F -410 N~/ \ / p/OOfro 14 15 and

Z3 is HO N/ NO2N NO2N/ \ 02N @&@N\ I NI N ~
W@ ego7eER0O=) PO O N O2N 02N O, N 16 \ f ' 201 REX/US2006/025881
2007/ 002931 PCT/ US2006/ 025881 NO2 \N\\ N S~ 02N 02N

N OZNS N Br N ~N O2N-NN 02NN \  ~ ~ N N N2 OZN

d, CF3 NC Br i /S® SN/ N~ OZN 17 and O ZN

Y
S 1 37. A copgpaund of cl ajml1, havi ng a'*‘c&{rrula
@‘ﬂ ect ed Opigm ;\groupzN/Q»‘g" O?_N/QS ;\

2

N Br.
% 7\ N
; \
Q OQN/(N_>\§\ m OzN/kNj\ -
N ONg7H
NO, ’ KCF ;
, 3
NG NC Br
N \
By 3 23, A
0N~ g ¥ , ONT 7 =g, 0Ny #~ and / \
1 37. A compound of claim 1 having a formula selected from the group
2 consisting of:
Br Br,
/ ' |
— L S
o O\ P/\ /\/Br Me O\P/\ Br
/N / N/\/
o H and o) H
4 23 25
1 38. A compound of claim 1 having the formula:
Br
O2N / \ NH
© N P/ Br
7a'ding
3 24
1 39. A compound of claim 1 having the formula:
Br
N
OZN‘—< j\/ o
I\N/le O\ P/\ /\/Bf
2 2N
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O &0 N N n W

10

12

13

2 consisting of: Br Br N O2N NH O2N--/\/ I NHO O'N

NfBr MO, Br 3Hand// H4 23 25 1 38. A
w@ooopoorst of claim 1l having the fornula: Br ORN/BE2006€025881

O/ Br 2N OH 324 1 39. A conmpound of claiml1

having the formula: Br N~ OGN \ ONH M j~ \N Br

2 0 H 202 WO 2007/ 002931 PCT/ US2806/ 025881 3 25 1

40. A pharnmaceutical formrulation conprising the

compound of any of 2 Cains 1-39 and a
phar netfeut i 4 @hhymasesiign fymulasiopicpmersing ke ¢anepoung of any of

Clalmsa!j-r#ta%] %1 gh&mﬁa &aﬂgtahge tat%ie é{cﬁg&{tn 5& fﬁhﬁ&ﬂp“ sing

nrsterin erapy
t hereof, the pharnaceutical fornulation of Claim40. 1
42. A 4tet hoAi meﬂh@@/mﬁihﬂmhg eara:enmmplﬁn‘itdg admihdsteritdgao a patient in

T
need Oifghequ;t ecpfg h@;vf{la%ééﬁég rea ?tltiQrI]l?@ laun 4(¥\lhere| n Al k

42. A method to synthesize a compound of formula Alk-Trigger

comprising reacting Alk-H wherein Alk is:

R
: R9 Rg
X4 X4‘ Nl ﬁ Nl X4
N /N(Rw)z Xe I X
P I Ry
(|) AR W
n,
Rg Ro
Ro <
; i O l é Rg X4 N ICI) N x4
l X R11/ \P/ \Rﬂ
/ \P/ \ |
l , Or O%
w0

wherein each Ry independently is hydrogen, aryl, heteroaryl, C;-Cs alkyl, Ci-
Cs heteroalkyl, Cs-Cjg cycloalkyl, heterocyclyl, C;-Cs acyl, Ci-Cgheteroacyl, aroyl or
heteroaroyl, C;-Cg alkoxycarbonyl, C;-Cs alkylaminocarbonyl, di C;-Cs alkylaminocarbonyl
or C;-Cg alkoxy;

each Ry is hydrogen, C;-Cs alkyl, C;-Cs heteroalkyl, C3-Cs cycloalkyl,
heterocyclyl, C;-Cg alkoxy, aryl, heteroaryl, or together two Ryq form a heterocycle;

each Ry independently is hydrogen, aryl, heteroaryl, Ci-Cs alkyl, C;-Cs
heteroalkyl, C3-Cg cycloalkyl, heterocyclyl, or C;-Cs alkoxy; or together two Ry; form a
heterocycle; with the proviso that when each R;; independently is C;-Cs alkyl, C;-Cs

heteroalkyl then Ry; excludes s X 5 and

2



14
15
16
17
18
19
20
21
22
23
24
25
26

27
28
29
30
31
32
33

34

35

NNIIT/NRLO2 X4 ~P/ | RO rMORY9 X4 RO Rs RRO RO RO
(ROs RARRX40F-1XII 4 X4/N110~N X4
WO/ PSN RIT R11 P R11 | , or 3 rfro 4 wherCTUSR061025881

RO i ndependently is hydrogen, aryl, heteroaryl, Cl-C6

al kyl, C1- 5 C6 heteroal kyl, C3-C8 cycl oal kyl,

het er ey g}(ﬂ@}; ;

het er é).xz;‘ér/fcé)yc}1 ,Br Qﬂk@ 1@&0%0%’%0”)/' 1@%&}5_3%6){3@ ﬁ&%ﬁifoﬁﬁoﬁg o
heteroakKybl&miytoaxyar bonyl di Cl-C6 aI kyI am nocar bonyl 7 or

Cl-C6 al k hyd , Cl-C6 al kyl,
Cl- C6 \%%quégqugﬁv%& é g aIr ESIen 9 het e?oczcl yl,
CL- 6 [ HxF] A0 L0)-0RL- P@(Q’r})&%ms—[@@Bﬂztt@(znw(ﬂm Zs;

forma heter ocycl e; I ndependently is
hydr og\éhﬁrelareﬁch z,netqeumdﬂ md@PndEltm igPlor 11 - ce 11

het er c
al kox;fl 3 éﬁ tooé:gy%w erélg%ﬂjolrs M & aﬁéﬁ%ﬁﬁgﬁgcrlrggé é&l%@(yl Cr-
Cs alkw, CK‘LO(, hetefyaliil SO;-Chafclodiien, lwérbcﬁlﬂl, Cnd]% B&bﬂﬁ,rﬁ‘}@s dlkylamino,
Cl-C6 al kyl, Cl-C6 Rg_13 heteroal k Qg%» ch ude
Ci-Co smlkylaanao, azﬂsh%ozn@ﬂo@em Gacbyhclsponss). Qe heigmoseD
o.a kyl: Wﬁf& y, heteroal kyl sul f onyl oxy,
1

ar yI qu‘f on;fl OXYy hef er oal kyl sul fonyl oxy; 16
with Tafalclggeanml whilepe&idently isdoydroges, Hafogen, C;-Cy alkyl, C;-Cs

1)2-Y3], - =0)- O g- | ) 2-Z72-Y4] u
heteropli ZpLAFRIY: EaCs TR A SFRsaE -4t S (- dptEroger
aroyl, bpﬁ&&g%g;ptly is Oor 1; 19 Y3 is S 0, or NR7 wherein
each R/ is |ndependently hydr ogen, hydroxyl, Cl- 20 C6
al kyl ,Z433- C6 het eroal kyl, C3-C8 cycl oal kyl,
heterocyclyl, Cl-Co6 al koxy, Cl- C6 ad-kyt,am no, 21
Cl- C6 dial kyl amino, aryl, heteroarl, &1 C6 acyl,

Cl- Cohet er oacyl, ar oylx1=o<w het er o¥ oyI
" > AL
MA< >\M\/ % /X1
\ / \ / A}:X1
Xo=——X4 , Xi—X; ‘, Or .

wherein each X is 1ndependent1y N or CRg wherein Ry is independently
hydrogen, halogen, nitro, cyano, CHF,, CF3;, COH, amino, C;-Cs alkyl, C;-Csheteroalkyl,
C1-Cs cycloalkyl, C;-Cg alkoxy, C,-Cg alkylamino, C;-Cg dialkylamino, aryl, CON(R7)2, C;-
Cs acyl, Ci-Cgheteroacyl, aroyl or heteroaroyl;

X21is NRy7, S, or O; and

Z3 is a bioreductive group having the formula:

OoN
NO,
X=X =X
/’\ 1 1 1\
X3 /X1 /\’V‘<\ />—N02 \ //X1
==X, X=X X—X
o 0
X4
AAP<X1'—‘:X1 Xz NO, Ii l X4 ” } >1W\/
Xi—X; , / " i Rr
Xy——X4 0 0
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22 Y4 is 0, S, or NR7-C(=0 -0O; 23 each Z1 and 71
i ndependently is hydrogen, hal ogen, Cl1-C6 al kyl, Cl1-C6
wQaooheomspal kyl , aryl, heteroaryl, C3-C8 cycl orCRYE2006/025881

het erocyclyl, Cl1-C6 acyl, Cl-C6heteroacyl, 25 aroyl,
or heteroaroyl; 26 Z2 is x,-X, X,-X, X X % X2 ~X,

36 X, =X, atisubstitutéd gosphineandldiNkylofzo8icddokiiatetb Rickdh
X1 is independently N or CR8 wherein R3 is

37  compoundieponaslaAlc-Trdgeehydr ogen, hal ogen, nitro, cyano,
CHF2, CF3, CO2H, am no, Cl-C6 al kyl, Cil-C6heteroal kyl,
30 Cl1-C6 cycl oal kyl, Cl1-C6 al koxy, Cl-C6 al kyl am no,
Cl-C6 dial kyl ami no, aryl, CON(R7)2, Cl- 31 C6 acyl,
Cl- Cohet eroacyl, aroyl or heteroaroyl; 32 X2 is NR7,
S, or O and 33 Z3 is a bioreductive group having the
formula: 02N NO2 A X1 X1 ~"X1 X2 /X1 NO2 ; X1 . X1
X1-X1 , X1I-X1 34 0 o Xi nn~X1=X1 X2 NO2 ~~ | \ x' N
X, I R7T or X1-X1 , 35 X1---X1 o 204 WD 2007/ 002931
PCT/ US2006/ 025881 36 a trisubstituted phosphine, and
a di al kyl azodi carboxylate to yield the 37 conpound of
formul a Al k-Trigger. 205
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