PHOSPHORAM DATE ALKYLATOR PRODRUGS CROSS- REFERENCES
TO RELATED APPLI CATI ONS [ 0001] This application clains
benefit of U S. provisional patent application No.

60/ 695, 755 filed 29 Jun 2005. BACKGROUND OF THE

I NVENTI ON Fi el d of Invention 100021The present

i nvention provides conpositions and nethods for
treating cancer and other hyperproliferative dlsease

The. pr esEHOSPOCRERSAPPLAEAIA S A URIROBRAES TS

of chem stry, blology, nol ecul ar bi ol ogy,

phar macol ogy, and nedi ci ne. Description of Related
Art 100QRUAKRAFERENGES JEYRELATHLY KyPlaCanBINSr
"nmustards") used in cancer chenotherapy enconpass a
di verse group of chenicals that have the ability to

al kyl. at e _bi.ol macr oyol ecul .such
[0001] DI\I?‘\MBK‘" Pfi/a% %’a‘?fﬁgﬁ’&?"t‘ﬁl%ﬁ af%*é’é’*’ﬁ&ﬂ‘ﬂ#ﬁ?r 6@?‘595555
filed 29akm 2006he Pharnacologlcal Basi s of Therapeutics, 2001,
1389- 1399, McGawHill, New York, USA). DNA
al kylation is postulated to be an inportant nmechanism
in the antitunor act|V|t of aIk |.ators. The
chenot her apeut i SR NHO¥ng
Field ofh€StibePhi | es, for exanpl e, through the formation of
nei ghbor i ng- het er oat ot n- st abi |'i zed oni um

[0002] | Nt PRALR R SnBH pRoviass RMpadiidnk Bld1BetRds AR trBeink bahcBHakm
cati on. 100041Pho%phoran1date based al kyl ators used

other hynerReeliferativerdinepsg sgnditions Witk ghosphorasmifris #fkudatpioRsodipgs. The present
inventidr] RBEAIN Mftes & tBe AEldd JTRAUDLARL bﬁ | idi&uRf biology, pharmacology,
chenot her apeuti c al kyl ators. ophosphan1 e and
and meflices ani de are each actlvated inthe liver and t he
active al kylator rel eased al kyl ates nucl eophilic
LE&J@R@F@ﬂﬁﬁgi%%Eh as the DNA within the tunor cells to
as chenot her apeutic agent. 1f the active
[0003] aI Mﬁfé}@g%"?@ﬂ@a@ eff aw&vdf P Y3re i eaneeg ghamothsRgy and
encom;ﬁis"h&ﬁvdﬂéécgh"&ﬁBhbﬂehﬁcaﬁ@]ﬁa@h&v@%&ﬁiﬁﬂﬂy Rsikhe mggmm;\waz

am no, sulf % ydroxy|, carboxy i m da o
macromplegplggsugh agfp MP%‘E @h@sol%f%h@aﬂwﬂv (f'f-‘ﬁﬁla{‘g‘??&éf Hu
PharmdeBlokBal Bedid offFferdbkdeits, 208 138399 kbR HID/NGF YHQATSAY DNA

syt LU S Lol ML £, LOXLC YRRl s e

chemotheraﬂﬁuﬁii‘hlkylﬂfhrs [a&Q.@ 51}0n7£ Iélﬁbﬁiophﬂémfd’ﬁ Sxample elodzh ItheﬁEx\Matlon of
horan1d ased.al |l cyl ators that. .can be used.to
“elghb‘F’r“é ARt que PHEF ‘%W%‘%?}Fsoﬁ“iﬂf BALAFYEnG Pt Bt
cation. condi ti ons, preferably conmpounds |ess toxic to normnal
cells. The present invention neets.these needs and

[0004] Pr PhbEASram4aR] bageld awﬁwﬁmamtcenc%r brhey hith s CR@dodpaside

and 1o it e 28 D oS 9SG LR TR g bamide and

Ifosfamjdd QR5att artidatéd in 3He las{md the atliveratkylasor pel@wddidie) 1Aes nucleophilic

. ...conpound t he fornmul a: 4 erein each X4 e .
moictief GER S SR AT YoM o St AT Bicp A B aPE cive
alkylatopy ¥ retbackdawai fomalea uih o BN Af aad wtheeduceophil@muri¢tes nigh hdrbe
o2 TBBU Y BRISARSH, ARRYS A RGBS SR o o
non—carﬁeltatm dells aaxp@ alkylateér&uch a;lkjdatmmocﬂ behlihheelis saaamfreallt in unwanted
toxic evelg)[ng apentafs 4rrr1]a%de c?lbgr}/gal n 20 the manufacture of a

ARBRt T or T reat ggﬁgncer [0005d] In a foui-th
aspect, there is provided a conpound as defined above
for use in the treatnent of cancer. [0006]hi one
enbodi ment, the present disclosure provides conmpounds
whi ch are hypoxi a activated phosphorani date al kyl at or
prodrugs and net hosds of the synthese. The
phosphoram dat e al kyl ator prodrugs of the present
di scl osure can have the fornula Alk-T wherein Alk is
a phosphoram aate ancylator, T is L-Z3 wherein L is a
linker Z3 is a bioreductive group. [0007]1n one




wherein [0008] Y1 is 0, S. NR6, or NSO2R6 wherein
each R6 is independently Cl-Cs alicYl, Cl-C6
het er oal kyl , aryl, or heteroaryl; 20 [0009) Y2 is O,
S, NR6, NCOR6, or NSO2R6; [0010] each of R3ab

I ndependently is hydrogen, hydroxyl, am no, Cl-C6

al kyl, Cr-Cs heteroal kyl, C3-Cg cycloallcyl,

het erocycl yl, Cl-C6 al koxy, Cl-C6 al kylam no, Cl-Cs

di al kyl am no, ary l,, het roaryl -C6 acyl,

Cl- C6het er oacyl ,’ or mw(@' or together
WO 2007/ 0029316;(/ 2006/ 0258 y two of R1-1t3
forma C3-Cl10 h cle; or each . of RL - Rs

i ndependently is a Trlcgger T wher elln Tis L-zZ3 [0011]
L i s sel ected fewiwphosphamide 5pq Ifostamide
[C(ZOZ Y314q=0) - 01, 1- [ C( Z02- 4- Y411- [ CaNc[ - C( Z3) =C( Z0
d fi hosph idate based alkylat thatcanbeusedto
[00 éﬁ[ Ygxllsanees o_r_newg os%(oie_}Ln)uza eZZaSYAa-ufyCa(%%Z]  can be
treat Q‘;(ny_q:r)ojt gﬂl@;;},ypqm@h’@mﬁvegggqqsezcon@mo% pr#eralgﬁﬁoxapoun s Tess toxic to
nor%on A g? Eldng.g}éhéﬁt hﬁrergxoﬁ fnedts (HeOO2ds X3 ﬂ0§1d§ noPsl pRspAYRnidate

I'S |ndependently hydr ogen,
alkyigtar psdrirgs agwelbas mpth@dy pf theyrpyempleyies tham oy Funtemizedin the
|, heterocyclyl, Cl1-C6 al koxy, Cl1-C6
fougﬁ%?%krﬁwno G - C6 d| al kyl am no, aryl,
“heteroaryl, Cl1-C6 acyl, G -C6heteroacyl, aroyl, or
heteroaroyl; 10 [0013] Y4 is O S, or -NRT-C(=0)-0-;
[0014] each 4 independ%thqm'@_rhydr ogen, hal ogen,
Cl-C6 al kyl, Cl1-C6 heteroalkyl, aryl, heteroaryl,
C3-C8 cycl oal kyl, heterocyclyl, Cl1-C6 acyl, Cl-C6
[Oﬂ!lﬁal] er oaeyflrst aareoythereos piveided @aommupd pObe ﬁ}rmzla: s C1-05
al kyl ene, Cl-C6 heteroal kyl ene, wherein each X1 is
i.ndependently N or CR8 , each X28 is independently
hydr ogen, hal ogen, nitro, cyano\ CO2H, CI-C6 al]cyl,
Ci -C6 heteroal kyl, Cl-C6 cycloal kA, Cl1-C6 al koxy,
Cl-C6 al kyl am no, C1-C6 dial kyl ami no, aryl, CON(R7) 2,

C3 -C6 acyl, Ci¥ teroacyl, &royl, or heteroaroyl;
20 [0016] X2 i S, or 0; and [0017] Z3 is
sel ect e@:M oup consistiMg of: WO
2007/ 002931PCT. 81 X2/ ----< N0202Nx|
Xi"---- [ XF--Xi fer|P~i\- LXX1 Xi 2.
Xi . -x1X1==X1. X1 02N2)( )/KnniH A), v, x1

0

wherein each X4 are both Cl or Br.

[0005b]  In a second aspect, there is provided a pharmaceutical formulation comptising
the compound as defined above and a pharmaceuﬁcally acceptable excipient, carrier, or

difuent.

[0005¢]  In a third aspect, there is provided the use ofa compound as defined above in

the manufacture of a medicament for freating cancer.

[0005d] Ina fouith aspect, there is provided a compound as defined above for use in the

treatment of cancer.
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[0018] with the proviso that in formula (1):. 5[0019]
(i) at least two of R1-R5 are selected fromthe group
consi sting of 2-haloal kyl, 2- al kyl sul fonyl oxyal kyl ,
2- het er oal kyl sul f onyl oxyalLkyl ,

2-aryl sul fonyl oxyal kyl, and 2-

het er oal kyl sul fonyl oxyal kyl ; [0020] (ii) at |east one
of R1I-R5 is selected fromthe group consisting of

2- hal oal kyl, 2-C1- C5 al kyl sul fonyl oxyal kyl ,

2- het er oal kyl sul f onyl oxyal | cyl ,

2 | suj f Y, 2= . ;
Pl o PR RO BA e BBfh At provides conpounds e e
NEp&3a amidatédRsiRsphiosamidatd dkdatof O tgs apd meyhosiRxshespthese. The
NRas bot h t oget her are-Nl:. and 022 i.ndi
D e i RO e R By gy e i AT
| SRARS Sk i pg&?g&gﬁkﬁfe,an@ja@n I'Tais OpA) @h@sin Lds a linker Z; isa

phar maceutically acceptable salt, solvate, hydrate,
drorefpfv6 410URy t her eof [0023] In one enbodi nent,

Z3 is a bioreductive group that can accept one or.

MR € a6 bhOaSbliithéht,ale midctiadischmum ohwates phospiraatidatn alkylator
[002£]|n a rel ated enbodi ment, the present disclosure
prestrigie gR¥s ivor ani dat e al kyl ator prodrugs havi ng

I Cso or Gso, in cells under hypoxia,-of 50 |LIMto

0.01 m. In a related enbddigeh , the present

di scl osure provides phogphb(_gidage al kyl at or

prodngs havi ng hypoxi cREyt ot §xi ci tfz which are up to a
mllion fold, up to 10,000 fald, and up to 1000 fol d
less toxic in corresponding mocpoxic cells. In a

rel ated enbodi nent, the cellulaﬁ‘cytotoxicity IS
measured by antiproliferati 6B assays and using the
relative | C50 value of a conpound in hypoxic and
mdemipxi ¢ cells. In a rel ated enbodi nent, the cellul ar
cytotoxicity is neasured by cl onogeni c assays and

PEI0E)g Y HeOr & INRisj aeNSTLB, wiBS€in eeph ReGOndepdnderstydf-Gslalkyl, Ci-Ce

Q unds .in oxi.c and nornoxic cells. [0025] In
Eﬁgﬂﬁaaaﬂ%ﬁﬁP%%% odi nent, the present disclosure
rovi des phosphaor.anj dat |.kyl at or prodrugs having
ﬁ@ﬂﬁ v‘@l%&ss,ﬂ‘ﬁ% IH@P @"Bﬁﬁg hypoxi a, of 58 p.Mto
0.01 nM_In another related enbodinent, . th r
0481 ot RyRopidgad s SpRBIRAT QB kion oEs 3% i Co
REQEIHA T, R efib 058 Héﬂr&c&blﬁp@PCJ ditodly, 09 &5 a o] B-Cs

correspondi ng nornmoxi ¢ cells_as. measured t he
fialdmiipe, arbietexoar i -Carcrly Bokriete AL ﬁ@ﬂhﬁ&ﬁ*‘éﬁr&f’é‘?%‘?’ together
I'n another rel ated enbodi ment, the present disclosure
provi des phosphorani date al kyl at or prodrugs havi ng an
IC50 in cells in hypoxia of 50 piMto 0.01 nM and
which is up to 1000 fold I ess toxic in corresponding
nornoxic cells as measured by the relative |IC50

val ues in hypoxic and nornoxic cells. [0026] In a

rel ated enbodi nent, phosphorani date al kyl at or pr odrug
of the present disclosure has a hypoxic cytotoxicity
of 0.1 nMto 50 p.Mand a hypoxia cytotoxicity ratio,
HCR, nmeasured by the ratio of nornoxic and hypoxic
cytotoxicities, and defined in greater detail further
later in the application, of 10 to 100,000. In a

rel ated enmbodi ment, the phosphorani date al kyl at or
prodrug of the present disclogare has a hypoxic
cytotoxicity of 0.1 nMto 50 1.1M and a HCR of 25 to
100, 000. In another rel ated enbodi nent,
phosphor ani date al kyl at or prodrug of the present

di scl osure has a hypoxic cytotoxicity of 0.1 nMto 5
pM and a HCR of 50 to 10, 000. [0027] In one

enbodi nent, the present disclosure provides novel
phosphor ami date al kyl ators for treatenent of cancer
and other hyperproliferative diseases. [0028] In one
enbodi ment, the present disclosure provides a



[ 0036] The follow ng definitions are provided to
assi st the reader. Unless otherw se defined, al
“terms of art: notations and other scientific or
medi cal ternms or terminology used herein are i nt ended
to have the meani ngs commonly understood by t hose of
3¥Q 199790393t he 30 chemical and nedical arts. PEHUSHIIE81
cases, terns Wi th comonly understood meani ngs are
fined._herein, for. clarity and/or for read
an? §¥°e°?$ﬁa-&*é ,?0”8 rfilg%téﬁ) ghetsreavelsi 5 g2t Buchs iadmierdeniliving Trigger T
wHereired 8 Ishoul d not necessarily be construed to
represent a substantial di fference over the

joodef i DidseRAeDiohhe termas generally understood in the
art. or "an" means "at

&%%37 As used herein, "a’
| eastlCeE Ul NP loll Cior &Y b [FE038]-CLAHGEN ifeans a
| i negqr@Eatyl, _ent,h A N pcal or .a
| nedisgtu e IHTALEpL DN ROSIER OGPyt
z % b ARy & 'RePPRRSEET s 8P Bar bon atons indicated in the
%ffiX- As used in this disclosure, the prefixes
(00045 - ¥ O-cF /B WhespinGhebdliyds inippendshily Igdrcigsn, Bpirb . €U,
alk§ll © #ZhalkhR i.ng.c xangphe .
o ‘m%‘gﬁe a|a1k9|’ =S E‘ﬁl@ﬂ{ﬁ h&&%&é}g& Cg%ﬂ&‘i/ > ?ﬁk&f figdanivo, Cr-

. ] yl, Cg alk or
Cs %é%ﬂw@mé%merm%r%@n acyl2CipEdpyloacyh aiout, yi heteodbyly |
tert-butyl, pentyl, and 10 the | i ke. For each of the
[00335 i Yeits Pohsr HfReCerQ)€-g. , al kyl, al kenyl, al koxy,
ar aal kyl oxy), when a prefix is not included to
[0014] djcedt 4 independentlyes h}dfognmihmlogémaCﬂC&ﬂlfyh;@}-@m@t%alkﬁ a1,
het I rt t r adi cal ~or ion thereof w
ot Rl R Ao DR B Rk Pl spasros)
hetegpaRy)l; can be further optionally be substituted with
substituents, including for exanple, deuterium ("D"),
[0045) d Zo ieyh;Csalryions, CirgigbetanalkiléE]- C6) al kyl am no, hal o,
C2- 6 al kenyl ether, cyano, 15 nitro, et henyl ,
etlaynyl, Cl-C6 al koxy, ;CIC6 al kyl t hi o, -COOH,
6y N

- CONH2, nonox=04 di (G % kyl car box- ami do,
- 12, - Q802- C6) , rmnng% di ( C1- 08)

kyls nam dg, ar roar y¢, akkyl sul fonyl oxy,
h&t er gal kyl st nyl oxy,\aryfsul fo Xy or

heterdar yi-sul f oyl oxy. [OB89] "dlkenyl " neans a
l'i near ronoval ent hydrocarbon radical or a br anched

- whorep eaghrbnianderendeptly domiRg neach i Gdhdefaiinfg bl dSgdALRHREn,
nitroQk epn &t i ndicated | h refj nd
Phafaoon ALEMal 1 G RE Tkl b SuRttubil i iome Grfan
alkyleming o ieasilieyl dpginal syl FUPN@OBDHE;, acl - B3 tedhdy8 My, or
hﬂmbgghydes, et henyl, propenyl, 1,37butad|eny| and the
I'i ke, Al kenyl can be further optionally be
ubgt.i tmt i.t h.substituents, including for exanpl e,
Hml@euf@%ﬁﬁﬁ?%p%pﬁﬁmhydroxyI, ani no, nono or di (Cl-C8)
| kyl. am hal o, C2-Cs al kenyl ether, cyano, nitro,
[°°1§5 k%#?ﬁé’??ﬁ%? h%’i)?‘éﬁw%ﬂ“ﬁ? Esiggealtkoxy, Cl- 06 al kylthio,
-COOH, - CONH2, nono- or di (Cl-C6) al kyl car boxani do,
-802NH2, -0S02-(Cl-C6) al kyl, nono or di ( Cl- C6)
al kyl sul f onani do, aryl, het eroaryl, alkyl or
het er oal kyl sul fonyl oxy, and aryl or
het er oar yl sul f onyl oxy. [0040] "Al kylator" neans a
reactive noi ety capable of founing a coval ent al kyl
| i nkage to macronol ecul es via an el ectophillic
reaction with a nucl eophile on the macronol ecul e. 30
"Phosphor ani date al kyl ator” means an al kyl ator for
whi ch an aziridine or aziridiniumelectrophile IS
resent or generated by intrarnol ecul ar cyclization.
7 WD 20071002931PCT/ US2086/ 025881 [0041] "Al kyl ene”
means a |inear saturated dival ent hydrocarbon r adi cal
havi ng fromone to twelve carbon atons or a branched
sat ur at ed dival ent hydrocarbon radi cal having from
one to twel ve carbon atons optionally substituted

I 1 I D T
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5 integer fromO to 2), wth the understanding that

_the point of attachnment of the heteroal kyl radical .is

t hrough a carbon atom of the heteroal kyl radical. Rw -
i s hydrogen, alkyl, cycloal kyl, cycl oal kyl -al kyl,
anyh ooodbiddsky! . al koxycarbonyl, aryl oxycar bo'%)é'rﬁuszoosiozasm

car boxam do, or nono- or di- alkylcarbanoyl leis
hydr ogen, al kyl, cycl oal kyl, cycl oal kyl -al kyl, aryl
or araalkyl. leis hydrogen, al kyl, cycl oal kyl, no,
cycl oal kyl -al kyl , aryl, araal kyl, al koxycarbony), 10
aryl oxycar bonyl, carboxam do, nono- or Xy

di - al kyl carhamoyl or al kyl sul fonyl. Rz is hydrogen
(pr ided that nis 0),0M kyl, cycloafkyl, /X

: oal kyl - akje,, aryl a \kyl, @ﬂf i

no kkylan%go ?ﬁ_

sentati np es
-hydroxyethy dlhydroxypr ) /hethoxyethyl
enzyloxynethyl 2 cyanoet hyl , and

2- met VT Y Ifonyl et hyfi=For each of the

%;A#%% d 11.' can/be fu ther bst|t d 5 by
haro fiuor o, ﬁ@lkyl lamno, di - ani
&} koxy X2 Addi ti onal Iy, xpheﬁpreflx |mgqcat|a t he

nunber of carbon atons (% g. C10) refers to the

total nunber of carbon atjons |n the portl
het er oal kyl group excl usijve of
-VRY, or -S(0)pRz porttons:

Rx and RY_together is ﬁyclo | Kyl
20[ 00 teroaryl™ an noval en

Oﬁ] lic o i AAnc ragical &f 52 o 1271 g atfons
avi ngy, at #east one arongtic ring containifg one,

two, o%—tkree ring heter®&atons selected fromN, 0, or;

'S, the remaining ring atons being C, with the

[oonsier itamdipRish Bat intfhewit (Dachment poi nt of the
heteroaryl radical will be on an aromatic ring. The

[jvedler @pdt yéastrtwmf RISRSQ% seﬁﬁﬁh k&mﬁﬂ@gba;idahmng of 2-haloalkyl, 2-

| ndﬁgpg&?{?vﬁ Hhej 0} agltfylsubsmg{% n%y?%\q@z

h&@bﬂﬁﬁﬁﬂm&ﬂ&@m&ykyl cycloalkyl cycl oal kyl -al kyl,
hal o, nitro, cyano, hydroxyl, alkoxy am no,

[0asy)| aﬁ’ﬁ&ﬁl@e&sfﬂﬂ@ of & kyis@abm frehh ﬂﬂ'gka!lb acmsmng dralheiikyl] 2-C;-
oxy, heteroal

hal R d
Caﬁwﬁwﬂfomwﬂmoz—haﬁ@ﬁ%vlatrlfewlm ot o
haerbﬁkﬁ&l o If}g&lﬁg dm Qaagt%néof I&of@@ﬁh 1‘&(41@{59”"'3 or

I ndependent rogen or al ky and R is hydrogen,

yl oal oa |, phenyl or
[03%'1 y@g% dg\&“m %%;ﬁ c@ﬁlhﬁy ¥#%ERY (where n is an
i nt eger. fron10 to 5, R and R are, i nde dent :
O R R PRGT oF F T LA BPeaie R QL BOHG Higeters
pitme3skbrat harmAAWE BIUL A cepdbiy/dalt, Blek qgh:ls;el or a prodrug thereof.
cycloalkyl al kyl, phenyl or phenylalkyl) In one
[Oﬁfﬂg Oy BRO L mbolifnen 6@2 ¢k BYorb R8I 6up MPcan accept one or more electrons
7/ 002931PCVMS2 1025881 is cycloal kyl "or
intge pEideiopoiegictiomsedtionpeci fical |y the term heteroaryl
includes, but is not limted to, pyridyl, furanyl,
[002]enylna Itel’a'ted Z:ﬁibyﬁlmehs &bbﬁ'@éﬁ|@dclosdré br@iﬂlesyﬂhosphoramidate

dazo |so ol rol razol
allsrﬂt?r&)é% |hav16% oéiﬁ%? FJ’P 3/05)1 %e‘r h@%&ﬂ of 50pr t0 0.0l nm. Ina
relet eabydifmelenz pfabd’nﬁﬂﬁf&losuk@ﬂbﬁﬂé@h@ﬁrﬁﬁﬂé&mdate alkylator
benzot hi azol yl , benzoi sot hi azol yl , benzotri azol yl,

i ndol yI , |50|ndolyl 5benzoxazo|y| qui nol yI ,
tetrahydroquinolinyl, i soqui nol yl, benzinidazolyl,
benzi soxazol yl or benzot hi edyl, indazolyl,

pyrrol opyrym di nyl, indolizinyl, pyrazol opyridinyl,
triazol opyridinyl, pyrazol opyri m dinyl,
trlazolopyrlnldlnyl, pyrrol otriazinyl,

pyrazol otriazinyl, triazolotriazinyl,



heteroaryl respectively, and wherein al kyl,

het eroakyl, cycl oal kyl, heterocyclyl, aryl and 10

heteroaryl are defined above. Exanples of

al kyl sul fonyl oxy include Me-S(=0)2-0-, Et- S(=0) 2-0-,

- CF3-S(=0)2-0- and the |ike, and exanples of

aryl sul fonyl oxy include S( 0)2-0j' B and the Iike.

Al kyl sul fonyl oxy, heteroakyl sul f onyl oxy,

cycloalkylsulfonyloxy, het erocycl yl sul f onyl oxy,
2 ¥io8ih fPM B oxi AYELELIGHARYrS U foQNHIRAEBI 91483 00BN fold, and

eaVl ng r ps I'n phosphoram date 15 al kyl ators

andp wdf0h !t lopl t@g@@ dorresgoreding ngsgrowg eellsi ka e—%@é epeefioent, the
ce Lar g#tot%y @0 adu a0 g%ﬂﬂxﬁéhfeféﬁ&p%%’s 3h@®SsingQbe relative ICs value

th roteins, causing al kylation and ce

deat ahcom'ﬁhmdlah@cgfc ané getrosts cefis. ying fedles] embodiment, the cellular

Rsui SU' fon. ax g3 Sr Cy values of
or S AL - R R Dot iR Ol o

th&webmpmmdmmmmmdmh&mMmm@KmaU@He and the steric bul k

of the Rmnoiety and can provide phosphor ani dat e

aI [(mlzsa]t ons axmnlmbr peﬂ:ocﬂr g dinat, dofpresitclisclosere povidsy ghosphoramidate

to t rs e t er
I n ttof Brﬁ s kba\x/rgl 1%5@ g?]fu%y m?%ﬁf Eﬁ/ le% 0(9%§ pﬂ/f tolOTAHM. In anoth.
Stﬁm&éd eltmlﬁlﬂi&x&mt mMSemHmdgiuﬁm pﬂgvlfim}gpsnhggnp@te aﬂqlat};r prodrugs
ar U ar I N e de e
’P hg t%%(ﬂ@é’cldtleﬁg)g%(w m %sgcald;t{lé ntc)hg(gucpéell? Qsclﬂeag ed by th

Se euterieu m
-h &le@@'e Cso vms jin hiisk &R and ncﬁﬂoxlc <BisRrRnORE rela@@Ee@ipRiiment, the present

C( éysﬂ?gupg pr%@%lﬁeﬁ&y%’%%’hw%%cew hypoxia of

- mlsl:\-)b Oblabi:'}iﬂ and-whidh iSHPR000 84 B2RXic in ?(n@)poﬁ?jé@ Ryrmoxic cells as
- er.ri ro -
04}‘“”%)?9’ earﬁ]&“}‘felhq Vﬁglgl(‘@fp?ﬁf “'g%?f/[gom éﬁﬁ unber

ran fromzero to.the f 0

VAl BR0s 57 e PRSP B gt e presen

| NdaReREERE L %ﬁ(ﬁh&@k@&;ﬂﬂy@fﬂh}dﬁﬂ ﬁg&ﬂpM@id 8hyylokiylcytotoxicity ratio,
C3..5 cycl oal , C2 8 <';1Ikenf);%i]r c28 a

un$i§iFs fqegqyfeéd)yé},leyrpn%ﬁtamﬂg«p%? kgypoxn( &sﬁéﬁﬁlépé% ﬁrtlde%cﬁned in greater
ar lﬁ!etzﬂ folmér 180Kk the a%?ﬁkau&ﬁ b it 100.600.35 ¥ @ty &ibodiment, the

?u B Isipli(g‘;%lléatwawlapr Bro%gég)s é}?qésg*%%glgé&% g #y@ﬂ_xwgcytotoxmﬂy of 0.1

arf) akfﬁ),(ﬂ SYR tgjlt)@ obd %Qﬁiohi&i(%lﬁdhﬂﬂﬁ)dnﬁlt, phosphoramidate
uns Stl ted aryl -G -zt aIkyI gr.oups. ?&f 5 d
ar @quatoamédlgwé theméesgf&ﬁ’écloﬂv £ lﬂ%ﬁg‘éwp%f‘t“b‘r‘ﬁmtf’ﬁ%‘ﬁ’ ‘tf fo 5 pM an
nltrogen atomto forma 3-, 4-, 5-,
gﬁlwi@&éw rkljr%g@jesd ring. For exanple, -NRR' is meant
t 0 di? udg o % & BYBSdRhiA] tﬂé/ﬂreéﬁfjdléc'l(ﬁmfeﬁﬁ&llddﬁhbvel phdshlt@dmidate
SUI abl e substituents include each of the above aryl
s ubliyylatorefor seameat pfeancnar! athes GVRRRIRFRPIAAAEGFEY | ene

tether of from 1-4 carbon atons. Two of the

SulhA2BL ueitose emberipentaht PrateahdisggsuteEoddss e Pbmaceuﬁcal formulation
het e SmQ6ht10h hiY Apharmaceuticall
SubTP ARG LR BB LpORbL rBet GRSt i ay ’
wher@prblf 2xapichtlUdnireridifeapendent |y - NH-, -0-, L CHe-

or a single bond, and g is an integer of fron10 to

2. [enuzpbr nhmnv eblodimons, the presrat dsemionieyids agreibadiol fesiing cancer and
at g r &ﬁﬁﬁ g MRy

opt EQEE%T%%mﬁg gggﬁ%%¥%%ueﬁt of the

fornula A(C}Q)r-B- wherein A and B are

i ndependently -CH2-, -0-, -NH, -S-, -8(0)- -8(0) 2-,

-8(0) 2NR - or a single bond, apd r is an |nteger of

from1l to 3. One of the S|ngle bonds of the new

ring so formed may optionally be replaced with a

doubl e bond. Alternatively, two of the substituents

on adj acent atons of the aryl or heteroaryl ring may
optionally be replaced with 15 a substituent of the
formula - (CH2)s-X5-(CH2)t-, where s and t are

I ndependent |y lntegers of fron10 to 3, and X is -0-,

N I™ 7 /\\ ~~ N\ N o Py e o i



30 [00581 Certain conpounds of the present invention
can exi st in unsolvated forns as well as sol vat ed
forms, including hydrated forns. In general, the

sol vated forms are equivalent to unsol vated forns and
are intended to be enconpassed within the scope of
the present invention. Certain conpounds of the
present invention may exist in multiple crystalline
or 13 WD 2007/ 002931PCT/ US2006/ 025881 anor phous
forms. In general, all physical founs are equival ent
f othetapentigslyseifeotinesmpluattodd physphdremjsiatesitiqylatirppadntg @ithe disclosure or
and dntended t e Wth

or Rt it S PGByt Gl AL Sct B R Enlrmdeiipens,che camcer st
anglregtant Rclirkd as, woondipe,dir thisdiohe thekaps ae dharclagesd cafdes In another
gl ucose anal og includes sacchrides conprising
glﬂ%‘§gﬁ?ﬂe,e nﬂ%&?§?$8FUCosanine; fructose; 5
mannose and mannose derivatives; glucose and gl ucose
derivatives, including but not linmted to

2- deoxygl ucose (2-DO,

N-acet yl - 2- ami no- 2- deoxygl ucose,

3-am no- 3-deoxy- gl ucose, 2- ami no-2-deoxy- gl ucose;
and gal act ose and gal act ose derivatives including but
not limted to D 2-deoxy- D gal act ose, ‘
D- 4- am no- 4- deoxy- gal act ose and

D- 2- am no- 2- deoxy- gal actose. Thus, the gl ucose anal og
can differ from glucose or a derivative such as DG
and glucosanmine 10 in that it is an epiner thereof.
I'n addition, the glucose anal og can be a fluorinated
derivative of any of the foregoing conpounds.
Moreover, the oxygen in the ring of any of the

f oregoi ng conpounds can be substituted with an

i sostere selected fromthe group consisting of S,

sul fone, and the |ike. For exanple, glucose anal og
can be 5-thio-Dglucose or a derivative thereof.

15[ 0060] A wavy ine "..nit" means the point of
attachment of one group or noiety to ssss' another.
For exanple, bothand thio group is the point of
attachment to another group or noiety. [0061] The
terms CO, C(0), C(=0), -CO are used interchangeably
herein. The terns CO2 and COO are used

i nterchangeably herein.. The terns, 802, 8(0)2 are
used interchangeably 20 herein. The terns SO and
S(=0) are used interchangeably herein. The terns PO
and P(=-0) are used interchangeably herein. [0062] As
used herein, a "bioisostere" of a chenical noiety
such as nol ecul e, group, or atom neans anot her
chemical noiety having sinmlar size and spati al

di sposition of electron pair or pairs. Bioisosteres
and bi oi sosterismare well-known tools for predicting
the 25 biological activity of conpounds, based upon
the premise that conmpounds with similar size, shape,
and el ectron density can have sinilar biol ogical
activity. Known bioisosteric replacements include,
for exanple, the interchangeability of-F, -OH, -NH2,
-C, and -CH3; the interchangeability of -Br and
-i1-C3117; the interchangeability of -1 and -t-C4H9;
the interchangeability of -0-, -S-, -NH, -CH2, and
-Se-, the interchangeability of-CH=, and 30(in cyclic
or noncyclic noieties); the inﬁérchangeability of
phenyl and pyridyl groups; the WO

2007/ 002931PCT/ 0S2006/ 025881 i nterchangeability

of -C=CG and -S- (for exanple, benzene and thi ophene);
the interchangeability of an aromatic nitrogen
(12.,-N(Rai)-R& for an unsaturated carbon
(RarC(=Rar)-Rar); and the interchangeability of -CO,
-SO-, and -502-. These exanples are not limting on
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10 herein a phosphoram date allcylator prodrug is a
prodrug that upon activation rel eases the active
phosphorani date al kyl ator. [0067] As used herein, a
"cytotoxic agent” is an agent or conpound t hat
produces a toxic effect on cells. As used herein, a
WRHBEPIEY ¢ agent” is an agent that inhibi PST/E2006/025881
suppresses cellular growh and multiplication. 15

[0068] As used herein "hypoxic cells" are cells
matastsietangeri I anothgrsop@mentihe ghemberantidataaliodter peidragef the
infeffo ,eﬁf%quchgtis kdbodd, E}éﬁﬂ?ﬁisﬁeﬁ DI ARAG wit] athfspehbth@ andS

Used herein "normbxic cells" are cells residing in a
cappor apedi ¢ environnent in vivo or in vitro. As used

herein "hypoxic cytotoxicity" of a conpound or agent

is its cytotoxicity on hypoxic cells. As used herein

" nor moxi c cy&g&gg' [y AVA agent is its

cytotoxicity on ngﬁﬁégggﬂégﬁfs. ggﬁ$§6@§f As used
[003€) eFigpred debimstraduibe &t of Comptunde@b €r0smg/bg horgrmoperohiatn

s el.ectrons;in an oxi dati on-reducti on reacti on.
‘méégﬁ%%gggg&ﬁﬁﬁﬁﬁ%#oup is a group (1) that can be

uced, i, e, 0 can t ctrons .
003y 52 et el oA R B ' Gl i
tha b0 cetbgialt nwiusomadetl/ or in vitro; (3) that can be

reduced in vivo and/or in vitro under hypoxia; (4)

[003DRt Figade 3lemseteeitle tfecydNDmBOEHIRS (130 nvi/kg olobyd in

DT- di aphor thiols [ ot ochem cal or, ,25
cogpiagion SARCRTT e st o Bl B iR S e aRi vat e

and/ or cl eaved by bi.ol ogj cal praocess, sucgh as b :
[03RL, y Frigpe ¢ dﬁ?mSHF%t%% ?f*f%%f BPpER B dgsed FOB ROk with CDDP
on @X@FRloRih ia M FER0aesfibealsd Modenr e detail bel ow, one

bi oreductive group is a nitroimdal zol e that nay be
[0BYPS Finhidd £@ M ¥ BerBonéRatt B ¥k o0 OMREnd JotiA e mISXABRIEE

of . bi oreductive groups include, but are not limted
Gepigitabie of anas grosdh J&ﬁhﬂ‘eﬁi@@ﬁwa%éwue? Bl 30

ni trobenzenes, electron deficient nitrobenzoic acid

am des, nitroazoles, nitroinaidazoles,
_ N : r O]E hi Op_@@ﬁ@g}i@! ?Esﬁmm@%\i @ﬁT}\:ﬁiMENTﬁ%W ?Si )

ni trofurans, and nitropyrroles, ere each o ese
1063phs @éf'sde@fiedrﬁfﬁ‘é’tpi‘l%%o%‘i&ﬁ@% eneein &M pbedigents of e present
inveRtER i adniZeN S FORERX SRAbENrbAlesfueértdBEnitiMNE, Section 1T describes

2097/ 002931PCT/ US2006/ 025881 bi oreductive group. |ies
the fepppdgetheigeniiprind WW@%@M&W%@&%@@WW Tsthods
of r@uirh BE HYPRY BmERREHidds ORS fRfnuRtiddd eployi the compounds of the

. DT-di aphor.ase, .ancYor by a thiol. One of skill in thg
vgRtion\ifong ox i g tipatig and pedipRdY B vidRierprey Ysyitic methods
and19618kiBal 2ROW 16:0hSRAFHItM behE Re&Ri0aNTLiOEREBId description is
bi oreductive groups to provide a a biorsdgctive r.oup
orgaRigedrigo sectartoRbijet BneqaiwRaet e walepppdiirrlauiedorrd iy
sectiod BQdpkkatfiFBaRAhd Yot oPMEnGdntiski | | in the art can
"tune" the redox potential of a bioreductive group by
1. @disbyd ng that group to contain el ectron w thdraw ng
groups, electron donating groups, or some conbi nation
< ! i onh .
1085 7oA A AR R nliBhe EYAIRIG o i B AR, PR s otrvise
defingtlliterms ethrinhothtions endortherepetiet avneding! gorretr itgmginology nsed
herdHh QHfendofl Sl 1AL Y pRlin A Qbbb LRALA B TR WML of JERGRBXY
or am ne groups, to achieve the desired redox
chquotab artdi raddicallfis] n senetchees, texawph eomhddy widerstypy megiiegs are
noi ety can be substituted with an el ectron
wi t hdrawi ng group, including but not limted to
cyano, carboxam de, -CF3, and sul fonam de groups, to
achi eve the desired redox potential. For this
pur pose, strong el ectron w thdraw ng groups such as
cyano, sulfone, sulfonam de, carboxam de, or -CF3,
and mlder electron withdraw ng groups such as
- CHr hal ogen where halogen is -F, -d, or -Br, can be
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[0081] As used herein, a "second |ine" therapy refers
to therapy that is given for the treatment of a
cancer which has failed to respond to a first
chenDtherapy reginmen or "first 30 line" chenotherapy.
Third line" therapy refers to therapy that is given
WBFNFﬂ@“Freatnent of a cancer when both i rEGTGR006/025881
treatment, first-line therapy, and subsequent
r ment ,. second-|ine therapy, don't work, or stop
de%‘f%‘% for Glagtty pndler formgady|refrspqeadndacdactpmiqneit puch defepitions

herdTR bl ddhot IRAGEHEy 18 cohdtROPRIrbirGehth st WRRIAR Srer the
deIernlned based on the partltlonlng of the substance

&ﬁﬁgPﬁéﬁh%@F&ﬁ&ﬁ@ﬁﬂﬁ%&ﬁ?ﬁm m4be @onpounds [ 00831Mbst
drug- nedj at ed _cancer theraples i ncl udi ng

m%ﬂo Sprisedliereiat e oaf'an yreanso sgpLlpaseng” erienepinese.” rel y on
oi sons, called cytotoxic agents, selective for

[003f1v i "dilsy b necapy asliveasy sg@wa@gnonbmienéhmwéon taldealror a branched

satoh A8 h&RLVAILEY h%arb% JaRh UL Eﬂl& nﬂﬁllger\@ s mvglcated d in

factors and actor r tors.
meE@ﬁéc@?W@ﬂK%@&é@@@mﬁaﬁ@eﬁﬁﬁﬁﬂﬂscgbﬁb@aMk¢r6mmeEmmus

on RS0 NBRANIBLGR L ERMBICLon DRI oy
Cs 3liy! ingldgsamethyh cthyonerapeh Saroniyh ntbiriyl, 2wty dort-bray) Isantyaland
the fikd 3Leaa6k tg@%%!nﬁgnsdl{ey@n (eg?z E{%I?,‘ gﬁgnrylé Irt‘# ?u[aal;(ﬂo}ﬁ})] Wheén a

not all cancer cells divi

prefigis peflincduded 1 dieptathomnyberpimali dgsﬂmrb@e ptoge id @ alighpdoiéon,
the AicalQk p&ﬂ%hé%ﬁvﬂl h?%%ﬂ;sdrtfévye? ota@) ARG DGt o (é; Cg) alkyl
agents as nor mal |'s.” 100841Sonme cancer cell's
can P%Eﬁﬂa@ OP?Pf@libWPiﬂW%‘@ﬂ? abstirecitssiotliding forevampler deutetium
CDURRAk Syt e rh%r@uto? @ CCHRRY MRS gsab r@%ﬁfa%vl‘yg %!er cyano,

|V|S|0nan I1viade slO
VR TR T AN e oL Y I
alky[t@WoM@MHél BONE,, Jﬁtﬁz-(@gwﬁ}/ %&w & nah alﬁHBf?fB{fién%do

uno r h is ofte i sorde eavi ng significart

*&&F‘?ﬁ*ﬂg ﬂﬁ%*ﬁ@ﬂ%ﬂﬂ%ﬂ?&@bﬂ%@%ymm ogven t he
haaﬁmymﬂﬁﬁﬂ@@d regi ons subject to intermttent

bl ockage. These under-vascul ari zed and bl ocked

[ompgl"msny@'fmsah@a Lt PR o RR SRRy Hr)SE’eRB%Jn%admai hevang 2

wer  oxygen concentration OI’ a | ower oxygen partl al

momg P BB PR 198 RS £ FEET96 cHemmerb et in hairelix
and tdMiGRd At Seabtdnd MRMDERE, Bl noShQWelan f@ée%u‘tﬁcfz b(g)]'dy gk Q{me]e

(c §Qﬁﬁ t he. medi an oxygen concentration
e lsamt istedsotthepst afpreylflal-Peadisnt e ﬂwé&wwlkprafhg@ bef
furteBRiohMly®e Hbshatel Mh%gosﬁﬁemnm)dmgMX&h}glg Yiel 11%?{; b,

b of solid tumors exhi bit nedian oxygen concentrati
ydrggyly 39uR0, PRk ordEa-Cakall aminn ) Cz1C@ ek gTypiber gy proxiéro,
ethel@fl,eﬁﬁfnﬁf cpb@mﬁ&ml-c&mﬁnic@ﬁl aoikl, Gab- &%&tb&l@f 10yl

bneta ses_and cancer cells resistant to therapy
cort iy ABNE PS03 Hegien By meRo GG - ol arl,
hetePddyD hllcH2B Qet&‘oélﬁ sufRhslbRf afd ardlor het@bmﬁ/ls@?dﬁ GBky. 1999,
80(11):1697-707 Not surprisingly, IOM/tunDr
[{;040}Xy OLRyThE hcBnA éaaﬁ%é&%ie%tﬁﬂabm et d’ﬂl r%oa%veﬁc%% QQﬂslﬁkaﬁg% to
t'’her apy, .i ncreased netastases, or survival
macrepieleapssisanstechierhifia raegprarit aé@ﬁﬁ@ﬂhﬂ@ $n the macromolecule.

"Pho@%ﬁkz%ﬁ%ﬂﬂ%rd ﬁl&%@:\n laﬁc?ﬁz{o"il %rgﬁl&ﬁp a%? Ep %r' ag%dﬁ%m

ese agent’s can not specific
electipiphilq ig meﬁent & mpgritediypinicipolotyife cr»:ﬂxzamn urmor . [ 0086] Bot h
Cycl ophosphani de and | fosfam de are prodrugs and can
be oxidatively activated in the liver via
intermedi ates to yield active phosphorani date
al kyl ators, Alkylators WO
2007/002931PCT/U82006/0258%1 1 (cyl ophospharni de
nustard) and 2 (ifosfanide nustard), respectively
(see bel ow). The charge neutral anlacetals 1 and 2,
can have a half life of many minutes and can perneate
he—ecelt-—4+n contrast the anlonlc

H A it
H—-ana—-out—ot
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Li ver oxi dation |fosfamn deHeni acetal 2Al Kylator 2
[00881 Wiile the hypoxic tumor is difficult to treat,
the hypoxi c tunor zone can generate 15 reduced
derivatives of a variety of chenical groups (see the
reference Workman et al., 1993, Cancer and Metast
VRR007/002931 73- 82) , and prodrugs of cyt ot oxi rsTasmebesss:
devel oped to exploit such bioreductive environnments
(PCT Application Nos. US 04/009667 and US 05/ 08161,
[004C T/ MBI BOS Mipd 1 OB S carrdtnRETR/ dUSRODBAB420Qbradiadl having from one
[ a_ hypoxia reducabl e (or .
o R GHEE LBl o PPy DR LA RGP i A tom one
to tveghyst cospom gloms btiondthscbstingeddadthgubipenE F)cluding éireeample, t h
2 aldeys i oreducty roup is .enployed as
B} 38t Wit LBHE GG Pl P B e st e
cyangt nigreedignyloethsingl, 6h6s phorvath-dedlieyléi ok yG @RI -CONYE) mone- or di-

240 ORI SRR LR O s gomoones O

e 1 nvention can géhera

alkylshldengmatoayidbt@oaykylk doohetpoadidigdionyiexygadaryabs,  t he

h We : [ f 1 i nventi 0

PSRRI S P oY WY Bl RASS 08 e, RSl R

methaf-Rropglene, pintdephdreartebatd ted iyl at or and Trigger T has
a structure L-Z3, wherein the linker L is bonded to a

[0048] ofécterotikyectnaepe@tly fe neneing plvatiboesoranbit@ledd &g fhat
L X] t i vat trigager. 09 .
T L —

‘the gllgylank biradédab rRon eegipleBadterbaliefienatincludis, -GEMCHIbem 2000,

; 5;, ; a3, v (4-7: Henai ck
oG GERRTRDL RNGHICE 0 ot abo il md i et
100431 98%%§§%§%é? %gnl:gy qqgcfnaé%igé ?c;yg}f;lcﬁﬁgf?@ggfy&rggﬂbl})gsradical
of 6 B WiineQEB1s v 165068 ByieR B lepelflchdy @l ondap bibBtatbsAfkents,

R R T

cyclyghiivt lvydeak et Ihobeu o, hgme), Inydraun abuey, moino tdadasiib)] iei-

-1 he t] ] l.n, SO i, ent t he
o B LSRR NI LMV CORLIRR: Bk
alkyl, epetomatiiyl avdivatkel-dhd, menyior pheoflalicdis, -((GUROWCOPR (where n is an

inte St Ces . [} el Ay Roxi e to ICLT Y. OF

el IRSASLEL 1O WAFR o phefbalbl o RO B K e,
ayelqaiyb cydenlivtalist pbgvbod phenaliodma -(OR R)).COMR R dwhare siicke
iectl S-S ' ' t hese _

otenfl 66 5. 0 e Ohe BATRSANPHARLIRD: Bl TR apRt o
indepepdiaptln sectad fiar g oo, alkhle cysteelieh eydalieTlliyb phaiiyf drer

e k [ i . t‘ [ | 1 . C r:e
ph _ﬁ?’?@h&mﬂ 0 RORRERNAThAR! Bodldi| BLALLASERUBLLLEE
specifigfliydkesigrm i ipcludve bubis npdingfed th phényhkiphenfl, } -naphtydrand 2-
nqmgﬁﬁmﬁhﬁéﬁﬂgﬁ&5¥ﬁmgg@&Qq@3, (iii) the presence of nore

an one bioreductive group noiety, or sone

o (Wela) ese LDyt ' incr ed
on e ge st L1530 B LR B P e
ring epgtions sTiaeyclpalion gasp dardgueoesr soradvinble byndg wid can also be

| i1t .9 liver rnicrosongl. degradation
optoh SRR SDABLIN L e Bh i 5L RB ol e ot
alkyl zipiighadly srbspiuted phigel, bhal(Oft “¢what RF alhydogbnpalioil halbikyl,
. i r . cific .in,.vikVvo t abol i sr 00 T
amin Db AR EPGE DL Sl AT AT B Bt B ety
More spgaafirtallpriber tepr @skealkyldndudyriffd exanple agivloprogyl,ayashek O WN
anti - cancer phosphorarai date al kyl ator derivatives,
an understandi ng of tumor biology particularly under
hypoxi a and phar macoki netics, and phar macodynamni cs of
prodrugs provided herein @&n particular is hel pful . 30
[ 0092] For effective tunor therapy, a hypoxi a
activated prodrug should be nuch less toxic to

heal t hy nonnoxic cells conpared to hypoxic tunor
—cells. In sone enbodi nents, the hypoxia activated
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[ 0095] The oxygen sensitivity of the bi oreductive = = 0 o

group varies depending partly on the 30 reducti on
potential of the bioreductive group. Thus, for.
exanpl e, one bioreductive group can get reduced in a
hypoxi ¢ tunmor zone having 1% oxygen, another in a
were7l4e93ing 0. 1% oxygen, and yet another i PCRU200025881
having 0.01 % oxygen. WO
20071002931PCT/ US2006/ 025881 [0096] A bi oreductive

cyclghaamyl) mﬁécysbhe{yg:?4-cﬁibbx;&&cl%ﬁeﬁjﬁj‘wQﬁbﬁxﬁmﬁi@@@%oﬁéﬁ;ﬁ,}a-

. t .S SO _easi reduced that the cytoclarone
$mg§§%nkgﬁﬁ%Fg§@m% %@%@m§$@ﬁ¥%er reduci ng agents

o (rreduci n ents") .in heal thy nounoxic tissue can
0dsy  He Ry i Wbyl gt dREEFFD Vi henper sy a

subsiariig ifidepmdentigdileadd it Gand, DOR”, INRTRE i@ L$(OF RE[WHIR: p is an
gen, t

.. does t react or reacts slowy with 5 ox he
inef S G 208 op bndeFTdie fel Beduntioh draghpapnigraleanie!
radied! fsythrati gt 5 catbion G dfehd HeteFdARY1 EECHICRY isaRBkof@l ARALYEIBRKYI,

ey BARRRSH 30 9880 A B, LS EBoryh sehoAbids, or mono- or
di-ajirio '&bhmﬂwkﬂ'ﬁhgdlagéﬁymm,my?pﬂ%rdyﬁsa]m-_ands}p; ! &Mk?dl. RY is
| Nve 1,0Nn r r (0) 4 0 e P Xl C cancer ce S
lwdgﬁ%kg%gsﬂg% 8F§Hﬁ?§ﬂfﬂéﬂﬂe%w@ﬂ¥ F¥rgePehcel |'s and
aryliyssbenyl, 180684, mbhe oeﬁﬁeﬂkz' y@fartinb§iioe wkylméﬂtgyu Rﬁm}m@gen
t.he | .or.equ l.ve r asur.e _yt e
ol 3G S Bl &y SR o R AP o B e
alkylapfinay diradledartivio,tdn By drbxyki1. (Hei)rieSeﬁﬁdvet émﬁplao@aﬂ%& ﬁih*%ﬁaip&,
t -H. FE exa e. _attachnent of the
2h |°§¥%%}%’%§@Y%P’§ﬁﬁ°w§5‘&%%%@%‘%}’#&% CEHRTAYk ey i nd
2-mghylaiforyletiyt. dforwidhhud thaubave, Bt 83 pioma i catbe fathkyduBdtited

e pi.oreducti ve gro, easi er ,t.o _reduce
by a0, MRS Gob O RUAR D et st o B Sl eprenx
indiealipgthe owmbdr oficdhonlagmmsge. g.a0;-€ | pefersan theiidthl number of carbon
ani ator. [0098],.The Trigge can

won33PRRBGATLARL Exab ikl 30 £:d QP8 o0 B AREENH B
-S(Op¢Ré ppfiosphor ami dat e al kyl ator in a hypoxia

non- sensel ecti ve manner. TelcytaTm a phosphoram date
[0044] ki dnerempodigentgR’tdndR” igether if dyeloalkiini Gstercaiiyi.el ease

an active toxin in absence of hypoxia by the action
[0043F tjliantradril’ ?n;mstarzrgmﬁaemﬁwﬁnﬁc@gm bifeyogli_c or tABRRbALRA A3LE12
. tor In t he."Met hods O reat nent"”
e ?8%% F%’ﬁ‘}% o Hmasé ORR AL TMRALUP LTS LAE S I°T G PRa R Bioms
selectdderophi sPho Satiie datidnitd g aBin0ibebg iU, With fHe@BERstinkiRg that the

' i rol yti or,.thiolytic.stabili of the.
atac@L ALY G p ML BIN e Vst P dhifabion oo s
optiomallombgitutthindependenbpditinenrtto afhttshigipeas Riferhithy 8131 fndNtheee

- j Sct?ya d phosphor am date. a | . at or prodrug,
or AR BB B9 RISTRBAT Sk B oA
hydrémyh @?kioay, romros paytinfiid moﬂmhlﬁ?h:hﬁn, di-hkeapiipsShaSoallQl,

i IS 5 9 ccordin o, the present
oY e oo DR TR RETHROESFER 1k Byl ot -
(CR’BR<ISHIR Gwiicdat B aa ity fatood topf, @d EMOR TR inB&eb®ady hydrogen or

" . h cokinetic perty. of the prothug
oty 2% b BB ARG 5o R AR G egherpigien). o -
(CRBRarpDNR "R (Wkgbn b ditezeofrord 036 §,iR0Whd Rgm@hldaffbndenﬂy

ntic er .agen nsures that the prodrug i s absorbed
oyceigh PR~ ROGH! R ERE i ERerg ot et By dreeg ofle
cycldathylk nydlatiyl-klRylopien gireb plttinpRIRGL). Inhge ¥abddiBer® R and R” together

di stribution of a phosphorani date 30 al kyl ator

prodrug can be nodul ated by enploying a Trigger T

cont ai ni ng an anmino group capable of formng an

ammoni um cati on under phyiol ogical conditions. In
one enbodinent, a Trigger T containing a quaternary
anmmoni um group can yield a prodrug WO

2007/ 002931PCT/ US2006/ 025881 conpound of the
i nvention having a hygh vol unme of_distribution whi |l e

D T



VO 2007/ 002931PCT/ US2006/ 025881 R3 R4Rt 3 oN4' (4-)
or NDNAN.. rg N. 7.7 alkylation Rl PC. Cl (-) (-) O
Tri gger -lone pair on N Phosphor anm date Al kyl ator

Pr odr ug Phosphor ami dat eAzi ri di ni am of t he present

i nventional | cyl ator [0102] The present i nvention

VP pewEen293m part out of the discovery that PCT/US2006/025881
phosphor am dat e al kyl ator pr odr ugs enpl oyi ng

2-ni troi m dazol e- bi oreductive group show unexpectedly

is cydloghyhyr oyl oMoxd spnectlgxqany G tanphaeroary] in6i€] By isad
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hig ubi LFor
i %P@é Wl AN GaR7 ‘#Se‘)s‘hﬁ!ézté’ S Y?méa%o”gvl vt
Pynpb dyiszsd, nyoidizinyilpyhiypliog, cbemﬁmyl; h&ﬁl}ﬂfbb&&bﬂﬁ@ﬁp

1sob9&'oh§an‘yfl‘,"té%}%otﬁ#ﬂ%&ylpge%%ﬁ%ﬂ%{lazo 81 nz %u 1H ﬁ%lnc? ¥)§ee
bengoxmobl. Auinelst, i@ydrmmmnmxddyleb@mﬂml@r bakzREHPS] or

ben&ﬂﬁﬁn?l PRy ﬁgﬁg)ﬁwrﬁﬁ ply;a% st arn 1e nmust ar d

S an
tnazz@p y@)@p{ﬂ@f{yﬂﬂh@ﬁi@ﬁlﬂ%}@yﬂmdmﬂ pyrroloinamyl

X d 1 117
pyra%éla a) n inc T%Wﬁg%p%aé%ﬁ? hee%] %9@1%?3?@(18“1
and ’;hg GJ@Y?Q dsreofrdfilgss indigatel sthprvdgeythe atzﬂangﬁneht OF thehkdiyd atdms
withH t%ﬁ 1?1% Xak r@g%ly gx@a){&&nentﬁa]lgg%i’&&ﬁé SRS %’Fy %Psiwé phthe
CmﬁﬂW@%ﬁ@éﬁ@ﬂ$y nore toxic in hypOXIC cells conpared to

normoxi ¢ cel l's, and/or possessed unexpect edl y high
[004RICR Hedtrenyslylion " calobetpoakylt ﬁBfﬁfS a eamuraied br waydn@hieX héi dr¥matic

o [ al ues, of known
cy hg%(g? at@ 2 g&]g %t%%?ﬁ( \%ﬁ{:ﬁ O8 P ot V%I%% av()é%s aﬁea]"\lﬁteﬁ(gatoms selected
fromgf, R W@pml?oqs hiedresd®, a}lkyl @elnalkylpcfyuloamylakyj pheﬁ)ﬂ obpHth}1ARy]),

= d |
P(= d}@R eb% g¥€¥) ]p:l-e & qﬁ %&éé}é%‘g?% g Fc?ﬁ ’p‘% Bﬁl&};{]&ﬁﬂé gioms being C,
Whefﬁﬂ%ft %ﬁﬂo @ratc@gs@b@ poiEhalin T@eepmgd Ty agart@nylapoupn 4ot Boterocyclyl

s R 4855 3 LA 65,0
selecg:ti %g{n alky}, aryﬂ;ﬁa@ylalmehﬁtemm‘lmet@aﬁaﬂm; cyNoalk B, GbioalRAG Ky,

alo, c X ng, Mo L 1— Tin
A R P

haloglfoxy, - Cghere Ris hydmemx, Op28HKRCT/WBI 0064, @RERBAr

en Q nli nig

s AL e 06 LR
hydro&rexsxlpr alkyl, ap Béﬂ@é}f%en aﬂlgr};h @mloaﬂql |c391®}ky$]kyuﬁﬁe;nyl\ﬁd?6
phenAlk Mg Q?—@R 1) [—@@ﬂﬁR@@ﬁQﬁ fts ag}ncgiﬁfrm GRS F qf" ra‘t%c& %3

am no, et eroa

mdepg%@p ngﬂgen pféaglgg d?eyl@qi ]}]’ are,@@g]dmby}of (i} 0@& 11yd10gen alkyl,
cycloﬂkﬂy&ﬁﬁhm&?lalk@ plicy ?:h&b,(r aﬁ@l)nﬂdor@sﬁaFélﬁcaﬁﬁ A }&efocyclyl

eroacy het er oar

mciugﬁ huhigap fﬁémteéﬁy WIdP“WdYPR%aWbNﬁnahmPﬁﬂ@ -3-y1, N-

methﬁlﬁ}ﬁﬁ[z@&}ﬁcﬁe}pﬁfolﬁ&@ﬂypqu&olﬁl%ﬁgﬁ%%%%y{ p?nmhdmyl

er T wherein Trigger Is
pip g'np olinyl pyrrolidinyl, tetrahydrofurany} tetrahydrothiofuranyl, 1,1-dioxo-

hexahy[llalmﬁﬁjp%v‘? {fl%ﬁ%d%m‘ﬁ%@ %%?p)xﬂiﬂ% %Ql%%z%hkylc( z1)=C
plperaglug gridl@pepdgll%:only g derpypliep emofZ Ahe Wefi8 ifdedigiBe [ CR
numb@%@(:i@érﬁat@mé"@%f @3 Qj Sﬁ‘gf@m %o th¥ 1ot n@%}er an cgrb%é atoms e,

" g&g entl or 1; 101081

po qu fé’é?swalhﬂ @réleiemwézémmewum@mgemnbdnyaﬂmwdmms_
15al kyl Cl- Cehet er oal kyl , C3-C8 cycl oal kyl,

l°049h ol @r-@eﬁeﬁ ineane1 COBCalCk olky!), vOEreihaicksy RN, defied above.
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"C6 dial kyl aimi no, aryl, heteroaryl, CI-C6 acyl,
Cl- C6het eroacyl, aroyl, or heteroaroyl; [0109] Y4 is
-0; 8, or -NR7-C(=0)-0-; [0110] each Z1 independently
i s hydrogen, hal ogen, Ci-Cs alkyl, Ci-C6heteroalkyl,
aryl, heteroaryl, C3-C8 cycloal kyl, heterocyclyl,
wn2@gawyl , G - Coheteroacyl, aroyl, or hetweroaneybisss:
20[ 0111] 72 is Cl-CB alkylene Ci - Cshet er oal kyl ene,
[0112] each X1 is independently N or CR8 wherein Rs
[00303 l“ﬂﬂﬁpﬂﬁﬂéﬁmﬁ Yndiyielc0gg0,-Chrdi@gdind), PhtreiBleFhn(HeldcAlkyl
1a%§&i ano, C21-1, Cl-C6 al kyl, Cl-C6 heteroal kyl,
s @?i@ﬁf?oalkyl Cr C6 alkoxy, CI-Cs alkylan1no
al kyla 2, Cl1- acyl, Cl-
l“"% ﬁé‘tyér%%?eﬁﬂén - &whereawhﬁ@f% L}S@we finehbped X2 i s
0; and WD 2007/002931PCT/ US2006/ 025881
I““ﬁ%lilﬂﬁe@smwls means-&1Qshiterp b avhgreinipe e beltreayiip erdefipel

abo@ OUp consi sting of: 02N XI =X1 NO2 "X Xi-X1
) Xi-XIXi ) =X )Annium \ X -X1, 02NX2 5
foo3g} t hleaafo%%'%aﬁm&rs(no B T el alicy ISﬁ{fé%' (1) at
| east two Of ecte ron1t

hete&@%é%@nﬂgcmyc@%ﬁs@mwx hzteroa:rcﬂo;ﬂuéfemfi@wyarmlmlﬁxnklyky and

hete Whstdlnfron !
e 5 %Iﬁéﬁﬁxgnyl < )1(1 I%IQ}@ 224, ‘i’llei!é%lakyl cycloalkyl, heterocyclyl, aryl and

heteppatyb FesRecHs s mdr‘ﬁtwy%a&ﬂt lv@wealwi cyqjaglkyb heigroéyplyhtril eabt

t f
heteﬂiﬁm%ré a% glgai(mﬁiﬁbd@ %%%’ﬁ%‘?i'u @mohgg(xygiflg?fa MOBEILHNG:.0

SEQbt %O%TQM% ard B like wyheegpples of arylsul onyloxy include

-aryl sul f onyl oxyal kyl, and 2-

eroalkylsul oxyqlkyLA andg | east one of »
PR3V ART CNRARS CEPRro[OTIN ir%¥ach of NR2R3
and NRARS are 0118] an individual isomer oznddhe like.
Al SEBIN S hetdARTEARRTE Ak
e ﬁS} vhet ys Eﬂo y,r&&& ﬁ%lg%)#léﬁhceu czlyclglrmlllfonyloxy,

i 0ol sosteres, pharnmacophores,
aryl wermsprabing heigroprylsgl§imybre gronygivaabe leagng sromSOIdphpgphoramdate

alleylaf8d 8@fcan dﬂl%&%] a defl b%rﬁﬁclﬁgga@ sﬂﬁﬂ&s’DﬁA b 1?18,1%@120]

In one enmb 5 are not e sane.

midggpdes e‘ﬁ'ﬁ@a}dﬁtﬁﬁ 129 ﬂné)}py)f rracigs coppingalkylatiompmi cell death. The rate of
reac@OELRRRIRLE @n%@ %ﬁ%%clem acids, proteins or water can be

modulated depending on for example the electron withdrawing nature and the steric bulk of

the Ry moiety and can provide phosphoramidate alkylators and prodrugs thereof which are

more toxic to tumors in general and hypoxic zones of tumor in particular over healthy cells.

{0054} “Sabstituents” mean, along with substituents particularly described in the definition
of each of the groups above, those selected from: deutericum, -halogen, -OR’, -NR’R”, -SR’,
-SiR’R 7R™, -QC(O)R’, -C(O)R’, -COR’, -CONR’R”, -OC{O)NR’R”, -NR”C(O)R’, -NR’-
C(ONR"R™, -NR”C(O)pR’, -NH-C(NH9)=NH, -NR’C(NH,)=NH, -NH-C(NH2)=NR’, -
S(O)R’, -S(O)pR’, -S{OY 9NR'R”, -NR’S(O)}R”, -CN and -NO9, -R’, -N3, perfluoro(Cq-
Cy) alkoxy, and perfluoro(Cy-Cy) alkyl, in a number rantging from zero to the total number
of open valences on the radical; and where R”, R” and R™ are independently selected from
hydrogen, Cj.g alkyl, C3_g cycloalkyl, Co_g alkenyl, Co.g alkynyl, unsubstituted aryl and
heteroaryl, (unsubstituted aryl)-C1-4 alkyl, and unsubstituted aryloxy-C1-4 alkyl, aryl
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101221 In one enbodi ment, the present invention

provi des hypoxia activated phosphor am dat e al kyl at or

-prodrugs each enploying two phosphor ami.date ,

al kyl ators. I n one enbodinent, the_phosphoran1date

al | cyl ator prodrug of the present i nvention enpl oys

w0 2070@9A al kyl- 2- ni troi mi dazol - 5-y1l nDI etRCTrs2@e/0235881

1- N- net hy1-2-ni troi mi dawl -5-y1l noiety as a

bi or educti ve group or Z3. In one embodiment, t he
subHigehwidh kitalagms.abkpitiattet C pg etiyhig-gfalliokporites bittkoxy

' i on. | a 2-nitrofiran noiety as a
erol b B GEP T o ey bR e B eeitbel e
. i i . , t compounds:. . :
nitb 8 o5 B0k DR WO B BB D TN D ¥
m ng. Ferypapgle, YRR iHREHR ©)i8HRde 1FMH2>hﬂiIéﬂ gﬂfg@?;%gl?wl-
Othr shitdbldNeBstituenE 3R 0 iy
kB 18 R
by e iptheiof fromNep radgonpimg. Two POIRY §Pktituents on adjacent atoms of
the aryl or heteroaryl ring may optionally be replaced with a substituent of the formula -T*-

C(0)(CHy)¢-U™, wherein T* and U” are independently -NH-, -O-, -CH- or a single bond,

and q is an integer of from 0 to 2. Altemnatively, two of the substituents on adjacent atoms of
the aryt or heteroaryl ring may optionally be replaced with a substituent of the formula -A-

(CH9)-B-, wherein A and B are independently -CHy-, -O-, -NH-, -8-, -S(0)-, -S(0)3-, -S(0)
oNR’- or a single bond, and r is an integer of from 110 3. One of the single bonds of the new

ring so formed may optionally be replaced with a double bond. Alternatively, two of the
substituents on adjacent atoms of the aryl or heferoaryl ring may optionally be replaced with
a substituent of the formula -(CHQ)S—XS—(CHZ)t-, where s and t are independently integers of

from G to 3, and X° is -O-, -NR’-, -S-, -S(0)-, -S{O)y-, or -S(O)NR’-. The substituent R’ in
-NR’- and -S(O),NR’- is selected from hydrogen or unsubstituted Cq-¢ alkyl.

[0055] Certain compounds of the present invention possess asymmetric carbon atorns
(optical centers) or double bonds; the racemates, diastereomers, geometric isomers,
regioisomers and individual isomers (e.g., separate enantiomers) are alt intended to be
encompassed within the scope of the present invention. The compounds of the present
invention may also contain uunatufal proportions of atomic isotopes at one or more of the
atoms that constitute such compounds. For example, the compounds may be radiclabeled
with radioactive isotopes, such as for example tritium CH), iodine-125 (1251) or carbon-14
(*C).  All isotopic variations of the compounds of the present invention, whether radioactive

or not, are intended to be encompassed within the scope of the present invention.

[0056] The tern "pharmaceutically acceptable salts" is meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bases, dependil.lg on the
particular substituents found on the compounds described herein. When compounds of the
present invention contain relatively acidic functionalities, base addition salts can be obtained
by contacting the newtral form of such compounds with a sufficient amount of the desired

base, either neat or in a suitable inert solvent. Examples of salts derived from
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N( CH2CH2 CORN( CH2CH2C1) 2 0 NC2 P12P13 NIN2 P14
. P17 5 wherein Ra is H Br (P14), NMe2-(P15), €N -

(P16), or CONH2 (PI7), P18P19 Cl P20 02N
P21 C C )
WO 2007/002931 PCT/US2606/025881

pharmaceutically-acceptable inorganic bases include aluminum, ammonium, caleium, copper,
ferric, ferrous, lithivm, magnesium, manganic, manganous, potassium, sodium, zinc and the
like. Salts derived from pharmaceutically-acceptable organic bases include salts of primary,
secondary and tertiary amines, including substituted amines, cyclic amines, naturally-
occuring amines and the like, such as arginine, betaine, caffeine, choline, N,N’-
dibenzylethylenediamine, diethylamine, 2~diethylaminoethan01, 2~dimethylaminoethanol,
ethanolamine, ethylenediamine, N-ethylmorpholine, N-ethylpiperidioe, glucamine,
glucosamine, histidine, hydrabamine, isopropylamine, lysine, methylglucamine, morpholine,
piperazine, piperadine, polyamine resins, procaine, purines, theobromine, triethylamine,
trimethylamine, tripropylamine, tromethamine and the like. When compounds of the present
invention contain relatively basic functionalities, acid addition salts can be obtained by
contacting the neutral form of such compounds with a sufficient amount of the desired acid,
either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable acid
addition salts include those derived from inorganic acids like hydrochloric, ydrobromic,
nitric, carbonic, monchydrogencarbonic, phosphoric, monohydregenphosphoric,
dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodie, or phosphorous acids and
the like, as well as the salts derived from relatively nontoxic organic acids like acetie,
propionic, isobutyric, malonic, benzoic, succinic, suberic, fumaric, mandelic, phthalic,
benzenesulfonic, p-tolylsulfonic, citric, fartaric, methanesulfonic, and the like. Also included
are salts of amino acids such as arginate and the like, and salts of organic acids like
glucuronic or galactunoric acids and the like (see, ¢.g., Berge, S.M., et al, “Pharmaceutical
Salts”, Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific compounds of
the present invention contain both basic and acidic functionalities that allow the compounds

to be converted into either base or acid addition salts.

[0057} The neutral forms of the compounds may be regenerated by contacting the salt with
a base or acid and isolating the parent compound in the conventional manner. The parent

form of the compound differs from the various salt forms in certain physical properties, such
as solubility in polar solvents, but otherwise the salts are equivalent to the parent form of the

compound for the purposes of the present invention.

[0058] Certain compounds of the present invention can exist in unsolvated forms as well as
solvated forms, including hydrated forms. In general, the solvated forms are equivalent to
unsolvated forms and are intended to be encompassed within the scope of the present

imvention. Certain compounds of the present invenfion may exist in mukltiple crysialline or
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wherein Ris H M or ally); 5[0124]

3-(5- Met hoxy- 1-net hyl- 4, 7-i ndol equi nonyl) - met hyl

bi s[ N-nmet hyl -N- (2- br-onpet hyl)] phosphorodi ani dat e

(P27), [0125]

3- (5- Met hoxy-. 1- nmet hyl1- 4, 7-i ndol equi nonyHnmet hyl

WORPBHPEPR2- br onpet hyl ) - phosphor odi am dat e X@A&}pq06/023881

[0126]

2- (54vl et hoxy- 1 -net hyl-4, 7-i ndol equi nonyHnet hyl
amobpl’@[l-‘f\ﬁ)nm fry benbtal, 2H pHiBichirfamseteregy g Sphiorwd @ntedaked by

es(eg 1%6%]% ]n?ami jre it Inf:?l’ﬁle(i to i)e.}m’%lnn {i] Sca%e olj; (t)l}?ﬁrrjsﬁ;étfrﬁfﬁtlon
[O(}%Ha) T-%ug GI%IQ]', 2k é’gcto?f}/ an)alog éEJé%%QA-aE{‘- dat —sgc ]%an)des The
glucBse( malbe tnhladeg sdechmdel y&nﬁhsﬂlg Igﬁldtﬂ;bﬁﬂlld,l Magyyl efibdaplne; fructose;
manfl By b«;@%nznose d%nva% s\,{ ng)uE:osg dS gQucgr 2 eh\gar{l]vgsa}n%luglmg %‘31: 'not limited
to Zﬁetﬁzﬁfghibdsh XD E), MNyretyl 1-adins-2-dud0dghirtdens-anino)3rdb iy dlucose, 2-
axm:lf\lcijji\—kgﬁﬂxy %gaccps%o ng Eilgééoge an&) Ea?asc&geo 56%9,‘!11%% fat Smé g}%%%)t’ limited to
D- 2216@5#}])/%&1&@08? ﬂ#aﬁﬁidqyﬂeoﬁy Ealhdmik@ bm2mﬁyd-;m5taghlaaose.
Thuf ﬁ%,%l}hcofed’f%‘ﬁ can%fer om ucos orzlli%]v%fs xpe sughoaqsl I?(Enan%agtlgzosamine
in thidt it 5-aepilvenditerdofivit diitiod, e tlnded aqlop barbepnkichiydted denvatlve
of a%ly #ﬁ%@{eé&z&@ J)O?l{p%l%tng.y Mo}eoeet},o iy Qx%fggndxln e nqaagt m‘{ypliétl})e foregomg
com@enfrids Matbh enbytithtetreth wi isdstefe sahaat é{qml thogyly wammng of 8,
suliiensudfiie FRER Y iseBar e OF haMpD 0 e

thergifovi des a conpound of fornula (1) mnth t he proviso
that [0134] (i) at least one of RL-R5 are sel ected
[0060F oA dve lige Dup- "CoOBSIs ﬂteipnglt off attZ2ehmbAX of one group or moiety to

al kyl sul f onyl oxyal-kyl , tero. kyl sul f onyl oxyal kyl ,
2-arylsul fonylo
het er oal kyl sul f & ans &tsteast one

> _fromtaﬁe Yra consd stridi@re®fat the
thwﬁmﬁefsetﬁ%%ﬂ%f e Py o %’r” 'ul% %Lﬁé |

| sul fo on
oo ak aPeETRY &F@Sr@r%i fa@m used Bferchgngeepghyreip; flye tggms CO2
and be)ﬂﬁire ﬁm@me&ch&lgeaﬁy hereiseh1es teads; ;09O redis@iterchangeably

Stln al
hercly E@*ﬁéﬁ}m ~Q?ﬁ5§ Pselészfé‘i"éﬂ%‘h]l %eglu T PR ARAEAO)
are &e@mwr@]wgéwh@&y al kyl, and 2- .V
heteroalkylsulfonyloxyalkyl and at | east one of
[006%R2 R3 usa GleRARE & Qstetd 1B &heﬁid&l hoi89 GhLNRRBR AR G NRARS
are ijnr 0138] I n anogther rel ated enbodlnent
ator} Feans F‘é@@ﬁfheﬂﬁ‘iﬁgsﬁ‘f’ie@ﬁmﬁi% ymdlrsizs apdpanl dispesttiopgf electron

pair ﬁ)ﬂﬁaﬂﬂd' Biofsboter¥d e{nh bto%st@ﬂis@'yé@ Qelt-Radomtthgls f9 bfwﬂcﬁng(tﬂé
excludes R2 and ether formng a norpholine ring

biolegicapaetivibrotogmpergds, ﬁ@?ﬁg Pﬁﬂnﬁbmelals%atm@p?wés pithgmilar size,
shaple Orhd Yecttdd domey @EPRIE BB bidIBBcAP h@SBN KhWHI ik RRric

excl udes a compound of the follow ng structure:
TePIRERBFET HOIPde: [0 chypeni o feringrhapgealifiteatidy -O) 0¥ o1Chiand drids

the i¥RAHEBty off -RE —ﬁ@?‘ﬁ tﬂe ﬁlﬁ&ﬂ{ahgéabﬂ{y%\f' 1083 -COMpkNds
wherein the Trig

interclynggabitirf -0y =) g\@)} {C(I;hggadz%z ¥k interchangeability of -N=, -CH=, and
e 8] THE (s} 4 5. 1e
p= @i{l c%%%oy;[ c‘?)znl) %z “tKeint éhh%ééiﬁl%y IBhehfPafridsr Yehps; th
[ C(4) 2- Y3HC(4) 2] , [C(4) C(4)} Z3; [C(4)2-Y3
“[C(Z2021z-73; [ C(4) 2- Y3] - (q=0) - 0)
-1C(4) 21z-1 (4)=C(Zi )] - Z3; 14
[ C(Z02- Y31- (C(=0)-0)-[ W) 21z-Z3; 10
[C(4)2.-Y31-(q=0)-0) -[Cgihlc[C(4)=C(2Zl)]-Z3;
[C(4)2-4-Y4] -[C(Zi)21z- {C(ZO:C(ZI)J 7s;
AC( 4) 2b- [ C(4) =C( 4) 1- Z3;
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15[ 0141] In an additional enbodinent, 4 is: [0142]
In one enbodi ment, each -C(Z02- is: -CH2-, -CHVe-,
-CH(CN) -, -Cl-1(C21)-, 5 CH(CONH2)-, - CH(-CF3) -,
-CH(CHF2)-, -C(Me)2-, -C(Et)2-, - CH( CH2NMe2) -, -
CH( CH2NMe2) -, - C( CH2NMEe2) 2-, or - C( CH2CO2H) 2-. [ 0143]
WA 19R828*bodi ment , - C(Z1) 2-Y3 is: - CH2-0-, POIB2@6/H25881
-CH2- NMe, -CH2-NH-, CH(Me)-0-, CH(Me)-S-;
CMe2- NMe-, -CMe2- NMe-, or

mtemg%%@é@%(/@w? C’*@og[joﬁnei‘}f W‘ﬁgﬁﬁé’e@%@d m§z§;w4-
S:ig%ﬂ%?] bfo Ee:rmﬁr%?g;ﬁ]%%%t -C ara_%%g%’)r)qé(%%?‘? (Iiha@éa ixamples are not

i @Q&é fhiciadste alentChifd0RE 81 FHh ofdlurt will be able
]mmgé }a&)gl;blzl-, \Ah%ne%\r is ar 1 optﬂglo-n lfyea eto

ST OiiseEert ff’lﬂacﬁﬁie%kﬁ*q“méﬂ thglsst Swf@n prpmpie, B@tm dt al.,

1995rmm1k@ 11YPR.76,008 Batden Gl 4 O % SFrod
OCF3, NOngCN hal o, hggl onet hyl = agﬁal omethy,

[0063[]! uaﬂe%ﬁmydmmfu% 9@1&%@% g%gé W d&%}'ﬁe{ﬁm
nopy H@@C‘&F R%PI e H@ﬂe hgaec}m the eratidl yranpEBerCef a:mwﬂ]omlﬂbyd of aloms or

ﬁmdﬁ@ﬁ& ERAYGhH Yﬁe mok@HR6 As 'u&d% hﬁ{ch m&%e@eﬁ is cgfed qoer

or 10 I n another e Odl ment
"oheyRasophic e sistpnseline phiepens ¢r;phm~gaap¢pbore@na@®1@e®m4zaﬂe Hean

idep@ined, 18y inRARATh BRI Vensdd th g&ﬁﬁfy lofirer %b]ﬁéﬂ%&g%orﬁ%}%@hlg se?nqg or
F hydrogen or Cl-C6 al
sim %E%ﬁ(m?ﬁ)(’@l%)gzch methorly ]mlwllénewmwmmmﬁ ogdmah@kﬂl in the art

of mptEREked B bid QBB EATAYBE A L PR

1d~=:119«{':1‘t?s|t§q| I{IJ&%FE‘RPHBW% pesplhorargidate alkylator prpdqugs and phdsphoramidate
alkyTREdrg 0o exaReIRaDRrd driving BR1ab1é iolp)aﬁfgénjﬁhmg J)%!o{% S8l Bl is

ntI is selected fromthe group consisting
the By TR AP S5 Btetaml e S35 et (oG Ry IComemingionp (see
http nmmhmp,co@f@mmmugyl het er ocycl yl ,
Cl- Ceal koxy, Ci -
[0064] "Optional” or "opnonally" means that the subsequently described event or

circumstance can, but need not, occur, and that the description includes instances where the
event or circumstance occurs and instances in which it does not. For example, "heterocyclo
group optionally mono- or di- substituted with an alkyl group” means that the alkyl can, but
need not be, present, and the description includes situations where the heterocyclo group is
mono- or disubstituted with an alkyl group and situations where the heterocyclo group is not

substituted with an alky! group.

[@065] A combination of substituents or vartables is permissible only if such a combination
results in a stable 6r chemically feasible compound. A stable compound or chemically
feasible compound is one in which the chemical structure is not substantially altered when
kept at a temaperature of 4 °C or less, in the absence of moisture or other chemically reactive

conditions, for af least a week.

[0066] Asused herein, a “prodrug” 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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5 al kyl ami no, Cl-C6 dial kyl ami no, aryl and
heteroaryl; or together any two of R2-R5 forma O

- C10 heteroeycle; each Y1 independently-is S or 0; and.
each Trigger T is defined as in formula (1); [0149]
with the proviso that in foulas (I1) or (Il1):
WO1W0P02p3t) at | east two of Ri-R5 are sel ecte@uuseomsss
t he group consisting of 2-haloakl, 2-
10al kyl sul f onyl oxyal kyl,

comﬁmimﬂt(ﬁrao;ajtzi@d ﬁﬁufs@ftyéra)fyﬁlrx@iﬁed chemically such that the modified
ul fan

ronf i B A P P RS s piepoo Bespoprig afesivay regplagaer

certagm biozicRloombiions ssdliath ﬁlﬁhrﬁlﬁ@ﬁmdahﬁa@ﬂvé)fbﬂn ¢Ome b@hjongd Qf

gen%étgﬁyg?a%tg?lo&s Prg o&]%; 8}%&@6&{}%?%?%&2 Oﬂ %I)roam)é cankIYavé relative to the

drug2 alimrad isethtfobio yehidixty at 1kajllsport8:ﬁidra&en911\191 fdWer side effects or lower

L T L POt B0 SR o o

CheNRARE mmmzmma:a @ﬁfotrdlﬁnwmdmaﬂ’ress,SWYOm[ paed BESHR)C

cernlc m.xt ur e of ners, sqsteres, .. .
prodifes I0ALARSBta Tlf o (FRAR ) xR GRERqivation
undes oérisat hploglyﬂ rcaidﬁ;onm genaramrmamgxcédneﬁmfzm[e&&ﬁﬁdunﬂnA@md

rese |nven rovi a co
here&frgoﬁng%p ‘_ld(aiel tor g.r,s : Brgéxr;ug%}l F é&ﬁ’a% relerTE
acuue@hlé@mc)raﬂﬁiatea&ylatoﬁ( Zl)2 Z3 wherein Z1 is Cl- aI kyl and
Z3 is: with the proviso that in formula (I1): WO

[0062]) 03k QOANBERCT f«g}ﬁzﬁaﬁig&% 88 ap@it BEormbbindeine poliucBla AR

effeci._t\,ﬁn célgHﬁg rﬁgeg %%gro%“ ogtﬁ d%?gt”lésfsan‘gg %S%blﬁssor sup%?e%segf

celuBlrgarviely byd oultiplich@k57] (iii) at |east one of R2-R5 is
hydroxyl, amino, C3-C8 cycloal kyl, heterocyclyl,

[0068] @s ueddlheoeyl,“hﬁhﬁ&ew& kel canmgd mﬁdlng&rmrpmlaédwb@mnm,wm

R G Rt
are qanmamhg umn_m&hmﬂm erpiranihEhe s: 18voaD I'ifp\@ﬂddﬂ dA@.ised wramle @pézhdz )
erto R D embgf o RS PP Pt S e i
“norfnb¥ic cytoBfclE 5 h céiovad od pasitis m’ks_/fcﬂﬁmdﬂiﬂiiﬁoraro&lc cells.
sel ected fromthe group consisting of 2-
[0068] kyik ssekd fherainl @w@bduyﬂm godjbemmai Katbiptthdt ey hto ¥iyatokyin,an

. - a | f (0]
oxid QiAo O U bty e erowy @) Bjeanpe teded
a group ﬁiaoc;,]an:a&eej:t Secads, b}&llkc%eir &djd/f’bf aMnhh@idg i@y R) 6ansh 5t tddgeed
a a S on

in vnﬁ) a},rllel[otlé iy tm(g%l) Qﬁﬁt ler v vo %nd%( z‘g!vilt% luilder hypoxia; (4) that
can i@-rahlybdsmlva@ Iaiyd/@')iy adrl y»y D’Iail Gk)hzfase thiols, or by photochemical or
eteroal K al.k 016 i.i) a
et ERELEAREY SR ARt R gt e poces,
such eohip érsyinailp lofiroRskahaatiokyth etc2- C1- C6
al kyl sul fonyl oxyal kyl , 2-het eroal kyl sul fonyl oxyal kyl,

[007®- aFat csathflgnyd Mﬁinkyd in n@Ré€ldetail below, one bioreductive group is a
soSgeLRAL iYL Ul fonyloxyal kyl . and at | gsct ong of
bioreductive groups inchude, but are not limited to, groups based on electron deficient
nitrobenzenes, electron deficient nitrobenzoic acid amides, nifroazoles, nitroimidazoles,
nitrothiophenes, nitrothiazoles, nitrooxazoles, nitrofurans, and nitropyrroles, where each of

these classes of moieties may be optionally substituted, such that the redox potential for the

16




10

15

20

25

30

[0162] (iii) each NR2R3 and NR4R5 areN 20 [0163] In

one aspect, the present invention provides

phosphor am dat e al kyl at or prodrugs of- formul-a (1) -

WD 2007/ 002931PCT/ US20061025881 wherein [0164] Rl is

a -[C(Z02-Y3V[ C(=0)-01g4C(Zz02-22-14h-Z3 or

WO BIHP3Y3] v- (S1=0) 2) - [ CROz- Zz- Y4] u- Z3, VIKBTUSRAG6/25%5h

VvV, g, and u independently is O or 1; 5 and Z3 is a

gl ucose or an analog thereof with the proviso that it
bioredactivggtesip dibtredse a cop what the colp plosipirges sduadiab & the hypoxic

kyl at i f I
oo L SRS ISy BB AP il
undérstateipia rvdmﬁﬂﬂ}e digldeyrd hergerfowhiy dlﬂ:tmyate thambmiotheChio@uctive
o feflrsfer o BiaPal atel Eih iert.
007 Bkl BRcD flen i 205 hgkeeny 3’5%*@11%6&? Blhaie
growpiby rr]ﬁodﬁymg thEt]gfdzIIﬁ? E@ﬁm dedi@dn ®1mdﬂa?rtrgrgﬁcmyg; E?T&c[n@ﬁﬁiﬁl}lg
Wt t he OVL. SO
eroul, g8 o a3 e o 9% Pt o e e and
nitm’fmml@dupgmf{ b&+ubgtitaad k'yﬂl onedr more electron dona,tm g groups, mcludmg
| al kyl het | sul L

but liot E%g} CHB In?e %, eégt/%}r %é)i} lhmmg ﬁxg‘augsr g%vesﬁe Eegsﬁég r%();( %(e}{tla’l.
In atweliee exaadpley ths wittopyrydlomyiatyley be s[uBétﬁt&}d ith gn mmeasmamnﬁg
o ﬁ?}%@gﬁ%ﬂ'ﬁ?ﬁ%ﬁ Xk el 242 R .
achiﬁvd’tm M1frdlr&y)k$uﬂeﬂtmhy]3®)ﬂyajnkyds¢, strong electron mthdrawmg groups

l 2 ut‘ef) 2N é( ¥,arb de or g,‘Fr %n mﬂd clectron 1thdrawmg

roa ony dxy &7 €ast *Sheof

grod}sim asar(ﬂ{ NRZbBEn whaoe hztibgeﬁ i$69;| O@ ior tBr, eadh uddB2R3 and

NRA, 125 areand 20 [0170] an individual isoner or a
[00’12310 Mhsbddiereﬂom‘faaﬁﬁmmasﬂd agknt’ & —tdnsmm@hﬁ or “anti-cancer

ager aCc eer% aotbaSé &5 agent '{i) g in e, a«?agnenﬁ g-:fep h@ucﬂa St ¢ ge ust alone or

prodr
n cmhiamorﬁ with 6th@&Icompouran addran aléavb\mdradma:t ameﬂihatqoplsmntox place

or BT 5 SR SRt AP S RS i magee apprimpd it

neo;pjasm;irmg:gor @ndRBAX A nddpMEHR aghiitd Rclde, ‘Vut are not lnmted to, anu-
A% g&‘s gl %k 0§ YR AMNR, Lddifi 2hey duct
ang]ageo?% r Sg% g'it“%e tll,ltg %Ih y?roers’ent;i)ri‘ll n\?gn Fon pr o{/ai]]go e,
platinhya cowdipdiondemplexes, anthracenediones substituted ureas, methylhydrazine
derivatives, adrenocortical suppressants, certain hormones and antagonists, anti-cancer

polysaccharides, chemoprotectants, and certain herb or other plant extracts.

[6073] As used herein, “cancer” refers to one of a group of more than 100 diseases caused
by the uncontrolled growth and spread of abnormal cells that can take the form of solid

tumors, lymphomas, and non-solid cancers such as leukemia.

[0074] As used herein, “malignant cancer” refers to cancer cells or cancers that have the

capacity of metastasis, with loss of both growthi and positional conirol,

[08075] As used herein, “neoplasm” (neoplasia) or “tamor” refers to abnormal new cell or

tissue growth, which can be benign or malignant.
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0 wherein X4 and Z3 are defined as above. 5 [0173]

I n anot her enbodi nent, the present invention provides

t he compounds:- \z3 -WD 2007/ 002931PCT/ US2006/ 025881 -

0 Z3 In one enbodinent, R6 is -(\T-CH2C112)(4) 2.

[0174] In another enbodi ment, the present invention

TP R®1t he conpounds: wherei n R2 - RPCAAE2006/025881

defined as in forrmula (I1). 101751 The foll ow ng

schenme exenplifies hypoxie reduction of the
IUOMOM¢M®M‘@B&&M€W @hditionpor patfangrefecs ty kafing stepreto obtain

e RAERORH A DAL ANLIRARL U A 8L s pesy
benpFAl usm/cﬁmgs gasult{ iDAITS) bult prcamblithiexd tepoditne nt smdinetion
of QESAR{L HBNGILL QB 8PS LU FOTROMRNE, cppyle” €, 1
dirfig$hinewi of grient hbdiecagex delpt drfsiowinglvy pissescprogehyot apmliofatidn) e
ol PR3 BIAR AT IRLEUB LIQLLLLAL, 88 Ol tEndelal ol alsifoed bolow.

corr espondi ng p osphoram’dat e a
[0077] Asused herein, “reduction” of a symptom or symptoms (and grammatical
equivalents of this phrase) means decreasing of the severity or frequency of the symptom(s),
or elimination of the symptom(s).

[0078] As used herein, “administering” or “administration of” a drug to a subject (and
grammatical equavalents of this phrase) includes both direct administration, including self-
administration, and indirect administration, including the act of prescribing a drug. For
example, as used herein, a physician who instructs a patient to self-administer a drug and/or

provides a patient with a prescription for a drug is administering the drug to the patient.

[0079] As used herein, a “therapeutically effective amount” of a dtug is an amount of a
drug that, when administered to a subject with cancer, will have the intended therapeutic
effect, e.g., alleviation, amelioration, palliation or elimination of one or more manifestations
of cancer in the subject. The full therapeutic effect does not necessarily occur by
admoinistration of one dose, and can occur only after administration of a series of doses.

Thus, a therapeutically effective amount can be administered in one or more administrations.

[0080] As used herein, a “prophylactically effective amount” of a drug is an amount of a
drug that, when administered to a subject, will have the intended prophylactic effect, e.g.,
preventing or delaying the onset (or reoccurrence) of disease or symptoms, or reducing the
likelihood of the onset (or reoccurrence) of disease or symptoms. The full prophylactic effect
does not necessarily occur by administration of one dose, and can occur only after
administration of a series of doses. Thus, a prophﬁacﬁcally effective amount can be

administered in one or more administrations.

[0081] As used herein, a “second line” therapy refers to therapy that is given fOI.’[hf:
ireatment of a cancer which has failed to respond to a first chemotherapy regimen or “first
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 treatmgent, second-line

therapy, don’t work, or stop working is called.
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NR2R3 NR41R6 hypoxic reduction O lo | ........ e
NR2R3 Ft, 0 0.--4,-NR2R3 NNRAR5 \ NR4R5 active
al kylator HS =~ Phosphoram date allcyl ator prodrug
[0178] In one enbodi nent, the present invention

pr oy Lhen ; LK = ; e
[0082]i | Xé lggﬁ%?%id%%ﬁ%g%??g ang{s?{e%?{gogﬁﬁl&{l%ﬁ'a@hﬁﬁance determined based
on the RO@HADO 20BE ROTLUSIOOEL 0AESEANd RETRY RO X41 IR I(Xi NN

Rei Rri  TriggerandTrigger Ol)

Ila. Compounds

[0083] Most drug-mediated cancer therapies, including phosphoramidate alkylator-based
therapies, rely on poisons, called cytotoxic agents, selective for dividing cells targeting, for
example, their replicating DNA, microtutbule, and various growth factors and growth factor
receptors. These drugs are effective, because cancer cells generally divide more frequently than
normal cells. However, such drugs almost inevitably do not kill all of the cancer cells in the
patient. One reason is that cancer cells can mutate and develop drug resistance. Another is that not
all cancer cells divide more frequently than normal cells and slowly-dividing cancer cells can be as,

or even more, insensitive to such cytotoxic agents as normal cells.

[0084] Some cancer cells reside in a poorly vascularized solid tumor, are unable to generate the
energy required for cell division and divide slowly. As a tumor grows, it requires a blood

supply and, consequently, growth of new vasculature. The new vasculature that supports

tumor growth is often disordered; leaving significant regions of the tumor under-vascularized and
even the vascularized regions subject to intermittent blockage. These under-vascularized and
blocked regions of the tumor become hypoxic — they have a lower oxygen concentration or a lower
oxygen partial pressure than the corresponding normal tissue, and the cells in them exhibit slower
rates of division. Thus, the median oxygen concentration of only ten percent of solid tumors fails in
the normal range of 5333 to 8000 Pa (40 to 60 mm Hg), and fifty percent of solid tumors exhibit

median oxygen concentrations of less than 1333 Pa (10 mm Hg).

[6085] The hypoxic areas of the tumor represent a significant source of metastases and cancer
cells resistant to therapy (see for example, De Jaeger et af., Br J Cancer. 2001, 84(9):1280-5 and
Rofstad ef 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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wherei n each R9 independently is hydrogen, ‘deuterium
aryl, heteroaryl, Cl-C6 al kyl, Cl-C6 heteroal kyl,

- C3-C8 cycl oal kyl, heterocyclyl, Cl-C6 acyl,

Cl- Cshet eroacyl, aroyl, heteroaroyl, 5 Cl-C6

ai koxycar bonyl, Cr-Cs al kyl am nocarbonyl, di Cl-Cs
WO RSpr/ga3mocar bonyl, or G -Cs al koxy; or togEtdsessbrses:
RO groups forma heterocycle; each R10 is hydrogen,
Cr-Cs al kyl, C Co6heteroal kyl, C3-C8 cycl oal kyl,

1 (cﬁ&ﬁh@ﬁpﬁ@xﬁﬁb }ﬂust&fd%ﬂd DifoltRbiE e@stw} Ies@d’ctﬂr@ﬂ@bé’ﬂ%[omi) Wohe

i BT EF 1o S G - L4 PR P 200 cin péimeste i

and betto€the aglly | In césliraéibiba b:kmhc AlRYafots 110hd ek enhaml kY kall hentchhe

perne%l% Ky @%Yff e%éro G g}lla}fy Wg%gﬁ%&l%@tké e}l bpglkylating cellular

DNA koxycarbonyl Cl C6 al kyl am nocar bonyl, di CrCs
alkylatninocarbonyl or Cl-C6 al koxy; or together two
[0097 QVIRH PR pﬁéspm@niaezte encfewed reacwmehmh&emef EohkAy kil adils in
en R11 is Cl-C6 or Cl- het er gal kyl then
the 1o groging ¥ §33F‘§9&Fed nawwg efteEPng %&hmorg ARt a
phodpBérRbiaey G]k?latoﬂsﬂr@ﬂ& Q3 eﬂ‘é@’cﬂreﬁn ptrmeBing idb K&y -famHzexy
bet er pal kyl su] f onyl oxy, sulfonylox '
SloWEFRY B H{%@Saln"f-‘la H%%wmea of EPs Jricp bﬁ@emmwﬂricgﬂs therein.
Befdr&gn4Q2 th¥sd a\étu(e@&@)at&)s RAGH tBO Runba, the4 Ldn febelt OB Beitb ik 6
%$ a rel ated enbodi nent, in formnul as
rﬁmﬁ?b?xm“W “R9 is independently hydrogen,
euter un1 Cl C3 aIkyI Cl-C6 heteroal kyl, C3-C6
oN het ey ﬁ aryl grp 20 _h er oar Wy Jl
[:/%X t her enbod N each RO i Fﬁ@éEEﬁzentl A sl
ydrogen aeugég or C-Cs ¥\Eln ano L\I
relat@d enbod ch RO is |ndep mdently nethyl

et hyl Liveroeiamlon |sopropyl |sobutyl tertiary butylCI
or cyclopropyl. WO 2007/002931PCT/U82006/025881

one odi_ent, the present invention
C%ﬁ%@’%@§ﬂﬁ con%g%% tgﬁ for mul a (1V) wherein oneAfylator i
Rois -(0-1,)e-dntercalator mh rein an Intercalator
Qﬁs an aronat i Oqt hete oar o nole%y capabkegof
‘é?célatln bekwe con a nucl{:

% aci t-Dase_pi /“w/m
q684] I'n anotrer nbodlnent present %Y
prosti des the comp mhen3| 44 and RlO i's
deflne@r@&hhalfornula (rv). [0185] In another
enbodi nent, the present invention provides the

ound and bia [0186] In one enbodi nent, the

0
1&%?% ent i nverfsreBilovi des t he conpound of f or nifidator 2

% : RO O NN(Rth O XR9 Trigger (VIII)
[0088] Whﬂe the hypoxic turoor is difficult to treat, the hypoxic tumor zone ean generate

reduced derivatives of a variety of chemical groups (see the reference Workman et al., 1993,
Cancer and Metast. Rev. 12: 73-82), and prodrugs of cytotoxins can be developed to exploit
such bioreductive environments (PCT Application Nos. US 04/009667 and US 05/08161;
PCT/US2005/041959 and PCT/US2005/042095, all Matteucei ef al.). Such a hypoxia
reducable {or hypoxia activated) prodrug can be construcied 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 20071002931PCT1US2006/ 025881 wherein each RI is

i ndependently hydrogen, nethyl, ethyl, propyl,

i sopropyl, or cyclopropyl; and N(R10)2 is selected-
fromNH2, NfilM, Nwvez, NEtz, r Th
Oitw MN , , NHOMe, and NHO1-1. [0187] In one
wakedborent , the present invention provi despdine2006/025881
compound of the formula 5(DC): 21 ,0x4) Nfiz9 RO
(TX) wherein each R9 independently is hydrogen,

[0689t Nk conglohyds of the Aipaghtjoni caOEmORYY be dkcribYCsQREPPYhmidate

MR T R ST T

the isflew®lg Binemeh R9 | ndependently is hydrogen, nethyl,
et hyl, propyl, isopropyl, or cyclopropyl; and each
R 3 is independently hydragess nethyl, ethyl, propyl,
i sopropyl, benzyl, substituted 15 nethyl,

whefaihC ARRDE %E%ho%ﬁwé(édkylﬂ&%ﬁ yfﬁ%gbli( Yhas Drubi0Rel- N héi the

..Ru folio a heterocycle. [0189 n one enbodi nent, the,

linkey Tois pfrded [nAdPrPGIstif BOiPFes [t His cEbofiaeidhe bigsehkis a hypoxia

activoa@ddmigds (X-A), (X-B) and (X-C: RI1 Me R11 NI N? X
20 0 (X4H2CH2O) 2N, Il ,N(Rio)2 Me 2 2

{0090] Phosphoramidate alkylator derivatives are reported in the references, Borch et al., J.
Med. Chem. 2000, 43: 2258-65; 2001, 44: 69-73; 2001, 44: 74-7; Hernick et al. J. Med,
Chem, 2002, 45: 3540-8; Hernick ef al., J. Med. Chem. 2003, 46: 148-54; US Patent Nos.
4,908,356; 5,306,727, 5,403,932; 5,190,929; 5,472,956; and 6,656,926; US Patent
Application Publication No.US 2003/0008850; and Papet et al., Curr. Med. Chem., 2002, 2,
155-885, isolated compounids of which are disclosed fherein, and are not the subject of the
present invention. In some embodiments, the phosphoramidate alkylator prodrugs of the
present invention have one or more of the following characteristics: (i) a higher hypoxic
toxicity or lower vatue of ICsq or ICs, in hypoxic tissue, (i) lower normoxic cyloxicity, and
(iii) less.toxic side effect profile or some combination of these attributes. In some
embodiments, the phosphoramidate alkylator prodrugs of the present invention differ from
known phosphoramidate alkylator derivatives by: (i) the nature of the phosphoramidate
alkylator released, (i1} the nature of the linker (L) and/or the bioreductive group Zs, (iii) the
presence of more than one bioreductive group moiety, or some combination of these
attributes (iv) increased hypoxia selective cytoxicity measured by larger HCR values (v)
increased aqueous solubility (vi) increased stability to liver microsomal degradation and/or
(vii) providing effective phosphoramide alkylator prodrugs that are achiral and aveid

enantiomer specific in vivo metabolism.

[009%] To understand why the prodrug compounds of the present invention represent a
significant advance over known anti-cancer phosphoramidate alkylator derivatives, an
understanding of tumor biology particularly under hypoxia and pharmacokinetics, and

pharmacodynamics of prodrugs provided herein in particular is helpful.

[0092] For effective tumor therapy, a hypoxia activated prodmg 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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(X-C) wherein X2 and X4, are defined as in formula
('), and Rio, and R11 are defined as in fornul as
(1), (V) and (VI1). .. 101901 I n one. enbodi nment,
the present invention provides the conpounds of the
formula 10 (XI) - (XV): WO
RO0W/EAZR31PCT/ US2006/ 025881 X4l rH X4AX(\ »th0&006/025881
-%hpl/ mex, NIIN Me 00 H2H2 /" \ NO",Z3 5H2
wherein each R11 independently is hydrogen, methyl or
thanyPSEd dtid. e\ﬂhéﬁ%hé% proR@ P &the ink SARA Q}R,thmerpﬁ@ H%Jomc redli.jcmg

cycl opropyl , methoxy, and hydroxyl; 1,
envipogmspievithat solid Brmes tisseveductigad ! e bi%edemtwe Broup cinds

d1ss@d1&ﬁ$£ §f'¥§nf: @8 }ﬁﬁ&ff%mmﬁﬁﬁt@ ﬁlﬁglm‘!ﬁy b £cBY R Kin. The

cl oal kyl sul f X
phosghe ramidaty el glatokiy |r§m5f%wgﬂm%3¢ Turpgryzpre g epyEeR gAsilppenetrate

the ﬂ'jzﬁé)@& 31N bk gd?lﬁ%l!ﬂﬁ&y Th!:s@ E&Eh&&ﬂ%ﬁé Hﬁﬁgtors lofh kili cells in the
npounds of fornmul as P when X4

ciffigg! s bppie raionRRl Beesa %@%Wwé@#@pwg cplfy o pen-cancerous

heal@®YRARI B RKic sAe EHIROY AL ﬁﬂﬁenft Of i kiR pbednt B EktHH BRovities
compound wherein Z3 is

hypoxgnerpiirtsiomerivesy thasare o @%tsaw fedeatily, nqsmeriecells compared to

hyp&iagioBdi, the present invention provides a conpound
of formula (XIl), (XIV) or (XV) wherein each R11 is

[009@}/ d Ep&ﬁﬁln N IRLES aQ Géb[{&%{a% a@cgla{opgﬁlﬁlugs 3&1&@ przg'e\{,

XV i ncl ude conpou
mve11tg)n egrgloyzlzpro cpplaingyg, arcggatw gnmd@p. guinge mogetighas bmreduchve

grouﬁmqgsl o1t ﬁlarﬂygéﬁ@&niop Vit QB ol 19YBES to -

p osphoran1date alkyl ator pro drugs of fornulas 5

hydrgylamiyg ¢ angping\ergiipend flgwR a0 elgcion aesior G yminsror ,,
hydrb SRREAP ¥oup il.hfbu@m @1(3 Q@Iﬁﬂ@&@ﬂ%l&ﬁm systt%xg%f P Q%?g& T releases the

i nventi on excl he COfT'pOUI’]d

phosperrgiate llylgier. e‘ﬁﬁ%ﬁh%ﬁ’ﬂ)o‘i@éﬂtpﬁnéé%?ﬂmq fwv@rn@n igfiele quinone is

redufddQy mdﬁaolahﬁmﬁ&@h@mo@%ﬁneiewdn%ﬁ FoR R AL N
C8, cycl oal kyl . I n angther enbodlnent t he

thm‘%%}@iﬁbm%?] T {egaasE@ﬂr@y@psQB?ra@Wte a] kﬁ]a’@é n"gtfea'pleasgd phosphoramidate

alkylpe kO CORYA ar@foP Bddr BRMyRSid®mer. St abl e than an al kyl
group to oxidatively netabolizing proteins in the

10096 ! KnulBErtdr Gkl %n'b@réspﬁlsib!evf%f thé REuBLRGH HGHiERARAVOLSup
z3uv£%the | nvention provi har macoki neti cal | y

%Y TisR W%Pﬁ?WW%SEFWFtWSWWWG@U&%%all’ﬂ”@@f
a quinBnd ROV iPIRSRNRE MDA B a3lrl B t@pecR¥ DO UBFO, () or a

h01931 I.n one enbodi ment, the present _invention
semigpRAedacical #EoTe Jrp BIRATEC TR0} 298¢ Fa5 b adighsT qogeAntratiap of the

reductase enzyme compared to normoxic tissue. Under normoxia, as in well vascularized
healthy tissue, in the presence of oxygen, the NOy(-) or the semiquinone radical anion
formed can react with oxygen to revert back to the bioreductive group and not ultimately
generate or release the phosphoramidate alkylator. The aryl or heteroaryl moiety covalently
bonded to the NO,(-) or the semiquinene radical anion modulates the oxygen sensitivity of

the radical anion.

[0095] ‘The oxygen sensitivity of the bioreductive group varies depending partly on the
reduction potential of the bioreductive group. Thus, for example, one bioreductive group can
get reduced in a hypoxic tumor zone having 1% oxygen, another in a zone having 0.1%

oxygen, and yet another in a zone having 0.01 % oxygen.
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oX4 OIIN Trigger/. )(4 RO (XVI) wherein Kis

C - Coal kyl ene or Cl1-C6heteroal kyl ene. In one

-enbodi nent K-4s (C(I1t22)2)e, CH2CH2(-X6- CH2CHI9) f, or

Cl12(- X6-CHOL wherein e is 1-10, f is 0-3, and X6 is

0, S, or 20 N1242 wherein each 1212 is independently

wefdomedesas above. WO 2007/ 002931POT/ US2006hAR2@8 325581
[0194] In one enbodi nent, the present invention

provi des the conmpounds of the formula (XVII - ponp

[0096KVIAl Digr&ddctive) gr&upibies Qimd « all 5F i&}f}rfn?ﬁ% sp:eﬁ:ﬁ@ﬂy wen Bs so easily
sulf onyl oxy,

al | sul faonyl o het eroalk e .
rediid g P9 et ? QU DRE A [educine
agenii;”) @mealﬂszaladMRﬁsm cBih%chhc% itde tHepederas ofdaoya, 1 agsi@z'iz 1)h0r a

n, one odl nent e rese i nventi on rovides.thne
se ‘ﬁrgg?m?lbm‘emﬁs@ V'% atalpgﬂﬁ nQhrepet g @%ﬁ?ﬂ‘ﬁ%w
oxygeF, t)ﬂli raEth lzliﬁ))n itﬁblwﬁ@ feﬁelaﬁb Be piﬁ)lsﬂmlﬂ?cnndﬁﬁfai KatbrSorGan bSfurther

a S [0)4 Q sul f onyl oxy, .
redud g B Y PR op et QBTG PO B BRI pealfy ngrmoxio cells
and ﬁghatrﬂﬁgeﬁifpplsismm;dm akﬂmaf]ﬁa&u'gmmtﬂr@ém piventiod afe I:EOES

n (0] or er.el
toxi QTR Ao fants) B 545he Vst dtyBe retRy g BE ool abd.

tissmdescri bed herein. 101961 I n one enbodi nent, the
present invention provides the conpound of fornula

1009(7?<X)1“he e or AMBRBQF FINSRSHE G B ZB&H bt msured by the

reduﬁiﬁaa geglgf:ggg %ﬁllhg b]Blfel(Jig(gq%E ﬁ;{oorgﬂ F‘IF‘%:SI ;:]C 0 %S%eda nyatlhg l%]ker (L), ang th%

phodpBéahidate K&B{ﬁi& { ARy Xy, exathiﬂle &iﬁ'aé}ﬁﬂ:ﬁﬂ dTXHE, bldiéductlve group to an
eLn,

het er.oar ul fonyl o
cleci g g RO St Phoe e el oap make
the m@ﬂecaiceﬁb esdpadiisan fedudeh:@m@ﬁle@ﬁﬂirheh RYEL/heRyDoRIeaVd fes
nd of formula Mherﬁﬁ%ﬂ£%|3 1. [0197] In

da{#ﬂﬁc OﬁgH#amPﬁEdb? §%Wﬁw?1 %ﬂ:pYOVIdeS t he
0095 ngfﬁ?g%ég 5o g@f‘%@ﬁ@% ar Bivbrsel e re{eﬁ%@ the
phoph@aaiihte kvt imypmyhﬁﬁé‘enﬁekbeuﬁaﬂm&n dsicyta™

phosphoramidate alkyltor prodrug that is in the clinic, can release an active toxin in absence
of hypoxia by the action of glutathione transferase (see, e.g., phophoramidate alkylétor ifin
the “Methods of Treatment™ section). The chemical nature of the linker and/or the
phosphoramidate alkylator can influence the oxidative, hydrolytic, or thiolytic stability of the
prodmg with respect to phosphoramidate alkylator release. In one embodiment of the present
invention a hypoxia activated phosphoramidate alkylator prodrug, does not release tl}e

phosphoramidate allkcylator in a hypoxia non-specific, oxidation, hydrolysis, or thiolysis.

[0099] According to the present invention, a properly emaployed Triggerin a
phosphoramidate alkylator prodrug can be used to “tune” the pharmacokinetic property of the
prodrug without altering its cytotoxic properties. For example, a high volume of distribution
of an anticancer agent ensures that the prodrug is absorbed in the tissue quickly. According
to the present invention, in one embodiment, the volume of distribution of a phosphoramidate
alkylator proedrug can be modulated by employing a Trigger T containing an amino group
capable of forming an ammmonium cation under physiological conditions. Tn one

embodiment, a Trigger T containing a quaternary ammonium group can yield a prodrug
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X4 X4 ?20X4 ? % i N //RORON /° NP-NP-N(R10)2 /\ N ONO ,

and )(4. wherein RO and X4 are defined as in fornul a

VI. [0199] In one enbodinent, the present. Lnvention

provi des the conpound of the formula (XX) | Kl Th\ |

VIN O Trigger 5POCI) wherein Yl is S or 0; and

Wo rggenssT is defined as in fornula (I). [ GzAfk20b81025881

anot her enbodi ment, the present invention provides

t he oxi me- phosphor ani date al kyl ator conjugate: Sr.
conpQud @2 Ok finventicnrhaviagbhigdh Hiihe ofSliktlbusitn while avoiding Bossible

e

xi ne- phosphor am date..al kyl at or conj ugate can L
end e R R e o Bt G & ot fonctionality
will 2086 022031 RCIbUSEAOMAIGES L OZ0RE %ﬂtxﬁceﬂﬁlﬁi Hede outsidg of

.the present inventio rovj des the conpounds
nor R RE S il st pime copt e i pocid i Frombrenc i Jomerop
in tomoy extrazellular spacd canNbnviel tHRRSY () th iédincharged “CO,H” form allowing
the prodrug to pass through tumor cell membrane.

[0100] A phosphoramidate alkylator containing a hydroxyl, amino, mercapto, and/or a
carboxyl group can be iransformed into a prodrug by covalently attaching a Trigger T to one
or more of these functional groups. During the transformation from a phosphoramidate
alkylator to a prodrug, a hydroxyl group in the phosphoramidate alkylator can be
transformed, for example, to an ether or an acetal; an amino to an alkylamino, a carbamate, or
an amide; a carboxyl group to an ester; and a mercapto group to 2 thioether or a thicacyl, as
described in greater detail in the Method of Synthesis and the Experimental sections below.
These transformations can yield a prodrug which is less polar or more lipophilic than the
comesponding phospboramidate alkylator. Non polar phosphoramidate alkylator prodrugs
may not be readily soluble in aqueous pharnaceutical carriers or diluents. Solubility
enhancer groups like CO,H, amino, alkylamine, dialylamino, and hydroxyl can be employed
in the Trigger T to modulate the solubility of the prodrug and overcome any problems

encountered in preparing agueous formmulations of the phosphoramidate atkylator prodrugs.

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

haloalkyl) or N-{2-haloethyl) and/or one or more aziridine (W"ﬂ) moiety covalently bonded
to a P=0 moiety as shown below. Upon release of the anionic phosphoramidate allcylator
moiety an aziridine or aziridium species forms which can alkylate DNA (Ses EXAMPLE
section, Example 36). Depending upon the electron withdrawing nature of Rz 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 NRoRs moiety is

changed from NI, 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 aIkylato;r,
the delocalization of the lone electron pair on this nitrogen atom in the P=0 moiety, the
availability of the nitrogen lone clectron pairs for aziridinium or subsequent aziridine
formation, and the aqueous solubility of the phosphoramidate alkylator prodrug and the
phosphoramidate alkylator.
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V2--.."... R co wherein 5 [0203] R - R5, Y13 and Y2
are deflned as in formula (1); [0204] each 12.1-R5
and 1t1*-R5* independently is .selected fromthe group
consi sting of hydrogen, hydroxyl, Cl-C6 al kyl,

Cl- Coal koxy, Cl-C6allcyl am no, Cl1-C6di al kyl am no,

var yb7ooket eroaryl ; or together R2 and R2* frommsmosozsssi
heterocycl e; or each RL-R5 and R1*-R5* independently
is a Trlgger T selected fromthe group consisting of

[C(TEKS)E M\)\[q =0) - OSI;CELWZ - Y4l t?ﬂ[oqgfmﬁ}lgu C

3 and
f ‘%\(S( =0) 2) c[TY202- 44T - [C(Zmz] AC(Z1) =C(
7|T)s§ge th the prowsothat in formula (XXI1):
[ 0205] (|) amebﬁﬂﬁiNtMD of Rl--R5 and R1 *_R5* are

BrdagtoRadidade| Ayt 9%]‘1 kYl Aziridintum
biahegresaht kivksich f onyI oxya ar yI sul fonyl oxyal kyl ,
or 2 heteroal kyl sul fonyl oxyal kyl; or 15[0206] (ii) at

[o1 ﬂﬁge ggﬁ (%&QE (&Fveﬁ#o 0 x g)/d:{ (&Jt ?ﬁﬁe dlécﬁv&y ﬁl@d ﬁl@éﬂﬁ&lamﬁate
alkylgtohgtpétpmm .5 Wdﬁ-{bﬂed‘t}cﬁw group show unexpectedly high

hypo e el 2 i Rloicity A igh HOR gnd fmproved soluhilty. For
exatiyRp Qsmmmdq\mmﬁ W%PSPWPI& 100 zcolﬂpo @141 mprederdhinRXRE
cells@ﬂtg nN%rmBup 9&11'9 ?tpgl £h- lﬂnﬂﬂ%rg oqlé?tlotokﬁ a}p&lﬂ@a m%@og pM

. or non-racemc m xtu | SONEers, OI sost eres,
in cefiendapivophior@se EXANRAEsadionk |Péaﬁph‘grma@ete plkalbioep@@uss

conts dgﬁ&&mabyﬁm&r& or ﬂésfﬁnma%a@aﬂaﬁgg ﬁﬁfhawhg%%ﬂﬂaseacr‘ z
I ndependently 1s C, S, or P, [0209] each

e O O Bl S B O D N CB(RCH X, and

cl P %L [0211] Kis selected from
44 ;%elsﬁpﬁél??g@ 32?’ Cl - 0sal kyl ene,

AR A ) o AT

nitrowhdezel-Fryh), 2 lstrtith&phtinE)SZStIZtir Qetatcbﬁlm—ﬁﬂttelpé eabl B IisyCl ios Bdwgre

mexﬁ%teg.ﬁélg%rﬁ Yy ,cq% rﬁ%fog%c ce %Erg(% E{: ov a ecn%gﬁy a%) CP e%eised

unexpéreedlydngh IEER bdneaaKWQ?mhé@]ﬁ@o eeit cytrdorbioty assapsm cantgnst to the

B BB A A G
2-nitrofigarpb-oliospoih am@néyloﬁlof@'dmsve gongs %) Iaa@;Nﬂ‘B (tHek@;2- S,
chol&{)eﬂ% pho oramL st le 0 rrpoun S %ﬁ]@ttdll’%l Bﬁi?l 1@0&%%%%113(1

i nventi on provi é formu
group sl apd 1meR¢3mRarardI®m e gl CEEPQURINN, - FRDIG wmdd21 22, in

Borcge} 6999 é@péﬁe% T or nuﬂbg 6?31%1'6 655&26&@&%: : Y2 are

ef |ne as In 10217] eac -R5 and

o075 SRR bt B S G i
focr@lulﬁﬂ) al koxy G- C6a| kyl ami no, C1- C6di al kyl ami no,

aryl, heteroaryl; or together R2 and R2* forma
heterocycl e; or each R1R4R5* itndependently is a

Trigger T selected faun q %roup consi sting of
\[&

-[ C(Z02: C131v-[ ( O)/Of} \)\24Y4] -[C(zi)2]z-[-C
(Z1)=C(Zi)b-23 and

- [ C(Z02- Y3], - (S(=0) 2) g- [q;oz Z2- Yab- L
O(Z1) 21z-[ (21 ) =C( 21 ) j g- Z3Fp

@
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20 with the proviso that in formula (XXrI1) [0218] -
(i) at least two of R2-R5 and R2*--R5* are

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

het er oal kyl sul f onyl oxyal kyl, 2- arylsulfonyloxyalkyl

or 2 heteroalkyl-sulfonyloxyalkyl WO

20067002931 PCTI US2006/ 025881 [0219] (ii) abcteasds 88
of R2-12.5 and R2*-R5* is 2-hal oal kyl, 2-Cl1-05

al kyl sul fonyl oxyal kyl , 2-heteroal kyl sul fonyl oxyal kyl,

whegei@l yi sul fonyl oxyal kyl, or
2- het er oal kyl sul f onyl oxyal kyl ; and one of NR2R3 and

0N ot BoptAfL i ldligiyIgEss it

heleresfert ek opkereistthand [ 0221] an i ndi vi dual |soner or a
racem c or non-racem c mxture of isoners,

(0145 0/ YsdsP.aF, 885 N areddphBee, s, a pharmaceutically
acceptabl e salt, solvate, hydrate, or a prodrug

10166k e reaabfof RHBE 2dpendenflgis hy@rogdnemadianylXimind et i Cratkyh€:-Ce

t
et REE c QER L L nBOBHIRE CTEMIELL A ARRBRERET,
d1alkglmtv)aryl Fhsﬁzpm& O @k apyl|IC,16Cs hetetoaeyl,-aroyl, or hétama;rqyl,l or together

any %:wo of R1~R5 f&%loe?é ':C]I};)(hét%%?z) % or, eggl‘k V\% Iﬁpu{dﬁgﬂ&gy ISF'% Tt gﬁfﬁ.‘ "

th@HThﬁwWEI%Q,K and Trigger are as defined in For mul a
(XCCE1). [0224] In another enbodinment, the present
[0107hv énit sebaetedifiom des t he conpounds of formila ( XXI'V)

ORI GG, P Q. ol LS 0
—~CEZ - Vs (SEOR) ()20~ Y s Lo [C(Z ) A CZ)=ClZ) s

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

[0£08] Ysis S, O, or NRy wherein each R; is independently hydrogen, hydroxyl, C;-Cs
alkyl, C;-Cs heteroalkyl, Cs-Cy cycloalkyl, heterocyelyl, Ci-Cs alkoxy, Cy-Cs alkylamino, Cy-
Cs dialkylamino, aryl, heteroaryl, C;-Cs acyl, C;-Cgheteroacyl, aroyl, or heteroaroyl;

[0109] Y4is O, S, or -NRy-C(=0)-O-;

[0110] each Z, independenily is hydrogen, halogen, C;-Cs alkyl, C,-Cgheteroalkyl, aryl,
heteroaryl, C3-Cs cycloalkyl, heterocyclyl, C;-Cs acyl, Ci-Cgheferoacyl, aroyl, or heteroaroyl;: -
[0111] Z; is C1-Cg alkylene, Ci-Cg heteroalkylene,
X3
xT___ X':f \\X1

S /i

/‘N\/~< >\/\’V o % \\‘/)(1
\ / \ / f X

XXy X% , O ;
[0112) each X, is independently N or CRg wherein Rg is independently hydrogen, halogen,
OH, OP(=0)(OH)s, nitro, cyano, CO;H, Ci-Cgalkyl, Cy-Csheteroalkyl, Cy-Cs cycloalkyl, Cy-
Cs alkoxy, C-Cs alkylamino, C;-Cy dialkylamino, aryl, CON(R7)z, Ci-Cs aeyl, Cy-

Csheteroacyl, aroyl, or heteroarovl;

[0113] X;isNRy, S, or O; and
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HI1C NIl X4 N Trigger X4 and r" x4 O NNIHNIP RH ™ "7 ©

O\ Trigger 14 PCT/US2006/025881 Il P\ O \ Trigger
-----= -\ X4 N--,.... HI , - :

WO 2007/002931 PCT/US2006/025881

[0114] Z; is a bioreductive group selected from the group consisting of:

NO,
Ky
D8
« A X=Xy /\N‘g_—‘ X/ 1\ \X1
2 _ /X1 N\I<\ />——N02 ML
X Xi—Xy X1_X1 = X1
i —{i X'——x1 Xi”—x1
X1
Xy==X4
X1
<\ />
Ky—Xy

5  with the proviso that in formula () :

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

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

heteroalkylsulfonyloxyalkyl; and at least one of NRoRs and NR4Rs 18 w"d; or
[0117) (iii) each of NR,R; and NR4R; are w"<}; 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.
15 [0119] In one embodiment, zis 1.
[0120] In one embodiment, R%-R’ are not the same.

[0121] In one embodiment, any one of R*-R’ is
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K N Trigger ~ 77 T (XXV) (XXVI) [0225] In
anot her enbodi nent, the present invention provides

t he conpound of the formula (XXVI): r------ --\ X4X4 0
HH 01 1 NVRA----N,,11.."--Nx4 1 42/ eP \ XP 00 NO2
X2 1-- X2 ( XCVv1)
WO 2007/002931 PCT/US2006/025881
o}
0 \

1 p==0
A o AT
0 O .

[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-nitrofirran moiety as a bioreductive group or Zs.

[0323] 1In one embodiment, the present invention excludes the compounds:

Q
(CIH,CHoC N N(GHaCHoGH)
2CH2C )2 \ipl - 2GHRGl)z ﬁ B
(CleCHQC)zN NH2
o\ NO, \,P/ o
HZC\U (l) /< NO,
¢ \ / '
g\qﬂe s Hp N :
10 Pl P2
O O
(CIHQCHZC)ZN\LI NH, (BrHZCHC)zN\lJ _NH,
| 0 | s
e\ ~e—"\_J
Ho , Hy )
P3 P4
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““wherein X1, X2, X4, and e are defined as in formula
(XXV). [0226] In another aspect, the present
invention provides the conpound.of. the fornula . .
(XXVI1): R3R4 RAR3 1Y1I\Y1l NI NNl
"1p RpR2 I R5 R51 TriggekKt' D02)r-K482| r--Trigger
wodetbopesnher ei n R2-R5, 1, lc, Y1, and Tri ggarsionaisss:
defined as in formula (XXIV). [0227] I n one
enmbodi nent, the the present invention provides a
conpound of For mul acHCk0),2007/ 002931PCT/ US20064:022881
wherein T is LeZ3;/ Li is CH2, CHW, C(Nb)g OCH2,
(CH2) 3, CH2S(C11 T%-N@hjzﬁz@gHZ)3 5[ 02281 In anQ];,(Q,%HZC,)
enbodi nent, the ptesent invention provides al z3 2
sel ected fraom the®group consisting of: [0229] In

odirént, the presgotcdnyventi rovi des a

nmoi ety havi ng tihe formula: selectedifromithe group

[ of . ~C Ljti, © PCl 0P

N0, R NO,
P5 P6
N{CH;CHoCH; N(CH;CH,CHy
O\P/ 0\\\13
I - N{CH,CH.Cl}o l — Ell()CHZCHZ
2
s} O
MeaNH,CH,C H3CHCO
0
O o]
NOz NOZ >
P7 P8
N(CH,CHCl), NH;
o
\\\‘P—-__ O\\‘ /
I N{CHZCH,Cly T“‘— M(CHCH,Cl)y Os /
o s S N(CHzCH, I
I 2GH2Cha
HsCO 0
HyCG
o}
NO2z
o
NO3 N0, s
P9 P10 - P11
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ONBr B NHH =~ C C [0230] In another enbodi nent,
the present invention provides a T selected fromthe
group consisting oft = wherein.each R7,, and Rg is .
defined as above. Wthin this enbodinent, Z1 is
hydrogen, nmethyl, or ethyl; R7 is nethyl,

weo dobioossoet hyl , ethyl, propyl, and cycl ohexcyhusz@eckséig
is OHor OP(=0)(OH) 2. Wthin this enbodi nent, WO
2007/ 002931PCT/ US2006/ 025881 wherein each R9 is
hydrogen or Cl- Cgicitckgt and each X4 is hal o NHCHCl,

R | Se---0) 20- &\\ n anot her enbodi nent,

hydr ogen, nethyl“euhyhgzlsopropyl or i solutyicH.cand
X4 is chloro, or nethanesul fonyl oxy.; [0231] In

anot her e nt, the pre i nve onprovi des a
6o rmul a: o-P-Fﬁﬁ%% Tis

wherein I Me, CWve2, and Z3 ps y
2007/002931PCT/ 2006/ 025881 ' In 4 e aspect
tion provides deuterated

phosphor ani da & al kyl ator prodrugs of fornula 5
wherein X4 is Halo or R 1S(=0)20. In another

enbodi ment, pxt 15 C or Br. Such deut ergted
phosphonuni date al kyl ators and their prodrugs are
equal ly cytotoxic with respect tahypoxic tunor

ti ssue as their non-deuterated or Yydrogenated

anal ogs, such as conpounds 25, 36 and the I|ikes,.
However, the presence of such deyterated anal ogs in
vivo, for exgple in blood plasnfa, can be deternined

nore efficient conpared to @helr corr gpdlng 10
phosphor am dat | ators an ~phgsgﬁ§8 i dat e
gneti c resonance

al kyl ator prod
met hods aqygd-su ed anﬁlogs can be useful in
detern1n|ng phar rfacoki netic or \phar macodynam c
properties of the phosphoran1dat§ al kyl at ors and/ or
phosphor ami date al kyl at gy, pgdrugs. Pharmacoki netic

and or pharmacodynam c |nfornat|on of phosphor am dat e

A ator prodrugs
Wmﬁgk%éggg%ﬁy?gggg%%§ﬂ1 ?n E sage (g%ﬁbncy of

dosing, and sinmlgr admnistration rel ated
paraneters. The syhthesis of a

oct adeut er at ed- conpound 25 and oct adeut er at ed
i sof osfam de al kyl ator is described in the MVPLE
secti on.

Cl

wﬂ\/ 0“1\/“\/\& /@\/ Ry

N

\
§ S e

P18 P19

30



WO 2007/ 002931PCT/ US2006/ 025881 [ 0233] I'n"ahother =~~~ -

group of enbodi nents, the present invention provides
- the individual -and selective groupings of the
conmpounds of the EXAMPLES. Exanpl es of conpounds of
the invention include: d/ 1 0 V1", 1 INH2
YOb 200podes10 A\ NO2 N 51 02N 2 15 Cl Clr5hikice/028¢1
A Ph/ n N7 M? ---.. ------ ",--Cl Ng Ph 13 02N

Cl

e o

s

P20

Br Gl

O Ci
DAY
O.N o P\NH OzN
2 » /r/ “‘\L\‘ ’

P21 Cl

Br &

O /N2 \/\Br \C\)\ /NX\/\ cl
OEND\/O“\I\D\ OzN/[]}\/o R

31
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N /[ ON 02NN 10 15 WO '
2007/ 002931PCT/ US2006/ 025881 ad 2122 CBr (

O2NNH NH 0"" / Nri 13."",---- ,Al//P N
\ -""" \vw. Br g 0 HOH 2324 V\D2007/002931 Br 0
p A 11N 02NO
WO 2007/002931 PCT/US2006/025881
Cl
Br
“/N\/\C[

0 N/U\/Oj#if\/\& o OZN/CME)\/O .
z fq¥

N
Me N\\\
J/ Br
Br
P25 P26
AN
)\co R
HoN (H20)4 2

— (H C))\COZR D\/ \[\3 /NH
/[—)\/C"“ . e o
02N

e ] f L

P36
wherein R is H, Me or allyl;

[0124] B;M(S»Methoxy-l -methyl-4,7-indolequinonyl}-methyl bisfN-methyl-N-(2-
bromoethyl)] phosphorodiamidate (P27),

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

[0126] 2-(5-Methoxy-1-methyl-4,7-indolequinonylymethyl 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),

32
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'Br € 353 O 0\ a H' K1112 5 11 /0--1---NC
C oc_rh, 138 15139 148 15154155 [0234] In
one enbodi nent, the phosphoramni date al kyl ator prodrug
contains 02NJ\ as Z3 and shows hypndc tunor specific
toxicity while being nuch | ess toxic to healthy,
woronnoesi t i sue. WO 2007/ 002931PCT/ US2006/ri2h8 86025881
102351 I n one enbodi ment, the present invention

provi des a novel pbosphorani date al kyl ator prodrug

[0136hi eh5-Lpoxhil anakiie!7-aml@ineas aedyBs[onEeapendi ng
brorm O b1 hspk O idate (P33),

[0131] 2-(5-Methoxy-1-methyl-4,7-indolequinonyl)methyl N,N-bis(2-chloroethyl)-
phosphorodiamidate (P34), and

[0132] 2-(5-Methoxy-1-methyl-4,7-indolequinonyl)methyl N,N-bis(2-bromoethyl)-
phosphorodiamidate (P35)

[0133] In arelated embodiment, ihe present invention provides a compound of formula (T)

with the proviso that

[01341 (i} at least one of Ry-Rs are selected from the group consisting of 2-
alkylsulfonyloxyalkyl, 2-heteroalkyisulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsutfonyloxyalkyl and

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

[0136] {ii) at least one of Ry-R; is sclected from the group consisting of 2-haloalkyl, 2-C;-
Cs alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-aryisulfonyloxyalkyl, and 2-

heteroalkylsulfonyloxyalkyl; and at least one of NRyR; and NR4Rsis MNQ; or

[0137] (iii) each NR;R3 and NR,R; arc "‘"’”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 together forming a morpholine ring.

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

structure:

WA DR/F/E‘“NCI
\ A//{N\\,/Ei\:\\m

G

ct
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5 )(4 X4 phosphoramidate Rg al kylator 0 OH Rg Ia Rg
IX NNL' ----." Pl OHIb RO X4 and ) X4 "---

Rir 1N . R11 ~wherein X4 is.defined.as in fornula
(1), and R9, Rig, and R are defined as in formulas
(1V)- (VI1), and ionized forns thereof In a related
wobmdiemsnt, X4 is O, Br, nethanesul f onyl oxyrs2006/025881
benzenesul f onyl oxy, or para-tol uenesul f onyl oxy.

wherein Z; is hydrogen or C1-Cg alkyl.

[0140] In onc embodiment, the present invention provides compounds wherein the Trigger
Tis:
[C(Z1)2-Y3sHCEOY- O CAZ )2 Za-Y ] {C(Z1 )] [ CE=CAZ1)I-Ls;
S [CED2rYsH{C(Z)a-Z2-Ya] ~-[C(Za)2] [ C(Z)=CLr) ) 2Za;

[CZ1)2- Y3 C(Z L [C(Z1)=ClZ1)]- 235
[C(Z1)2-Y3 -{C(Za o] Zs;
[C(Z1)2-Y3HC(=0)-0) -[CZ1 ) 1 [ CLCEZ0)) - Zs;
[C(Z1)2-Y3]H{C(=0)-0-C(Z 1)) Zs;

10 [CZ1)2-Y3HCEO)-0) -[C(Zi )l { CZ)FC(Z1))-Za;
[CZ1)2-Za-Y 4] HC(Z 1 02} [ C(Z1)=C(Z 1)) Ls;
[CEZ ) CE=CZ1)]-Ls;

A f
1\ N T

15 [0141] In an additional embodiment, 75 is:
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102361 °T'h one eénbodi nent,. the present invention "
provi des a novel phosphoranidate 10 al kyl at or prodrug
~whi ch upon bi oredueti-on rel eases -the cor.respondi ng
novel or bl own phosphoranidate al kylators 0 1 \Cl/ |
Ol \ C a/ | 01 \CA (1110)2N., I1C NNIIN C
VARRGiOR02931 i i OHOHOH I dlelf Br" | 0 | \Br Mirkustdbdgsst
01 \ Br (1210)2N.,,14,,,NI1Br I1h OH HO Br/ | CH Br

NIINJ Br\IT' /Br OHii X4X4 1j WO
2607/ 002931PCﬁ’/ US2006/ 025881 and ionized forns
i zect #ft he group
each R11
et hyl cl opropyl,

cycl opropyl .° met hoxy, aﬁd’ hydr oxyl ;R‘*or t ogether two
Ru form a heterocycle. N°

om—@—_—i‘é N \2
o |
A\ F
\ 3
O,N or O

{61421 In one embodiment, each ~C(Zy)o- is: -CHa-, -CHMe-, ~-CH(CN)-, -CH(CO,H)-, -
CH(CONH,}, ~-CH(CF3)-, -CH(CHF,)-, -C{Me)-, -C(Et)-, “CH(CHQNMGZ)", -
CH(CHzNM(:‘z)-, -C(CH;NMGQ)T, or -C(CHzCOzH)z-.

[0143] In one embodiment,-C(Zy)y-Ys- is: ~CHy-O-, -CHy-S-, ~-CHy-NMe, ~CH,-NII-,
CH(Me)-O-~, CH(Me)-S-; ~CH(Me)}-NMe-, ~-CH(Me)-NH-; -CMe;-NMe-, -CMe,-NMe-, or —
CMQZ"’NMG—.

{0144} In one embodiment -75-Y4- together is:

F - 355_ ‘ 557

35
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[02371 The anti-cancer "agent Cycl ophospham de
nmet abolizes to Id (Riois hydrogen) and |fosfaraide
-met abol i-zes t-o | e- (each R11 is hydrogen), when used
in cancer treatnment. d ufosfani de, which is being
evaluated in the clinic for cancer treatnent,
wvepwaewssian 10 al kyl ator of fornula | e (eash/URaoH/825881
hydrogen, see Wessler et al., US Pat. No. 5,622, 936;
PCT application No. US05/03370 entitled "Anti Cancer

(0128 e rlaphesibod SnRaC(Z ML) Mo CHEOIBE,38895=€Ht, i CH-et(CN)-, -

b O L3 BB oa0S FPRER SR 4s vy Sovs

CHeOUOR 124 wheleinf A0G§ apl cgpetorGprhibeiditried witl he fodpy SYbstituents selected

oSS0 AP 10, SR, 0, D LS T8

dihdlGRaind srihaResethy? Hdochidil ) BB COBB),, CHABSdndHKNIMe; and

e RIGRRIRHATHE B O4 Rl B PE PR R Gt PN

hetdpycyplyloduct s such as acrol ein and chl oroacet al dehyde
whi ch cause undesirabl e patient side-effects such as
[0146¢ man advdigt emBbydhén, i Tsige@@a or death. In one
enbodi nent, the present invention provides a
z, PRosphoram date 20 al kyl ator prodrug i ch upon
Ilsnhggoduces | egs=x, 0xi c by produ ts,per

ment” as® conp to ?ho pr o
olirl m of i f&4S Zam\de nd/ of Cy.
one ¥mbodi nent, th&tpHBsghorani datd ditkyl-axor

prodrugs of the present i nventi®n do not produce

acrol ein.by ip.vivo nmetabolism Exanples of toxic by
maﬁ%%ﬁlg%%dnpéngufﬁgﬁrdsf rom net abol i smof the prodngs of
the invention include chloro, brono,
kyh§ulfonyloxxf b het eroal kyl sul f onyl oxy,

u

the reference Hardman et "al., supra, page 1396). In
' r enbodi npnt z, the present invention provides a

apnalat e 'al f cylpdt or grodrug whi ch upon
met abqls ro < 5-95% as nuch
!ptalﬁehyde or\ an jpqui val ent as defined above,

per treatnent, as produeed by.30 ifosfam de

met abol i sm WD 2007/ 002931PCT/ US2006/ 025881 [ 0239]
wheldireeqoh A5 phepeadantdais ¢ @ldkydatkor. derivative formed upon

the reduction of Z3 can be different fromthe
[0147hosphoefantdaidenat Kyikgd@r being protected and the
phosphor am date al kyl ator prodrug and is terned a
nodi &g phosphoram date al kyl ator prodrug. For
Nohosphor am dat e al kyl ator prodrug can
1 miehn a/ nodi fi ed phosphoram date al kyl ator proctrug 5
ger nod upon reduction of the bioreductive
$). When reduction of the bioreductive group

group (
orms, a osphor am dat e al kyl at or 8g?drug,
2.

f nodi fied ph
whegepipeach gy fiydrpgenigg ﬁu@a alicy apyBs 15Hb §h ot LR (TEX
al kyl ator can undergo degradation to yield either the
[0148h o Spersrembp dimeet Bk Righat Bendien soivideotompeunds af Hingdps (1) and
amphosphoram date al |l cylator prodrug. [0240] ‘In one
enbodi nent, the present invention provides a conpound
whi ch denonstrates 10 a bystander effect upon
activation in hypoxic tissue by incorporating a
linker (L) as descri bed above. In one enbodi nent, the
byst ander effect allows a nodified phosphoran date
al kyl ator of the present i3vention to diffuse or
penetrate into tunor zones which are not hypoxic
enough to activate the prodrug conmpounds of the
i nventi on but reside nearby the hypoxic tunor zone
whi ch can activate these prodrugs. 15 [0241] Upon
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-{C(Zz1)2-Z2-Y4] -1C(Z1)21z-1C(Zz1)=-C(z0]-; "~ S
-[C(Z1) 2] z- LC(Z1) =C( Z01- and -[C(Z021z-. [0244] In
one enbodi nent, the present.invention provides a
Trigger T which upon bioreduction is nodified to
Triggernod or |I'm and the phosphoratni date al kyl at or
veep@asated from TMin | ess than 0.1 secadastiden2ssst
anot her enbodi nent, the phosphoram date al kylator is
10 separated from TMin between 0.01 to 0.10 second.

I n anot her erpodi memt, the phospReoram date al kyl at or
is separated|from TM i n between @ 1Y§O .0 second. In
anot her enba in%k}}Nthe active Qb\ ona\sdate is
separ at eg AT onTEMi \bﬁ;meenRﬁ/g t agonds. In
anot her enbodi ngnt, the phosphoram date alkylator IS
separated from i n between 10. O/%’\%?O 0 seconds.

15 [0249 In a related e po ctivation or
reduction, a phospHgF5 S nsg%ylator-ﬁp%drug yi el ds
a prodrag wwth a nodified Trigger T (TM which
subsequent |y rel@ises the phosphoﬁgﬁldate al kyl at or
20 to 500 pmfromthe site of activation or

whereig gerhtRodis indsperzigntsis 3eh@ted domrtbhgroypecogsistimg 6f hydrogen,
hydré’;&i iy Qi‘ﬁ'aﬂ&l o1 dgﬁg%&kﬁ%y&y@&iéﬁﬁﬂheﬁa%ﬁa}l et c,?aucoxy, Ci-Cs

osp horam dat € al kylat or pfodrug of e present

aikylpmvwen@n—&ﬁl%bﬁmmomm letpropsyling tegshpiAng twe pfferfsiferg 2 Cs-
Cio HRRF P ek dnd, K%def:&d%&i)) ik 3f oad @é/ch(’lfﬂ%%er 688884 &fin BieRa

assays see Kyle et at, Cancer Res
(% 64(17):6304-9 and West etal ., Cancer Chenother

Phar macol ., 1987, 20(2):109-14); and as described in
IUMQReﬂﬁ@ﬁwaeWEDMMﬁwiEmaWEKEbﬂggﬁand 37. Tunor cells can

be grown in culture as nmulticellular spheroids to
[0158) e@) @ last tive ok R +-R oarprerdketed @bmtﬂlmgmmmnsisﬁng of 2-haloatkyl, 2-

ancyl%l%gl‘é% %P%%ﬁ%oeag Iesﬁlé?érfgfi»ﬁra&i% atl on i ggpé%oxu c

hﬁ&vﬁbﬂeﬁ%nﬁanﬁﬁniaﬁ 25 stresses of limited nutrients
and i ncreased waste production. These spheroi ds have
[0158]h efiln i lepgeorerod Be Rt ¥s sofectabfrah tigrogp gmaiﬂim@ Jgfoallyly géin-

f

C%Mg?%%@ﬂﬁgx ﬁgagguﬂ%%gggg_g?%@ngzeggh e rlnPPeac es
approximately 150 pmin size, a hypoxic Jegr0

hete&rdbudfosylotsatidyl; cdnd sdsast due of¥RIRs andiNRIHsés regi ohointo a
qui escent state and eventually to cell death. A
necrotic core devel ops as, esult of the dying

[0152kl {i$) eadHIER SRAGA DIRGR 3 CaN afdd vi ded into 4 distinct
conpartnents for nodeling the effectiveness of a

[0158)Y PAXih&ivRAGA1 iAbalce B Ma@éﬁﬁ&l& ﬁoﬂr}acbﬂﬂ& ke of BRF@R) lﬁmaﬁéres
actively dividin i on_of interne tF

|on %%
P arﬂwaqua% a pharppagey a5 ve5e RIH O el e Hrete pf Lbradrae
cling; 4) and a necrotic core containi dead ceIIs
[015 hdlocsE Prpdimeripibe Bfesqfh‘évﬁﬂ%’b@ﬁ%lées&f“@P@iﬂgg’
wheRRPERFerONis ACHY, 2 {]29%9 B3ARET B2 R06i ?_Z,sz 22513&}1 and Zg. is:
nunber of factors; e ability of conmpound
pemetrate into t he deepest regions of the spher0|d.
T e activation of hypgyi c activated proclrug (HAP) by
oredu ases; the react V|ty of the activated drug
|n T’l mhlch it /Wasiactivated; and the
I|t d&hv drydg to | eave the site from
mhere it masxacllvaﬁed aqexki -1 nearby cells
(byst'ander 5 effect). The assessnent of the
onpound can therefore be
Wlth%iﬁ'jé{%uate ﬁgﬁﬁgﬂﬁﬁ er of different levels. The effect
of the conpound al one can be conpared to cells in
nonol ayer cul ture versus isptact spheroids. The HAP
can used as a nonot herapy. The hypoxic fraction of
t he spheroid can be nodul ated by varying the
concentration of 02 of the equiTibrating gas and
therefore change the ratio of the aerobic and hypoxic
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[0250] In one version, compounds provided hereinm = "
i ncl ude as phosphorani date al kyl ator 15 prodrug, any
phosphor ami-dat e al kyl-ator that can-be linked to-a
Trigger T in a manner that yields a phosphoranidate
al kyl ator prodrug that is at |east about 10-fold to
WBawr/emsp00, 000- fold, and typically aboutpPCid@2406025881
about 10,000-fold, |ess active as a cytotoxic agent
than the correspondi ng phosphorani date allcylator or
[0155 di (HiceelofihaspRois Ehindaheofttlayd R ©F;t hat is rel eased
from the conpounds under hypoxic conditions. 20[0251]
[0196) d#} @R Reand iR; & QRasp ber arodrl Ad®; kit adigi; or odr ug
is selectively active under anoxic or hypoxic
[exsandiit bOBs: one 8F RSR A @.ﬁ@fxm,saﬁﬂnot, Qytib@yc%ﬂt?l, RldHGLIW g
&L (n%ﬁgfoc) or. wit hout oxygen (anoxia) or with
alkqrgy G ARy G Endlky paiep ey 1L tekeoant: (otariapyli u-fheorpe,
or avdsl br HeRER@RL. ze that cytotoxicity of a phosphoranidate
al kyl ator prodrug as neasured in an anti-
0159] OTh bR Ribo@itheRS B8 Yresént BXBIiSS BAY: j e
: %ﬁtotpxigity g%éa %)Shosphoranig]g?gg%g;og?ﬁyla?g)rlﬁmgdﬂ1
Wheﬁ‘?y‘%éﬁﬁébﬁ’éedﬁﬁlé@ﬁm@ﬁs‘fl?ﬁ"é f@bnogeni ¢ survi val
experinment is ﬁpressed as 1Co or LC10, |1C90 or
LC90, or |C99 Or? LC99. The ratio of cytotoxicity as
measured for npl e by 1C50, | C9&MLCso, LC9O, or
LCO9 deter%tgggg%n nor¥mexfia and hypo}=ax;i s call ed

hypoxi a cyt yci ati ) canype a neasure
of the hypqXi a Sel ectiye_ ytoto§gcit _of the prodngs
of the preSent invention.”'THe |arger™the¢ HCR of the
_phosphor ani dat e al kyl ator 30 prodrug the higher is
with the pioyise thpidn fappledl ective toxicity and greater the
hypoxi c tunmor killing ability of the prodrug relative
fﬂlﬁ% R &t leasiong 6f FroRs ere edeqied fromibe Hiom eatigingiofidéd based
alky @RI Ay Alkyt R Serb Ak N G810 2 ' ased
S R A i ST G o o s
hetejqybayisyliqnyloxyaltgl atded enbodi ment, the phosphorani date
al kyl ator prodrug of the present invention has a
[016], p giceest eRptob RoRs aersgleded fom tha popp c@eistinwl drbdloalkICR of
alky Q1568 10k9Rk A 00hetdr a1y 1B AN SR AP BRIyl ok MBicy1, and 2-
hosphor am dat e al Kyl at or prodrug” of tﬁe pr ésent
hﬁe%ﬁ%ﬁ@ﬁﬁﬁbﬁﬁgqﬁcﬁypoxic cytotoxicity of 0.1 nMto 50
1/1 and a HCR of 25 to 100,000 (see EXAMPLE 5
l‘“@bc {ighleast prp of Rt é seleled frem thersvodiconsinting efffehaloalkyl, 2-C-
Cs aRYRSIRBOLAAIKIAb - n 3
Sl R R R T
itMand a HCR of 50 to 10,000 such as, fQk. npl e,
heteropisylselfnpolondscalsnd eidersi dredf NR:Faxad iR 129, 30Vamd 31,
[0253] In one enbodinent, the present invention
provi des a phosphor ani dat kyl at or prodrug having
[0162Y pOX) @ch FRIKGiahy NRR Cdde | S o 1,000,000 folds nore
than the corresponding 10 nonnoxic toxicity. In

(016310t N&He 28REROGE ?ﬁE@nt invBRioR pRYRIE! phb ERARIARR: ABSBY: ARRinds of
g osphorarni date all cyl ator prodrug havi ng hypoi dc
o Pcity which is 10 to 10,000 folds nore than the
correspondi ng nornoxic toxicity. In another
enbodi nent, the present invention provides a
phosphor ami dat e al kyl ator prodrug havi ng hypoxic
toxicity which is 25 to 5,000 folds nore than the
correspondi ng nornoxic toxicity. 15 102541 Tunors
have a gradi ent of oxygen concentration that can vary
from10% in tissues adjacent to the vasculature, to
0.5%in tissues about 150 uM away, and |ower in
ti ssues further away from3ghe vascul ature and near
the necrotic core. In one enbodinment, the present
i nvention provides phosphorani date al kyl ator prodrugs
t hat can generate phosphorani date al kyl ators, -
5-1, 000, 00; 10-10, 00; and 25-5,000 folds nore toxic

r
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P HN dii sopropyl azodi carboxylate, and reacted with
crto yield conpound 36. 102581 Thus, in one aspect
t.he .present. i nventi.on provi des a. met hod of
synt hesi zing a 15 phosphoranm date conpound conpr|S|ng
reacting a phosphoram dic or a phosphordiam dic acid
wadesamz2edicohol to yield a phosphoram dat e. pduaieiies
aspect, the present invention provides nethods of
synt hesi zi ng the novel phosphorani date al kyl at or
prodrug conmpounds of timg inveRrfion or those that are
known. | n one enbodi nent, the|present invention
provi des a nethod of synthgsigi hg a phosphoram date
al kyl at or prodrug rist reagfing, a novel 20 or
known phosphoram date al ky]ator, a Trigger-OH, a
trisubstituted phosphine, \and a di al kyl
azochcarboxyl ate to yield &wgvel or known
phosphor ami dat e al kyl ator prodtug. In one enbodi ment
of the nethod, in a firststep the Trigger-CH is
reacted with the trisubstituted phosphine and the
“mﬂwﬁalkyl azodi carboxyl ate to yield an internediate,
and in a second step, the phosphoraraidate al kyl at or
(0164 &ddedCE@ eYelvilGEE) G e-8bdi-heat from the first

B s 2 PSR ORI o

and Bais tighwgbsaok yn maiog distee! fvith theypmivive diabit efcludeygiicoss cokjvgaies

of p%gﬁ%}@ﬁﬁ&lgﬁ rg?é%@}ét%il?éhgg‘%fgﬁh&ﬁ@%f& %2 Ug %Lﬂe%gxﬁ)l s

5,622,93¢i Xl -X4-XAXi . ----- --/..,, AAP( )--- N Xi
Xi, Xi -XIXi -Xirp.5.7- Xi /2(i Xi - X1 02N OZNXZOI‘, [ Xi;
[0168hd edhlof RS-R@h}d@e&deﬂfkﬂ“ﬁslﬂbﬁmM ydoxR9 ami:loa’él Getlivh€h-Cs

hetex%%\éle Co- §g %r s hét&o%@n& ,ﬁd“’gf’ﬁqygﬁgg f%a?ed‘ teg

dialipfrosph ervh mdeteeragll I@Méstagvi or- Gdlle@@a@dmmyl QI hﬁgermcad;tdr ng

e

“ué§ %%%%wﬁ% othhL%H$§§ :uted_phosphlne, and a

aIkyI I car to yield respectively,
[0167] (i) at least two of Rp-Rs are selected from the group consisting of 2-haloallcyl, 2-
alkylsulfonyloxyalkyl, 2 -heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl;

[0168] (ii) at lcast one of Ry-Rs is selected from the group consisting of 2-haloalkyl, 2-C-
Cs alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-

: v NQ
heteroalkylsulfonyloxyalkyl; and at least one of NRoR3 and NRyRsis ;or

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

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

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

[0171} In another embodiment, the present invention provides the compoimds:
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0 )(4 Trigger\0 Trigger \ji 1-1"--R90 O P-NTri gger
X40 -P-N (NRii NX4 RO O Rg 5 wherein X4, R5, R7, and
- Rg are as defined-as in formula (1). [02601 In one
embodi ment, the present invention provides a nethod
to synthe5|ze a conpound of fornula: 0
WSRIMNRBR3 OTri gger conprising reacting (ajCrusaeselssst
or known phosphoram date al kyl ator of on a
0 RSRzENI | NR2R3 10 014 wherein R2-R5 are defined as
in formula (1) wth théombergidae plilgtor prodrugs(i ) at

| east two of -R5 are selected fromthe groyp
con5|st|n anaIkyI 2- aIIcyIsquerlﬂ/Mglkyl
1- heteroa onyloxyalkyl

2- arylsulfony xyal and 72

heteroal | c oxyalkyl WO \\———//
2007/002931 t182006/025881 (||)Q§ﬁ/least

one of RI1- sel ected fromthe group comsiksting of
2-hal o ;\ (H N-—Ry

- G- C6 al kyl sul f onyl oxya m
Rrhetfr oal ylsulfonyloxyalkyl X4

2-aryl sul f enyl oxyal I cyl, and 2 R
het er oal |su|fony|oxyalky|, and at | east one of
NR2R3 andh NR4R5 is -N1; or (iii) NR2R3 an

NR4R5 botﬁ%together are-NC, 5 (b) a Trlgger OoH X4
wherein [Trigger is defined as in Fornmulja (1), a
trisubstftuted phosphine, and (c) a dig Kyl

azodi carfoxyl at e t o yiedlctvetangvaderpound Yof fornula: O
R3R4N, . . NR2R3 OTrigger [0261] In one enbodinment, the
conpound of formula: 0 R5I INRRR3 OH 10 is selected
fromthe groupOconsisting of

o -
RG\S/J/O RE\!/O
\ o\
\\ iz N
7 S 7 N—r,
X4f X4fI
X4 Xa

Phosphoramidate alkylator cytotoxins

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

o © O _/ ’
&\\//A\\w—gﬁimﬁW\N——A &\\///\\Njﬁgf)
o—/ o—7 H \o

X4 ' L, ——\23

wherein X4 and Z3 are defined as above.

[0173] In another embodiment, the present invention provides the compounds:
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[0262] In anot her enbodi ment, the ‘group of fornula:

is selected fromthe group consisting of WO

2007/ 002931 PCT/ US2006/025881 C tiz(!).7 C ,ON. .
cl WD 2007/ 002931 PCPUS2006/ 025881 0 0O Br Br NH
Br O

WO 2007/002931 PCT/US2006/025881

\\*jﬁ%

In one embodiment, R is —(N-CH;CHoX4)a.

[0174] In another embodiment, the present invention provides the compounds:

0,

\P/ NRzRs o
\\ /NR2R3 \\ ,-«NRZR;;

NR-;Rs 0

e O o

A o

— o __\},/ NRzRy

L)

wherein Rs - Rs are defined as in formula (I1).

, and

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

\\P/NR2R3 \\ /NR2R3
N

NR4Rs NR4R5
0
\\P __NRoR;
) ) 0'/ \NR R
hypoxic reduction 415

N
[ /: NO, active alkylator
N

Phosphoramidate atiylator prodrug

O
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O Br C a [0263] In"another "enbodi nent, the
reaction includes a solvent such as THY, dioxane, a
-Cr C6-al kyl -acetate, chlorof oerm dichl oronethane, -
acetonitrile and the |like. In another enbodi nent,
each substituent in the trisubstituted phosphine is
wodepeadent | y sel ected froma 5C1- C6 al kylpCT/US2006/025881
Cl- Cohet er oal kyl, C3-C8 cyel oal kyl, heterocyclyl,
aryl, heteroaryl, and Cl-C6 al koxy substituent. In
[o178n otnhasth&eRbedimen! the felgfigvention providReicompdinds: X2, Zi ,
and Z2 are defined as in fornmula (I1). 10 10264] In
anot her odi nent, the present invention provides a
nethoq)t3rb §$e3|ze a phospfporani date al kyl at or
p u@“v§§%3|3|ng WO 2007 31 PCT/ US2006/ 025881
[0265] (i) we@cting inja sol vemir,sel ected from THF,
di oxane, dichl orone chl oroform ethyl acetate,
opylo acetate, buty 8t ate, or acetonitrile a
conpoynd of fornul a: erein each Ru is
i ndepé&adent |y hyd cycl opr pyl, gndret hyl , et hyl ,
benzyl, qQr netdoxy; 5 each RO is independently
hydro--n ~-th&| hyl, propyl, or cyclopropyl; and
X4 I s} hal o, ﬁekﬁ?lsulfonyloxy, phenylsulfonyloxy,
3 phenyléﬁh@aﬂyloxy and 4-
“‘ylsulfonyloxy (ii) a trisubstituted
e selected fromtriphenyl phosphi ne,
phosphi ne, tributyl phosphite; and 10(iii)
di ethyl or diisopropyl azodi carboxylate; to yield a

whefRnQGUG aRfdefiRid iAol d2@6] | n anot her enbodi nent, the
present invention provides a nethod of syntheS|2|ng a

0179 P "PRUR e EREAYLRmpER éddl%ﬂcﬁ& Stoes Me
[ f())07/ 002031° PCT/ US2006/ 025881 f’?ﬂi?rg?éu ng

alkylaor grodagtoyipld thegoyesppnding P#P?P&@‘@imdeﬁ aﬂ"\)ﬂﬁ‘@?’ ei n Trigger
is defin d as in Formula (1); a trisubstituted
phosphln%| and a di al kyl azodbgirboxylate to yield an
)

Cfymmeme (1)

|2 et V7]

i ) ; (i reactj ng the 0
rmmlﬁ (i) BBTRITES”  r oy At reh g | e
ound ofﬁf0|nuLep_;DZ67] | n ghot her emrbodt nent?

J substituted phosphine is]P(1212)3*Wherein eawiw:
R12 i§ H C3-C6 al kyl, c1L- erqal kyl , C3- CSMWHHW]MDr
cycl oab kyl , heterocyclyl, aryl , oriheteroaryl

Ry

s i &)

n—-:an

Phosphoramidate alkylator prodrug

[01'78] In one embodiment, the present invention provides the compounds of the formulas

(IV)- (V1)
Ry
/H .
N

o}
Nl _-NRooke X \‘ﬂ'/'i X
/ | Ry

O

S
Tngger N Trigger

O—'—-'D'_'_'O

r

v) (V)
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10 anot her enbodi nent, the trisubstituted phosphine
is a polymer supported trisubstituted phosphine. In
-anot her. enbodi nent,. the trisubstituted phosphine is.
tri phenyl phosphi ne, tributyl phosphi ne,
tri propyl phosphi ne, triethyl phosphine, or
wokowetdysh phosphi ne. I n anot her enbodi ment ,pdrhus2006/025881
trisubstit-uted phosphine is a polymer supported
tri phenyl phosphine. Pol yner supported trisubstitated
phosphi ngs are comrer dally available, forgexanple,
from 15 rnars R '

. df Palo Ao, Californfa. In
anot her™ odi pent, t 5@present Mmvent ijo rovi des a
met hod of“ smgimes zi ng* he corpoundsi \erei s each Ri 1
i s hydroger.

~anotder enbodiﬂpwﬁ?\ihé“pﬁgsent

i nvention provﬂdes a met hod of synthgsizing the
conmpounds 0 Ter% 0-P-NH NH WO 200%/[ 002931
PCT/ 11S2006/ 02588Tigse] 0268] I|amdanot her &fodi ment, the
present invention provides the nmethod of making a
conpound wh@fei n the Trigger selecf88 fromthe {coup
consi sting of Zi Ft NNO2 5 and Z3 i S [0269] In

wher@@a@TRast cpRIAbnil ylid 18/ dRizes datteriuny amt, herropryl ¢i-@e stkgl, Ci-Cs

method to s Si ze ospho 1dat e al.k t
hetetl e ORI TS THD L e e Bl b lerouoy,
C-Us @ﬁ@ém&yl?@;cﬁél al%ﬁrl!hﬂﬂinﬁcdé%cﬁtyh a (olgttffwos am?moxsiﬂcb@)ylamn@nﬂu m

sal t, er e S rogen, Cl-C6. - )
alkop PR B P10 Kieaiis ki aGERSTG offay ‘8&%?%}*& "Cla?ﬁyg?f% C
Cs h@t@bRKkP Ty, cytioaiyl Setiroayejiahlyb siipteospiyh oaiwedber évo Ry

iq%er diate: [0271] (b) reacting the
grouns R 8 YRGS hor ami date i nter medi ate in step (a) with

N- 2- hal hyl - R13 [ { [ '
ol e I 0 AR Sl el e
hete Q¥ 0029311006 ht2863) 2583 4cyl, C,CFhdBlomylc rog| hejdrgaroyl,

het er ocycl yl ryl, heteroaryl n b [ )
O SR s g RS SR Ch RIS A g br e
alkok ] befogBbdr ak @Ry @anehs (R Aietefcwycle witls thie prpvish éhat when Ry is Ci-Cs

monochl or ophosphor ani dat e i ntergedi ate obtained in

step (b) with Trigger-OH and a/base in a solvent to

yi el d the phosphoranm date ator prodrug. 5 102731

| n one enbodi nent, the dighl orophosphorarni date
alky} oftCarmbgrepikyldhendts éiﬂ‘cﬁﬂ‘js i s separat 8% S%Wto ?1{ g form
aheRfoctdlg reaction mixture before subjecting it to the

reaction in step (b). In another enbodinent, the

j01 s%%lg% AlLd108r, hityIRefhAb AR Hetbiyalk i Slon I DM ING f@XORS S
POC13 i n vacuo _and then distilling the
hetegrpbplsefepkespRdr ami dat e under reduced pressure.

[0181] Trigger T is [C(Z1)o-Y3y{C(=O)-O)g-[C(Z1)r-Zo- Y a - [CAZ )l TC(Z1)=C(Z ) - Zs-
[0182] In arelated embodiment, in forsoulas (IV} — (VII), each Ry is independently
hydrogen, deuterium, Cy-C; alkyl, C,~Cs heteroalkyl, C3-Cg cycloalkyl, heterocyclyl, aryl or
heteroaryl. In another embodiment, each Ry is independently hiydrogen, 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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[0274] 1n one enbodi nent, the phosphonidate al kylator— = -

prodrug of step (c) is separated 10 fromthe rest of
the reaction -m xture by flash colum chronat ography
on silica gel. In one enbodi nent, the base enpl oyed
in step (b) is a tertiary amne. Suitable tertiary
wareneszenpl oyed in step (b) include trial kydrranoaesss
such as, triethyl am ne or diisopropylethylamne. hi
one enbodi nent, the solvent enployed in step (b) is

[018381 mRbyHhdbiirRR, hf blelen®invehiioxX pRsideslcoh@ddlos FimMR erv)
enb&%%ggpt, &g% ggno?hlorophosphoran1date )

whareip ot dCHY - Diapldeg) e ngadasplaler AR FOFRE est

heteBfardniic iRaGE daPAbldB Ot atBY bhtwdsha SRl Mid base pair.

chromat ography on silica gel before subjecting it to

[01847€ 16 SRRt @RbddBnd, AR thsknt idvBntQRGr SO B BBRfound:ne base
useful in step (c) is lithium sodium or potassium

hexaal kyl di si | azi de; sodi um or pot &ssi um hydri de; or

['ithiumdiisopropylamde. In one odi ment, the
sol vent enpl oyed i ngstiep {cP i I met hoxyet hane, 20
di gl yne, diethyﬁéwﬁém, \MHEN [0276] In one

enbodi nent, the presént { nwent Non_provi des a net hod
to synthesize a phosphorafii date al Ry] at or prodrug
conprising the steps of: 5?77] (a) Meacting in a

sol yent, about .1 equival each of POCl13, a
Wh%??%ﬁﬁwjﬁ}ﬁﬂgﬁﬁd§&8§§?4¥ﬁ¥%eId a di chl or ophosphat e
|ntermedi ate; and 25 [0278] (b) reacting the
l‘“%{fcﬁﬁl HOBIThERodsat theraesrt givaRtoniprpvides fhe caypapdn a
N- 2- hal oet hyl - N(R13) agnoni um sal t, wherein R13 IS
hydrogen, C1-C6 al kyl ,\.Cl;CBhet er oal kyl?, C3-Cg
cycl oal kyl, heterocyt , aryl, hetern ““and a
base in a solvent t el d the phosphorgn date
al kyl at or prodrug. WO 2007/ 002931 / U52006/ 025881
[0279] In one ed&egbnent, steps ( d (b) are
performed at t enperat ur gs bel ow 0CMA'n anot her
eMmmnm%gfﬁm(bW|spmfm At ~a-tefperat ure
bet ween 2 00C Righer than the teppenature of step
(a). [0280] In ot her enbodi nment, ® he~ypr esent
i nvention provides a newkod for synthesijzing 5
het erocycl i ¢ phopsphoram dat e ankyl at or 9r odrugs of
the present invention as shown bel ow wherein X4
[0188]  OF orfelembBaimént3th Pr2Seh] inldntiom Bro@idaid FRPound J¥€ormula (VIID):
present invention provides a nethod to synthesize a
phosphor am dat e al kyl agsor prodrug conprising the
steps of 10 [0282] (a)jreacting PCL3 with a
N, N- di ( 2- hal oet hypannaonj um salt and a base in a
sol vent to yield a*fonoch] or ophosphani de derivati ve;
[0283] (b) reacting the f hl or ophosphan de
derivative with Trigger £;ﬁﬂﬁﬁ%j an internedi ate;
and [0284] (c) oxi izinq the internediate in step
(b) to yield the phosphoram:ate al kyl ator 15
prodrug. [0285] I nyoiie ﬂ@OdrﬁﬁﬂLW the base used in
step (b) is triethyTanine. I n anot her enbodi nent, the
sol vent used in step (c) qgpdi met hoxyet hane, diglyne,
or a C1-C6 al kyl acetate. |In another enbodi nent,
Trigger-OH is step (c) is 20 [0286] Vari ous
1- N-al ky1-2-am noi mi dazol e-5- car boxyl ate can be
synt hesi zed as descri bed schematically bel ow WO
2007/ 002931PCT/ US2006/ 025881
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[0287] The I-N-al kyl-2-am noi mi dazol e-5- car boxyl at es
can be reduced to yield various 1-
N-al kyl- 2- am no- 5- hydr oxymet hyl i m dazol e deri.vati ves
enpl oyed in the present invention as bioreductive
group Z3. 5 [0288] The synthetic nmethods are provided
wanzpueoedser detail in the EXAMPLES secti on dialuwwes/023881
[ 0289] Synthesis of bioreductive groups and
phosphorarni date al kyl ator prodrugs, and nethods of
whetcB€eafH RSE Bidefe¥@n Y hpioGa r}némyz &ﬁ@'ﬂ)tp&fﬂ)y]c [s@ﬁ’op)h &t cyclopropyl;
references Matteucci et at, I'. Pub. . WO
04/009667 and Hypoxi a actlvate produg ﬁg.
._entitled. 10 "FNpOX|a Act i at &Y ant i - Cancer
and x| @egsseleﬂ@c@%w Fie, NMegpohiEt 2Cu rent - Med” Chem
8:1093- 1122; y et aI., US Pat. Nos. 5,750, 782;
5, 780, 585; 5 872 29; and 6, 251,933; Davis et al.
Appl . Nosiw~WO 04/ 85421 and WD 04/ 85361; and
o] LthGtM mswP App!. Pub. Nos. 2004/254103 and
\2005/ 043244/ andNBor ¢ NHEMatnd NEQHr a) . [ 0290]
Exanpl es of methods to synthesize pliosphoram date
[0184] | fydnetembodihenly g preaht fiatidibprpridsdiast compwendtdf the farmla
(Doprovided in further detail in the "EXAMPLES' section
bel ow. Ma. Methods of Treatnent [0291] In one
enbodi ment, the pregent i nvention provides a nethod
of treating cancer i pati ent need of therapy
t her eof by adn1n|ste?—iE 10 fﬁ€<ggt|ent a
phosphoram date al k ”20Npro%{ug of the present
i nvention or one tHAat | 0 nown phosphoram dat e
al kyl ators are provi/ded bﬁ t he. rlef erences Borch et
at, supra. In one @&wbodi n®¥at, the phosphorani date
al | cyl ator prodrug enpl oyed "t reating cancer
raccording to the nmethods provided by the present
i nvention has the fornul al¥tl ected from (1) -

( XXVI | I n one enbodi nent, the phosphoram date
whepgisaplaR pindapersieniliis drdspesperethyl, Hexdtmreryl dswnogyl, or cyclopropyl.
according to the nmethods 25 provided by the present
[0188hv &meriesmbpdimert] e preskenf mpeptiphprovidapbusrarpoanderiie prinpdp

(X )ln t he EXAMPLE section. [0292] Cancer therapy with

al kyl ati ng agents can | ead to devel opnent of cancers

that are resistant to these alkylg}ing agents.

Al'l cyl ati ng agent™s can kill canc cells in the nore

rapidly WD 2007/0 1 PCT/ 6/ 025881 di vi di ng

or hi gher oxygen gont inkpg regi on as conpared

to the cancer celMs i q sy ower d%OMAng hypoxi c

cancer region. gf.}éﬁt <€l Ts_survive the treatnent

by al kyl ators and '¢an produce cells resistant to such

al kyl ators. Increased actlvity of guani ne-06-

Al kyl transf er ase, glutatﬁ%ene, gl ut at hi one

transferases, the nucleotide8%¢i sion repair 5

pat hway, and/or the m smatch repair proteins, and

decreased perneation of a&?)vely transported drugs

such as nechl oret ham ne and nel phal an, are postul ated
wherein ¢5eh Reingensdeptipishydosumnmeihyl ebylsiranmtdsopepsh ryvederpayl
and gefcﬂ 'Rl &K meﬁdenﬁg ﬁgdrb&ﬁ qg@fﬂ){lg%?}gtproﬂ}ﬁ% oﬂ)%lrglgéggjg Qubstituted
methlthafﬂpﬁ)rgwl,an@mﬁ/f@éﬁlmréxy}:rprt’fqgéﬂm tfg Re alvee p getpraasicker ant

to 10 other therapies. Slowy dividing cancer cells
[018%h fhenchoybodimenic tin prsent pmentae proaslesaths ovmmpandsfot the formulas

- e8] ncer cells and strains and are killed by

Ob@h@%& %gfr(a%@ of the present invention. hi one

enbodi nent, the present invention provides a nethod

of treating a cancer resisgsant to treatnent by one or

nore al kyl ators by adm nistering the conpounds of the

present invention alone or in conbination with

anot her anti cancer agent. In one enbodinent, a 15

phosphor am dat e al kyl ator prodrug of the invention is




their pharmaceutical conpositions can 20 be used to
treat any type of cancer- in-a subject, particularly
in a human subject. Cancers that can be treated
include but are not limted to | eukem a, breast
waawen29yki n cancer, bone cancer, |iver camCBYS2000/0Z68%1
cancer, cancer of the larynx, gallbladder, pancreas,
rectum parathyroid, thyroid, adrenal, neural tissue,
head and/nedk, stamac bronchi, kidneys, basal cel
car ci noffm, squanmous cel Xscarci noma of both ul cerating
and papiILaPy\ , Retastatic 25 skinygcarci nong,

ost eosaftorma, Bw ng' s gt me, veticul cald,
sarcoma, nyel orma, giant cel unor , [ Fcell 1ung
t unor, gallstoﬁag Lshet cefl tunor, Lyary brain

tunor, acute and ¢hron Q,Lyﬂphocytic and granul ocytic
tumors, hairy-cell tunof’, adenomm, hyperplasia, '
medul | ary carci noma, phegchronocyt oma, nucosa
neuronns, intestinal gan Vﬁneuronas, hyper pl asti c
corneal nerve junor, mar f anoi d habitus tunmor, WIilns
t unor ] : | ej omater tunor, cervical
dysp”égggggﬂgzﬂn/E&Wﬁﬁ%g ci nomm, neur gl ast oma,
retinobl astomay soft §j e sarconm, | gn@t
carcinoid, topical skin |espermrnycos(s ngoi de,
rhabdomyosar cofta,. Kaggsi' s /sar cone;” o%t edgeni ¢ and
ot her sarcons, naﬁign t __Rypercal cem a, renal cel
tunor, polycythenni a vela, adenocar ci noma, > At
glioblastoma multiform, |eukem as, |ynphonas,
mal i gnant nel anormas, and &gPder moi d car ci nomas.

[ 0298] The phosphoram date al kyl ator prodrug can

partic I e ﬁsed in the treatnent of cancers
contaiﬁ%%%mépghk Lcdfto2ar eas of hypoxi c \fi ssue. Such

cancers include put areypst*|inited to g _gancer,
especially non-small ce T 1u Sncer, (breast cancer,
col on cancer, he8d_an eck d¢ancer Movayi cancer,

d

pancreati c cancer, ostat e cancer. Exanpl es of
types of cancers that carf?be treated with the
phosphor am dat e al kyl at or odrugs of the invention
are provided in the foIIé%ﬁﬁg references, Tidnmarsh et

B i R MR BT RS LS 50 20,2,

vy, Gnui@gian de conbi nation therapy”, Attorney Docket
"No. 021305- 005900PC;, and US Pat. App. No. 60/760, 599

[0198N dItﬁ&feMmﬁ&Zn@ﬁd pﬂggﬁt Raéntiof? }Jﬁvidébthe Uﬁ@qﬁ@&ﬁ/ 0 e $&Buila
Seyeral of these cancers are discussed for

10 anrﬂﬁﬁgtrative pur poses bel ow. Those of skill in the

art will appreciate that cancer chenot herapy often
i nvol ves the simultaneous or successive
adm nistration of a variety of anti-cancer agents,
and as di scussed further below, a phosphoram date
al kyl at or prodrug can be used in conbi nation
t herapi es as provided by the nmethods descri bed
herein. Thus, in the description of illustrative
cancers contai ni ng hypoxi c regi ons anenable to
treatnment with a phosphoram date all cyl at or prodrug,
exanpl es of conbination therapies are al so descri bed.
[ 0299] Lung cancer affects nore than 100, 000 nmal es and
50,000 females in the United 20 States, nost of who
die within 1 year of diagnosis, making it the | eading
cause of cancer death. Current protocols for the
treatnment of lung cancer involve the integration of
chenot herapy with or w thott radiotherapy or surgery.
A phosphoram date al kyl ator prodrug can be used as a
single agent or in conbination with existing
conbi nation therapies. A variety of comnbination
chenot herapy regi nens have been reported for snal




"disorders, vasculitis associated with congenital -
deficiencies of the conplenent system 20 vasculitis
of the central nervous system and Wegener's . .
granul omat osi s. [0305] In sonme enbodi nents of the
i nvention, a conmpound of the present invention is
vidpdonpgtiered to treat a hyperproliferativeditsengesssi
selected fromthe group consisting of psoriasis,
multiple sclerosis, rheumatoid arthritis, restenosis,

/ﬁﬁg benifgn Yrostatic P rplas‘a Nn one enbodi nent,

Xsth perprififerative dilse se), treated is psoriasis,
Xy a (i %ﬁ_%ﬁﬁracterlqu/§5\ y/thehcellular
erjpr ot ifer i on of 'keratinocytes w |chbU|Ids up
on t skin o ﬁ?elevateé scal oné. In
anot herc o]e ! t, the hypekpé |f\Yange di sease
treated”#s mul ti'pl e -sclerosis, Ma di sease
characteri zed by progressive denmyelination in the
braiX) In another enbodi nent, (¥ hyperproliferative
di seases treated is rheumatoid arthritis, a
I ti system chronic, velapsingj inK ammatory di sease
/r?natocan lead to dest uc i ofy apd 30’%nkyiosis of
Xy | ﬂs whblect ed. | n gnether eﬁﬁbqt t he conpounds

tﬁe presenﬂelnventlon arg adn1n|s reqw;o prevent
a hyﬁelprollf Npe di sease_resul ting fTom cel | ul ar
prollﬁergLrﬁﬁigg;a prosthe3|§\m [ a J in a subject
by coatmpg th osthesis with %.conﬁosnglon
containing a conpound of the present invention. In
ano enbodi nent, the proliferative di sease
007/ 002931PCT/ US2006/ 025881 treated is benign
static rpIaS|a a disease in which prostate
e ep'tha | cel grow abnormal |y and thereby bl ock

urN III For mul ati ons nodes of
F§1ad Qﬁpgf?g%Tm@ dosages 5 [0306] A phosphoram date

al kyl gtor prodrug will typically be fornulated as

phar eutical fornulations for admnistration to a

subj ect™Deséribed in this section are nodes of

adm ni st riati on, fornul ati ons, and dosages that can be

used when treating cancers using a phosphoram date

al kyl at@&V)prodng descri bed herein. [03071

Adm ni stration of a phosphoram date al kyl ator prodrug
whefe@ir eabiRy , tndepend@iy isdfydeaas meﬂﬁmr&abktxbﬁdeﬁei}emtbeﬂzyby'so@nyyl

_ propgfﬁicgc?ogfgpggh @ﬁ%? e %golrssg%er ]éécl ga%& %? arg detihed [ 3 as a%%e and Xy
isCnBna&ymdﬁmggxgmewﬂﬁ%yEMEmgbgﬂcpgomKWmﬂﬁmmmaus

I nj ecti oram.,dat e rProc
heteéogkc?%aseky? chz%r ? eaa;ﬁ ?isoggoxa/hor it %rch oyl % %x : %%lemggdlment
in omioumchloy fdﬁﬁddg/(}ﬂm()ﬁm} eat 00, Wanr?uImC] iy tlt@u 1581 1adxsludes
1soprcéﬁlpgn al%e eau }m 1%19 ngo?ng)for ?&e (gfg’%m%uﬁan@#) %}tccll% Fc]ssa E:oﬁ%oun@v%er&? Z3
is injection. In addition to these 15 formul ations, a

phosphoram dat e al kyl ator prodrug can be fonnul at ed

for adm nistriati on Ry oral routes, intraduodena

routes, pare nj ection (ifhcluding intravenous,

subcut aneo scul ar, i ul ar or

i nfusion), ' 1d rect esy Those of skill
in the arty recogni ze that a ghosphorani date
al kyl at or pr bacteria in the

gut. |f such jactivation is not lgesiréd, then the
practitioner gan enploy a route;of 20 adm nistration
or a formulation that results in absorption of a
phosphor anmi date al kyl ator prodng prior to its entry
into the large intestine a7 colon. The actual route
of adm nistration and correspondi ng fornul ati on of

t he phosphoram date al kyl ator prodrug will depend on
the type of cancer being treated, the phosphoram date
al kyl ator prodrug selected for adm nistration, the




"5 ng/'’kg to about 500 ng/ kg 6f the body weight of the
patient to be treated. In another enbodinent, the

t herapeutically effective dose is a daily dose of -ra
phosphor ani date al kyl ator prodng is about 10 ng/kg to
about 250 ng/ kg of the body weight of the patient to
ve2wreaeed. | n anot her enbodi ment, the PCT/US2006/025881
t herapeutically effective dose of a phosphorani date

al kyl ator prodrug is about 25 ng/kg to about 150

f0191y/ K@ o enﬂah@mbﬁldﬂ'le vek@invekioh b@vﬁ&d c.%ﬂltpoﬁn@ oP®rmula (XID),

nmbad
“{’% J‘fhffc‘?ﬁ‘l ﬁaﬁ}’ Sgl%’{hi"g%‘ %&ﬁ@ Ofé%ﬁ?i’é“ﬁrﬁtﬁf%‘l@&gé X1V,

or 3t ylad (Q:fnpplhﬁtdﬁ u7fg 8] SE 1@houts, 25 19:92’3@4 bs) 28/m0U84, éQi 01K ghe
of. t

bod at ient to reat ed.
ﬂ“bgﬂ’&eﬂfeﬁwm%aﬁwnp ﬂg'ﬁ’@ﬂ? y§;i Oéf’foé’@ﬁ? Qfdformulas
5 m,dasremox\f &h&bﬁsm h@;rcnmsqﬁ;gd & KOk R0 M BYoBHF &t@boldBneal) @it

out 12.5 ng/ kg of body weight of the
presﬁlgfl?vgﬂn?mtegdB%sg’Fé’ﬁ’PB‘Hm 103-13] Qui dance concer ni ng

admi nistration c | so rovi ded by and from
studies in 15 hy and| ot ha, manmal i an ani mal's. A

t herapeutically efﬁ MI dose determ ned for an

ani mal can be convert d to orrespondlng human
equi val ent dose (TIED) as dg yed"n . the table
bel ow. Ani mal Human EqUhyats Dpse (LIED) conversion

factor' Mouse 12.3 Hanst'&r 7. : :
Guinea pig 4.6 Mcro-pig 1.4 Mni-pig 1.1 Rabbit 3.1
{019%9 I 018 entbodkiergss’ thegprdsedfbmvroismt prévids thopsptetannmmﬁwleﬁors

oAt R s Oy cyoation. o EMGE, BRCTRIMBERT, |2
10 cyclaprp 41rycg§g@a1ba},cylgloﬁtbpﬂmrcam b@’u_nbla@fta‘dﬁ rhaﬁm allsspgmuﬂs)
ol SO AL p LRI pOULR IGO0, A S
of thfeiyenidnerd sirerihormaREncticahyiimpiovetrbepsphorargitikig alkylator
i@uoﬁﬁhmw 9B | ﬁbsg Igﬁaagamaa@ rod n%é< g)33. For

exanpl e, cynonol gu esus
[0193] In one embodiment, the present invention provides the compounds of the formula

15 (XVD

Trigger

X4

XVl

Where_in K is C-Cgalkylene or C;-Csheteroalkylene. In one embodiment K is (C(Ry2),)e,
CH,CHo(-Xs-CH,CHa)g, or CHa(-X6-CHo)r wherein e is 1-10, fis 0-3, and X5is O, S, or
20 NR;, wherein each R;2 is independently defined as above.
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WD 2007/ 002931PCTI US2006/ 025881 [ 0314] To achieve
t herapeutic effectiveness, the therapeutically
effective daily dose of a phosphoram date al kyl at or -
prodrug is usually admi nistered nultiple tinmes to the
patient. In one enbodi nent, a phosphoram date
b Roph/eesn prodrug is adm ni stered daily forcraspmeiosgh
of time. Typically, daily adm nistration for at |east
3 consecutive days will be enployed. In 5 rel ated
[019R{T0 @0d SRR SamBH D b3t dnfihl@fon Sro$iB&s 1B conBsilds 8f the formula
~_consecutive days, at |east 7 consecutive days, or at
(XVledstVIHD consecutive days. Depending on the dose,
formul ation, and route of adm_ni shation selected by
the practit®8ner and the convefi®®hce of the pati ent,
the entire dail \? dose can be adnini%éered once daily,
or the daily dos an be adm nistered im nultiple
smal | er doges %prﬁﬁgh he course qL/%féa i ncl udi ng
by infusign Wwth a or infravwenous NO
adm nistratiop). Fof exanple,\ the| dose [can/be divi ded
into two smal es™and, adii ni r t-\%fce dai l y,
or dividedXinto ree smal | er ‘Hoses ¥nd adni ni st er ed
thrice daily. It will he apparent to one of skill in
the art of cg¥vdEy treatnent that, agXvsBBd herein,
"daily" adm nistration is not limted to one

whealng 18 DS, KaisiCBr PE bikeldyifodiiox & AttedoRR AR Iy, higlsalfonyloxy,

adm nj strations.. 15103151 Admi njstratiaon schedul es
or WP R OB et PR B Ttk LR BT Ean ol so
be used. Adm nistration once every other d od
101535 {1 engiembPyrmERinthe RTcest inveptign BROwIH 8% RO o %fg’@ul)a cki):

every third day, or oncg a week can be appropi'ate in
sone instances, but in dhztevent, a phosphoram date
al kyl ator prodrug is%repeatedly adm nistered over a
period of tinme. For exanpl }/MMether adm ni stration
is daily (including, as n d, di vided daily 20
dose), every other day,~or |esS frequently, in one
enbodi ment a phosphaqranijfdat e al§ | ator prodrug is
adm ni stered at | east 2 pefr*week for at |east
two, three, four, five or‘at®least six consecutive
weeks, or, alternatively, for at |east two, three,
four, five or at |east si¥Xeeks within a six-nonth
period, or, alternatively, for at |east two, three,
whefegsug is Of4, ol ris 81, Br.adistsulpnylaxe dicteraytsooryloxy, arylsulfonyloxy,
or h%tﬁ%!;%ﬁ%lrﬂglﬁo PR r@%ﬁi Eﬂb&i‘ﬂﬁen@, LB venfon provides a

ate al kylator 25prodrug is adm'ni stered

compevnid @f Srmala EYS whereingeis k- PerEXRAMPER sectipir exapypies of

He of edbindfash, Si X consecutive weeks, or,
Gom%ﬁ#éiﬁg%¥§%$y? or at ?east two, three, four, five or

least Si e .t bj . S| [ i
0158 SRl T8 ol ofhof b MBE B oe it 00
at least six weeks within a twelve-nonth period. In
one enbodi nent a phosphd?qpidate al kyl ator prodrug is
adm ni stered at | east 10 days per nonth, optionally
at | east 20 days per nDnth,¢?8r 30at | east one nonth

or at |least two, thr Lfﬂﬁ\N fiwe or at |east six
consecutive nonths, or,NaIterﬁaig}ely, at | east one,
e 4

two, three, four, five | ea six nmonths in a
6-nmont h period. 103261 I'myo odi nent, the

admi ni stration of the therapéutically effective dose
is continued for nultiple days, typically for at

| east three consecutive days, and often for at |east
WO 20071002931PCT/ US2006/ 025881 five to ten
consecutive days, or for ajgweek, or for several weeks
or nore. Thus, a patient can be admnistered a
phosphor ani dat e al kyl at or prodrug in accordance with
the present nmethods for several days, a week, a
nonth, two nonths, three nonths, six nonths, or a



of the present invention enployed for the treatnent
of cancer can determ ne the dose, the 10 net hod of
adm ni stration,. and the kind.of .cancer .that is. :
treated with the phosphoram date al kyl at or prodrug.
In one enbodi nent, the phosphoram date allcylator pro
woogrofesthe present invention can have a iwcmvisvmstvassh
life of between 1 to 300 m nutes. In one enbodi nment,

t he conpounds of the present invention can have a in
vivo half life of betweegx® to 10 mnutes. In one
enbodi nent, the conpounds of the present invention

wheSfIR h@gtﬁcoée dr'% HIHR aﬁﬁb% olid 6-8, 86 X1 & deteRAsulBnf1ey30
m ndt es. A short half Tife of the phosphoran1 ate

hetergplpgynd pxp R lERMP Iy iRy ros Bel PAYISHTOPHIP A | Arised ey, 4 slucose
analdd iB&HLAE Rond, la%dltﬁ sic@ﬁwﬁés tIﬁ]beIétéﬂ%Eancﬁﬂﬂéﬁtr @6lpkant i@vention
p osphoran1 ate a ator prodrug having a ?onger
provisigs ¢ cqmppaad of [ @W@MX%H’FIPWWWP% -of the phosphoranai dat e
al kyl ator prodrug can increase the maxi numtol erated
[019¢b s b qurmphodiment.ithepreyspigayeption royades thecampeipisier
enbodi ment, the present invention provides
phosphor anydat e al kyl ator 28 prodrugs that remain up
//gf 2096 anged en incubated with nouse liyer
crgsonal (upd%t e MARwN unan exafrfpke angs.da¥a Tk

a;%ybnble

phospho

Btein R 30 m-Adkes. PA-
, the pres/n i nFenti on pr@ﬁ?des
m dat e alkylato prodngs that ¥er#in 20- 80%
unchanged, when i ncubat ed th nouse |iver &icrosoma
~protein f B0, m nutes. In t her enbodi neNt*t he
present_invention provides phosphoran date al

. en incu ed MA nmouse |
* flor 30" nut es. % nlanotifer nbodlnEntomgxénple

phaghhor a ke aI y#-{br ugs of yhe\pres xﬁ
| Beny,i on/ whi ch whe ?b ubdted wi th msUusemtd ver

M.M st abi of a prodrug X% he invention, i
therapeutically effective dose a desirabl e
patient si/de eféects 30 will be meﬁ::LQSZZ] In a
rlel at é%nt AHe| bi ong IVﬁ/ roup of the
os or ani daye " %IkylatOL\pKodru s of the present
tion Gpoh reduction&ctivatioemin a hypoxic
t Gromzorle forrga WO 20071002981PCH,US2006/ 025881
phosphor n1§kusi al kyl ator- TM Conj te. The
phosphor ni daf e®al kyl ator- TM ¢ nfiggte can diffuse
and reach ot%er pA¥ts of the tumor Or other tunors in
he case of a nmetastatic di sease. Various *
“mﬂﬁﬁﬁﬁﬁﬁgg&*ﬁ%?%ﬁwﬂgwﬁﬁﬁ¥ers such as vol une of
di stribution under steady state VSS) cl earance
(0398, Jn ongepshodingends the priesrat inygnlyn Dravjdesdhd Gop@pungsic osomal
stability (MM stability), 5 plasma stability,
C,m o&4phosphoranidate)§!kyla;or prodrugs of t e

present hBnvention were neasurfed and listed in th
EXAMPLES sectign (see als mgggﬁan et al., supra
[O§2§1 | Ryr e=¥'r meg Ry r&gh the d GaIRe R
Lgt_e Wt refl ec —ﬁ%f_ Ntolerance g&a\ pr|%rMRmb
I'n ah V(P;e o as C|ty [ bser

urlng repeab adning,stration, dosi ng*can g
ghporarlly st opped as severe synptons are observed.
The period of tenmporary halting of 10 adm nistration
(drug holiday) can be ended at the tinme when the
first organ of toxicity nagl onger contains
significant concentrations of a phosphoram date
al kyl ator pro drug or a phosphoram date al kyl at or
rel eased therefrom (which can be neasured or
determ ned indirectly by cessation of synptons).




cont ai ni ng i ncreasing popul ati ons of rapidly dividing
cells. The hypoxic region acts as a drug-factory to
.produce within a tunor. an al kyl ator. for. killing

adj acent nonnoxi c cancer cells 20 | eading to a higher
concentration of the phosphoram date al kylator within
wheoot,ummt, relative to normal tissues. Therats@:@60isha
prodrug to generate the phosphoran date allcyl ator
within the tunor can reduce toxic side-effects

wheRtkd 18] A xIMe dbHhaQl MBhma@) Vi toxi city. After cancer
cell in the nomoxic region of the tunor are

S .
(0199 2] Y Sl B PR b P o 0 R PR (R
(XXKi | | ed by the phosphorani date al kyl ators 25 generated
froma phosphoram date aIKyIator prodrug of this
i nvention or those known, gr by other anticancer
agents or cytoxins adninié?ered in conbination with
t he phosphorani date al kylLdtQr prodrug, as described
in the follow ng sectigh. | IIN i nation therapies
30 [03291 In accordéE;e wia h t@? nmet hods of the
i nvention, a phosphoranidaﬁe al kyl ator prodrug can be
co-admi ni stered in conbi nat i'gggeni t h ot her anti-cancer
agents ("anticancer WO 2007/002931PCT/ US2006/ 025881
> agent"). Wthout intendi 6§Po be bound by any
particul ar mechani smor effect, such
whergr YdmE i 61 andtliriggerciain défined e faraskLDpr ovi de one or
nore of several advantages over known cancer
{0200 e frapibidsr, entbadimeat thefpossee kampgloe pooidadie niiskphbsplomangikiate
dhﬁ%$g8§gggyanidate al kyl ator prodrug and the -
anti'c er agent has a synergistic effect on
i nduction of cancer cell death. 5 Gp-adm nistration
provi des a better therapeutic resuli than
adm ni strati on of Nanti cancer agent al one, e.g.,
greater aIIeviéigéEhgh amel ioratign of one or nore
synpt ons of the cer,~di m ni shmgnt of extent of
di sease, delquor showi ng\of ngga@e progr essi on,
amelioration, palliation ot staBi]ization of the

di sease state, partial or Fongl et @M enission
prol onged survival or other benefi&Lngtherapeutic

results. 10 [0330] The co-adm ni strati+on of a
phosphor anmi dat e al kyl at or prodrug incrgases the
sensitivity of cancer cells to the antiBancer agent,
al l ow ng | ower doses of the anticancer .agent to be

10 [02014, i orecepetimey. PRk apatimeRbosghorapiignal Ry atan-oamerts sder

hyddge&tcnb@ndiealS8@rdinge treat ment of cells otherw se

resistent to the anticancer agent or otherw se
refractory to treatnment. Wil e the known anti-cancer
agents in general targets the rapidly dividing cells
in the nornoxic 15 region, the phosphoram date
al kyl ator prodrugs of the {nvention target the
hypoxic cells in the réegio of tunors that are not
efficiently killed by tRe-anti cancer agent al one.
[ 03311 As used herein, a-phosphoram date al kyl at or
prodng is "co-adninigéered““mﬁth anot her anti cancer
agent (also referred to hergin as, "Agent") when a
phosphor ani dat e al kyl at or prodnug and Agent are
adm ni stered as part of the sang course of therapy.
In one 20 enbodi nent, a phosphofani date alkyl at or
prodrug is first admnistered prior to adm nistration
of the Agent, (i.e., the initiation of the other
cancer therapy), and treatnment with a phosphoram date
al kyl ator prodrug is contigqued throughout the course
of adm nistration of the Agent (i.e., the course of
the other therapy). In another enbodi nent, a
phosphor anm dat e al kyl at or prodrug is adm nistered
after the initiation or conpletion of the 25 other
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© 15[ 03341 Anticancer drug therapy today typically
i nvol ves nmultiple rounds, or "cycles," of
-admi ni-stration of the anti-cancer agent(s). In the
context of adm nistering a phosphorani date al kyl at or
prodrug, each cycle of administration (as well as a
waomwpieteer set of cycles) can be viewed as PCT/US2006/025881
adm ni stration of a second drug. A phosphor ani dat e
al kyl ator prodrug can be adninistered in any or all
{020 I hhgoet hdpbdd] iBe GUGhERvAkiod pOABRI cotpbiinds bEheloheria
gent In general, 20 a phosphorani date al kyl at or
rodng i's adn1n|stered on a daily basis for at |east

two or nore_days durlng each cycl In e aspect of
t he |nventﬁE a p bsphoranldate ﬂ tFr prodrug is
co- adm ni st re h t he Agent ac to a
schedule &\each round. A ™. one

verS|onhof thePnethod P eatd g ca Eer usi’ng the a
phosphor am dat al kyl at or prodny, osphor am dat e
al kyl at or prodrylg is admi nistered |n éenblnatlon W th
25 an effective anRunt of one or nore R
chenot her apeutic agénts, an effective anountor of
radi ot herapy, an appropriagegsurgery procedure, or
any conbi nation of such additional therapies. WO

wher&d071002931PCT/ US20061025881 [0336]. Wen a
phosphoran1date al kyl ator prodrug is used in

[0205107R] "RL 'Y%n %]E}eeeﬁwarasm%amﬁi % he addi tional
her api es, osphorarni date a kylator prodrug and

[020!?]d déa%ﬁ Rn ﬁl ti@“‘ i indl n@&ﬂ@ﬁ%l@ét&i B&L the @toup B&hs®

nlnlstere separately. For exa

hydrpgenehy[dmﬂpﬁo@aqﬂmdfxecmﬂww&&s alkylgapinggCi-Gs dialkylamino, iy,
hetexegsri G{ t%%ﬁﬁe?ﬂ éMdIIQ* %}n@ad@téra@aal orSRETIMahaRpUtjC 5

ents can bé adni ni stered
Eﬁqyﬂﬁwﬂvaﬁéﬁwgﬂﬁ”@6ﬂ@éﬁ35§h%§ﬁﬁhﬁ@ﬁﬁpéﬁfsequent|aIIy
W th sone tinme between adninistrations. One of skil
—CE - Ve[GO Qi [CDnder BtlalfdZ i hods) 64 Zdetéi #dst er i ng
the agents sinultaneously and sequentially and
—IC(EOsTsloA¥-OhntCHehiZods  HE bdr CobiMiHE diat i on. See for

AnstMakie d bed th
s B R AT ER! @%U?)BS?;‘]‘" The Agents can be
10208, TPl 2168 0 AR g 3RO LT RIS - Gl B0k A1, 2.

ia the same or
hetem@lhylegfonylom&]y} @her}sﬂﬂqeﬁarpeﬂm or Dlgrgareatkisienydaxpiallgd; or
used in conbination with the a phosphorarnidate
[0204] kg,i:l)at I(B:[st Pre@t RitRs gntbRI R i Prhalndlkyds2-CnCs aliddsulfnvioxapllsyl,

usul f .

2 nei g b g s AR DRG R 5 R PRI Bl o
and 15anal ogs thereofmggﬁglence apps) gl uf osf am de,

at legpbomd dfiNR;Rysand &L 8R4 b, ;ar edepa, uredepa,
altretam ne, imatinib, triethylenenel ani ne,
triethylenephosphoranide,Vm,:;]

[02007 | @lipsakieNRithisopNasihdbathi de, ~“tirindet hyl ol onmel ani ne,
chl oranbuci |, chlornaphazine, estranusti ne,

an ndb@&f-aRbAEe or Qﬁxf:érﬁl'b B Ron-Eakit oiethafissegs, bioisosteres,

mechl oreth de h ori de | phal a
phorFag s APy dree ﬁfég %W%é}"@% or & piddug thercof.
trofosfan1de uracil mustard, 20 carnusti ne,
[0208h| 62b Zopdserndentigs End<F¥he, ni nustine, rani nustine,
dacar bazi ne, mannonusti ne, nitobronitol, m t ol act ol
102091 p etnhdindependasila s gy ci ns, actinonycin F(1),
anthranycin, azaserine, bleonycin, cactinonycin,
carubi cin, carzinophilin, chrononycin, dactinonycin,
daunor ubi ci n, daunonyci n, - di azo-5-o0xo0-1-norl euci ne,
mycophenol i c acid, nogal amycin, olivomnycin,
pepl onycin, plicanycin, porfiromycin, puronycin,
streptonigrin, streptozocin, 25tubercidin, ubeninex,
zi nostatin, zonabicin, denopterin, pteropterin,
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" “oxoplatin. 5°[0339] In ohe version, a phosphoranm date
al kyl ator prodrug described herein can be used in
~.conbi nat.i on with an anti angeogeni sis inhibitor
i ncluding but not limted to Avastin and simlar
t herapeutics. In one version of the conbination
woeat/messtt net hods, a subject is treated widiapooso23ss1
anti angeogeni si s inhi bitor and subsequently treated
wi th a phosphorani date al kyl ator prodtug. In one
[020081 Shedi iRfepdnbientig@nidiniat i on treat ment methods, a
subject is treated 10 with an anti angeogeni sis

fo2i 1 hixbis %&éc’séﬁﬂﬂmﬁﬂi@?@ﬁw&ﬂhbﬁhg@f eaiCatlnt I, hetemalkylene
phosphoran1date a

k tor prodrug with another
e eraye Celulynt iR e GRomoran VHFER R oS
splatin, and carbo Iatln In one version of these
mz%%nﬁﬁﬁé?ﬁ@ﬁﬁﬂﬁﬁﬁbﬁé 5f treatnment using an

antlahgfogen|5|s i nhibitor, the method is used to
[0213] ¢ stchiiisdsintependentir Ci-Godiad pr heterasiol hetozahrn otirmenalontly

bondtAQS %951@5@21%}1 %toﬁJ &X&J%eﬁf caﬂfoﬁ q{oﬂlg afe g&gz{ﬂ}n blsﬁe?eti&gfclyl and

wi th 15an anti-cancer agent that act
r I r i i r
[ozﬂ! %&(&1 Y%ﬁgxg s andnld 11{ Ezééﬂlgcsgo tsndlrﬂﬁ{b é’&hgﬁhﬁﬂ%ﬁlt% 8%80 that one
Ongh’B:taa‘blYehis@bq;QédmhﬁR'st ration with a phosphoram date
al kyl ator prodrug of the invention include gefitinib
[0215h d Iremdottenampist, theQebtt idventmatdwides the camprupdsof the formula
XX@&psphoramdate al kyl ator prodrug is adm ni stered
w'th an anti-cancer agent that acts, either directly
or indirectly, go inhifit hypoxia- i nduci bl e factor 20
al pha (HI Fla) of tg in |b|t a p3otelﬂror enzyne, such
as a glucose trans ort or VE | e expression or
activity |sR cre n incr rJﬁ | evel s.
H FI a inhibitors U|ta bl'e ﬂ%r use in thfs version of
t he met hods and conpositions descrd bed herein include
P13 | dnase inhibitoFS\ng?QQQOzr’Fapanycin; hi st one
deacetyl ase inhibitors su as [(E)-
(1S, 4S, 108, 21R) - 7-[ (Z) - et hyl i denej - 4, 21-di i sopr opyl - 2
-oxa- 12, 13-di t hi a- 5, 8, 20, ZFager
25tetranzab|cyclo [8,7,6 é cos- 16-ene- 3,6, 9,19, 22-p
ent ati one (FR901228, dep??% %t|de); heat shock
%ypteln 90 (Hsp90) i nhibitors such as gel dananyci n,
al I'yl am no- gel dananycin (17- AAG, and other
anamycin anal o and radi_cicol and radicicol
mlgﬁr %ﬁ% ‘g‘sm’éiﬁf?ﬁfesfgﬁ?@dlﬂé%éﬁm @@}ii st ei n; indanone;
staurosporin; protein kinase-1 (MEK-1) i nhi bitors
Iﬂzghcﬁacaé‘p BogabBg-Rs3 mdgpandently: I&W%ﬁwrﬂﬁm)mspxnatzf

hydlﬁéenn%tdk’&dypml@éhﬂ(% CPCgazRlyyd, - @éﬁéﬁaﬁﬂnﬂﬁb;-{lﬁ%ﬂ@l%ﬁ@t&ﬁ

ui noxafl1 ne 1, 4- di oxi des sodi um rate
hetepReripr g dmin K- dph § BB CaNep e A 1Ry s o

Tngg@rr%fectem&@{etg@wp%ﬁmwa ors such as novobi oci n,
oxyestradiol or vi ncri stines,

e B et kBt e e and
—[C(%@E WW(*@%)qqtm}%mohhtmfﬁﬂzt[@mwzi)p%nar ins;

bituric _and thiobarbituric acid andl ogs
with heprp it faeimeomyn g8 1, a conpound described in
Bi ochem Phcirmacol., 15 Apr 2001, 61(8): 947-954,
[0218hqG) %téeaéféWP vERiReand Rotydu? puerd “Tabveltie 2-allcaiselfospioxyaikyl, 2-

bR i £ 220 G4SN B

limted to anti-angi ogenic agents selected fromthe
group consisting of angiostatin, an agent that
inhibits or otherw se antagoni zes the action of VEG,
bati mastat, captopril, castilage derived inhibitor,
geni st ei n, endostatin, interleukin, lavendustin A,
medr oxypr egest erone acetate, reconbi nant human

pl atel et factor 4, Taxol, tecogal an, thalidom de,

t hr onbospondi n, TNP-470, and Avastin. Oher useful




10

15

5her'ein. [0349] Specific dose reginens for known and
approved chenot herapeutic agents or anti neopl astic
agents (i.e., the recommended effective dose) are
known to physicians and are given, for exanple, in
the product descriptions found in the Physician's
Wegk7Refser ence 2003, (Physicians' Desk Refremaszes/o2sssi
57t h Ed) Medi cal Econom cs Conpany, Inc., Oadell,
N.J 10 and/or are available fromthe Federal Drug

[o2 39 MY 8 leaRohOFE Ro1-R) Au8 Rg*at{wezdﬁxsa@e T-€QCBRS&uffeyloxyalkyl,

2 i P e SRl er P B HHE P oA ead

al kyl ators, anthrag ines, antibiotics, aromatase
oneioANR{Hstaod BR 8 phosphorat es, cyclo-oxygenase

inhibitors, estrogen receptor nmodul ators, folate

ant agoni sts, inorgani c aresenat.eg; lm crotubul e
[0236hh |(1@n) NByRs anddFRo& tagetharsraioty 0s o UrieadIRsRupsr 8B Rk

anal ogs, ostepclast inhibitors, platinum containing
mg&mmm@uaﬁ§Tr -laf®I ds, topoisonerase 1 inhibitors,

t opoi somerase 2 inhibitors, and tyrosine kinase

o221 hizRidaRkdhal kS @GE QFLaRE 8 ﬂﬁntrﬁbehﬁ\ﬁnﬁﬁl}élﬁds%nﬂﬁslﬁ&b&%jes

herei n, a phosphoram date alkglator prodrug can
vhapnpcophfien apharmageulically agerptabls 691 E%Y?éf‘ehydaﬁt%grweﬁﬁu&ﬁwef

t hese classes or can be adninistered prior to or
(0284t &7 it reat ment with any such drug or conbination of

such drugs. In 20 addition, a phosphoram date

al kyl at or prodrug CQmﬁBe adninistered)pﬁwbonbination

with a biologic theqapy (e.g., treatmgnt with

i nterferons, K col 0 lating factors
and nonocl nt-i bodl ir0l OU-cx sed for
treat nent of can ¢ knomn i n thg and i ncl ude,

for exanple, trasg
1311  Tosi t unomab P .
25[ 03511 Al kyl ators useful in the pracgtice of the
nmet hods descri bed herein include but
to busul fan (MyTeran, Busul fex), chl oranbtci

h‘%Le ker an iLosfan1de (with or without MESNA),
w ?%#ﬁﬁ%%§%k§ﬁiﬁ%’(cyioxan hﬁosar% glufosfan1de
M
e A e L b

¢rei:hods descri bed herein a phosphoram date al kyl at or
prodrug is co-adm nistered wth an 30 al kylator to
treat cancer.Rd n on@&version, thg.cancegg-is chronic
nmyel ogenous IFukeni , multiple el gyma, | or anapl astic
astrocytoma. N |20 7/002931PCT/H82 6/025881 [0352]
I n one eq@p/, men //Ehéﬂh%égéﬁﬂr Vegﬁrbﬁ\p&QV|des a
met hod of treatithg cancer treatabl eiby admistering
an al kyl ator by adm ni stering the pAosphoranidate
al kyl at or prodrugE\qﬁ .he present iﬁbeptjon or those
al one or in conbinati with at | east ahig¢her
al kyl ator or a prodrug thereof. Al kylators, such as,
for exanpl e, cycl ophosph&sfidd, 5 ifosfam de,
gl uf osf am de, nechl or et ham ne, nel phal an,

wheedik By, BadRucRi®, RefaBdh Balk iamfe",Friggezrmq ol defimidde Formula (XXII).
carnustirie, streptozocin, bendanustin, busulfan,

10224hi Ot epeher emlscplhmérit,rthe mwﬁdﬁe&ﬁdmaﬁxﬁ:s theabinpduadd of foramth

es. of. ¢ one of such

QQ%%ﬁ% 3?§3a%gﬁ@fg %g%ﬁi mﬁth ot her anti
cancer or chennprotectlve agents are descri bed for
exanple in the reference Hardnan et al., (supra). 10
[0353] In one enbodi nent, the present invention
provi des a nethod of treatjang cancer by
coadm ni steri ng a phosphoram date al kyl at or prodrug
with at | east the al kylator Cycl ophospham de, in the
treatnment of Stages IIl and IV malignant |ynphomas,
mul tiple nyel oma, | eukem a, nycosis fungoides,



10

is used to treat nmultiple myol ema and can be

adm nistered orally. Chloranbucil is used to treat
chronic.|yphocytic | eukem a and primry .

macr obl obul i nem a. Bendanusti ne, devel oped by

Sal nedi x I nc. can be used to treat hematol ogi ca
walzgnapai es, such as, for exanpl e, non- Hoggkidods025881
| ynphoma, Monis | ynphocytic | eukem a, and nultiple
nyel oma. 5 103601 In one enbodi ment, the present

i nvention provides t hod treatlng cancer by
x, agm nistering a sphmranldggFE q;kylator pro@ug of ™
tHe n%pntmnnNMA hh@ cancer tre $3|n
at] *-past the alkytator—Busul fan] ulfan is used t Ru
*\LJea chroni c graqul ocytic Ieuk@n1b and chronic
nyeI%?enous | eukeri a. Hi gh doses busul fan can®be
used Vi n conblnatlcﬁh¢ytr| cl ophospham de to trea‘ltjger

pati efAiP% with acute nyel nous | eul®i a 10 before

bone marrow transplantation. [0361] In one

enbodi F&AY) the present invention des a met hod

of treating cancer by adm nistering a phosphorani date
[0228] | &yangtherrenhedintulythe bresméinvensien piovMesthe tprzporedridhe formula
oexipeat ment regi men using at |least a nitrosourea

al’kyl ator. In another enbodi nent, the nitrosourea

al kyl ator i Carnustlne Car nust | can be used to
treat Hodgkin'|s di sease, |ynphonps, *5 nyel omas,
mal i gnant astqpc to stlat Qh;?hnrs of the
brain, nelanor Bapah i TREST | tunors. In

anot her e me t, the nitrosgurea is Streptozocin
whi.ch is used t00treat pancreatoc islet cel

carci noma. [0362]\In eshodi nent ,*the «Rresent

i nvention provides od of tre |ﬁ?’bahcer by
adm nistering a phosahgbqnldate al kyl-af or produg of
the invention with a cancer treatnent 20 regi men

using at |east a trlazquﬁﬁhfylator I n one
enbodinent t he ni azene ator i s Dacarbazi ne

ne u eat g@k%pnant nmel anonm,
Wh%%? k ﬁ%g ﬁgégggﬁm%% n?? arcoma. In anot her

lO’ﬁEﬁ@ Phih il %wtp%es@rﬁilﬁ%m?o'g%i‘%f b e e bt 1B
(XXMI363] | n one enbodi ment, the present invention

provi des a nethod of treating cancer by 25
adm ni stering a pho phor nf*dat e ql kyl at or produg of

the invention with er\trlgﬁ ment regi nen using
at |least a plati@uﬁw dlnﬂfT cagpl ex al kyl ator.

I n one enbodi nent, q pF%ﬁ%nu coordi nati on conpl ex
allcylator is CISp at sptatin can be used to
treat cancer of BF W%% e %anawﬁeck endomet ri um

small cell carcinonma of the Iung, and some neopl asns

of childhood. Cisplatin (3K or with

cycl ophospham de is used to treat advanced ovarian 30
wheranReR s, 1, Eo¥ih mbiTrigper T e defided najpyorofla@XSPVat in wi t h

Bl eonycin, Etoposide, and Vinblastine is used to
[02207) e &t ore@unbodigcht] 186 thie prikait inanioe biovidach wintpburelned Fofmula:

Pacl i taxel , Cycl ophospham de, or Doxorubicin to treat

ovari an carci noma. WD 2007/ 002931PCTLUS2006/ 025881

[ 0364] Ant hracyclines useful in the practice of the

met hods described herein include but are not limted

to, doxorubicin (Adrianycin, Doxil, Rubex),

m t oxantrone (Novantrone), idarubicin (Idanycin),

val rubicin (Valstar), and epirubicin (Ellence). In

accordance with the nethods described herein a

phosphor am dat e al kyl at or sgrodrug i s co-adm ni stered

wth an 5 anthracycline to treat cancer. In one

version, the cancer is acute nonlynphocytic |eukem a,

Kaposi's sarcomm, prostate cancer, bl adder cancer,

netastatlc carC|nona of t he ovary, and breast cancer.



the group consisting of nmultiple nyel oma, bone
net astases fromsolid tunors, or prostate cancer
[ 03691 Cycl o-oxygenase inhibitors useful in the
practice of the nethods described herein 10 include
but are not Iimted to celecoxib (Celebrex). In
wocardamie W th the nethods descri bed her epa¥rés2006/025881
phosphor ani dat e al kyl ator prodrug is co-adm ni stered
with a cycl ooxygenase inhibitor to treat cancer. In
one version, the cancerr, s coRgn cancer or a
pr e- cancer ous cond|t|on knownfas fam |lial adenomatous
pol yposi s. [0370} Estrqg\g re eptor nodul at ors usef ul
in the practice of cribed herein 15
i nclude but are not Ilnrte? to tanoxi f en (Nol vadex)
and ful vestrant (Faslodex) I n accordance with the
nmet hods descri bed herein a p@osphoranidate al kyl at or
prodrug is co-adm nistered with an estrogen receptor
nodul ator to treat cancer. In one version, the cancer
wherein Bisdagt; cancer or the treatnment is administered to
prevent the occurrence or reoccurrence of breast
L, ig@Hg 6HMQ C(Y163 TILOED, A CEL)a iR §¢AlaiELEEHEN in the
practice of the nethods described herein include but

rePnot_|imtedMe8 met hotrexat eMegnd tremetrexate. dn
‘g ce with @ ods des r d *@rer n-a9 < ;
pho anrda?e’al at cd adnrnrste(%d

with a folate ant agoni ,o treat cancer., I n one
Vv@BKSi on, the cancer |s osteosarcg M9[03721 As dne

exahpl e fHshe c
ébﬂF%ﬂ!bT{gi4 dlamﬁmaiﬁﬁi ridin cfQ
nethylanrno]benzo?II-L glutanrc acr ﬁy K R
as nethotrexate, is an antifol ate drug t hat has been
102284 e dn Eriltchembadiatntsiet presentgestiam ronades ¢ Boteleolsd Froin dlsngoup
am% i,p the treatnent of patients with chorioadenoma
es#ruens and hydatiformnole. It is also useful in

t hev-t-r,eat nent of advanced stages of nalignant
' ﬁyﬁghd and in th treatnent o vanced cases of
O:M[TY C fung hotrematéiigfadnrnlstered as
fol | pws. For chorNoc rci noma, 3 ~ amuscul ar

i njections of dosles of 15 to 30 are adm ni st ered
daily for a five-day course, such courses repeated as

d with rest perlod of one or nore weeks

onferposed betwee es of erapy For | eukem as,
t ekly |nFra ctrons are
adnrnlstered in .47/002931PCT/U82006/025881

doses of 30 ng/nﬂ. For mycosis fungoi des, weekly

i ntramuscul ar injections of doses of 50 ny or,
alternatively, of 25 ng are adm ni stered tw ce
weekly. In accordance with the nethods descri bed
herei n, a phosphoram date al kyl ator prodrug is
co-adm ni stered with nmethotrexate adm ni stered at
such doses (or at |ower doses). 5-Methyl-6-[[(3,4,5-
5

tri met hoxyphenyl) - am nednet hyl | - 2, 4- qui nazol i nedi arnl
ne (commonly known as trinetrexate) is another
antifolate drug that can be co-adm nistered with a
phosphor ani dat e al kyl at or prodrug. [03731 Inorganic
atsenates useful in the practice of the nethods
descri bed, herein include but are not Iimted to
arsenic trioxide (Trisenox). In accordance with the
nmet hods descri bed 10 herein a phosphoram date

al kyl ator prodrug is co-adm nistered with an

I norgani c arsenate to treats cancer. In one version
the cancer is refractory acute pronyel ocytic | euken a
(APL). [0374] M crotubule inhibitors (as used herein,
a "mcrotubule inhibitor” is any agent that
interferes with the assenbly or disassenbly of

’




“metastatic breast cancer, non-small cell |ung cancer,
or nmetastatic colorectal carcinoma. As one exanpl e,
the conpound 5-fluoro-2,4(l 11, 311)-pyri nai di-nedi one,
al so commonly known as 5-fluorouracil, is an
anti nmet abolite nucl eosi de anal og effective in the
yatdiekeve managenent of carci noma of the woliemoso25881
rectum breast, stomach, and pancreas in patients who
are 5Sconsidered incurable by surgical or other neans.

N&l uorourachl is admnistered in in tral therapy in
{oses of 12 glve_/g_ avenous e daily for
ﬁsuccess@ﬁb y wi p esually é%sesngg exceedi ng
800’ng. If no toxi,city is observed at any tire during
the course of the therapy, 6 ng/kg are given
i nfravenously o e 6th, 8 10t h, and 12t

<4ﬂa therapy [ —E§§ on the 5t \7th 9t hg
Bays. In poor ri ¥k pati enogN ese mho are
anND® adequat e W%trltlonal state a dally dos CBJ 6 ’

nmg/ kg is adm nilstered’for three days, with the daily
dose not exceeding 400 ng. If no toxicity is Qbserved
any time duri%qg the treatnent "ng/ kg. can
hgkygg§on the 5th,j and 9th No t herapy™
O,N ~on the S=gr 8tthN a A s segyence off \
i njections on ei t her schedul e corstitutes a ol
therapy. In accordance with the nethods described
er e . .
o228 o BISTRM BOpERATP LI BBlobf AN Rel e B st
with the prodrug form Xgl oda g th correspondingly
adj ust ed doses. As anoqheq)expnple t he conpound .
2-amno-1, 7- drhydro6111pur|neN6 thi one, also comonly
known as 6 thloguankne' nhehe03|de anal og
effective in the therapy acut e non- pynphocytic
| eukem as. 6- Thi oguani ne |, rally adm nistered in
doses of about 2 ng/kg of bgdy weight per day. The
total daily dose can be glven at one 20 tine. If

1ol &ﬁéﬁimeekshofggosage at this level there is no

Seeﬁ%Hﬁ%% P e " ¥o¥age can be cautiously increased
to 3 ng/ kg/day. In accordance with the nethods
descri bed herein, a phosphoram date al kyl at or prodrug
is co-adm nistered with 6-TG adm ni stered at such
doses (or at | ower doses). 103781 Osteocl ast
inhibitors useful in the practice of the nethods
descri bed herein include 25 but are not limted to
pam dronate (Aredia). In accordance with the nethods
descri bed herein a phosphoram date al kyl ator prodrug
is co-adm nistered wth an osteoclast inhibitor to
treat cancer. In one version, the cancer is
osteol ytic bone netastases of breast cancer, and one
or nore additional anti-cancer agents are al so
co-adm ni stered with a phosphorani date al kyl ator pro
drug. 30 10350] Pl ati num conpounds useful in the
practice of the methods described herein include but
are not limted to cisplatin (Platinol) and
carboplatin (Paraplatin). In accordance with the
nmet hods descri bed herein a phosphoram date al kyl at or
prodrug is co-adm nistered with a platinum conpound
to treat cancer. In one version, the cancer is
nmetastatic testicular cancer, WO
2007/ 002931PCT/ US2006/ 025881 netastati c ovari an
cancer, ovarian carcinoma, and transitional cel
bl adder cancer. As one exanple, the conpound
ci s-Di am nedi chl oroplatinun (11), conmonly known as
cisplatin, is useful in the palliative treatnent of
netastatic testicular and ovarian tunors, and for the
treatnment of transitional cell bladder cancer which
IS not anmenable to surgery or radiotherapy. 5




1, 7-di hydr o- 6H puri ne-6-thione or a pharmaceutically
acceptabl e salt thereof; 22-oxovincal eukobl astine or
a pharmaceutically acceptable salt.thereof, 2-bis[(2-
25
chl or oet hyl ) am no] t et rahydr o- 2H 1, 3, 2- oxazaphosphori n
vep 20dv@xisde, or a pharmaceuti cal |y accept abdcasadotiozsss:
t her eof
N44-[[ (2, 4-di am no- 6-pteridinyl)mnmethyl}-nmethylam no]b
oyll-Lgl ygamc acid, or a pharmaceutically
accﬁptable sal t thereof or
ci sdi aenm nedi ¢hl oro tlnun1(ll) 30 I'V. EXAMPLES
VO 280]l,002931P ﬁ) 006/ 025851 £0357) In the
fol fowiing exa Ny~ ref erencelta a conpound
des¥gnat ed by a Ieiter IS auug£en©nce to the
sefuctyfe showr nexs to or above/ that™hetter in the
corresﬁondrn@'reacvnon schenes.c Sy ‘thesis 5 [ 0358]
a Methods to syntheS|ze t he phosphoradm date allcyl ator
rodrugs of the preg nt invention are prOV|ded in

sechi on ¢ Starting naterials Jﬁﬁ ’igiTsynthesis

of t hosphor am dat e alkylator Q;oqkug of the

2@re ent inventi on weke bag mhen e, from
coﬁﬁhﬁeraL/ﬂﬁ gtur%rs<fguch

xanple t he
Si°gmat Al dri ch Co%, 3? 1 cl
2-ni_tr oi m da7ol e- SJﬁet ano urch sed rom

Symgene, |ndia. Noh- co rC|aI1y 10 ail als e
st@arting materials ca e synt hesi zed i;n via standard
literature procedures. Such procedures can be
identifjed via literature search tools such as

Sci Fi¢hder; avai l abl e fromthe American Cheni ca

Soci e r Beil stein, ai |l abl e from MDL Sof t war e.

SQT Reactions with i strare séﬁsffTVQ/;zzrounds

((nf)‘%

, r l e, and PC13, ahd their nono
and{ﬁi hl or o derl‘é%kvés were perfopneds-egployi ng
anhydr dus sol vent's 1§famd/ﬁndef nittog r argon.
Separation of a prodhctlf romthe reactlongﬁixture was
per formed enpl oying a -up where necesgary,
fol | owed Dy vacuum di |II%t|on crystal Fi zati on,

cohmm omat ogr aphy, preparative thick |ayer
hro tography A ita | e eluent for bhe col um
ronat ogr of a ound can- 4i ernlned by
reasl ng ure and/&r by “det Fﬂm g the Rf
qlconpound bW”\m er chro ogra 20 and

desored’ compound fro ndesi red conpounds. The choice
of a rticular eluent ¢an depend, anong ot her
factors, on the polar nature of the conpound,

exi stence of other closely eluting conmpounds, type of
stationary phase such as silica gel or alum na used,
and the amobunt of pressure used to elute the sol vent
through the stationary phase. In practice, different
conpositions of solvents can be used to 25 separate
the sane conpound. [0360] Separated conpounds were
anal yzed for their purity by standard anal ytica

t echni ques, such as, TLC, NWR spectroscopy, and
LC-MS, and stored in a freezer or a fridge, avoiding
noi sture, light, or air. Stock solutions of
phosphor am dat e aLkyl at or prodrug conpounds were
prepared in DVSO and stored in a freezer. 30Exanple 1
Synt hesi s of Conmpound 23 WO

2007/ 002931PCT/ U520061025881 0 (-)Cl(t)H3NC OHTEA
POCI 3 02N O02NTHFTEA, THF 4 [0361] To a sol ution of
5-nitrofurfuryl al cohol (200 ng, 1.4 mmol) in THF (10
m) at - 78C POC1l3 was added in one portion foll owed
by a dropwi se addition of triethylam ne (IEA 0.22
m, 1.54 nmol) Tenperature was increased to -30C in

:%bﬁﬁws;gg a solvert whlich allows s aratlon of the



9/ HAPCL3 CI'Ct 9/ HN G HCC-P-NC- DI EA THF
5 d O/ CA-P-NLiN(TMB)2 CI  DME 9/ OP-N1 02N
NNCl . Cd....Cl 55 15 [0362] A suspension.of . o
N- Met hy1- 2- chl or oet hyl ammoni um chl oride (10 gn) in
POC13 (40 m) was refluxed (135C) over night. After
wemmvingilexcess POCL3 under vacuum pr oductpcSiuswams/o2sss1
distilled out under vacuumas light yellow oil and
anal yzed by 11-1 and 31P NMR spectroscopy to be pure.
- WD 2007/ 002931PCT/ US20064025881 [ 0363] To sol uti on of

i (bog 4.75 mol ) and
Mef/hyl 32- chl or oet hyl a nium chl oride (0.62 gm
4bZK\mN ol) in THE at -78&C diisopropyl et hyl ani ne

( , 465 mM, 9.5 nmnol)\was slowy added and the

eactj ol~j xture vvas‘él-wa(rpédtoit. After stirring at

rt fgr onejhour, the-re 'NWEIr,e was diluted

wi t h{et hyl eacetate and shted with brine. The 5

organig, | ayer was dried over MgpSO4 and concentr at ed

to yield a residug which was separated by flash

chfonat ogr aphy vyi el Ui ng corrpoudegO/Q oLk, [0364] To

a sojution of N nethyl 2-nitroim dazol ex5- nmethanol

(0.3 g, 3.2 mml) inmndi thoxyethan%_(_[bl\/E) [ti t hi um

bi s\t rimet hyl si | ypam He ( 2mm|,"y@.2/*’m Min

THE) Mwas\ added a;df- C. After 5 nin, 511 2.9 mol ,
— m[frg) s add€dvangd t,pereaction ni xt ug

war rednlp to -20C, dilyted wi t'h ethyl

washed jwith:brine. T organi c | ayer s dried over

MyS nd concentrafed. Purification bf?'fl ash

chropat ogr aphy with 6-12% net hanol in DCM yi el ded 5.

[ 036a] Conpounds of 8 and 16 were synthesized

enpl oyi ng the procedure used for the preparation of
[02309 RO hﬂ&iﬁr embodinent, the present invention provides a T selected from the group

congisting of:

Zy 7 Z4 Zy g Z ARy
N A N A VY A VY A
7. NO,

Z4

Rg

wherein each 7, Ry, and Ry is defined as above. Within this embodiment, 7y is hydrogen,
methyl, or ethyl; Ry is methyl, trifluoroethyl, ethyl, propyl, and cyclohexyl; and Ry is OH or
OP(=0O)}0OH),. Within this embodiment,

59



Cl 16 WD 2007/ 002931 PCT/ US2006/ 025881 = Exanple 3 - =~
Synt hesis of Conpound 35 TsCl, K2CO3TsTs H2N DVF 35a
120C 130C 35b Br .35c Br .4\ + 02N N

Br NO 7--/ Il OR LIN(TVMS)2, DVE 02NO-P-N- NN -78 Cto-
Br./ 35¢c Br./ 35

WO 2007/002931 PCT/US2006/025881

wherein each Ry is hydrogen or C,-Cg alkyl and each X, is halo or RguS(=0)0- . In another
embodiment, Ry is hydrogen, methyl, ethyl, isopropyl, or isobutyl; and X, is chloro, bromo,
or methanesulfonyloxy.
[0231] In another embodiment, the present invention provides a compound of formula:

T o

NN
O—P—HN

| X
HN 4
X4
wherein T is defined as above or more particularly T is I-Z; wherein L CH,, CHMe, CMe,,
MeQ O

0 MeO
\5‘/0—51\17(/‘ _‘S,s__/o—<\! >—\/ \§Jo—<\ >—{il,_|3 #° N—//\

OoN OMe

CHy H ' o
o o
s Y, \g)r \ o or o—@y

; g N ! ~5 7

and 73 is
AN N2y T )
s R

H{0=1P0

60
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15

[0366] To a solution of ethanolammne (6.03 nL, 100
mol ) and K2CO3 (13.8 g, 100 mmol) 5 in DMF (38 nL) a
sol uti on of p-toluenesul fonyl chlori.de (19.g, 100 .
=nal ) was added drop wise at rt and the reaction

m xture was heated up to 120C (bath tenperature).
wao@3e»i. 6 g, 200 mmol ) was added to the rEaskiemsss1
m xture, followed by dropw se addition of 1, 3-

di br onopropane (10 g, 50 nmmol). After heating for two

mpog hour's, e react| on vvas cool ed to rt, poured
mo wat er (2 gg%act ed wif et hyl
tate. T mcG)zH s 100Ared Wi th Na2SO4
and :concent r at ed to yield conpound ..35a as yellow

oi | which was enployed in the next reaction. [0367] A
sol.ution of co d 35a (5 gy in aqueous HBp—(48%

(ﬁq&‘d) was LIQI to rem)v he aqueous, pbr fon

r§ out 20 m ¥ the r eas) ' xture Was rfFuxed
OrN@0 h. ’Addlt na aqueous p

rtion’(5 nm) Fy
renoved by di st Iatlon and the reaction m xture”was

15 refluxed (4 h). The reaction mxture was cqoled to

2

nt, diluted witkcwater (20 ni), rfiltered t Kough
a i te pad. The/ Itrate was c'}b entrated to N

) to yiel gte \miN:F{\ coeyapor at edr
wi th et hanol’ thrice, and“follow ng additfon ad,N

Iarge vol ume of acetone a white solid product 35b8vvas

) I G AT T

and 260FASOPOIHPETHiIdISHOGE8s(2EBEE of 6888k A suspensi on of
conpound 35b (1 g) in POC13 (14 nm.) was heated at
130C for/ about 14 h and excessf POClS renmoved under

o vaduuPn t 130C (bathoten”p:er t . The idue
by col unf| chigmatedra h on si [y "8 '
/eﬁptno nd 10- 80% Rexane to i el d ctB6C

-h Was co eted to c nmpdund 3 (the present 5
|n i on efipl oyi ng the procedure as prov in
Exanpl e 2 enpiroyithg forPc umm chr ojrait ogr aphi & 5
separation si/lica gel a 0 80% aget one/ t ol ueffel as

the &l uent . “Exanpl e 4 Syntfesis of Conpound 7 16

VL Eb B P o T BEL Ry AL A B o g dovtrated

phoﬂjhm\ﬂjndhté abkgtatns &dBﬁ@fpre&mgs-ai‘déqhalWoﬁobdﬁ;@iﬂ{Ijespbﬂt taliRpoxic .

e e P B e PR g o g i
the Hitey,. élowtau,tﬂlmre@ﬁcebf siohdaoetidnologs rnegior xairple imblopd
AL ST R G R e
phohﬁaﬂamdiaatall@%ré od/or 5hcmpimm:naéate ﬂkﬂetbr p'oﬁ:rhgsrtg' nuttee magnetic
reso%gri%g%nl V\%s an 31\11\:%121&% %%t ang oeggto [ Xetergnmr? i orange
phatmyecolanetid er Ifhlg])acod}mmi(:@op@ﬁﬁs off t)le ph'Bk;ﬂloraaﬂdatﬂ adiryladrx gndrog
pho\s,a ?Iﬁmtc{ Lr ylae[%)é Pr(i%mgm%gl#?ﬂjsidkl and ecf( ECt gcgodynanno Bformation
of pha'pmrmae dikyleidrs(ablySCbos ;&mnmmmwm@mdwgg umechn

dete\%%uﬂg %ag%§eét%%eg 0&% h,e eSll%ga?m{Jg%?ﬁclgﬁta ed para:mgters The
synihesfsert %dﬁﬁl&rzmde@hprm(d&ﬁ Add gtadeB®payeid edoﬂa)sfaaﬁdealkgflama i,
desS I rI}eM ghl ch was anal yzed by LC/ Ms and 1H
4 F0%%1] To a solution of the
i ntermnmedi ate aI cohol (3.7 g, 36 6 mol) in dry THF
(30 M) a solution of HCL in dioxane (4 OM 18.3 nml,
73.2 mmol ) was added. The reaction m xture was cool ed
to OC and SOC12 (6.509, 54,9 mmol) was added by
syringe. The reaction mxture was refluxed (6 h),
cool ed, and concentrated to yield a residue. The
residue was triturated with dry ether (100 m),
filtered, and reS|duaI ~volatiles renmoved in vacuo to




"2.11 mmol ) were conbined in dry THE under argon. The"
reaction mxture was cooled to -78C and DI EA (0. 545
g, 4.22 mmol) added. slowy by. syringe, warmed to rt
slowy, stirred for 1.5 hours and concentrated to
give an orange oily residue. The residue was
weparaesd by flash chromatography over si licarasumimgsst
0-50% of hexane in ethyl acetate to give 315 ng (47%
of theoretlcal) of pale yellow oil which was anal yzed

0 .be 7 NS,
2 hodimenis, the resent mventwn rovides the mdnqdual and
93%0§$3? 0&%? “nitrolh da

zol e- 5- met’hano]
seiecﬂve@@lpmm b ﬂlwm’andf"l o hic P XNBIISy @éfmﬁlﬂeﬁj‘?ffonl’llﬁn‘é@n%#&)
mvm%ﬂ eraLgon. The reaction nmixture was cooled to -78C
fnd & sol ution of l'ithiumbis(trinmethylsilyl)anmide in
Tlff (1.6M 0306 m, 0.489 mmvl) was added. After 15

mnutes, a solution of 7iii (172 ny, 0.538 N in 2
THE was added. After 15 minutes the reac iaf?
ﬁ%ﬁmmsyowy\mumdtoih stirred for 2 hours,
cl o, nto 25 M water and extra 3 tlﬂE mnth

¥eﬁ acetmpt e (30 nl). The conbi n¢d t
mereodrie 80 MpSO4 and conedht r aged t il
yello i\y Ir esi due. The residue ma$ Sep&éated by

5 flash thonﬁ*ography in 0-10% net hanol 4in DCM t o

yiel d conpound 7 (110 ng, 51%yield) as a yel |l ow oi
whi ch was anal yzed by LC-M5 and 1H NMR to be pur@

WO 20071002931PCT/U829p6/025881 Exanpl e Synt hesi
of Conpounds 6 and 15 \é\ 375] To a susp n of

bi s(2- chl or oethyl ) anr nopi u ch|0r| 1. 43 g,

’ZEELM in 5 di chl oroneth orus q

tlc i e (0. 33 , a d at
oh|,@ @ HTEA g)%i

O.N N 21. 84

The|react|on Fr=xt ur € maﬁ sWPrred at |t for 30 n1nu ‘es

and th%n N-net hyl  2- n|t90|n1dazoly1 neqhanol (0.474
g, mmol ) in DVE was added. After stirring for

0.5 hour, the reaction mxture was cool@d to -20C and

t en- butyl operOX|de (0.7 m, 3582 5 5 LN

Decane) mas added. The reaction m tq e 10 r med

to kt_over a Period of one hod¥' a u @d/into 10%
ON'ggEO HC1. The organic |ayer was separat E
Maq r/mas extracted with The ¢o

or gani c u'%qn/magjdpied w th My304 and

concentrated to yleld a residue which was purified by
10 flash chronatog aphy with 6-12% net hanol % _DCM

yi el ding 6. [0376] Conpound 15 was synPheS|zed

using the mef,hod described for the synthesis of 15

Conpound 6 abave. 20 PCI3 + RN ClI OH 02N LN\

\\),__70H OZN?’O n OP-N1,4) C 15 O flu NH CI5 36

\-;y | C
cywﬁﬂ<N \ o\\/N__<<] J
/ ﬁB\N//\\f/m ON \ o e
(8} o ~p ol
/7 SN
7 8

15
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[0377] To a solution of

N- net hy1- 2- ni troi m dazol e- 5- net hanol (180 ng, 114
mol ), triphenyl phosphine (300 ng, 1.14 mmol), and

i sophosphoram de nmustard (1c, 127 ng, 0.57 nunol) in
witHEeo{rd3l ) clii sopropyl azodi carboxyl at e XdDrARN06/025881
0.22ml, 1.14 mmol) was added dropwi se at rt. After
two hours reaction m xture was concentrated and the
resi due separatedcq by flash chromatography with
30-100% acetone in toluene yielding conpound 36.

[ 0378] Conppunds 23{and 26 were synthesized ehpl oyi ng

/bZeNprocedu f Exaiwple 6. Exanple 7 SyntheS|s of

_donp LINCTAR)Z i) NH3 /10
22 [0879] N -m@r |n1dazg h
0. 318 rnnol) s dissgkved in drytTHE G ) uﬁd

n|trogen The sol uti oy was cooled to -ﬂ8C and a
solutl of lithiumbi%(trinethylsilybagide (1M Pn
toluen 0.35 m, 0.35 mmol) was added Dy syringe.
Adt 5 minutes a sol ution of bi s(chl oroet hyl)
orantdlc dichloride (91 ng, 0.35 nnol) in THE
Qﬂ dded. After stirring att78£TR r 30
tes taﬂLtMUrevmsrel dtd }20
enployln ‘ap /[ ia was

ce bath and drous" a
bubble the reaction mxture for 5 ninutes.
The rea ure was urged wth nitrogen, warned
oure intp 25 ni wa% acted with
‘ CcOo

tort, andwe
ethyl acetatle (4 % 25 m) edlorganlc
| ayers were dei ed (My804) and con ted to give

pal e yéPlow oi | which was separat et by flash 20
chromat ography, over silica gel using 0-10% et hano

i n dichl ro t hane yi el ding conpound 1 (32 ng, 28 %
f am oil which soldified on standing and was

\ﬁgngyi LG Ms and 1H NMR to be pure. Exanple 8
hesvs?aﬁ Conpounds 25, 26 25 103801 To a

sol ution @f 2-bronmethyl ar nnmoni um bromi de (1%

in DCM (§ ) at - 10C was added a solution o\Z\?f?

(2M3_inL) DCM (4 o) follog by add tion of
sol ut / %A /1 ) in (2 The
r eact Xt r g masmfllt@w f|| &\J;_H

concentrated lo %a./30% of the[orlglna «
filtered. The residue was washed wieth DCM (3x25 nl)
and the conbi ned DCM portions concentrated to yield a

solid to mhi%p a Br,
O 4 l - OoN / l NH
O o\‘ F‘/ cl o O\ P/ Br
// \N AT // \N/\/
o) H 8] H
23 . 24
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WD 2007/ 002931PCT/ 11S2006/ 025881 mi xture of THE (6
mL) and water (8 nmL) was added. THF was renoved in a
. rotary evaporator, the resulting solution chilled
overnight in a fridge. The precipitate obtained was
filtered, washed with water (10 inT) and ether (30
Wi y007/ep@1 dryed in vacuo to yield 2.1 g of :PCB/SRO0E25881
NHBr Bri 5 [0381] I|sophosphoranide nustard 9 H
HOP-N, \ NN CI CI5 can be synthesized enpl oying the
met hod prowvinded in Exanple 8, substitufing 2-

br onpet hyl a niurn bromde with

Synt

2- ghl or oet hyl am nnoni um chl ori sis of

on-LOPhbsphor aj de nustard ha descrNped (see for
ex Wessler et al., supra) 0Q382] The o
pho&phor ami eallc¥l ator toxin: H }P\I»\HAE{r\Br’ was
transforned imo conpounds 24 and , %enpl oyi ng the

met hod %§r ovided in Exanple 6 and t appropri ate
Tri gger-OH. Exanplg 9 15Synthesis of Conpounds 37-
105 [0383] The fol Nowi ng conmpounds 37 - 105 were

synt hesi zed enpl oyi ig the M tsynohu type cougling
jéso\xi beg 9 the synphesis of 725 \or 36 aboye, and
on-URO roe r;stituéz'}‘ Ty gges- OH and
the ifosfamde nyst grdwandl og e . Foy ext e,
for the synthesis of conpounds 4D, , 83N 87,
95, 96, 100, and 104, ('the ifosfam de nugg%kd anal og
20 enpl oyed was HOP(=@) ( NFI CH2CH2C1) 7; i onpounds
50, 53,2755, 56, 58 - 65, 68- 71, 7% -75, 77- 80, 82"
84 - 86, 88, 90 - 92, 94, 97 - 99, 101 - 103, and
105, the ifosfani dd nustard anal og enpl oyed is
HOP( - - - 0) (NHCH2CH2BY ) 2; in conpounds 37, 39, 52, 54,

%wozoo 002931RCT| CS2006/ }81 93 tfj
o0 'targl\arfa/l}og enpl 4 ' e~
en%ntiorn of ~HOP( 0 NHeVeCH2eT) 2:77i n gonp
38, 41, 51, and 57°%he¢ ifosfam de nustardNanal 0
enployed is the S eléﬁti oner of {A
HOP( =0) ( NHCHMEC112CE) 2; in conpounds 43 -45 and 49
the ifo®ani de nustard anal og enpl éJed was the R

enanti oner of 5 HOP( ﬂ)(NHCIg(CHMaZ) CH2C1)2; and in
compounds 46 - 48, the ifosfani de nmustardganal og o

e yed was the S enanti omer N J
ﬁ@&ﬂ@@a&z&w@&) 7- 38@\Tneov rmu/s\/

ON T gger< OH copgouhds enpl 89€d M™w’the syptheSis of
Conpounds 37 - \1Q5\ i ncl uded t hd f ol | ow ng.Frigger - OH
conpounds: 1-N-netlMayl- 2-nitroim dnol e-5- nethanol,

1- N- et Hy 1- 5- ni t r oi m da7ol e- 2- met hdfol ,

5-ni trofuran-2-nethanol, 5- 10

ni t r ot hi ophene-2- et hanol ; Br N 10H 02N Nﬁm’fr\
HN
/

P

OZN/z}\/JQ\/} }“/j OQN/Q\/ O\/}D“*NH

cf Br
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"~ 'N'LCF3 [0385] The followi hg conpounds were
according to the nethod described in Exanple 6. 0

-NilC oll: N.104-Ir.----- 02NrN H.92N-4N\1 =
HNHCITHN. . ."..(."....ci | 2z Br, 5051 128 02N WO
2007/002931 O FIN H Br, PCT/US2006/ 025881 5253 02N
wo glogodhsa 02N H O HNI1 H Br, PCY/US2006/025881
Br\/\N N ol
‘ 0 N—*{ ‘ HNI
N O'-——_ 2 O
J N / //P\NH
O,N N\ o o
Br Cl
35 36
ci
O
I/ N\
O—P N Cl
N\ AN | N\ (lzl —
N\ : o
5 HN . o
134 135

e fr c. NI
()~ \U‘\O_E"_IJ .
pEo—1 \_-/ ]cl \—/
136 137
10
ug»./O\/ck;;z-.ﬂ N\)
138 c'
e o \ “\D\ "
ol . o\// /p\/ o
/P\N/\/\/\/\/HN "
3 a8
15 139 i}
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'O-S- 15 Br, WO 2007/002931PCT/ US20061025881 6768

02 NTh----- 0n 11-N'-mmmmmmm e 0-F: -N7-"----Br
J---NHELNV--\. |
HO2N N 02N\ Brl > 69 02N O HNO2N \-Th Br, 0 O
PI1T-NA"--Br ' HYBrHN5 71 72
WO 2007/002931 PCT/US2006/025881
e zf
o D\P/
0//\NH
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[0234] In one embodiment, the phosphoramidate alkylator prodrug contains

OZN/zbj\hw
/

as Z3 and shows hypoxic tumor specific toxicity while being mmch less toxic to healthy,

normoxic tisue.
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73 NTh---\" 9 )...,.." .Br O2NNI-1\zr \["']|
ID-011-11---- ---a)-NH4 HN HO-P-N \-. \02NH4 H 5Br Cl
77 . 15858687 WD 2007/ 002931PCT/ US2006/ 023881

9192 o Br 02N- Ns HN O02NO-P-N H HA HO2N .1\a , Br

NC 00 Br 0-ig-N----cio02N

WO 2007/002931 PCT/US2006/025881

[0235] In one embodiment, the present invention provides a novel phosphoramidate

alkylator prodrug which upon bioreduction releases the corresponding novel or known

phosphoramidate alkylator
Re
Ry Ro R Rg
X4 —<
b MR i I
U -NRao)z X4 N N. X4 X4 N N X4
T R \Fl)/ Ry X4 \T/ 4
OH ’ OH and ) OH \
Xy Rg RQ Rg
la 1b lc

wherein X, is defined as in formula (I), and Rg, Ry9, and Ry;, are defined as in formulas (IV)-
(VID), and ionized forms thereof. In arelated embodiment, X4 is Cl, Br, methanesulfonyloxy,

benzenesulfonyloxy, or para-toluenesulfonyloxy.

[0236] In one embodiment, the present invention provides a novel phosphoramidate
alkylator prodrug which upon bioreduction releases the comresponding novel or known

phosphoramidate allcylators

(RiobN ﬁ JJ C ci ) ﬁ L T o L ﬁ L ¢
1012 ; ;
e e A
OH ' OH OH
1d , Ie s 1f »
Br N! ﬁ Ni Br Ri 1N ﬁ N! Br Br l ﬁ I Br
Rei” e \RM (e ~p” Br T\P/N Br
OH OH OH
ig , 1h I i
HO
e
N N//j>
<
[+
1j
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" HO2N~ H HNHN a, Br® 969798 0 ONCI HOO_ HN2N N HN
\CBr, \-\ 100101 104105 15 Exanples 10 - 26
descrlbes t he synt-hesi s of various Tri.gger-CH
conpounds enpl oyed in the synthesis of
phosphor arai date al kyl ator prodrugs of the invention.
v 200pdoev3i0 Synt hesi s of Conpound 521 WO PCT/US2006/025881
2007/ 002931PCT/ US2006/ 025881 52i152iii521 [0386] A
sol ution of compound 52ii (100 ng, 0.48 nano, 52ii

andl(,,@ed@msqhé&fmml) and KOAc (190 ng, 1.92 mol) in
(é was degassed thrice Fq& PdC12 1 (36
wherﬁigN ;Msekeqqéﬁym Q}J.ptcgnsils[tm%? I}I 2, 2 BN

at nosphere. The reaction m xture s heated at 5 60C
for two hours, diluted with ethyl jcetate (EA) and

she Nt h bzgnex\The or ic layer~was dried,
eQtrafNed, @and MN& [eFi du ﬁwse ated by col urm
chr gy aphy Slcha yeV e |ngbﬁgﬂﬁ¢ﬂ@ﬁﬂ30H
He
o 5l g 4 4 3% e
substithietl @tettgh cghbgeoriyh edthory) @Ilﬂah}ldmbfl, yr tbgdﬂmﬁ_?wo Ry forma

heter%éjlrci 521 i i 55i

[0237] The anti-cancer agent Cyclophosphamide metabolizes to 1d (Rypis hydrogen) and
Ifosfamide metabolizes to 1e (each Ry; is hydrogen), when used in cancer treatment.
Glufosfamide, which is being evaluated in the clinic for cancer treatment, releases an
alkylator of formula le (each Ry; is hydrogen, see Wiessler et al., US Pat. No. 5,622,936;
PCT application No. US05/03370 entitled “Anti Cancer Therapies”, US Pat. Appl. No.
60/638995 entitled “Glufosfamide Combination Therapy” and Attorney docket No. 021305-
005900US filed on 11 May 2005 entitled “Glufosfamide Combination Therapy”). Telcyta™
which is being evaluated in the clinic for cancer treatment, releases 1 (Rosen ez al., Clin
Cancer Res. 2004, 10(11):3689-98).

[0238}] Known phosphoramidate alkylator prodrugs such as ifosfamide and
cyclophosphamide metabolize fo produce cytotoxic by products such as acrolem and
chloroacetaldehyde which cause undesirable patient side-effects such as hemorrhagic cystitis,
coma or death. In one embodiment, the present invention provides a phosphoramidate
alkylator prodrug which upon metabolism produces less toxic by products per treatment as
compared to those produced by the metabolism of ifosfamide and/or cyclophosphamide. In
one embodiment, the phosphoramidate alkylator prodiugs of the present invention do not
produce acrolein by in vivo metabolism. Examples of toxic by products resulting from
metabolism of the prodrugs of the invention include chloro, bromo, alkylsulfonyloxy,
heteroalkylsulfonyloxy, arylsulfonyloxy, or heteroarylsulfonyloxy-acetaldchyde, (for
metabolic production of chioroacetaldehyde from ifosfamide see the reference Hardman et
al., supra, page 1396). In another embodiment, the present invention provides a
phosphoramidate alkylator prodrug which upon oxidative metabolism produces 5-95% as
much chloroacetaldehyde or an equivalent as defined above, per treatment, as produced by

ifosfamide metabolism.
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63i152111631 ~ BrBr 651152111651 "Exanple 11

132 WO 2007/ 002931PCT/ US20061025881 [ 0388] To a

sol uti.on of .conmpound 68ii (100 ng, 0.31 .nmmol). and .
3-am no-1-propanol (0.047 nl, 0.62 nmmol) in THE (2.5
m), DIEA (0.162 m, 0.93 nmol) was added at rt. The
weamt/ianim Xxture was stirred overni ght andcr/us2eos2s8s1
concentrated to yield a residue which was separated
by col um chromat ography on silica gel enploying as

[023 U?ﬁlatph&%/hbﬁ?ﬁld@& 28Q%or iR f&ln&d apsBeRAuBsh of £,0388:1
ound 69i was made simlarly as d&ﬁﬁc ed. in fhe

diffaseh 6ora tisaheLormgoN Ry iBPERITE IORFNGDY T Phosphpzamidess
alkyRto? gRaNEbndtis HndDF Rbdif & ghbspht@iipte @1k iRtoKRe@Rg, For example,

a phosphoramidate alkylator prodrug can yield a modified phosphoramidate alkylator prodrog
Alk-Trigger,eq upon reduction of the bioreductive group (Z3). When reduction of the
bioreductive group forms a modified phosphoramidate alkylator prodrug, the linker (L)
bonded to the phosphorarﬁidate alkylator can undergo degradation to yield either the
phosphoramidate alkylator or some other modified phosphoramidate alkylator prodrug.

[0240] In one embodiment, the present invention provides a compound which demonstrates
a bystander effect upon activation in hypoxic tissue by incorporating a linker (L) as described
above. In one embodiment, the bystander effect allows a modified phosphoramidate
alkylator of the present invention to diffuse or penetrate info tumor zones which are not
hypoxic enough to activate the prodrug bompounds of the invention but reside nearby the

hypoxic tumor zone which can activate these prodrugs.

[0241] Upoen reduction of the bioreductive group (Z3) within the Trigger T is modified to
Z3.mod> t0 yield a modified phosphoramidate alkylator prodrug such as phosphoramidate
alkylator- Ty or Alk- Ty conjugate. In one embodiment the Ty is selected from:

[CZ1)2-Y3HCEO)»-OI C(Zy )o-Za- Y 4] -IC(Z0)2 | [ CHZ 1 )=CUZ5) - Z3-mods;
[CZa- Y3 HCZ)2-Zo-Y s} -[CLZR YA CZ=CZ D} L mos;

[CZ1)2-Y 3 CZ)2 ) CZ1y=CZ0 )} Zi3-mods

[CEZ)2-Y 5] CEZ Yo Zmocs

[CEZ-Y51-(CE0Y-0) -[C(Z1 )2 JA CZ=C(Z))-L3-mods

[C(Z1)2- Y3 HCEOYOHC(Z1)2]Z3-m0d5

[CZ2-Y3]HCEO)-0) -[CEZ 1) [ CE)=CZ )23 mod;

[C(Z1)2-Za-Y s} [C(Z1 )2l L CZ1)=CAZ )] Z3-moa; andd

[CEZ )2 LAC(Z1 ) CAZ1)}-Z3-moa Wherein Z3.meq 1s bioreduced or otherwise reduced or
modified Zs.

[6242] In another embodiment, the Ty is selected from:

[CEZ1)2-Y51HCEO)-OY[C(Z)o-Zo- Y- H; [CZ1)2- Y5 HC(Z)o-Zo- Y a]-H; and
[C(Z1 - Ya]-H;
[0243] In one embodiment, Trigger T includes the following linkers (L.} having the

formula:
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OH Acetone 103901 To a solution of conpound 70i i
(100 ng, 0.87 nmol) and conpound 70iii (112 ng, 0.87
nol ) -in acetone (8-m), -was -added 1C2CO8 (78.6 ny,
0.87 mml) at rt. The reaction nmixture was heated at
60C with stirring for 1 h, filtered, and concentrated
otk a resi due which was separated by PEBiUgI9ps/025881
chromat ography on silica gel enployin (EA \Hex) 0-60%
to 15 yield conmpound 70i. 103911 Conpound 51i was
C(PPAE: ] SCED)-an 9 Zas-zdeni-BHEY. - ITEHeCEOhene bel ow.

Sl By o L ) (2

C(B-Vi] A2 N1 ACZ =B PN LAV DE 14 3 nl ) was

B A A R o

-(CEg)- ng&@wﬂ%ﬂ(zloz& AE(MD-C@)HPA&dnmol ) and TEA (0. 27
J b U _ S d the

R R G AR A TRt SRR T AT G AT

The reactjopn mixture was dj.l uted, w EA hed with
02431 | Heone EREOBRG L o v Chos e » e “adipon
bmr@da&@ﬁlraé Iﬁ&hﬁéhii tb Triydetlid oA @auﬂwmo@hmbmm s.lksbtma rsa:b;achted

cqlu chro 0 ilic S.

from it Bap b1 sopd Honp o o Bt B At Ba R 985,
sepatdfled foBEAT), @@MWBQ@ 0t ©l-HQkecond 8]En2@0thﬁ' ctoboditer@/the  Oi |
phosgﬂgrﬁfd\a/tve alkyl_atm9 is IEsy[ep(gurzated 0%1 m\ I;ef\;rr N EB (i)lﬁ!) 163 second. In another
embodiment, the active phosphoramidate is separated from Ty in between 1.0 to 10.0
seconds. In another embodiment, the phosphoramidate alkylator is separated from Ty in
between 10.0 to 100.0 seconds.

[0245] In a related embodiment, upon activation or reduction, a phosphoramidate alkylator
prodrug vields a prodrug with a modified Trigger T (T} which subsequently releases the
phosphoramidate alkylator 20 to 500 pm from the site of activation or reduction; or 20 to 100
um from the site of activation or reduction. Bystander effect of a phosphoramidate alkylator
prodrug of the present invention can be measured using cellular spheroids and multilayer
cellular assay {for example of such assays see Kyle et al., Cancer Res. 2004, 64(17):6304-9
and West ef al., Cancer Chemother. Pharmacol., 1987, 20(2):109-14); and as described in
greater detail in Fxamples 35 and 37. Tumor cells can be grown in culture as multiceilular
spheroids to create an in vitro model of the tumor microenvironment in solid tumors
containing a hypoxic region and a quiescent cell population responding to the environmental
stresses of limited nutrients and increased waste production. These spheroids have the unique
property of developing gradients of oxygen and nufrients as the aggregate of cells continue to
divide and grow outward. After the viable rim reaches approximately 150 pm in size, a
hypoxic region develops, that drives the cells in this region into a guiescent state and
eventually o cell death. A necrotic core develops as a result of the dying cells. The spheroid
can be divided into 4 distinct compartments for modeling the effectiveness of a hypoxic
activated prodrug: 1) the outer aerobic and actively dividing region; 2) a region of
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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0O OHNH O0-S-67m ET$3, DIAD 02N-; TIE, 0 Cto
rt 0 Olt O-P-N HO \ 67()i- d [0393] To a suspension
of 671 (472 ng, 2.69 ranpl) in DCM (20 m) was added
10 phenyl di chl or ophosphate (0.2 m, 1.34 nrnol) at
-20C, followed by the dropw se add|t|on of TEA (0.75
wi 200500381 ol ) and stirring. The reacti onrorxbwiEwas
warmed up to rt, stirred at rt for 1 h, poured into
brine, the organic |ayer separated, and t he aqueous
numﬂe@c\’ﬁ’écé&é‘ Ttl{je&ﬁﬂﬁﬁbf\bb%%bilm peﬁf&ﬁt&ﬁtﬂbﬁd&éﬁe@:&%ﬁﬁﬂs ofthayer s
were dried w an te due
spherids Téﬁeffaif@%a O}ébﬂfﬁlﬁfﬁeﬁgwgfﬁ&%)}ef Hgf “gl { gel
react@ PN dd&agagedeimg%H thelcdit lhﬂmﬂﬁt @%&cﬁﬂa&d}ﬂg‘kﬁe abmtwfeh@l
un L 0 a solution o nd, 67i
activiis IO e i it et WhdBH B S 3 “elghiifiyt®)
effech N€hd a@ﬁﬁs&ﬂeﬁﬁfma%&&e@@gmﬁpmﬂdma@fommeyalsettedmnead
under. _hydro en for 0.

Th t
oy AT s S P i S B 8
mondliyet @dture Rffl@lasfmth&t @lﬂieﬁl;@o MaeHNAP @iethedl ﬁbdﬁﬁomﬂiempyn "Hred
oS PSSt PLUSHS S BOIRERS R Tk e
ulﬁlardtﬂnﬁfg&s%ﬁ(ﬂ-@mﬁfo?d’ @aﬁgedaez@h@ofghmd&mﬂ hﬁﬁmmhpnymgtsa
suno r i on bed
B N I T R —
aem@ﬁ%%b&{h@éab%@o bt the Enti\EIH2RET /100 Bﬂﬁt&tmuﬂﬂ?ﬂﬁ@b pREB8d
or
by h?“?ﬁ&%%?%ﬁ%ﬂul’%@éﬁ%?wf%% h&h ot %f% SREEoRpBERES, 10
[024?]' I) Iln\&ﬁé erﬂig}dﬁﬁnf’%%&sérﬁ irilv3ntivh pro.‘ndés aptokphostnidafkBQylator
ollo

eSS SRR I Lol BAC B,
with 2 hRlQifedf thsshhan) 1 sﬁcdn[dhl&m&yd:eﬁ lOlOﬂ dm@’ ) etdngd| mm 0.1t01.0

rochl 832
S“"‘F%ET‘%@&%%R SR TR ‘{rﬁw Pt l?gﬁﬁ&"‘gi& ramol ). The
reaction wa t ti f h
02475 ORGP Gv BTy s#l%%eea%%glefgae RSO
mol eaﬁ;bkamﬂgml tRY @fipeda sllffesﬁbn; aﬁitiﬁdrewéatlhl iheGMtivillyeffetive
an
consG RS el SR o BB e o
vascﬁlhmmtoﬁ{gﬁﬂtlnhymﬁn g présed igehticampdvides Iﬂg)sﬁg)r@ild@mztﬂcylator
acetone u 00,y L j
prod Eh %H]gpni;%% anf)eé' %@sﬁw&y grgxéothe ‘%sOYﬂaﬁJrg é?)lil%qﬁle(ﬁ{ods for

detenmmng the bystander effect are described in greater detail in Examples 35 and 37. The

phosphoramidate alkylator used in a hiypoxia activated prodrag plays an important role to
efficiently kill tumor cells. For example, for a hypoxia activated phosphoramidate alkylator
prodrug, the cytoxicity of the phosphoramnidate alkylator and its rate of cellular alkylation,
and the cell membrane permeabitity of the prodrog 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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" 0- 1078 was 'synthesi zed using a sim |l ar nethod.
OBr ti /0 P-N 510 Br 135 WD
2007/ 002931PCT/ US2006/ 025881 02NHN N.Br .112 5 were
synt hesi zed enpl oyi ng the procedure described for the
synt hesi s of conpound 35 in TsTs Exanple 3 and
wobatvhietii ng HONNOHWM t h TsTs z Exanpl e 16 pcqymnbdiesisss:
of Conpounds 113 - 117 101130ii 113 103961 Conpound
113 was synthesized followi ng a procedure descri bed

hypdic fsaRpl Qirthe a&mﬁﬁeaﬂoﬁ@fﬁmﬂ@&@n offi@e Rom@hddld geu g

1301, (181 %{ THE (8 nL) was a
TeS 5§wt%fsmﬁYaK%'*ﬁm'7é‘) congomugng gr su e%eﬂ*lllée§6?r&8}1%ﬁlonf
phosPiBkhidate atifBtoe, fol | owed by the addition of Ii. The
reaction mxture was warned up to -20C and NH3

[t)l!t@]J biph &t eHBB&hh&B ﬂl@ Srigodr 'E‘@sa&ﬁrbl@ﬁ mbfﬁeﬂ rtcﬁthnf: ﬂ{cs‘iﬁxoramzdate
m nut es. Wat er was ad g he reacti on

ley}ptape i @nagpe ﬂtahf@aﬁké SEETUSES e %ft‘ﬂ???éic mfeﬁtwhpmhpré@ldate
alkyYMtdr h THEA r{a 3G ffect LR vAP Bl AR deRhAANHE cha¥aE §ct1‘0@§ & the

dried, and _concentrated tq yield. a residue whic

phospheramideteliglator oL Yrs IR Abarbatrbg gt dsylakgr wroéalgg*@ll show

leasEIBBhtAVIFEE [BESARREe AckiPiHBRELIME 3Rrebtiddth sitioPdn€ldate atkylator,
conpound 113. [0397 %g@ ounds 114- 1% m%ie

e &P ?eaamgecﬂ@}hep d?ﬂﬂ%ﬁﬁtowfcw*aewﬁaa%&e 02N

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 ICso, ICop, or LCsp of T nM, the ICsg, ICqy,
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
vields 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 aciive 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 (notmoxic) 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 ICsg; and the cytotoxicity of a phosphoramidate
alkcylator prodrug as measured in a clonogenic survival experiment is expressed as ICyq or
L.Cyo, ICog or LCop, or ICos or L.Ceo. The ratio of cytotoxicity as measured for example by
1Cs0, I1Cop, LCsp, LCyy, or LCs9 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 ICgs
or E.Cqo is farger than, that determined based on ICqy or LCqy.
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20 ‘Conpound ‘13 and substituting starting material.
CH wth the appropriate Trigger-OH as 114115 WO
- 2007/ 002931PCT/ US2006/ 025881 . . 116117 Exanple 17. 5
S thesis of octadeutereated ifosfam de arid Corn.
ound 64 oct adeut erat ed- Co ound 25 6464111 103981
wW@%ndeiBr (60 tril) was added dropw se t O pCT/US2006/025881
dr et hanol am ne at OC. The reaction m xture was
stirred for lir at rt and then gently refluxed and

[ozsﬁ' O, Yo L BdrhidoliBtbns, 4R Hésﬁhdrskuidgte*a&yﬁﬂ)r &Qhﬂug@fiﬁéipﬂe&nﬁ

hrs until 155C ( oi | hi s was r%flace

invenfjop haS@@lmﬂ%ﬁytOA@%fI@ SpAMRdO ehEardindiGH pidfiio 10000 T a
relatéa%mbbcﬂﬁi@ﬁ he T’ghe@ﬁho?&%ﬁ&eﬁé ﬂEb@éto@r&fmg &Qhé“ﬂﬁeéeﬁt%ﬂe%dﬂaﬁs a

| ect ed e resul tant solution was heated at 165C

hypoﬁlé Pytgﬂﬁllﬂclé}h%f Oghdd &t 24t ) afhE ERAPA b0 PPRGred B BL s
sectidn§. Cflﬂéﬁ&tﬁ& r&geé EBdRRknd *ﬂﬁ:q:lhb'gpﬁoﬁﬁlhﬁ{e a(lé!g@tdi’fbﬂodﬁﬁg Ry ihe

acetate (30 nap to 11, 42- bronoet h

PreseiHYBHITOR aém%wpf@tﬂwﬁﬁ af 9 1 ﬂM&ﬁﬁ@%@d@ﬂC% Q@Oé‘) 10,000

such B, B lexarip1d 1R QothpfiRds AUIRALEH iAPMSSed B, S0 4SPENSi on of
d4- 2- bronnethan1ne hydrobron1de (40.0 mmol, 2.05 eq.)

[0255‘]5 ﬁllanéj%ﬁ(b %Mn g)r %V%Q Bﬁhosgl‘g:gmlﬁe@é Al@%ﬁ&
ropw se d|t|on 4 2 7eq.)

prodlag havinhypPHetoR ik Whigh s 3 8 @p%O%éldgmomtb@t%ﬁmzwm

nmmgxé td}m?nﬂl aﬂBﬂx&Ienbe&m%nththe %&H&n@ﬁv&ﬁ%ﬂ pMRdasys and

extracted twce wt he conbi ned

phosphotpamidate al@;m@rm@hwg m@pxw tpﬁcmln@n is 41 fogld. 08¢ &ylds more

than {}{@%o?%pm%g n&%&ﬁn&;&abeﬂ; HPE&" enftBaiHeRTnm f)l%ﬁyirn%nﬁgn
yield resi due whi ch was separated by col

prowépﬁr@ha%gmmw afiyylaigr prodepedering hﬂoavutwﬂé@vh@h%%ﬁm 2§00
folds Iﬂ%ﬁ@ﬁ% E@‘c&rﬂe@}%ﬂﬁfﬁ% ﬁér\&)o}uctt&u&’[ye l'd 7.0 g of conpound

4ii. Pt02 was added to a sol ution of

{025@] dagé b Era(llzntQ)f giygleﬁ] c%%aﬁérpgatr&rﬁ a{qﬁlﬂ@m N @ACH HMRes

m xture degassed and ‘exchanged wi th rice,
adjacgpiity the qasgulgiare. 19D FPoin tHsups akout §50 1A awwa rafeﬁlewew HIFU¥EOH

furthBHlal 65R8he m}uia@mg d rféaﬂ the £d3Rtik 88E11h QR HibbliAMeRt, the present
di ssol ved. The | uteed reaction m xture was

invertiop provides P}loﬁéloﬁ‘amlfia?ea@ln'éd%@%@ﬁ?gs Shabern gsprae phogriergidate

alkyIRGRSSUHE0, 609 190186l 28d ££S| '0@’0%1& nﬁ&bmx@%mrwﬂesp@ﬂdthg
anhydrous ether twice to yield 2.9 of caonpound

prodyg; yoger avgriefy 81 AYBHGOBFIIEHIRY nlﬁ@aﬁagb@zﬂlﬁnr ﬂ(ﬁff%%t giventipn

provﬁ@@ phoélphl}faﬂﬁﬁia&)éjkyl?amr Fdahgk %&M@E&Eﬁﬁﬁkﬁte ali1:bks, 8
in THF (20 )

1 00%% 1%3@% apyl A%S@&O ‘f‘?bﬁsmere tgxig ﬂsmél&f' (Wesaﬁfaﬂéqg PR Undgt
abouP§5-0 FBEoyEactdoh@ittoxs.ure was stirred for 2 hours
whil e being warnmed up fromOCto it, follow ng which

[025‘.‘7]0| ﬂ{e' 1b ﬁ’sof\ﬁ%ﬁgps{)ﬁ'ﬂiﬁl\dﬁt‘é IR pl\(ﬁﬁfgl{bmhte Qreyénﬂnderﬁion can
resi due was separated by fla

measwtbq%moa@h@w thsrydiopli Betygd I‘heé’l‘i‘iﬂf%ﬂy Iy @n%?lbéﬁﬂ*é’ﬁtt the
preseﬁgﬁ{r&lﬁ% B_@hﬁgé'heph@fgp@lgraﬁl%\g g)at&r%rdﬂr@ Hhyih g g8 Ie@§ than 0.

npound le 18 10Synthesis of npound _2i

Suclmhpwmrﬁlmda[e@@gbt}om@dmgﬁw b&éwne@hﬂw guchzp ﬁprod%éé&mg

fonnﬁM Béxh@ﬁér&ﬁ @acﬁ‘i& ple ¢ g c&poetela&ﬁ@lfnﬁﬂﬁm afR)Rbs@binuBition
197 979, and oxynercurat ed

for i Tiogion. %?%%@}@RIQQ@H%PWWE%B FRRyndRgs, 25 and 36.
{0255&' Sﬁ;%}! %ﬁbddﬂn&@tt C})résgntzn%kﬂorﬂﬁgma—éé% gﬁgspﬂorm&ﬁiate alkylator

th ea dition of conpoun 2011

prodwgé%nm greqtiveihineh d vanemiodinomb tepseses Hgﬂﬁrqn@awaies 2
phosf)ﬁorfflﬁﬁatg- alRylhor NoBEE Ay S8 RAF&H olaRd b buchs @1@§eteb£8ﬁ1§1ﬁed
after stirring for 15 mn the reaction poured
|nto wat er, extracted with EA, the EA |l ayer dried and
concentrated to yield a residue which was separat ed
by silica gel colum chromatography enpl oying as
el uent EA/ Hexane (0-100% to yield conpound 2i (16
ng). Exanple 19
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Synt'hesi s of Conpound 94i 20 94ii94i [0400] A solution
of 94iii (7.1 g) in Ac20 (9.7 nL) was added dropw se

-into a solution of -Fumng-nitric acid (1.5 nL) was
added into AcOH (12 nL) at 0 C. The reaction m xture
was warmed up to it, stirred 1 hr, fumng nitric acid
Waa419029%8s added dropwi se into it and sti riCEAISIG§/025385
h. The reaction m xture was poured into water,
25extracted with EA, the EA layer dried and

by forrebee Y a8 € dnd KVyﬁf@tedl @cl Bs iisduhyhir, cyrlapaeryb epadatneiored

I
Bk B8y S g G5 SR R, oy e
proddegipuing d (@R betwea00 andgs 5.1, 7,0 hbrdfoy mmgreg Lpgg@@ﬁgwsghﬁammme

BRI o i g 1 on o

over 5 mn. NaBH4 (100ng) was added once every hour
thrice, the reaction m xture was stirred for 3.5 h,

Hbgﬁgrgdgln&o water, extracted with EA, the EA | ayer
centrated to yield a 5resi due which was
at ed b S|I|ca qu hronat
02 b ttvealion et S AL e SRR OB0Y R bmbpd s, which
conld@biRuthidly r{a2B88: Ny) as a yell ow solid. Exanple 20
Synt hesi s of Conpound 96i 1096ii 96i1i96i 104011A
m xture of A (1.4 g), @N (0.56g) and DVE (25 nl)
was stirred at 140Cfef-35pfi~gnd on 300 ni of
crushed ice and stirred for 10 mn. The reaction
m xture was then filtered and the residue was
separated by col um chrornat ography enpl oyi ng as
el uent Hexane:EA ( 1:0 td_2:3) to yield conmpound
96iii as yellowoil (617 . Corppound 96iii was
converted to al cohol 96i and separated by col um
1-Netxtigir@inggiraidimp]e- f-olethonil rrgd a-bi&blitivhein anetahlsdolient, was

rea TR ed e OTROUN Sl bk HAL B 1 FeHichfiss ead

nitr@nadaplleS-2ktha®y) mtak egivated by Bo ndsidiomcdf 99herobihpedink 90
20104021A m xture of 99ii (50Q@ ng), PdCl2(PPh3)2 (208
mg), and Cul (56.4 ng) was "Sugpended™~p TEA (15 nl),
the reaction mxture was degagsed and flushed with Ar
6 tinmes each. Propyne was buUB ed through the

reaction nixture for 15 m n, t he reaction
cont ne atnDs ere bath f
dubcépr?Py Br’_lﬁ i Jg ateo ﬁn c?%lr\?étt Was pour %d | n% o’sompouncp §6.

[ngslélsit {}s: gwﬁlte g?epe%d e} é’%ﬁtﬁg@g‘%gﬁoer%{)% % IIEG%I(}% Io?synth%sizing a
phogBOréAdRR 3L FEHA USAPR 02088 2 ﬁhds;bhbﬁmgab oﬁa)lbh;bﬁp‘hordmm:dm

o3 ML O3] B0y, o) gyl g, 85 el uchl AL Exane, (040000

proA&y MeftRad & s@ithdsizidd-theddwil phé’spﬁﬁhﬂiifﬂate alkylator prodrug compounds

o SR AR 5 e e B P
a mEthdydf Sf@]ﬁe@i&ﬁlg aphOPhérkhidar slkarite gmﬁﬂxgs:ammgnemgwy hovel

ester drochl or]j
or K Mo At £ SrSker Db & o ftp GG RRE nd £y
azoliodhityRRtid geRd doha %kknoﬂh@:hﬁ@ﬁ&%inﬁﬁiemléﬁatw @rd&a@ troeleed

an ice-wat er stirre gas o tI connect e
ermbpgngipy g gﬁfﬁ&é ?frsga%@% th%ﬁﬁ%’mte
phodph@® ah®@ih} dﬁ&?ﬁ&o&bﬂ%z{vyla&i& wm ) ﬂéﬁﬂeﬂﬁteoinﬂn Bsecafithtep, the

stirred at A for about 14 Vol ati |l es were_.renoved.
phogpbprgidgte iyl 1 %ﬁgﬁ%ﬁoﬁfdpt%edweeqbam%drfr@gi RSP yeld
was triturated twice with hexane (500 ntL) to yield a
sticky light brown paste which was dissolved in
et hanol (400 m.) and cone WCI (50 nlL) and stirred at
110C for 1.5 h. After the reaction m xture cool ed
down, the white precipitate was filtered off and the
15 residue washed with 2 x 25 nL of ethanol. The
flltrate was evaporated to yleld a thlck bromn 0|I to
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20 nore than 45C. The concentrated reacti-on m-xture
was carefully neutralized by addition of K2CO3 to a
. pH of 8-9 and extracted with EA (5 x 200 nL foll owed
by 3 x 50 nL). The conbined ethyl acetate |ayers were
dried over My804, filtered, and volatiles renoved to

woedodod3ig of 1-N-net hyl -2-am no PCT/US2006/025881
i m dazol e-5-carboxylic acid ethyl ester. 25Exanp|e 23
Synthesis of | -N-nethyl-2-am no ’

the rdiﬂudtamhlﬁa Mitsasioyd regctial isthadivliyly weed for &Aﬂhesxs of novel or

%%E‘{%g%lﬁg% S%%%%%%SS e}lVath&"z %Lk-g_'goger erem ngger.;s

----OveOVe N ONa 1. HO DOH CORE
LZ{G@@QH%%%yI formate (850 mL) was added to sarcosine
met hyl ester HCl salt (205 g, 1.46 nol, grounded into
powder prior to use), potassium car bonat e (20
1.48 nol), and DOH (800 nil "), stirred over ght at
rt, and filtered. The filtrate was concentf¥ated in a
reary 5 evaporator duyki ng which the resi
par at ed %aho tvvo Iaye S.x, The ,pe)lg’\
x;~ SEPAY at n@g__ Iayfr wa extrhcted with EA.
rs and

_Corfbi ned he#Upper Iayerxmas dried over
04; fi I%‘elxéd and coficetit r )Q/SH eld 185 g
(81% of N-for rryl sarcosi ne methyl €ster which was

use t he fol | owxpg=xeacti on. NaH (60% oi |
su ensgon _16.0 g/’0.4 1) was carefully added in
al-por tTons |l\1 h 40 a mxture of N-fornyl
ON'sar c#si ne met hyl 10% (50 g, 034 not) and et hyl
formate (160 nlL) cooled in an ice-water bath. The
rearﬁmlnxunevmssUrrgr e tenperature raised

to nd the stirrigg tinue tern t. The
ti m ' s tritu ted/tMAce wi t h hexane
ON(1100 %L each tine),ort he res¥dugdi ssol ved jardEt OH
(100 mL) and concentrated HC (60 nL), and the
Alkfseaction m xture stirred at 110C. After 1 h, the
reaction m xture was cool ed down, filtered, the
resi due washed with EtOP and 15 the filtrate
concentrated to yighg ”thh k brown oil. The oil was
added to 10% HOAc in wafer Q%Hﬂ?\&k), NH2CN (35 g) and
sodi um acetate (90 %) Bmlr%ed at 95C. After |h the
reaction m xture oncenttated to 1/3 its origina
volune in a rotary e;ggorator and its pH adjusted to
about 9 by addition @f sodium carbonate. The reaction
m xture was then extracted with EA (8 x 100 nL), the

i i | s dried, filtered, and concentrated
wqééﬂﬁ%;@%%k%&fg@?@ue 20 mhlch was purlfled by

cr stal {0

[02§|’9fn. az K¢ lbéfﬁ ey b%n)a( i/ai%is%l\‘. Lgllgg]&gm oqﬁglay ?letgo@df's#}%eslzmg a

phoavhﬂbmﬂd)ate aylatmp bed@y c@qudme@:ngg each of nove} ot known

nj.troi m dazol e-5-carboxylis acid ethyl

Pho*’“e”h?‘a‘m a%}‘%% 77 002931PCT/ U52006/ 025881 0 H2N2N  CORE
CO2Et 104051 A solution of the am no ester (36.94
g, 0.218 nol) in 200 mM of acetic acid was added drop
wise to a solution of sodiumnitrite (100 g, 1.449
nol’) and water (300 m) cooled in an ice-water bath,
and stirred. The tenperature of the reaction m xture,
whi ch was
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5 neasured to be around -5 -10C was rai sed to-rt-and
and the reaction mxture stirred overnight. The
reacti on m xture Was extracted with DCM (3 x 150 m).
The conbi ned DCM | ayers were dri ed and evaporated to
yiel d a reddish resi due whi ch was separated by col um
whnemakegr aphy on silica gel enploying as RHURds/025881
EA/ hexane (30% to yield

1- Nmet hy1- 2- ni troi mi dazol e- 5- car boxyl i c acid ethyl
ester (gnitro ester”) as a l'i ghtxbrown solid 10 (27
g, yielt 62% . 406] Thi descri bedoi n
ExamdreP2NandLenpl oyj g | agyeous Reetic acit is an

i npr ovefent Of t met(?lo ust ut  798°%5TE TN Rek
acid ( IVY for the di azom.um i on Fxor mation fromthe
ani no Yester. Using aque ségfuric aci d, hﬁ
reacti ol unme becones Y ar g ausi ngopiffK(éul lxi n
stirfing the redction mxture ffectively, For } ‘
exanmpl e, a reaction 15 i Mol vi ng 150 g of t Re afti no

witR8re e{_@,gp'hﬁgg‘ reaction mxtyre volune of about 12

L. . & Sti cky nS?F“F%‘ p%sgs[pgjpe,faaﬁ Aealazediesewaylateto yield

respefifeus sul furic acid and disrupted the stirring of
the reaction mxture. Exanple 25 20 Synthesis of

Trigder N hy1- 2- nigt r oi m dazol e- 5-car bpxylis acid 02Ny
géﬁbﬁg{;&ﬁ ﬁ?wﬂl@g& 407{? A/-;trs-ﬂre sion.of the@itro
ester [39. 96.9 nma-)-pi-aNIN NagH ( fd?@e’m&_z{?_q_,\,m
wat er Nigp0 L) Was stirred]at ™N—f@r  about 20 h o Rrole
gi vea clear light brown sghution. The pH of thet
reaction m xture was adjugtedito about 1 by
addiAi orfof conc. FICl an t ha~geact i Oryem xturey %
extracted with EA (5 x 180 pl)Rs he conbi ned ethyl R,
acetate layers were dried over 25 MySO4 and ®
5  whereibeht RarstiRg @e 3 @lifled as in formuta (1),
[g%éi-cl\k@net hy1- 2-ni troi m dazol e- 5-car boxylis acid ("nitro
i B'ope asb@lithérghlie feRMInRalil % .., WO
5 i3t S e of

o d0d b 1PCT/ US2006/ 025881 Exanpl
¢ ml%1) N- rr%?%lﬁaz ni troi ni dazol e- 5- car boxyl i s aci d

[ 0408] A mixture of the nitro acid (30.82 g, 180. 23
mmol ) and triethylagil@ (340 nL, 285 5 mol ) in
anhydrous THF (360 nf f“}e‘ s ¥Ry ed while the
reaction mxture was coolgd in a dry i ce-acetonitrile
bath (tenperature <-20 C) .| Isobutyl chl orof ormat e
(37.8 nL, 288 nmmol) was a@dkagerdr op Wi se to this
cool ed reaction_mixture during a period of 10 nmin and
COMPSE f8eiing i 2 oY piToBMeosyorbintdaia ity bioD oY foinuedi UM
bor ohydride (36 g, 947 mol ) and dropw se addi ti on of
wat er during a period of h while maintaining a
t enperature ar ound %F“t“ﬂ)\ lgsg'RiFhan 0C. The reaction
mi xture was warmed up to ®C. The solid was filtered
of f and washed with THF. Jhe combi ned THE portions
were evaporated to yiel d dx N-net hyl- 2-
nitﬁoiig'égazm e- 5-met hanol as an orange solid (25 Q)
whi hgrein RaRs averdgined) s inerndla Gywith thy broagetad €.
1@Ex§gs§pl e 27 S}%lsm hesis of Conpound 119 104091 To a
U tofdt-Rs-ane setsciey) Tro-the $rbwp dahgﬁz,gbpzuﬁm%}e}q@nol
' 2 was added

allcyls] By 10%ya1k9, 3 2 dyd i n Dwgﬂ( Li N( TVB) at
eterodl] . & %%{ré())u Qs“%ff’??‘i”ﬁ’ kylag Pl iRk onbund
eteroafipdiuifogyjoryglkylp. 32 rmol ) was added and the reaction
m xture was warmed to rt. After 1 1i, the 20 reaction
m xture was concentrated and t he resi due was
separ at ed by chromat ography on silica gel (0 - 100%
acet one \tol uene) to yield Conpound 119. 02N -
01-19E- a LiN(TMB)2 DME 4 119i N-
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2007/ 002931PCT/ US2006/ 025881 [ 0410j Conpounds 134 to
155 were synthesi.zed by .enpl oying the corresponding
substituted phosphonnani date and hydroxy substituted
Tri gger (Trigger-OH), according to the procedures
wlesanihhed in Exanpl es 1-27 above. Exanpl e B#29AIs2006/025881
[0411] The solubility of the follow ng conpounds is
as listed bel ow. Conpound Solubility (in saline at

mttl@@me af R 1e5)15 a.e@ecﬂee fiegy mgraﬁp d:ﬁsmr@giot T-Balddc - GH-Cs

mywﬁzlfxyzgyagt@ BRIy

hetex%blk ﬁ{d ﬁk? WiSas Rt G R be NITRL h:{dqm;m,@ﬂwill& t he
ant proli ?era 've activity of these corrpounds was

n pael. Bl ue- based assay. Cel |
@\})ﬁﬂl%ﬁ‘}w&fié%ﬂ\é\ﬁ%thgn abdence of t he test

o) aﬁq"r% O ghgpndPeet i e AR B R ARG

() a(ds@8/ BloaRabegtatd otyidht écpmalind arfd‘ormutaech Application
Not es, Use of Al cemar Blue in the measurenent of Cell

\/ablllty and Toxicity, erm'ning | C50). The
following cell Ii neBsRalr e NReBf ed with 20, 000
cel I s/well/ 500pL nedi um -11460 cells (ATCC

HTB- 177, RPM nedi um (G bcq Products, |nvitrogen
Cor por at | on, Carlsbad, CAY)igghfT29 cel | S (ATCC HTB38,
RPM nedi um (G bco)), IVIES-BA cells (ATCC CRL-1976,

- SA/ Dx5 cells ((ATCC
W”ﬁz&%%‘??g%‘gﬁ&&@g@e UM (ATCO)), ACHN cel | s
(ATCC CRL-1611, M ni num essential medi um Eagle
~ (ATCO)), PC3 cell's Rr}435, Haml's F12K
medi um (ATCC)) . The@i Eaiéqghzseeded in glass
inserts placed in each wel] of a 24-well plate in the
density and nedi um as spec(!, i ed above one day prior
to conpound testing. After 24 hours, these plates
d | groups- anoxia group and air
1sseY\e%{egﬁ“g}n'&f1 % ch%%b%l 5 was added to each well (200p1
vol uma) in the treatnent groups at c&ncentratl ons
gy‘?mg fram 104, R0, F8, 3, 19 0, to
| HPest—N D207/ b0 2banbor L5ab00i0 8o
were gserially dllute |nc )l et e rraglum
Rg j “fkngl’ HVBQ concentrati on ss than or egua to
1% h each wel | Lhe cells i nit}he\@(nom a, drideat,ne
OUPe wer e i nedbat éd for 2 hours RN a Bactrod g Ra
naerobi c chanber. The cells in the air treatnent

02 S Pt R Gt B L BB owi o the. 3" hour

treatnment 5 with a —the test conpound
was renoved frome 11, cefls|were washed with
500gL nedi um and |ncu\lla\gte f%r 3 |days in 500gt fresh
medium Alter 3 dayjs,-€tehk ~fere dtained with 10%
Al amar Blue for 2 h ﬁrs afyer V\hIEh t he capacity of
cells to proliferate was asured [(as nentioned
above), and the 50% grow h 1'\nhi bi tjory concentration
(@50 (also referre iin)) of test
conpounds was cal cul ated and tabulated in Table X

is shieitaviroml B globe cossistin@sd: val ues (g M Conpound 11460
Anoxi al Ai r
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[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
Cy-Cs alkyl, C1-Cg heteroalkyt, C3-Cs cycloalkyl, heterocyelyl, aryl, heteroaryl, and C,-Cs

alkoxy substituent. Tn another embodiment, Trigger T- is

J‘N NO; }_2: X X‘l'—-'X'i
Y \ />—N02
Xy X«, s 29

%’ P Xy,

wherein X;, X;, Zy, and Z, are defined as in formula (7).

10 [0264] In another embodiment, the present invention provides a method to synthesize a

phosphoramidate alkylator prodrug comprising
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[0265] (i) reacting in a solvent selected from THF, dioxane, dichloromethane, chloroform,

ethyl acetate, propyl acetate, butyl acetate, or acetonitrile a compoumd of fornula:

R,
il Ry 9
HO—P«N\/{
; X4
NR4

wherein each R, is independently hydrogen, cycloprpyl, methyl, ethyl, benzyl, or methoxy;

5  each Ry is independently hydrogen, methyl, ethyl, propyl, or cyclopropyl; and X, is halo,
methylsulfonyloxy, phenylsulfonytoxy, 4-methylphenylsuifonyloxy, and 4-
halophenylsulfonyloxy;

(ii} a trisubstitnted phosphine’selected from triphenylphosphine, tributyiphosphine,
tributylphosphite; and

10 (iii) diethyl or diisopropy! azodicarboxylate;

to yield a product of formula:

O
i R
Trlgger\ Tl Ry 9
OWT—N\/(
X
NRy4 ‘
S\ RQ
Xa

[0266] In another embodiment, the present invention provides a method of synthesizing a

compound of formula:

Q
i R
Tr;gger\ H Ry 9
O*—Fl’—N
NRj4 Rg %
Ry Rs R,
Rg
Rg

15 Xi Re

comprising the steps of:
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(1) reacting in an aprotic solvent, a Trigger-OH, wherein Trigger is defined as in
-Formula (I); a trisubstituted phosphine; and a dialkyl azodicarboxylate to yield an
Intermediate (i);

(ii) reacting the Intermediate (i) obtained from step (i) with a compound of formula

11
| \ Re_ Fo
HO—FI’—N%
Rg Xa
NRT’I Rg
Ro Rg RQ
Rg
5 X4

, O
Trlgger\ I Ry Ry
0-——P—N
| — X,
NR;4 Rg
Ry Re R,
Rg
Re
X; R

[6267] In another embodiment, the frisubstituted phosphine is P(Ri2); wherein each Ryz is
H, C;-Cs alkyl, C-Cg heteroalkyl, C3-Cs cycloalkyl, heterocyclyl, aryl, or heteroaryl. In

10  another embodiment, the trisubstituted phosphine is a polymer supported trisubstituted
phosphine. In ancther embodiment, the frisubstituted 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

15 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

Trigger o
g N “
O~—F]’—NH
X
NH Y\ 1
RS\S RQ
X4
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[0268] In another embodiment, the present invention provides the method of making a

compound wherein the Trigger selected from the group consisting of:
Z Z Z1 R
Z1 1 o Z4q E g Z4 NT
NO, NO, YNO2
N L
Z
Za 1 ET
& NG,
\_|
N

5 and Zs is

A O O

H,0(0=P0)

@N@%@@

ﬂ osz oL H o on Koy

—
B

NO., >

7\ B N
OZNA};\ h on s NC/ Voo
ﬁ , OzN [~ 5\ ’ !\CF3 , OzN ) ;“ OzN%.

[0269] In one embodiment, the present invention provides a method to synthesize a

phosphoramidate alkylator prodrug comprising the steps of:

10 [0270] () reftuxing POCI; with a N-2-haloethyl-N-(R3)amimonium salt, wherein Rys is
hydrogen, C-Cs alkyl, C;-Csheteroalkyl, C3-Cy cycloalkyl, heterocyclyl, aryl, heteroaryl, to

yield a dichlorophosphoramidate intermediate;

[0271] (b) reacting the dichlorophosphoramidate intermediate in step (a) with a N-2-
haloethyl-N-(R;;)ammonium salt, wherein Ry is hydrogen, C;-C; alkyl, Ci-Cg heteroalkyl,
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C3-C; eycloalkyl, heterocyelyl, aryl, heteroaryl, and a base in 2 selvent to yield a

monochiorophosphoramidate intermediate; and

[0272] (c) reacting the monochlorophosphoramidate intermediate obtained in step (b) with
Trigger-OH and a base in a solvent to yield the phosphoramidate alkylator prodrag.

[0273] In one embodiment, the dichlorophosphoramidate intermediate of step (a) is
separated from the rest of the reaction mixture before subjecting it to the reaction in step (b).
In another embodiment, the separation is performed by first removing excess POCl; in vacuo

and then distilling the dichlorophosphoramidate under reduced pressure.

[0274] In one embodiment, the phosphoramidate alkylator prodrug of step (c) is separated
from the rest of the reaction mixture by flash columm chromatography on silica gel. In one
embodiment, the base employed in step (b} is a tertiary amine. Suitable tertiary amines
employed in step (b) include trialkyl amines, such as, triethyl amine or
diisopropylethylamine. In one embodiment, the solvent employed in step (b} is
tetrahydrofuran (THF) or dioxane.

[0275] In one embodiment, the monochlorophosphoramidate intermediate of step (b) is
separated from the rest of the reaction mixture by flash column chromatography on stlica gel
before subjecting it to the reacﬁon in step {¢). In one embodiment, the base useful in step (c)
ig lithium, sodium, or potassium hexaalkyldisilazide; sodivm or potassium hydride; or hthium
diisopropylamide. In one embodiment, the solvent employed in step (c) is dimethoxyethane,
dighyme, diethylether, or THF.

[6276] In one embodiment, the present invention provides a method to synthesize a

phosphoramidate alkcylator prodrug comprising the steps of:

[02771 (a)reacting in a solvent about 1 equivalent each of POCI,, a Trigger-OH, and a bage
to yield a dichlorophosphate intermediate; and

[0278] (b) reacting the dichlorophosphate intermediate in step (a) with a N-2-haloethyl-N-
{R13)ammonivm salt, wherein Rys is hydrogen, C;-Cg alkyl, C;-Cgheteroalkyl, Ci-Cs
cycloalkyl, heterocyclyl, aryl, heteroaryl, and a base in a solvent to yield the
phosphoramidate alkylator prodrug.
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[0279] In one embodiment, steps () and (b) arc performed af temperatures below 0°C. In
another embodiment, step (b) is performed at a temperature between 20-100°C higher than
the temperature of step (a).

[0280] In another embodiment, the present invention provides a method for synthesizing

heterocyclic phopsphoramidate ankylator prodrugs of the present invention as shown below:

N NOp
T

i) POCla/reflux N
X ;*1}2)(4 : AN
4
~ N ~o X, o Y
HoXy4 ) D

s
N imps N AN N
/ \ / LIHMDS N N
s Az

wherein Xy=Bror Cl;e=1-3

[02811 In one embodiment, the present invention provides a method to synthesize a

phosphoramidate alkylator prodrug comprising the steps of:

[0282] (a) reacting PCl; with a N,N-di(2-haloethyl)ammonium salt and a base in a solvent

to yield a monochlorophosphamide derivative;

[0283] (b) reacting the monochlorophosphamide derivative with Trigger-OH to yield an

intermediate; and
[0284] (c) oxidizing the intermediate in step (b) to yield the phosphoramidate alkylator
prodrug.

[0283] Tn one embodiment, the base used in step (b) is triethylamine. In another
embodiment, the solvent used in step (c) is dimethoxyethane, diglyme, or a C;-Cg alkyl

acetate. In another embodiment, Trigger-OH is step (c) is

Ry

/

)

N

[0286] Various 1-N-alkyl-2-aminoimidazole-5-carboxylate can be synthesized as described

schematically below:
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HCOORt T H+ NH,CN HoN_ N
OH '

[0287] The 1-N-alkyl-2-aminoimidazole-5-carboxylates can be reduced to yleld various 1-
N-alkyl-2-amino-5-hydroxymethylimidazole derivatives employed in the present invention as

bioreductive group Zs.

[0288] The synthetic methods are provided in further detail in the EXAMPLES section

below.

[0289] Synthesis of bioreductive groups and phosphoramidate alkylator prodrugs, and
methods of the present invention can be adapted from the references Matteuci et al., PCT
Appl. Pub. No. WO 04/009667, and Hypoxia activated produgs US Pat. Appl. entitled.
“Hypoxia Activated anti-Cancer Agents”; deGroot et al., 2001, Current Med. Chem. 8:1093-
1122; Denny et al., US Pat. Nos. 5,750,782; 5,780,585; 5,872,129; and 6,251,933, Davis et
al., PCT Appl. Pub. Nos. WO 04/85421 and WO 04/85361; and Lin et al., US Pat. Appl. Pub.
Nos. 2004/254103 and 2005/043244, and Borch et al., (supra).

[0290] Examples of methods to synthesize phosphoramidate alkylator prodrugs of the

-present invention are provided in further detail in the “EXAMPLES” section below.

Iila. Methods of Treatment

[0291] In one embodiment, the present invention provides a method of treating cancer in a
patient in need of therapy thereof by administering to the patient a phosphoramidate alkylator
prodrug of the present invention or one that is known. Known phosphoramidate alkylators
are provided by the references Borch et ¢l., supra. In one embodiment, the phosphoramidate
alkylator prodrug employed in treating cancer according to the methods provided by the
present invention has the formula selected from (I) — (XXVII). In one embodiment, the
phosphoramidate alkylator prodrug employed in treating cancer according to the methods
provided by the present invention is selected from the compounds exemplified in the
EXAMPLE section.

[0292} Cancer therapy with alkylating agents can lead to development of cancers that are

resistant to these alkylating agents. Alkylating agents can kill cancer cells in the more rapidly
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dividing or higher oxygen containing cancer region as compared to the cancer cells in the
slower growing hypoxic cancer region. The latter cells survive the treatment by alkylators
and can produce cells resistant to such alkylators. Increased activity of guanine-O°-
Alkyltransferase, glutathione, glutathione transferases, the nucleotide excision repair
pathway, and/or the mismatch repair profeins, and decreased permeation of actively
transported drugs such as mechlorethamine and moelphalan, are postulated to be responsible

for cancer resistance to alkylators (for example, see, Hardman ef al., pages 1393 and 1433,

SUPFra).

[0293] The prodrugs of the present invention are effective in treating cancers resistant to
other therapies. Slowly dividing ca.ricer cells in the hypoxic cancer zone act as a source of
resistant cancer cells and sirains and are killed by the prodrugs of the present invention. In
one embodiment, the present invention provides a method of treating a cancer resistant to
treatment by one or more alkylators by administering the compounds of the present invention
alone or in combination with another anticancer agent. In one embodiment, a
phosphoramidate alkylator prodrug of the invention is administered in combination with a
drug having substantially no nephrotoxicity. In one embodiment the phosphoramidate
alkylators prodrug is administered with carboplatin.

[0294] In one embodiment, the present invention provides phosphoramidate alkylators
prodrugs which are not cross-resistant with known alkylators. In another embodiment,
present invention provides phosphoramidate alkylators prodrugs which are not cross-resistant
with the alkylators ¢yclophosphamide, ifosfamide, glufosfamide, mechlorethamine,
melphalan, chlorambucil, dacarbazine, temozolomide, carmustine, streptozocin, bendamustin,

busulfan, thiotepa, cisplatin, carboplatin, and oxaliplatin.

[06295] In one embodiment, the present invention provides a method of treating cancer by
administering as a first line therapy the compounds of the present invention alone or in
combination with other anti-cancer agents. In another embodiment, the present invention
provides a method of treating a mefastatic cancer by administering as a first line therapy the
compounds of the present invention alone or in combination with other anti-cancer agents. In
one embodiment, the present invention provides a method of treating cancer by administering
as a second line therapy the compounds of the present invention alone or in combination with
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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invention alone or in combination with other anti-cancer agents. In one embodiment, the
present invention provides a method of treating cancer by administering after a prior
treatment with surgery and/or radiation therapy the compounds of the present invention alone
or in combination with other anti-cancer agents. In one embodiment, the present invention
provides a method of treating cancer, the cancer having relapsed after prior chemotherapy,
sugery, radiation or any combination of them, by administering the compounds of the present

invention alone or in combination with other anti-cancer agents.

[0296] Inmethods for treating cancer provided by the present invention, an effective
amount of phosphoramidate alkylator prodrugs is administered to the subject. Generally, the
subject can be any human or non-human mammal. The preferred subject is a human subject.
Other particular subjects include but are not limited to non-human primates, dogs, cats, farm
animals and horses. In one version, the phosphoramidate alkylator prodrug is administered
alone. In one version the phosphoramidate alkylator prodrug is administered in combination
~ with one or more additional anti-cancer agents. In one version the phosphoramidate atkylator
prodrug is administered in conjunction with a therapeutic cancer treatment, including but not
timited to surgery and radiation. The phosphoramidate alkylator prodrug will typically be

administered in a pharmaceutical composition. Various pharmaceutical compositions that

can be used are described in the Formulations section infra.

[0297] The phosphoramidate alkylator prodrug and their pharmaceutical compositions can
be used to treat any type of cancer in a subject, particularly in a human subject. Cancers that
can be treated include but are not limited to leukemia, breast cancer, skin cancer, bone
cancer, liver cancer, brain cancer, cancer of the larynx, gallbladder, pancreas, rectum,
parathyroid, thyroid, adrenal, nevral tissue, head and neck, stornach, bronchi, kidneys, basal
cell carcinoma, squamous cell carcinoma of both ulcerating and papillary type, metastatic
skin carcinoma, osteosarcoma, Ewing's sarcoma, veticulum cell sarcoma, myeloma, giant cell
tamor, small-cell lung tumor, gallstones, islet cell tumor, primary brain tumor, acute and
chronic lymphocytic and granulocytic tumors, hairy-cell tumor, adenoma, hyperplasia,
medullary carcinoma, pheochromocytoma, mucosal neuronms, intestinal ganghoneuromas,
hyperplastic corneal nerve tumor, marfanoid habitus tumor, Wilm's tumor, seminoma,
lelomyomater tumor, cervical dysplasia and in situ carcinoma, neuroblastoma,
retinoblastoma, soft tissue sarcoma, malignant carcinoid, topical skin lesion, mycosis

fungoide, rhabdomyosarcoma, Kaposi's sarcoma, osteogenic and other sarcoma, malignant
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hypercalcemia, renal cell tumor, polycythermia vera, adenocarcinoma, glioblastoma

multiforma, leukemias, lymphomas, malignant melanomas, and epidermoid carcinomas.

[0298] The phosphoramidate alkylator prodrug can particularly be used in the treatment of
cancers containing significant areas of hypoxic tissue. Such éancers include but are not

limited to lung cancer, especially non-small cell lung cancer, breast cancer, colon cancer, head and
neck canéer, ovarian cancer, pancreatic cancer, and prostate cancer. Examples of types of cancers
that can be treated with the phosphoramidate alkylator prodrugs of the invention are provided in the
following references, Tidmarsh et al., PCT Pat. Appl. No. PCT/US2005/047314 filed on 22
December 2005, and PCT Pat. Appl. entitled "Glufosfamide combination therapy", Attorney
Docket No. 021305-005900PC; and US Pat. App. No. 60/760,599 and 60/719,787 and PCT Pat.
Pub. No. WO 2005/076888. Several of these cancers are discussed for illustrative purposes below.
Those of skill in the art will appreciate that cancer chemotherapy often involves the simultaneous or
successive administration of a variety of anti-cancer agents, and as discussed further below, a
phosphoramidate alkylator prodrug can be used in combination therapies as provided by the
methods described herein. Thus, in the description of illustrative cancers containing hypoxic
regions amenable to treatment with a phosphoramidate alkylator prodrug, examples of combination

therapies are also described.

[0299] Lung cancer affects more than 100,000 males and 50,000 females in the United 20
States, most of who die within 1 year of diagnosis, making it the leading cause of cancer death.
Current protocols for the treatment of Tung cancer involve the integration of chemotherapy with or
without radiotherapy or surgery. A phosphoramidate alkylator prodrug can be used as a single
agent or in combination with existing combination therapies. A variety of combination
chemotherapy regimens have been reported for small cell lung cancer, including the combinations
consisting of cyclophosphamide, doxorubicin and vincristine (CAV); etoposide and cisplatin
(VP-16); and cyclophosphamide, doxorubicin and VP-16 (CAVP-16). Modest survival benefits
from combination chemotherapy (etoposide plus cisplatin) treatment have been reported for

non-small cell lung cancer.

[0300] Likewise, several different cytotoxic drugs have produced at least temporary
regression of ovarian cancer. The most active drugs in the treatment of ovarian cancer have been
alkylating agents, including cyclophosphamide, ifosfamide, melphalan, chlorambucil, thiotepa,

cisplatin, and carboplatin. Current combination therapies for ovarian cancer include
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cisplatin or carboplatin in combination with cyclophosphamide at 3~ to 4-week intervals for
six to eight cycles. The compounds and methods described herein provide prodrug forms and
methods for treating ovarian cancer in which a phosphoramidate alkylator prodrug as
described herein is used as a single agent or in existing such combination therapy, either to

replace an agent or in addition fo the agent(s) currently used.

[0301] Cancer of the prostate is the most common malignancy in men in the United States
and i8 the second most common cause of cancer death in men above age 55, and this cancer
has been reported to consist primarily of hypoxic tissue. Several chemotherapy protocols
have been reported for use in late stage discase following relapse after hormonal treatment.
Agents for the treatment of prostate cancer include the alkylators estramustine phosphate,
prednimustine, and cisplatin. Combination chemotherapy is also used to treat prostate
cancer, including treatment with estramustine phosphate plus prednimustine and cisplatin,
and 5-fluorouracil, melphalan, and hydroxyurea. The present invention provides methods for
treating prostate cancer in which a phosphoramidate alkylator prodrug of the present
invention is used in sach combinations, either to replace an agent or in addition to the

agent(s) currently used.

[0302] Cancer of the Iarge bowel is the second most cormmon cause of cancer death in the
United States and is likewise a cancer characterized by hypoxic regions. While
chemotherapy in patients with advanced colorectal cancer has proven to be of only marginal
benefit, 5-fluorouracil is the most effective treatment for this disease. 5-Fluorouracil is useful
alone or in combination with other drugs, but is associated with only a 15 to 20 percent
likelihoo-d of reducing measurable tumor masses by 50 percent or more. Using 5-FU in
combination with the compounds and methods described herein, and the methods for treating
colon cancer using a prodrug, can offer significant therapeutic benefit and potential for

meeting the unmet need for better treatrnent methods for this disease.

[0303] In one version of the treatment methods, a phosphoramidate alkylator prodrug can
be used in various known approaches to cancer therapy including but not limited to “anti-
body-directed enzyme prodrug therapy” (ADEPT), “virus-directed enzyme prodrug therapy
{(VDEPT), “gene-directed enzyme prodrug therapy” (GDEPT), and “bacteria-directed enzyme
prodrug therapy” (BDEPT). The general uses of a phosphoramidate alkylator prodrug are not
limited to the foregoing treatment methods.
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{0304] n another aspect, the present invention provides a method of treatment of non-
cancer hyperproliferative diseases characterized by cellular hyperproliferation (e.g., an
abnormally increased rate or amount of celtular proliferation). In one embodiment, the
hyperproliferative disease treated according to the present method is selected from the group
consisting of allergic angiitis and granulomatosis {(Churg-Strauss disease), asbestosis, asthma,
atrophic gastritis, benign prostatic hyperplasia, bullous pemphigoid, coeliac disease, chronic
bronchitis and chronic obstructive airway disease, chronic sinusitis, Crohn’s disease,
demyelinating neuropathies, dermatomyositis, eczema including atopic dermatitis, eustachean
tube diseases, giant cell arteritis, grafl rejection, hypersensitivity pneumonitis,
hypersensitivity vasculitis (Henoch-Schonlein purpura), irritant dermatitis, inflammatory
hetolytic anemia, inﬂamrhatory neutropenia, inflammatory bowel disease, Kawasaki's

disease, multiple sclerosis, myocarditis, myositis, nasal polyps, nasolacrimal duct diseases,

" neoplastic vasculitis, pancreatitis, pemphigus vulgaris, primary glomerulonephritis, psoriasis,

periodontal discase, polycystic kidney disease, polyarteritis nodosa, polyangitis overlap
syndrome, primary sclerosing cholangitis, theumatoid arthritis, serum sickness, surgical
adhesions, stenosis or restenosis, scleritis, scleroderma, strictures of bile ducts, strictures (of
duodesrum, smalt bowel, and colon), silicosis and other forms of pneumocontosis, type I
diabetes, ulcerative colitis, ulcerative prociitis, vasculitis associated with connective tissue
disorders, vasculitis associated with congenital deficiencies of the complement system,

vasculitis of the ceniral nervous system, and Wegenet's grannlomatosis.

[0305] In some embodiments of the invention, a compound of the present invention is
administered to treat a hyperproliferative disease selecied from the group consisting of
psoniasis, multiple sclerosis, theumatoid arthritis, restenosis, and benign prostatic hyperplasia.
In one embodiment, the hyperpriliferative disease treated is psoriasis, a disease charactenzed
by the celtular 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 hiyperproliferative disease
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treated is benign prostatic hyperplasia, a disease in which prostate epithelial cells grow

abnormally and thereby block urine flow.

[IIb. Formulations, modes of administration, dosages

[0306] A phosphoramidate alkylator prodrug will typicaily be formulated as
pharmacentical formulations for administration to a subject. Described in this section are
modes of administration, formulations, and dosages that can be used when treating cancers

using a phosphoramidate alkylator prodrug described herein.

[0307] Administration of a phosphoramidate afkylator prodrug for the treatment of cancer
can be effected by any method that enables delivery of the prodrugs to the site of action, the
hypoxic region of a tumor. Many cancer drugs are administered by intravenous injection, and
a phosphoramidate alkylator prodrug can be fortmulated for such administration, including not
only ready-for-injection formulations but also lyophilized or concentrated formulations that
must be rehydrated or diluted, respectively, prior to injection. In addition to these
formulations, a phosphoramidate alkylator prodrug can be formulated for administration by
oral routes, intraduodenal routes, parenteral injection (inchiding intravenous, subcutaneous,
intramuscular, intravascular or infusion), topical, and rectal routes. Those of skill in the art
will recognize that a phosphoramidate alkylator prodrug may be activated by bacteria in the
gut. If such activation is not desired, then the practitioner can employ a route of
administration or a formulation that results in absorption of a phosphoramidate alkylator
prodmg prior to its entry into the large intestine or colon. The actual route of administration
and corresponding formulation of the phosphoramidate alkylator prodrag will depend on the
type of cancer being treated, the phosphoramidate atkylator prodrug selected for
administration, the severity of the cancer, and the age, weight, and condition of the patient,

among other factors.

[0308] The amount of a phosphoramidate alkylator prodrug administered, and thus the
amount of the phosphoramidate alkylator prodrug contained in the dose administered and the
product comprising that dose, will be dependent on the subject being treated, the severity of
the cancer, localization of the cancer, the rate of administration, the disposition of the prodrug
(e.g., molecular weight, solubility and hypoxic and normoxic cytotoxicity), the cytotoxic
agent released by a phosphoramidate atkylator prodrug, and the discretion of the prescribing

physician.

93




190

15

20

25

30

-/>100 92 >100/ >100 41 -/7 - 42 03/9
93 0.1/ 3.8 94 0.3/ 2

WO 2007/002931 PCT/US2006/025881

[0309] TIn one embodiment, the present invention provides a method of cancer treatment in
a patient wherein an effective dosage is typically in the range of about 0.001 to about 0.1g per
kg body weight, or about 0.1 to about 35 mp/kg/day in single or divided doses. Fora 70 kg
human, this would amount to about 0.05 to about 7 g/day, about 0.2 to about 2.5 g/day. In
some instances, dosage levels below the lower limit of the aforesaid range can be more than
adequate, while in other cases still larger doses can be employed without causing any harmful
side effect; larger doses can also be divided into several small doses for administration
throughout the day by infusion for an hour or continuously using a peripherally inserted
central catheters (PICC line) and portable intravenous bag and pump.

[0310] In one embodiment, the effective dose of a compound of the present invention for
treatement of cancer and other hyperproliferative diseases is in the range of about 0.1 to about
35 mg/kg/day; about 0.5 to about 20 mog/kg/day; about 0.5 to about 15 mg/kg/day; about 0.5
to about 10 mg/kg/day; about 0.5 to about 8 mg/kg/day; and about 1 o about 5 mg/kg/day in
single or divided doses. In one ernbodiment, the effective dose of 2 compound of the present
invention for reatement of cancer and other hyperproliferative diseases is in the range of
about 2 to about 8 mg/kg/day; about 2 to about 4 mg/kg/day; and about 2 mg/kg/day in single
or divided doses. In one embodiment, the effective dose of a compound of the present
invention for treatement of cancer and other hyperproliferative diseases is in the range of
about 0.25 to about 2.5 mg/kg/day; about 0.25 to about 1 mg/kg/day; and about .25 to about
0.5 mg/kg/day in single or divided doses. In one embodiment, the dose is administered i.v.
daily, either as a monotherapy (compound of the present invention alone} or in conjunction
{combination) with standard of care therapies. In ons embodiment, the effective dose for
treatement of cancer and other hyperproliferétive diseases is in the range as described earlier

administered once a week.

[0311] In one embodiment, a larger dose is administered intermittently (less frequently); a
dose in the range of about 3 to about 20 mg/kg; about 6 to about 10 mg/kg; or 8 mg/ke is
administered on once every three days for two weeks. In another embodiment, a dose in the
range of about 5 to about 30 mg/kg; about 10 to about 15 mg/kg; or 12.5 mg/kg of the
phosphoramidate alkylator prodrug is administered once a week: for four weeks. In one
embodiment, a dose in the range of about 0.5 to about 8 mg/kg/day is administered for 5 days
over two weekly cycles.

[0312] In another embodiment, for treatment of human patients, the maximum daily dose

of a phosphoramidate alkylator prodrug is not greater than 500 mg/kg patient weight and,
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accordingly, a phosphoramidate alkylator prodrug is administered in a daily dose in the range
of about 1 mg of a phosphoramidate alkylator prodrug/kg of patient weight to about 500 mg
of a phosphoramidate afkylator prodrug/kg of patient weight. In one embodiment, a
phosphoramidate alkylator prodrug is administered in a daily dose in the range of about 5
5 mg/kg to about 500 mg/ke of the body weight of the patient to be treated. In another
embodiment, the therapeutically effective dose is a daily dose of a phosphoramidate alkylator
prodrug is about 10 mg/kg to about 250 mg/kg of the body weight of the patient to be treated.
In another embodiment, the therapeutically effective dose of a phosphoramidate alkylator
prodrug is about 25 mg/kg to about 150 mg/kg of the body weight of the patient to be treated.
10 In another embodiment, the therapeutically effective dose of a phosphoramidate alkylator
prodrug is about 25 mg/kg to about 50 mg/kg of body weight of the patient o be treated. In
another embodiment, the therapeutically effective dose of a phosphoramidate alkylator
“prodrug is about 1.25 mg/kg to about 12.5 mg/kp of body weight of the patient to be treated.

[0313] Guidance concerning admindstration can also be provided by and from studies in
15  mmans and other mammalian animals. A therapeutically effective dose determined for an

animal can be converted to the corresponding human equivalent dose (HED) as described in

the table below:
Animal | Human Equivalent Dose (HED) conversion factor”
Mouse 12.3
Hamster 7.4
Rat 6.2
Ferret 5.3
Gutinea pig 4.6
Micro-pig 1.4
Mini-pig 1.1
Rabbit 3.1
Dog 1.8
Monkeys” ' _ 3.1
Marmoset 6.2
Squirrel monkey 5.3
Baboon 1.8 :

*To convert animal dose in mg/kgto HED (assumes a 60 kg human) in mg/kg, divide
animal dose by HED convertion factor. For species not listed or for weights outside the
20  standard ranges, human equivalent dose (HED) can be calculated from the formula:

HED = animal dose in mg/kg x (animal weight in kg/luman weight in kg)®*,

® For example, cynomolgus, thesus, or stumptail.
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[0314] To achieve therapentic effectiveness, the therapeutically effective daily dose of a
phosphoramidate alkylater prodrug is usually administered multiple times to the patient. In
one embodiment, a phosphoramidate alkylator prodrug is administered datly for a period of
time. Typically, daily administration for at least 3 consecutive days will be employed. Tn
related embodiments, administration is for at least 5 consecutive days, at least 7 consecutive
days, or at least 10 consecutive days. Depending on the dose, formulation, and route of
administration selected by the practitioner and the convenience of the patient, the entire daily
dose can be administered once daily, or the daily dose can be administered in muitiple
smaller doses through the course of a day (including by infusion with a pump or intravenous
administration). For example, the dose can be divided into two smaller doses and
administered twice daily, or divided into three smaller doses and administered thrice daily. It
will be apparent to one of skill in the ari of cancer treatinent that, as used herein, “daily”
administration is not limited to one adminisiration per day but can inclede multiple

administrations. —

[0315] Adminisiration schedules other than consecutive daily administration can also be
used. Administration once every other day {qod) is particularly convenient, and
administration once every third day, or once a week can be appropiate in some instances, but
in any event, a phosphoramidate alkylator prodrug is repeatedly administered over a period of
time. For example, whether administration is daily (including, as noted, a divided daily
dose), every other day, or less frequently, in one embodiment a phosphoramidate alkylator
prodrug is administered at least 2 days per week for at least two, three, four, five ot at least
six consecutive weelks, or, alternatively, for at least two, three, four, five or af least six weeks
within a six-month period, or, alternatively, for at least two, three, four, five or at least six
weeks within a twelve-month period. In one embodiment, a phosphoramidate alkylator
prodrug is administered at least 3 days per week for at least two, three, four, five or al least
six consecuiive weeks, or, alternatively, for at least two, three, four, five or at least six weeks
within a six-month period, or, altematively, for at least two, three, four, five or at least six
weeks within a twelve-month period. Tn one embodiment a phosphoramidate alkylator
prodrug is administered at least 10 days per month, optionally at least 20 days per month, for
at least one month or at least two, three, four, five or at least six consecutive months, or,

alternatively, at least one, two, three, four, five or at least six months in a 6-month period.

[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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five to ten consecutive days, or for a week, or for several weeks or more. Thus, a patient can
be administered a phosphoramidate alkylator prodrug in accordance with the present methods

for several days, a week, a month, two months, three months, six months, or a year or longer.

[0317] Consistent with administration regimens of other anticancer agents, a
phosphoramidate alkylator prodrug can be administered in muitiple “rounds™ of
administration. For example, in some embodiments, a phosphoramidate alkylator prodrug
can be administered once daily for at least three to ten, or at least five to ten consecutive days,
and such three to ten or five to ten day treatments can be repeated once, twice, or thiee or
more times, sometimes with a no-treatment (with a phosphoramidate alkylator prodrog)
period ranging from one to several weeks between each muitiple-day treatment. Similarly, in
some embodiments, a phosphoramidate alkylator prodmg is administered every other day for
two toden administrations, more often three to fen administrations, or five to ten
administrations, and such two, three or five to ten administrations god can be repeated once,
twice, or three or more times with a no-treatment (with a phosphoramidate alkyTator prodrug)
period ranging from one to several weeks between each multiple-day treatment. Other
multiple-round schedules for administration will be apparent to the skilled practicioner

quided by this disclosure.

[0318] In one aspect, “administering a therapeutically effective dose or regimen of a
phosphoramidate alkylator prodrug” refers to (i) administering a phosphoramidate alkylator
prodrug in the ranges stated (e.g., 1 mgto 1 g of a phosphoramidate alkylator prodrug per kg
of patient weight, typically 25 to 150 mg of a phosphoramidate alkylator prodrug per kg of
patient weight} for a specified minimum number of days within a specified time period,
whertein the administration of a phosphoramidate alkylator prodrug has a therapeutic effect on
the cancer in the patient. [lustrative therapeutically effective dose regimens for a
phosphoramidate alkylator prodrug include those described herein, such as administration of
a phosphoramidate alkylator prodrug for 3 consecutive days, 5 consecutive days, 7
consecutive days, 10 consecutive days, at least 3 days per week, at leasi 3 days per week for

one month, at least 10 days per month, and at least 20 days per month.

[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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regimen will result in 2 maximal exposure of the tumor cells to a phosphoramidate alkylator
prodrug, as measured by AUC, while minimizing the maximal plasma concentration (Cax)
for any single administration. A higher C.,, will contribute fo toxicity while the AUC will
determine efficacy. As is understood in the art for other cancer therapeutic drugs, treatment
with a phosphoramidate alkylator prodrug can be suspended temporarily if toxicity is
observed, or for the convenience of the patient, without departing from the scope of the

inveniion, and then resumed.

[0320] In one embodiment, the pharmacokinetics of the phosphoramidate alkylator prodrug
of the present invention employed for the treatment of cancer can determine the dose, the
method of administration, and the kind of cancer that is treated with the phosphoramidate
alkylator prodrug. In one embodiment, the phosphoramidate alkylator prodrug of the present
inverition can have a in vive half life of between 1 to 300 minutes. In one embodiment, the
compounds of the present invention can have a in vive half life of between 3 to 10 minutes.
In one embodiment, the compounds of the present invention can have a in vive half life of
between 10 to 30 minutes. A short half life of the phosphoramidate alkylator prodrug can
require an infusion time in treatment that is longer than that required for a phosphoramidate
alkylator prodrug having a longer half life. A short half life of the phosphoramidate alkylator

prodrug can increase the maximum tolerated dose (MTD) for that prodrug.

0321} In another embodiment, the present invention provides phosphoramidate alkylator
prodrugs that remain up to 20% unchanged when incubated with mouse hver microsomal
(update with human example and data if available) protein for 30 minutes. In another
embodiment, the present invention provides phosphoramidate alkylator prodrugs that remain
20-80% unchanged when incubated with mouse liver microsomal proiein for 30 minutes. In
another embodiment, the present invention provides phosphoramidate alkylator prodrugs that
remain greater than 80% unchanged when incubated with mouse liver microsomal protein for
30 minutes. In another embodiment, examples of phosphoramidate alkylator prodrugs of the
present invention which when incubated with mouse liver microsomal protein for 30 minutes
remain greater than 80% unchanged include 1, 25, and 36. The higher the MLM stability of a
prodrug of the invention, its therapeutically effective dose and undesirable patient side effects

will be lower.

[0322] In arelaied embodiment, the bioreductive group of the phosphoramidate alkylator

prodrugs of the present invention upon reduction/activation in a hypoxic tumor zone form a
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phosphoramidate alkylator- Ty conjugate. The phosphoramidate alkylator- Ty conjugate can
diffuse and reach other parts of the tumor or other tumors in the case of a metastatic disease.
Various pharmacokinetic parameters such as volume of distribution under steady state (Vss),
clearance (CL), area under curve (AUC), mouse liver microsomal stability (MLM stability),
plasma stability, and Cy; of phosphoramidate alkylator prodrugs of the present invention
were measured and listed in the EXAMPLES section (see also Hardman ef al., supra).

[0323] In re-treatment regimens, the dose can be adjusted to reflect patient tolerance of the
prior treatment. In any event, as toxicity is observed during repeat administration, dosing can
be temporarily stopped as severe symptoms are observed. The period of temporary halting of
administration. (drug holiday) can be énded at the time when the first organ of toxicity no
longer contains significant concentrations of a phosphoramidate alkylator prodrug or a
phosphoramidate alkylator released therefrom (which can be measured or determined
indirectly by cessation of symptoms). Therefore, an intermittent dosing period can be

defined not only by specific days but individualized by drug holidays that are based on
symptoms and normal organ clearance of a phosphoramidate alkylator prodrug or a

phosphoramidate alkylators refeased therefrom.

[0324} A formulation of a phosphoramidate alkylator prodrug can, for example, be in a
form suttable for oral administration as a tablet, capsule, pill powder, sustained release
formulation, solution, and suspension; for parenteral injection as a sterile solution, suspension
or emulsion; for topical administration as an ointment or cream; and for rectal administration
as a suppository. A formulation of a phosphoramidate alkylator prodrug can be in unit
dosage forms suitable for single administration of precise dosages and will typically include a

conventional pharmaceutical carrier or excipient.

[0325] Suitable pharmaceutical 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, Inbricaling agents such as
magnesium stearate, sodium lauryl sulfate, and talc can be used to prepare the tablet forms of
foroulations 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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therefore, include lactose or milk sugar and high molecular weight polyethylene glycols.
‘When aqueous suspensions or elixirs are desired for oral administration, the prodrug therein
can be combined with various sweetening or flavoring agents, coloring matters or dyes and, if
desired, emulsifying agents or suspending agents, together with diluents such as water,

ethanol, propylene glycol, glycerin, or combinations thereof.

[0326] Exemplary parenteral administration forms include solutions or suspensions of a
phosphoramidate alkylator prodrug in sterile aqueous solutions, for example, aqueous
polyethylene glyeols, propylene glycol or dextrose solutions. Such dosage forms can be
suitably buffered, if desired.

[0327] Methods of preparing various pharmaceutical compositions with a specific amount
of active drug are known, or will be apparent, to those skilled in this art in view of this
disclosure. For examples, see Remington’s Pharmaceutical Sciences, Mack Publishing
Company, Phiiadelphia, Pa., 17" Bdition (1984).

[0328] The methods of caﬁcer treatment employing a phosphoramidate alkylator prodrug of
the present invention are effective in killing the most difficult to kill cancer cells growing in
the hypoxic region of a fumor. Once released in the hypoxic region a phosphoramidate
prodrug can diffuse from the hypoxic cells and kill the cancer cells in adjacent regions
containing increasing populations of rapidly dividing cells. The hypoxic region acts as a
drug-factory to produce within a tumor an alkylator for killing adjacent normexic cancer cells
leading to a higher concentration of the phosphoramidate alkylator within the tumor, relative
to normal tissues. The use of the prodrug to generate the phosphoramidate alkylator within
the tumor can reduce toxic side-effects arising due to normat cell toxicity. After cancer cell
in the nonmoxic region of the tumor are destroyed, a hypoxic region can become normoxic
and start to divide. At this point, such cells ean be killed by the phosphoramidate alkylators -
generated from a phosphoramidate alkylator prodrug of this invention or those known, or by
other anticancer agents or cytoxing administered in combination with the phosphoramidate

alkylator prodrug, as described in the following section.

Hlc. Combination therapies

[0329] In accordance with the methods of the invention, a phosphoramidate alkylator

prodrug can be co-administered in combination with other anti-cancer agents (“anticancer
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agent™). Without intending to be bound by any particular mechanism or effect, such co-
administration can in some cases provide one or more of several advantages over known
cancer therapies, such as, for example co-administration of a phosphoramidate alkylator
prodrug and the anticancer agent has a synergistic effect on induction of cancer cell death.
Co-administration provides a better therapeutic result than administration of the anticancer
agent alone, e.g., greater alleviation or amelioration of one or more symptoms of the cancer,
diminishment of extent of disease, delay or slowing of disease progression, amelioration,
palliation or stabilization of the disease state, partial or complete remission, prolonged

survival or other beneficial therapeutic results.

[0330] The co-administration of a phosphoramidate alkylator prodrug increases the
sensitivity of cancer cells to the anticancer agent, allowing lower doses of the anticancer
agent'io be adminstered to the patient or allowing an anticancer agent to be used for treatment
of cells otherwise resistent to the anticancer agent or otherwise refractory to treatment. While
the known anti-cancer agents in general targets the rapidly dividing cells in the normoxic
region, the phosphoramidate alkylator prodrugs of the invention target the hypoxic cells in
the regions of tftanors that are not efficiently killed by the antficancer agent alone.

[63311 As used herein, a phosphoramidate alkylator prodrug is “co-administered” with
another anticancer agent (also referred to herein as, “Agent”) when a phosphoramidate
alkylator prodrug and Agent are administered as part of the same course of therapy. In one
embodiment, a phosphoramidate alkylator prodrug is first administered prior to
administration of the Agent, (i.e., the initiation of the other cancer therapy), and treatment
with a phosphoramidate alkylator prodrug is continued throughout the course of
administration of the Agent (i.e., the course of the other therapy). In another embodiment, a
phosphoramidate atkylator prodrug is administered after the iitiation or completion of the
other cancer therapy. In other embodiments, a phosphoramidate alkylator prodrug is first
administered contemporaneously with the initiation of the other cancer therapy. See for

example combination therapies as described in EXAMPLE section.

f0332] In one embodiment, a phosphoramidate alkylator prodrug is first admindstered prior
to administration of the Agent, and treatment with a phosphoramidate alkylator prodrug is
continued after the cessation of administration of the Agent. In one embodiment, a
phosphoramidate alkylator prodrug is first administered prior to administration of the Agent,
and treatment with a phosphoramidate alkylator prodrug is continued during part of the
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period of administration of the Agent. For certain drugs, such as certain topoisomerase
mhibitors, a phosphoramidate alkyfator prodrug administration can be initiated and

completed prior to the administration of the second drug.

[0333] In the presence of oxygen, the radical anion formed upon the reduction of Z; reacts
with oxygen to yield superoxide and Z;. Superoxide is a cytotoxin and the production of
superoxide in normoxic tissues can lead to unwanted side effects. In one embodiment, the
present invention provides a phosphoramidate alkylator prodrug administered in combination
with a chemoprotective agent or a chemoprotectant. Chemoprotective agents protect healthy
tissue from the toxic effects of anticancer drugs. In one embodiment, the chemoprotective
agent is a thiol or a disulfide. In one embodiment, the chemoprotectant can reduce
superoxide. In another embodiment, the the chemoprotectant can react with the “Michael-
receplor” generated from a phosphoramidate alkylator prodrug and prevent “Michael-

receptor” from reacting with proteins and nucleic acid (see below).
NHOH(+)

Xz

% ;:/m (:< )-=NHOH(+)

(03341 Mﬁcmcer drug therapy today typically invelves multiple rounds, or “cycles,” of
administration of the anti-cancer agent(s). In the context of administering a phosphoramidate
alkylator prodrug, each cycle of administraiion (as well as a complete set of cycles) can be
viéwed as administration of a second drug. A phosphoramidate alkylator prodrug can be
administered in any or all of the multiple cycles of treatinent with the other Agent; in general,
a phosphoraridate alkylator prodrug is administered on a daily basis for at least two or more
days during each cycle. In one aspect of the invention, a phosphoramidate alkylator prodrug

is co-administered with the A gent according to a schedule repeated at each round.

[0335} In one version of the method of treating cancer using the a phosphoramidate
alkylator prodrug, a phosphoramidate alkylator prodrug is administered in combination with
an effective amount of one or more chemotherapeutic agents, an effective amount of
radiotherapy, an appropriate surgery procedure, or any combination of such additional

therapies.
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[0336] When a phosphoramidate alkylator prodrug is used in combination with one or more
of the additional therapies, a phosphoramidate alkylator prodrug and additional therapy can
be administered at the same time or can be administered separately. For example, ifa
phosphoramidate alkylator prodrug is administered with an additional chemotherapeutic
agent, the two agents can be administered sirnultaneously or can be administered sequentially
with some time between administrations. One of skill in the art will understand methods of
administering the agenis simulianeously and sequentially and possible fime periods between
administration. See for example combination therai)ies as described in the EXAMPLE

section.

[0337} The Agents can be administered as the same or different formulations and can be

administered via the same or different rouies.

[0338] Chemotherapeutic agents that can be used in cﬁmbiﬁation with the a
phosphoramidate alkylator prodrug of the invention include; but are not limited to, busulfan,
improsulfan, piposulfan, benzodepa, carboquone, 2-deoxy-D-glucose, lonidamine and
analogs thereof (refrence apps), glufosfamide, gemcitibine, erlotinib, meturedepa, uredepa,
altretainine, imatinib, triethyvlenemelamine, triethylenephosphoramide,
triethylenethiophosphoramide, frimethylolomelamine, chiorambucil, chlornaphazine,
estramustine, ifosfamide, gefitinib, meéchlorethamine, mechlorethamine oxide hydrochloride,
melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard,
carmustine, chlorozotocin, fotemustine, nimustine, ranimustine, dacarbazine, mannomustine,
mitobronitol, mitolactol, pipobroman, aclacinomycins, actinomycin F(1), anthramycin,
azaserine, bleomycin, cactinomycin, carubicin, carzinophilin, chromomyein, dactinomycin,
daunorubicin, daunomycin, 6-diazo-5-0xo-1-norleucine, mycophenolic acid, nogalamyein,
olivomyecin, peplomycin, plicamycin, porfiromycin, puromycin, streptomigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin, denopterin, pteropterin, trimetrexate, fludarabine,
6-mercaptopurine, thiamiprine, thioguanine, ancitabine, azacitidine, 6-azauridine, carmotur,
cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine, 5-fivorouracil, tegafur, L-
asparaginase, pulmozyme, aceglatone, aldophosphamide glycoside, aminolevulinic acid,
amsacrine, bestrabucil, bisantrene, carboplatin, defofamide, demecolcine, diaziquone,
elfornithine, elliptinium acetate, etoglucid, flutamide, gallium nitrate, hydroxyurea,
interferon-alpha, interferon-beta, interferon-gamma, interleukin-2, lentinan, mitoguazone,
mitoxantrone, mopidamol, nitracrine, pentostatin, phenamet, pirarubicin, podophyllinic acid,

2-ethylhydrazide, procarbazine, razoxane, sizofiran, spirogermanium, paclitaxel, tamoxifen,
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ertotonib, teniposide, tenuazonic acid, triaziquone, 2,2°,2"-trichlorotriethylamine, urethan,
vinblastine, cyclophosphamide, and vincristine. Other chemotherapeutic agents that can be
used include platinum derivatives, including but not limited to cis platinum, carboplatin, and

oxoplatin.

[0339] In one version, a phosphoramidate alkylator prodrug described herein can be used in
combination with an antiangeogenisis inhibitor including but not limited to Avastin and
similar therapeutics. In one version of the combination treatment methods, a subject is
ireated with an antiangeogenisis inhibitor and subsequently treated with a phosphoramidate
alkylator prodrug. In one version of the combination treatment methods, a subject is treated
with an antiangeogenisis inhibitor and subsequently treated with a phosphoramidate alkylator
prodrug with another chemotherapeutic agent, including but not limited to Cisplatin, and
carboplatin. In one version of these combination methods of treatment using an

antiangeogenisis inhibitor, the method is used to ireat breast cancer.

[0340] In another embodiment, a phosphoramiidate alkylator prodrug is administered with
an anti-cancer agent that acts, either directly or indirecily, to inhibit the epidermal growth
Tactor or EGFR receptor. EGFR inhibitors suitable for coadministration with a
phosphoramidate alkylator prodrug of the invention include gefitinib and erlotonib.

[0341] In another version, a phosphoramidate alkylator prodrag is administered with an
anti-cancer agent that acts, either directly or indirectly, to inhibit hypoxia-inducible factor 1
alpha (HIF1a) or to inhibit a protein or enzyme, such as a glucose transporter or VEGF,
whose expression or activity is increased upon increased HIF1a levels. HIF1a inhibitors
suitable for use in this version of the methods and compositions described herein include P13
kinase inhibitors; I, Y294002; rapamycin; histone deacetylase inhibitors such as [(E)-
(15,48,108,21R)-7-[(Z)-ethylidene}-4,21-diisopropyl-2-oxa-~12,13-dithia-5,8,20,23-
tetraazabicyclo-{8,7,6]-tricos-16-ene-3,6,9,19,22-pentanone (FR901228, depsipeptide); heat
shock protein 90 (Hsp90} inhibitors such as geldanamycin, 17-allylamino-geldanamycin (17-
AAG), and other geldanamycin analogs, and radicicol and radicicol derivatives such as
KF58333; genistein; indanone; staurosporin; protein kinase-1 (MEK-1) inhibitors such as
PD98059 (2-amine-3"-methoxyflavone); PX-12 (1-methylpropyl 2-imidazolyl disulfide);
pleurotin PX-478; quinoxaﬁlfne 1,4-dioxides; sodium butyrate (NaB); sodivm nitropurruside
{SNP) and other NO donors; microtubule inhibitors such as novobiocin, panzem (2-

methoxyestradio] or 2-ME2), vincristines, taxanes, epothilones, discodermolide, and
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derivatives of any of the foregoing; coumarins; barbituric and thiobarbituric acid analogs;
camptothecins; and YC-1, a compound described in Biochem. Pharmacol., 15 Apr 2001, 61(8):
947-954, and its derivatives.

[0342] In another version, a phosphoramidate alkylator prodrug is administered with an
anti-angiogenic agent, including but not limited to anti-angiogenic agents selected from the group
consisting of angiostatin, an agent that inhibits or otherwise antagonizes the action of VEGE,
batimastat, captopril, cartilage derived inhibitor, genistein, endostatin, interleukin, lavendustin A,
medroxypregesterone acetate, recombinant human platelet factor 4, Taxol, tecogalan, thalidomide,
thrombospondin, TNP-470, and Avastin. Other useful angiogenesis inhibitors for purposes of the
combination therapies provided by the present methods and compositions described herein include
Cox-2 inhibitors like celecoxib (Celebrex), diclofenac (Voltaren), etodolac (Lodine), fenoprofen -
(Nalfon), indomethacin (Indocin), ketoprofen (Orudis, Oruvail), ketoralac (Toradol), oxaprozin
(Daypro), nabumetone (Relafen), sulindac (Clinoril), tolmetin (Tolectin), rofecoxib (Vioxx),
ibuprofen (Advil), naproxen (Aleve, Naprosyn), aspirin, and acetaminophen (Tylenol).

[0343] In addition, because pyruvic acid plays an important rolc in angiogenesis, pyruvate
mimics and glycolytic inhibitors like halopyruvates, including bromopyruvate, can be used in
combination with an anti-angiogenic compound and a phosphoramidate alkylator prodrug to treat
cancer. In another version, a phosphoramidate alkylator prodrug is administered with an
anti-angiogenic agent and another anti-cancer agent, including but not limited to a cytotoxic agent
selected from the group consisting of alkylators, Cisplatin, Carboplatin, and inhibitors of

microtubule assembly, to treat cancer.

[0344] In addition to the combination of a phosphoramidate alkylator prodrug with the
Agents described above, the present methods and compositions described herein provides a

variety of synergistic combinations of a phosphoramidate alkylator prodrug and other anticancer
drugs. Those of skill in the art can readily determine the anti-cancer drugs that act "synergistically”
with a phosphoramidate alkylator prodrug as described herein. For example, the reference Vendetti,
"Relevance of Transpiantable Animal-Tumor Systems to the Selection of New Agents for Clinical
Trial,” Pharmacological Basis of Cancer Chemotherapy, Williams and Wilkins, Baltimore, 1975,
and Simpson Herren ef al., 1985, "Evaluation of In Vivo Tumor Models for Predicting Clinical

Activity for Anticancer Drugs,”
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optimaP& mak@Rum tolerated doses. The "degree of synergy" can be defined as net log of tumor
cell kill by the optimum combination regimen minus net log of tumor cell kill by the optimal dose
of the most active single Agent. Differences in cell kill Qf greater than ten-fold (one log) are

considered conclusively indicative of therapeutic synergy.

[0346] When a phosphoramidate alkylator prodrug is used with another anti-cancer agent, a
phosphoramidate alkylator prodrug will, at least in some embodiments, be administered prior

to the initiation of therapy with the other drug or drugs and administration will typically be
continued tﬁroughout the course of treatment with the other drug or drugs. In some embodiments,
the drug co-administered with a phosphoramidate alkylator prodrug will be delivered at a lower
dose, and optionally for longer periods, than would be the case in the absence of a phosphoramidate
alkylator prodrug administration. Such "low dosé" therapies can involve, for example, administering
an anti-cancer drug, including but not limited to paclitaxel, docetaxel, doxorubicin, cisplatin, or
carboplatin, at a lower than approved dose and for a longer period of time together with a

phosphoramidate alkylator prodrug administered in accordance with the methods described herein.

[0347] These methods can be used to improve patient outcomes over currently practiced therapies
by more effectively killing cancer cells or stopping growth of cancer cell as well as diminishing
unwanted side effects of the other therapy. When employed in combination with a
phosphoramidate alkylator prodrug, the additional anti-cancer agent(s) is dosed using either the
standard dosages employed for those Agents (i.e., when used without a phosphoramidate alkylator

prodrug) or are less than those standard dosages.

[0348] The administration of a phosphoramidate alkylator prodrug in 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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the toxic side effects of such drugs. The exact dosage for a given patient varies from patient
to patient, depending on a number of factors including the drug combination employed, the
particular disease being treated, and the condition and prior history of the patient, but can be
determined using only the skill of the ordinarily skilled artisan in view of the teachings

herein.

[0349] Specific dose regimens for known and approved chemotherapeutic agents or
antineoplastic agents (i.e., the recommended effective dose) are known to physicians and are
piven, for example, in the product descriptions found in the Physician's Desk Reference 2003,
(Physicians' Desk Reference, 57th Ed) Medical Economics Company, Inc., Oradell, N.J
and/or are available from the Federal Drug Administration. Ilustrative dosage regimens for

certain anti-cancer drugs are also provided below.

[0350] Cancer drugs can be classified generally as alkylators, anthracyclines, antibiotics,
aromatase inhibitors, bisphosphonates, cyclo-oxygenase inhibitors, estrogen receptor
modulators, folate antagonists, inorganic aresenates, microtubule inhibitors, modifiers,
nitrosoureas, nucleoside analogs, osteoclast inhibitors, platinum containing compounds,
relinoids, topoisomerase 1 inhibitors, topoisomerase 2 inhibitors, and tyrosine kinase
inhibitors. In accordance with the methods described herein, a phosphoramidate alkylator
prodrug can be co-administered with any anti-cancer drug from any of these classes or can be
administered prior to or after treatment with any such drug or combination of such drugs. In
addition, a phosphoramidate alkylator prodrug can be administered in combination with a
biologic therapy (e.g., treatment with interferons, interleukins, colony stimulating faciors and
monoclonal antibodies). Biologics used for treatment of cancer are known in the art and
include, for example, trastuzumab (Herceptin), tositumomab and ' Fositumomab (Bexxar),

riuximab (Rituxan).

{0358] Alkylators useful in the practice of the methods described herein include but are not
limited to busulfan (Myleran, Busulfex), chlorambucil (Leukeran), Hfosfamide (with or
without MESNA), cyclophosphamide (Cytoxan, Neosar), glufosfamide, melphalan, L-PAM
(Alkeran), dacarbazine (DTIC-Dome), and temozolamide (Temodar). In accordance with the
methods described herein a phosphoramidate alkylator prodrug is co-admindstered with an
alkylator to treat cancer. In one version, the cancer is chronic myelogenous leukemia,

multiple myeloma, or anaplastic astrocytoma.
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[0352] In one embodiment, the present invention provides a method of treating cancer
treatable by administering an alkylator by administering the phosphoramidate alkylator
prodrugs of the present invention or those alone or in combination with at least another
alkylator or a prodrg thereof. Alkylators, such as, for example, cyclophosphamide,
ifosfamide, ghafosfamide, mechlorethamine, melphalan, chlorambucil, dacarbazine,
temozolomide, carmustine, streptozocin, bendamustin, busulfan, thiotepa, cisplatin,
carboplatin, and oxaliplatin, and types of cancers treated using any one of such alkylators
alone or in combination with other anti cancer or chemoprotective agents are described for

example in the reference Hardman ef al., (Supra).

{0353} In one embodiment, the present invention provides a method of treating cancer by
coadministering a phosphoramidate alkylator prodrug with at least the alkylator
Cyclophosphamide, in the treatment of Stages Il and IV malignant lymphomas, multiple
myeloma, leukemia, mycosis fungoides, neuroblastoma, ovarian adenocarcinoma,
;ﬁnoblastoma, and carcinoma of the breast. Cyclophosphamide is administered for
induction therapy in doses of 1500-1800 mg/m” that are administered intravenously in

divided doses over a period of three to five days; for maintenance therapy, 350-550 me/m”

are administered every 7-10 days, or 110-185 mg/m” are administered intravenousty twice

weekly. In accordance with the methods described herein, a phosphoramidate alkylator
prodrug is co-administered with eyclosphosphamide administered at such doses or at lower
doses and/or for a longer duration than normal for administration of Cyclosphosphamide

alone.

[0354] In one embodiment, the present invention provides a method of treating cancer by
administering a phosphoramidate alkylator produg of the invention together with a cancer
treatment regimen using at least the alkylator Mechlorethamine. For example,
Mechlorethamine is used in the combination chemotherapy regimen MOPP
(mechlorethamine, Oncovin (vincristine), procarbazine, and prednisone) in patients with
Hodgkin’s disease and administered by intravenous bolus administration is doses 6mg/m* on
days 1 and § of the 28 day cycles of each course of treatment.

[0355] In one embodiment, 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 Hfosfamide. Iosfamide is used to treat pediatric and adult

sarcomas, carcinomas of cervix and Iung, and in combination with other drugs for germ cell

108



35 0.05 6540 50 84 0 3 40 119 0.3 >100
>100 37 0.5 25 >100 88 0.03 0.5 0.2

testicular cancer. Ifosfamide is used as part of the ICE (Ifosfamide, Carboplatin, and Etoposide) ans
RICE (Rifuxan and ICE) regimens for treating lymphomas (see Hardman et al., supra).

[0356] In one embodiment, the present invention provides a method of treating cancer by
administering a phosphoramidate alkylator prodrug of the invention with a cancer treatment
regimen using at least the alkylator Glufosfamide. Glufosfamide is in the clinic for the treatment
of pancreatic cancer or Gemzar resistant pancreatic cancer. Glufosfamide can be used for treating
breast cancer, Morbus Hodgkin, gastrointestinal tract cancer, or as part of the GCE (Glufosfamide,
Carboplatin, and Etoposide) or RGCE (Rituxan and GCE) regimen, for treating lymphomas.
(Tidmarsh et al., PCT Pat. Appl. No. PCT/US2005/047314 filed on 22 December 2005, and PCT
Pat. Appl. entitled "Glufosfamide combination therapy", Attorney Docket No. 021305-005900PC;
and US Pat App. No. 60/760,599 and 60/719,787 and PCT Pat Pub. No. WO 2005/076888).

[0357] In one embodiment, 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 an alkylator selected from the group consisting of ethylenimines and

metﬁylmelamines. In another embodiment, the ethylenimine is Triethylenemelamine or Thiotepa.

[0358] Thiotepa can be used to treat adenocarcinomas of the breast, ovary, and bladder,
malignant fymphomas, bronchiogenic carcinomas, and Wilms' tumor. Thiotepa was used at high
-doses in combination chemotherapy Wifh cyclophosphamide in patients with refractory
malignancies treated with autologous bone transplantatién and to treat a variety of cancers
including bladder, ovarian, breast, lung, brain, and lymphomas (see, International Agency for
Research on Cancer Monographs on the Evaluation of Carcinogenic Risk of Chemicals to
Humans, 1975, 9 :286, Lyon, France; International Agency for Research on Cancer

Monographs on the Evaluation of Carcinogenic Risk of Chemicals to Humans, 1990, 50 : 415,
Lyon, France; and MEDLINEplus, 2003, Drug Information: Thiotepa, National Library of
Medicine). The methylmelamine Altretamine is used to treat advanced ovarian cancer after failure

of first round therapies.

[0359] In one embodiment, 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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is used to treat multiple myolema and can be administered orally. Chlorambucil is used to
treat chronic Iyphocytic leukemia and primary macroblobulinemia. Bendamustine,
developed by Salmedix Inc. can be used to treat hematological malignancies, such as, for
example, non-Hodgkin’s lymphoma, chronis lymphocytic lenkemia, and multiple myeloma.

[0360] In one embodiment, the present invention provides a method of reating cancer by
administering a phosphoramidate alkylator produg of the invention with a cancer treatment
regimen nsing at least the alkylator Busulfan. Busulfan is used to treat chronic gramulocytic
levkemia and chronic myelogenous leskemia. High doses of busulfan can be used in
combination with Cyclophosphamide to treat patients with acute myelogenous leukemia

before bone marrow transplantation.

[0361] In one embodiment, the present invention provides a method of treating cancer by
administering a phosphoramidate alkylator produg of the invention with a cancer treatment
regimen vsing at least a nitrosourea alkylator: In another etnﬁodiment, the nitrosourea
alkylator is Carmustine. Carmustine can be used to treat Hodgkin’s disease, lymphomas,
myelomas, malignant astrocytomas, metastatic tumors of the brain, melanoma, and
gastrointestinal tumors. In another embodiment, the nitrosourea is Streptozocin which is used

to treat pancreatic islet cell carcinoma.

[0362] In one embodiment, 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 a triazene alkylator. In one embodiment, the triazene alkylator is
Dacarbazine. Dacarbazine is used to treat malignant melanoma, Hodgkin’s disease, and adult
sarcoma. In another embodiment, the triazene alkylator is Temozolomide, Temozolomide

can be used to treat malignant ghiomas.

[0363} In one embodiment, the present invention provides a method of treating cancer by
administering a phosphormi’date atkylator produg of the mvention with a cancer treatment
regimen using at least a platinum coordination complex alkylator. In one embodiment, the
platinum coordination complex alkylator is Cisplatin. Cisplatin can be used to freat cancer of
bladder, head and neck, endometrium, small cell carcinoma of the lung, and some neoplasms
of childhood. Cisplaiin alone or with cyclophosphamide is used to treat advanced ovarian
cancer. Combination chemotherapy of Cisplatin with Bleomycin, Etoposide, and Vinblastine
18 used fo treat advanced festicular cancer; and with one of Paclitaxel, Cyclophosphamide, or

Doxorubicin to treat ovarian carcinoma.

110



10

15

20

25

30

3 25 44 45 >100 46 50 100 47 60 100
97 0.006 0.01

WO 2007/002931 PCTUS2006/025881

[0364] Anthracyclines useful in the practice of the methods described herein include but
are not limited to, doxorubicin (Adriamycin, Doxil, Rubex), mitoxantrone (Novantrone),
idarubicin (Idamycin), valrubicin (Valstar), and epirubicin (Ellence}. In accordance with the
methods described herein a phosphoramidate alkylator prodrug is co-administered with an
anthracycline to treat cancer. In one version, the cancer is acute nonlymphocytic leukemia,
Kaposi’s sarcoma, prostate cancer, bladder cancer, metastatic carcinoma of the ovary, and

breast cancer.

[0365] As one example the compound (8S,108)-10-[(3-Amino-2,3,6-trideoxy-alpha.-L-
lyxo-hexopyranosyloxyl-8-glycoloyl-7,8,9,10-tetrahydro-6,8,11-trihydroxy-1-methoxy-5,12-
naphthacenedione, more commonty known as doxorubicin, is a cytotoxic anthracycline
antibiotic isolated from cultures of Streptomyces peucetius var. caesius. Doxorvbicin has
been used successfully to produce regression in disseminated neoplastic conditions such as
acute lymphoblastic leukemia, acute myeloblastic leukemia, Wilm's tumor, neuroblastoma,
soft tissue and bone sarcomas, breast carcinoma, ovarian. éarcinoma, transitional cell bladder
carcinoma, thyroid carcinoma, tymphomas of both Hodgkin and non-Hodgkin types,
bronchogenic carcinoma, and gastric carcinoma. Doxorubicin is typically administered in a
dose in the range of 30-75 mg/m’ as a single intravenous injection administered at 21-day
intervals; weekly intravenous injection at doses of 20 mg/m”; or 30 mg/m” doses on each of
three successive days repeated every four weeks. In accordance with the methods of the
methods described herein, a phosphoramidate alkylator prodrug is co-administered starting
prior to and continuing after the administration of doxorubicin at such doses (or at lower
doses). Cyclic Anthracycline cytotoxin prodrugs useful in the practice of the methods
described herein are provided by the reference Matteusi ef al., PCT Patent Aplication No.
US05/008161.

[0366] Antibiotics useful in the practice of the methods described herein include but are not
limited to dactinomyein, actinomycin D (Cosmegen), bleomycin (Blenoxane), daunorubicin,
and daunomycin (Cerubidine, DanuoXome). In accordance with the methods described
herein a phosphoramidate alkylator prodrug is co-administered with an antibiotic to treat
cancer. In one version, the cancer is a cancer selected from the group consisting of acute

Iymphocytic leukemmnia, other leukemias, and Kaposi’s sarcoma.

{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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methods described herein a phosphoramidate alkylator prodrug is co-administered with an

aromatase inhibitor to treat cancer. Inr one version, the cancer is breast cancer.

[0368] Bisphosphonate inhibitors useful in the practice of the methods described herein
include but are not limited to zoledronate (Zometa). In accordance with the methods
described herein a phosphoramidate alkylator prodrug is co-administered with a
biphosphonate inhibitor to treat cancer. In one version, the cancer is a cancer selected from
the group consisting of multiple myeloma, bone metastases from solid tumors, or prostate

cancer.

[0369] Cyclo-oxygenase inhibitors useful in the practice of the methods described herein
include but are not limited to celecoxib (Celebrex). In accordance with the methods
described herein a phosphoramidate alkylator prodrug is co-administered with a cyclo-
oxygenase inhibitor to ireat cancer. In one version, the cancer is colon cancer or a pre-

caneerous condition known as familial adenormatous polyposis.

[0370] Estrogen receptor modulators useful in the practice of the methods described herein
include but are not limited to tamoxifen (Nolvadex) and fulvestrant (Faslodex): In
accordance with the methods described herein a phosphoramidate alkylator prodrug 1s co-
administered with an estrogen receptor modulator to treat cancer. In one version, the cancer
is breast cancer or the ireatment is administered to prevent the occurrence or reoccurrence of

breast cancer.

{03711 Folate antagonists useful in the practice of the methods described herein include but
are not lmited to methotrexate and tremetrexate. In accordance with the methods described
herein a phosphoramidate alkylator prodrug i$ co-administered with a folate antagonist to

treat cancer. In one version, the cancer is osteosarcoma.

[0372] As one example, the compound N-[4-[[(2,4-diamino-6-pteridinyl)methyl
methylamino |benzoyl}-L-glutamic acid, commonly known as methotrexate, is an antifolate
drug that has been used in the treatment of gestational choriocarcinoma and in the treatment
of patients with choricadenoma destruens and l}ydatifonn mole. It is also vseful in the
treatment of advanced stages of malignant Iymphoma and in the treatment of advanced cases
of mycosis fingoides. Methotrexate is administered as follows. For choriocatcinoma,
inframuscular injections of doses of 15 to 30 mg are administered 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 inframuscular injections are administered in

112



10

15

20

25

30

100 2053 ~ 571099 0.5 1100 0.5 10 - 35
54 1 30 60

WO 2007/002931 PCT/US20606/025881

doses of 30 mg/m®. For mycosis fungoides, weekly intramuscular injections of doses of 50
mg or, alternatively, of 25 mg are administered twice weekly. In accordance with the
methods described herein, a phosphoramidate alkylator prodrug is co-administered with
methotrexate administered at such doses (or at lower doses). 5-Methyl-6-[1(3,4,5-
trimethoxyphenyl}-aminomethyl]-2,4-quinazolinediamine (commonly known as
trimetrexate) is another antifolate drug that can be co-administered with a phosphoramidate
alkylator prodrug,

[0373] Inorganic arsenates useful in the practice of the methods deseribed herein include
but are not lirnited to arsenic trioxide (Trisenox). In accordance with the methods described
herein a phospboramidate alkylator prodrug is co-administered with an inorganic arsenate to

treat cancer. In one version, the cancer is refractory acute promyelocytic leukemia (APL).

[0374] Microtubule inhibitors (as used herein, a “microtubule inhibitor” is any agent that
interferes with the assembly or disassembly of microtubules) useful in the practice of the
methods described herein include bui are pot limited to vincristine (Oncovin), vinblastine
(Velban), paclitaxel (Taxol, Paxene), vinorelbine (Navelbine), docetaxel (Taxotere),
epothilone B or D or a derivative of either, and discodermolide or its derivatives. Tubulin
binding anticancer drugs and prodrugs thereof which can be used in the practice of the
methods of the present invention are provided in the reference Mattencci er al., PCT Patent
Application No. PCT/US2005/042095; US Patent Applications entitled “Tubulin Binding
Anti Cancer Agents and Prodrugs Thereof” (Attorney Ref Nos. 021305-008500US, 021305-
008400US and 021305-004520U8). In accordance with the methods described herein a
phosphoramidate alkylator prodrug is co-administered with a microtubule inhibitor to treat
cancer, In one version, the cancer is ovarian cancer, breast cancer, non-small cell lung
cancer, Kaposi’s sarcoma, and metastatic cancer of breast or ovary origin. As one example,
the compound 22-ox0-vincaleukoblastine, also commonly known as vineristine, is an alkaloid
obtained from the common periwinkle plant (Vinca rosea, Linn.) and is useful in the
treatment of acute leukemia. It has also been shown to be useful in combination with other
oncolytic agents in the treatment of Hodgkin's disease, lymphosarcoma, reticulum-cell
sarcoma, thabdomyosarcoma, neuroblastoma, and Wilm's tumor. Vineristine is administered
in weekly intravenous doses of 2 mg/m” for children and 1.4 mg/m” for adults. In accordance
with the methods deseribed herein, a phosphoramidate alkylator prodrug is co-administered
with vineristine 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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but rather, administration of a phosphoramidate alkylator prodrug is administered
simultaneously with or within a few days to a week after initiation of treatment with a

microtubule inhibitor.

[0375] Modifiers useful in the practice of the methods described herein include but are not
limited to Leucovorin (Wellcovorin), which is used with other drugs such as 5-fluorouracil to treat
colorectal cancer. In accordance with the methods described herein a phosphoramidate alkylator

_prodrug is co-administered with a modifier and another anti-cancer agent to treat cancer. In one
version, the cancer is colon cancer. In one version, the modifier is a compound that increases the
ability of a cell to take up glucose, including but not limited to the compound N-hydroxyurea.
N-hydroxyurea has been reported to enhance the ability of a cell to take up 2-deoxyglucose (see the
reference Smith et al., 1999, Cancer Letters 747: 85), and administration of N-hydroxyurea at levelé
reported to increase 2-deoxyglucose uptake or to treat leukemia together with administration of
2-deoxyglucose and a phosphoramidate alkylator prodrug as described herein is one version of the
therapeutic methods provided herein. In another such version, a phosphoramidate alkylator prodrug
is co-administered with nitric oxide or a nitric oxide precursor, such as an organic nitrite or a

spermineNONOQate, {o treat cancer, as the latter compounds stimulate the uptake of glucose.

[0376] Nitrosoureas useful in the practicer of the methods described herein include but are

not limited to procarbazine (Matulane), lomustine, CCNU (CeeBU), carmustine (BCNU, BiCNU,
Gliadel Wafer), and estramustine (Emcyt). In accordance with the methods described herein a
phosphoramidate alkylator prodrug is co-administered with a nitrosourea to treat cancer. In one
version, the cancer is prostate cancer or glioblastoma, including recurrent glioblastoma

multiforme.

[0377] Nucleoside analogs useful in the practice of the methods described herein include but
are not limited to mercaptopurine, 6-MP (Purinethol), fluorouracil, 5-FU (Adrucil), thioguanine,
6-TG (Thioguanine), hydroxyurea (Hydrea), cytarabine (Cytosar-U, DepoCyt), floxuridine (FUDR),
fludarabine (Fludara), azacytidine (Vidaza), pentostatin (Nipent), éladribine (Leustatin, 2-CdA),
gemcitabine (Gemzar), and capecitabine (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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metastatic breast cancer, non-small cell hmg cancer, or metastatic colorectal carcinoma. As
one example, the compound 5-fluoro-2,4(1H,3H)-pyrimidinedione, also commonty known as
5-fluorouracil, is an antimetabolite nucleoside analog effective in the palliative management
of carcinoma of the colon, rectum, breast, stomach, and pancreas in patients who are
considered incurable by surgical or other means. 5-Fluorouracil is administered in initial
therapy in doses of 12 mg/m® given intravenously once daily for 4 successive days with the
daily dose not exceeding 800 mg. If no toxicity is observed at any time during the course of
the therapy, 6 mg/kg are given intravenously on the 6th, 8th, 10th, and 12th days. No therapy
is given on the 5th, 7th, 9th, or 11th days. In poor risk patients or those who are not in an
adequate ﬁutritional state, a daily dose of 6 mg/kg is administered for three days, with the
daily dose not exceeding 400 mg. If no toxicity is observed at any time during the treatment, -
3 mg/kg can be given on the Sth, 7th, and 9th days. No therapy is given on the 4th, 6th, or
8th days. A sequence of injections on either schedule constitutes a course of therapy. In
accordance with the methods described herein, a phosphoramidate alkylator prodrug is co-
administered with 5-FU administered at such doses or with the prodrug fonn Xeloda with
correspondingly adjusted deses. As another example, the compound 2-amino-1,7-dihydro-
6H-purine-6-thione, also commonly known as 6-thioguanine, is a nucleoside analog effective
in the therapy of acute non-pymphecytic lenkemias. 6-Thioguanine is orally administered in
doses of about 2 mg/kg of body weight per day. The total daily dose can be given at one
time. If after four weeks of dosage at this level there is no improvement, the dosage can be
cautiously increased to 3 mg/kg/day. In accordance with the methods described herein, a
phosphoramidate atkylator prodrug is co-administered with 6-TG administered at such doses

(or at lower doses}.

[0378] Osicoclast 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, énd 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-adnninistered with a

platinnm compound to treat cancer. In one version, the cancer is metastatic testicular cancer,
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metastatic ovarian cancer, ovarian carcinoma, and transitional cell bladder cancer. As one
example, the compound cis-Diaminedichloroplatinum (1), commonly known as cisplatin, is
usefisl in the palliative treatment of metastatic testicular and ovarian tumors, and for the
treatment of transitional cell bladder cancer which is not atenable to surgery or radiotherapy.
Cisplatin, when used for advanced bladder cancer, is adminisiered in intravenous injections
of doses of 50-70 mg/m® once every three to four weeks. In accordance with the methods
described herein, a phosphoramidate alkylator prodrug is co-adminisiered with cisplatin
administered at these doses (or at lower doses). One or more additional anti-cancer agents
can be co-administered with the platinum compound and a phosphoramidate alkylator
prodrug. As one example, Platinol, Blenoxane, and Velbam can be co-administered with a
phosphoramidate alkylator prodrug. As another exaruple, Platinol and Adriamycin can be co-
admimistered with a phosphoramidate alkylator prodrug.

[0351] Retinoids useful in the practice of the methods described herein include but are not
limited to tretinoin, ATRA (\7 esanoid), alitretinoin (Panretin), and bexarotene (Targretin). In
accordance with the methods described herein a phosphoramidate alkylator prodrug is co-
administered with a retinoid to treat cancer. In one version, the cancer is a cancer selected

from the group consisting of APL, Kaposi’s sarcoma, and T-cell lymphoma.

[0352] Topoisomerase 1 inhibitors usefi in the practice of the methods described herein
include but are not limited 1o 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 Matteucei 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 Tung
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 1o 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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Synthesis

[0358] Methods to synthesize the phosphoramidate alkylator prodrugs of the present
invention are provided in section IIb. Starting materials used in the synthests of the
phosphoramidate alkylator prodrugs of the present invention were bought, when available,
from commercial manufacturers, such as, for example, the Sigma-Aldrich Co. 1-N-Methyl-
2-nitroimidazole-5-methanol was purchased from Syngene, India. Non-commercially
available starting materials can be synthesized in vig standard literature procedures. Such
procedures can be identified vig literature search tools such as SciFinder available from the

American Chemical Society or Beilstein, available from MDL Software.

[0359] Reactions with moisture sensitive compounds, such as, for example, POCl; and
PCls, and their mono and dichloro derivatives were performed employing anhydrous solvents
and under nitrogen or argon. Separation of a product from the reaction mixture was
performed employing a work-up where necessary, followed by vacuum distillation,
crystallization, column chromatography, or preparative thick layer chromatography. A
suitable eluent for the column chromatography of a compound can be deterrnined by reading
this disclosure and/or by determining the R¢ of the compound by thin layer chromatography
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 compommnd.

[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 ora
fridge, avoiding moisture, light, or air. Stock solutions of phosphoramidate alkylator prodrug

compounds were prepared in DMSO and stored in a freezer.

Exampie |
Synthesis of Compound 23
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tempéra%rge \%aos§aised to room temperature (xt), the reaction was coniinued for one more
hour, the reaction mixture was quenched with water and the organic layer was separated. The
aqueous layer was extracted with DCM and the combined organic solution was dried and
concentrated. Compound 23 was separated by flash column chromatography and analyzed

by LC/MS and NMR speciroscopy to be pure.

Example 2
Svnthesis of Compound 5

23
/ HI /
H. Q HN._~ciHOL  C—P-N
N + POCly ~——» CI—P—N e N Cl
ANy HE ('JI \/’\Cl DIEA, THF S -
Si cl Sii
Q /
n / . N I
B LiN(TMS), LO—*P“N
I W I R I T A
OaN™ ™y ~ DME | ~
| )
ct
U™ 5

[0362] A suspension of N-Methyl-2-chioroethylammonium chloride (10 gm) in POCl; (40
ml) was refluxed {135°C) over night. After removing excess POCI; under vacuum product 5i
was distilled out under vacuum as Hght yellow oil and analyzed by 'H and *'P NMR

spectroscopy to be pure.
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Example 3
Svynthesis of Compound 35
TsCl, K,CO4 I I
HN"S-OH & g™ HO™ T N0y
DMF
35a
Br
H H POC! —pP—N
HBr, 48% 3 Cl
Br/\/N\/\/N\/\ Br - NJ
35b Br 35¢
Br Br
0\,0
LIN{TMS}Y,, DME 0N ¥
N\/J + OZN/L _)\/OH ( iz 2 N\’j
J/ -78 0C tfort j
Br 35¢ Br
* 35

[0366] To a solution of ethanolamine (6.03 mL, 100 mmol) and X,CO; (13.8 g, 100 mmol)
5 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,CO;(27.6
g, 200 mmol) was added to the reaction mixture, followed by dropwise addition of 1,3-
dibromopropane (10 g, 50 mxmol). After heating for two more hours, the reaction was cooled
to 1t, poured into water (250 ml ), and extracted with ethyl acetate. The organic layer was
10 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 m1), and the reaction mixture was refluxed for 40 h.
Additional aqueous portion (5 mf) was removed by distillation and the reaction mixture was
15  refluxed (4 h). The reaction mixture was cooled to 1t, 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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[0368] A suspension of compound 35b (1 g) in POCIs (14 mL) was heated at 130°C for
about 14 h and excess POCl; removed under vacuum at 130°C (bath temperature). The
residue was purified by column chromatography on silica gel employing 10-80%
ETOAc/hexane to yield product 35¢ which was convereted to compound 35 of the present
5  invention employing the same procedure as provided in Example 2 employing for column

chromatographic separation silica gel and10-80% acetone/toluene as the eluent.

Example 4
Synthesis of Compound 7

10 [0369] Compound 7 was prepared by employing N-cyclopropyl-2-chloroethylammonium

chloride as provided below

i) Br/\/OH /THF [ NaOH

— :
>—N
>z Ha(+)CI(-)
H) HCl/dioxane iif) 71
SOC,
/*/Cl POCly/reflux /\/CI
D>Nipoy  ———— D N\P./Sm
71 Cl a Tii

/__/
o DNHaeIE) /_/C'

S g A

Pl DIEA / THF i
Ci 8
7ii Fiit
Cl ’ Cl
Do A >—No A
\P"I—_N g 5\ /P“‘—N
02N"<\N 1
T ) Cl
7

[0370] To asolution of cyclopropylamine (25g) in dry THF (30 ml} a solution of 2-
bromoethanol (17.6g, 0.141 mol) in 30 m]l THF was added dropwise over 35 mimutes. The
15  reaction mixture was stirred for 1 hour at 1t, 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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solution of sodium hydroxide (7g)} in water (50 ml). The reaction mixture was stirred for 10
minutes, and extracted 4 times with ethyl acetate (75 mi). The combined organic layer was

dried (MgSOy) and evaporated to give an orange oily residue. The residue was distilled in

vacuo at 53-56°C 133 Pa (1 mm Hg) to yield an intermediate alcohol (5.94 g, 42% yield) as a
“clear, colorless liquid which was analyzed by LC/MS and 1H NMR to be pure.

[0371]  To a solution of the intermediate alcohol (3.7 g, 36.6 mmol) in dry THF (30 ml)a
solution of HC1 in dioxane (4.0M, 18.3 ml, 73.2 mmol) was added. The reaction mixture was
cooled to 0°C and SOCI, (6.50g, 54.9 mmol) was added by syringe. The reaction mixture was
refluxed (6 h), cooled, and concentrated to yield a residue. The residue was triturated with dry
ether (100 ml), filtered, and residual volatiles removed in vacuo to yield 7i (5.42g, 95% yield)
which was analyzed by "H NMR to be pufe.

[0372] 7i (3.00g, 19.2 mmol) was added to POCI; (15 ml) and refluxed under nitrogen for 7.5
hours. The reaction mixture was concentrated and the resuiting oil distilled ir vacuo through a
short path distillation apparatus to yield 7ii as a clear, pale yellow oil (3.6g, 79% yield) which was
analyzed by 'H NMR to be pure.

[0373] 7ii (0.50 g, 2.11 mmol) and N-cyclopropyl-2-chloroethylamine hydrochloride (0.33 g,
2.11 mmol) were combined in dry THF under argon. The reaction mixture was cooled to -78°C
and DIEA (0.545 g, 4.22 mmol) added slowly by syringe, warmed to rt slowly, stirred for 1.5
hours and concentrated to give an orange oily residue. The 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 vellow oil which was analyzed to be 7iii by MS.

[6374] 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(trimethylsityl)amide in THF (1.6M, 0.306 ml, .489 mmol) was added. After 15
minutes, a solution of 7iii (172 mg, 0.538 mmol) in 2 ml THF was added. Afier 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 separated 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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Example 5
Svnthesis of Compounds 6 and 15
Cl
/\/
Y _oH LOHP N
A~ TEA O oo ot
\/’\Ci DCM

[0375] To a suspension of bis(2-chloroethyl)ammonium chloride (1.43 g, 8.01 mmol) in
5  dichloromethane (DCM) phosphorus trichloride (0.32 mi, 3.64 mmol) was added at rt

followed by addition of TEA (3.05 mi, 21.84 mmol). The reaction mixture was stirred at 1t
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 terz-
butyl hydroperoxide (0.7 ml, 3.82 mmol, 5.5 M in Decane) was added. The reaction mixture

10  was warmed to tt over a period of one hour, and poured into 10% aqueous HCl The organic
layer was separated and the aqueous layer was extracted with DCM. The combined organic
solution was dried with MgSQ, and concentrated to yield a residue which was purified by
flash chromatography with 6-12% methanol in DCM yielding 6.

[6376] Compound 15 was synthesized using the method described for the synthesis of
15 Compound 6 above.

O
N N T A
¢ ) OH 7 N\ 0—P-N
e tEA 0NN ——OO0H 02N/LN NN
I Cl
PCI3 + HN HC[ - ] 7
\/\C‘ DCM
Cl
15
Example 6
Synthesis of Compounds 23. 26 and 36
N 1
N hH /QLO'_F?’ N~
7 N\ oH  HOP=N__ ON™ N NH cl
A " Sg + PPhg + DIAD ]

0N ™y + NH

| THF j
{ .

20 al 36
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[0377] To a solution of N-methyl-2-nitroimidazole-5-methanol (180 mg, 1.14 mmol),

triphenylphosphine (300 mg, 1.14 mmol), and isophosphoramide mustard (1c, 127 mg, 0.57
mmol) in THF (10 ml} diisopropyl azodicarboxylate (DIAD, 0.22ml, 1.14 mmol) was added
dropwise at it. After two hours reaction mixiure was concenfrated and the residue separated

by flash chromatography with 30-100% acetone in toluene yielding compound 36.

[0378] Compounds 23 and 26 were synthesized employing the procedure of Example 6.

Example 7
Symthesis of Compound 1
cs—gi o DLINTMS), i) NH . o M
HO\I ISL + N —_— ,QMO-}D‘N
N” ~NO, /{’ 1 ON" "N N
' cl cl ‘

1 _

[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 m}, 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 S 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 (MgSO,) and coﬁcentrated 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-bromoethylammmeonium bromide (19.4 g) in DCM (90 mL) at -
10°C was added a selution 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 filirate
concentrated to ca. 30% of the original volume and filtered. The residue was washed with

DCM (3x25 mL) and the combined DCM portions concenirated to yield a solid to which a
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mixture of THF (6 mL) and water (8 mIL) was added. THF was removed in a rotary
evaporator, the resulting sohstion chilled overnight in a fridge. The precipitate obtained was
filtered, washed with water (10 mL) and ether (30 mL), and dryed in vacuo to yield 2.1 g of:

o H
HO_F:’_N\/\B
NH r

§

Br

[0381] Isophosphoramide mustard

&

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:
HO-P—H
e

Br ;

was transformed into compounds 24 and 25, employing the method provided in Example 6

and the appropriate Trigger-OH.

Example 9

Synthesis 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 substifution of
the Trigger-OH and the ifosfamide mustard analog employed. For exémple, for the synthesis
of compounds 40, 81, 83, 87, 89, 95, 96, 100, and 104, the ifosfamide mustard apalog
employed was HOP(=O)YNHCH,CH,Cl); in compounds 50, 53, 55, 56, 58 — 65, 68 ~71, 73
—~75, 7780, 82,, 84 — 86, 88, 90 - 92, 94, 97— 99, 101 - 103, and 105, the ifosfamide
mustard analog employed is HOP(=O)YNHCH,CH,Br),; in compounds 37, 39, 52, 54, and
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03, the ifosfamide mustard analog employed is the R enantiomer of
HOP(=0)(NHCHMeCH,Cl),; in compounds 38, 41, 51, and 57 the ifosfamide mustard
analog employed is the S enantiomer of HOP(O)(INHCHMeCH;Cl),; in compounds 43 — 45
and 49 the ifosfamide mustard analog employed was the R enantiomer of
HOP(=0)INHCH(CHMe)CH,Cl)s; and in compounds 46 — 48, the ifosfamide mustard
analog employed was the S enantiomer of HOP(=0)}NHCH(CHMe»)CHCl)p».

{0384} The various Trigger-OH compounds employed in the synthesis of Compounds 37 —
105, included the following Trigger-OH compounds: 1-N-methyl-2-nitroimidazoie-5-
methanol, 1-N-methyl-5-nitroimidazole-2-methanol, 5-nitrofuran-2-methanol, 5-

nitrothiophene-2-methanol;

- N
DQN/Q-;}\/O oH O.N o\ OZN/QN OH
| ;2 § OH; | :
\ —_—
7\ l >———<—f~ >—\
ON"g OH; ON” S OH. ON"g oH;
MeO 02N
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, NO
Br NG, NC, SX/ M{ZOH
73 ‘B
OzN@\/c}H; OzN/z_SLOH; OQNkOH, 02N g OH, S
Br N NO,
N‘S\/ 1\ oM f oh
OzN/QN\ o 02“’/&}{ mm oaw'/Q\{
i , | , , and

[0385] The following compounds were according to the method described in Example 6

O
o il J\/C!
A /4—}\/0 ")
Ct z

37

) HN,
H
5 Y\C} , \'_‘\Ci , N =] ,
39 49 a1
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N fe) H
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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 521
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was dried, concentrated, and the residue separated by colurmn chromatography on silica gel
employing as eluent EA/Hex (0 - 80%) to yield 52i.
[0387] Compounds 55i, 63i, 59, 651, and 681 were prepared in a similar manner as described
schemiaticaily below:

OH
Q + HO. ,@r\ PdCl{dppD) MOH

KOAe, DMF O2N
55ii 52ii 551

: N N
L3 S oy YN
ON" g7 Br T HO., S OH
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OH .
63ii 52iii 63i

ﬂ doH PAC1,(dppf) M_{

i KOAc, DMF ~ OuN _

Br :
N— oH N
/Q_g\ /©/\ PACl(dppf) l)\g—Q'“
05N : Br + HO\I'3 oy oH

i KOAc, DMF  ON~ 1\
65t 52ii 65

Example 11
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[0388] To a solution of compound 68ii (100 mg, 0.31 mmol) and 3-amino-1-propancl

(0.047 ml, 0.62 mmol) in THF (2.5 ml), DIEA (0.162 ml, 0.93 mmol) was added ai . The

reaction mixture was stirred overnight and concentrated to vield a residue which was

separated by column chromatography on silica gel employing as eluent EA/Hex (0-80%) to
5  vyield compound 68i.

[0389] Compound 69i was made similarly as depicted in the scheme below.

N
r V. o .o DIEA r o\ ¥
, OZN/LT_)\/ \n/ @\ + HZN/\/\/OH OQN/E%)\/OYN\/\/\OH
&) THF

NO, 0
691
Example 12
O
N \O 2 \O
K,CO
O2N/Q;§\/C[ + i /ELO
| hO Aceione 02N N OH
OH |
10 70ii T 701

[0390] To a solution of compound 70ii (100 mg, 0.87 mmol) and compouvnd 70iii (112 mg,

0.87 mmol) in acetone (8 ml), was added K2CO; (78.6 mg, 0.87 mmol) at rf. 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
15 yield compound 70i.

[0391] Compound 51i was made similarly as depicted in the scheme below.

F
N E
K,CO N ,:‘::
/QLCE -+ 2 3 \
OzN T HO OzN/QvN}\/O OH
OH |

Acectone

701 5lii 51

Example 13
(HAP triggers - check #s)

0
AN | O paciy(apps N
ON">g” Br y S - OH
= KOAc, DMF OgN

504 58ii 581

2

[0392] A solution of compound 59i (200 mg, 0.96 mmol) and 59iii (127 mg, 0.96 mmol) in
DMF (3 ml) was degassed thrice and PACL{dppf) (50 mg, 0.07 mmol) was added to 1t,
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followed by Cul (8.5 mg, 0.043 mmol) and TEA (0.27 ml, 1.92 mmol), at rt, under argon
atmosphere and the reaction mixture was heated at 60 °C for two hours. The reaction mixture
was diluted with EA, washed with brine, the organic layer separated, dried, and concentrated
to yield a residue which was separated by column chromatography on silica gel employing as
eluent EA\Hex (0-70%) to yield compound 581.

Example 14
] 2 ot
TEA, —pNT T
PhO~P-Cl 4 —§-0~\NH, HCl TEA, DIM PhoHZ N § FOH
Gl o o -20°Ctort S BLOH
1 T3
67 O %
0
Hoﬁgw/\f’o-% B O—E
I H O ,(—)\/OH PPhg, DIAD O, N’(l/o_b? i’j 8
0 THF, 0°C to 1t Y \ o
O-g- I
I O—.S_,
0 67 o

67iii
[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 (6.75 ml, 5.38 mmol) and stirring. The reaction mixture was warmed up to t, stirred at
rt for 1 h, poured into brine, the organic layer separated, and the aqueous layer extracted with
DCM. The combined organic layers were dried with MgSO; 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 671 (42 mg) in EtOH (5 ml) was
added platinum(IV)oxide (20 mg), the reaction mixfure 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 toloene to yield
compound 67iit. Compound 671 was reacted with 1-N-methyl2-nitroimidazole-5-methanol

employing a Mitsunobu type reaction as described for the synthesis of Compound 36.

Example 15
Svathesis of Compoundsi06 and 107
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[0394] To a solution of S-nitrofurfuryl alcchol (200 mg, 1.4 mmol) in THE (10 ml) was
added POCl; (0.13 ml, 1.4 mmol) at -78°C, followed by the dropwise addition of TEA (0.216
ml, 1.54 mmol). The reaction temperature was warmed up to -10°C in 1 h, 2-

5 (phenylsulfonyl)ethylamine hydrochloride (832 mg, 3.5 mmol) added to it, followed by the
addition of TEA (1 mli, 7 mmol). The reaction was warmed to rt, stirred for 1 h, quenched
with water and the organic layer separated. The aqueous layer was extracted with DCM
tv;rice, the combined organic layers were dried, concentrated to yield a residue which was
separated by colimn chromatography on silica gel employing as eluent acetoneMoluene (30

10 to 100%) to yield product 106. Compound 107:

O
G N
'-S*ﬁ{ :}w(ll
7\ O—-!':LN/\/O I .
OzN/Q\/ Hv'{! H o )
9 \
: 'D*""I.c‘]) Ci
107 0
was synthesized vsing a similar method.
[0395] Compounds 108-112, shown below:
Br Br
/g ) O_!%AN /&OW%LN
0N T N ON" o N
Brj , Brj ;
15 108 109
By Br
! Vs 7\ o ad
OQN’/@\/O F|) OsN g ¢ E: N
E*:r5 s BrS .

135




"55 13 32 Nitrogen 21 33 46 5 Air 55 12 32 Nitrogen-
35 38 26 HT29 cells [IMG/GL &@/M 156 WD
2007/ 002931PCT/ US2006/ 025881 0 Air 50-14 36

WO 2007/002931 PCT/US2006/025881
110 111
OZN/QLO% O“l‘al“N
N HiN I \)
] jN
Br

112
5  were synthesized employing the procedure described for the synthesis of compound 35 in

o - N .
Example 3 and substituting ho >N N0y wim

& ¥
Example 16
Synthesis of Compounds 113 - 117
- 1, LIN(TMS), o o
O al -
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& Ny 2 NHi, -20°C NH, T ot
10 113ii 1i 113

[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 mI,, I 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 NT; bubbled through the
15  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 chromatography on silica

gel employing acetone\toluene (30-100%) to yield compound 113.

[0397] Compounds 114-117 were synthesized according to the method described for

) OQNWOH
20 Cormpound 13 and subsiituting with the appropriate Trigger-OH as

starting material.
(1:1) /\/CI
~ N7 NHy — i
OzN/Q o—pr \ g
or O,N : ,
115
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7\ Q@ L 9
NHp Cl, NH, cl
116 117
Example 17
Synthegis of octadeutereated ifosfamide and Compound 64 (octadeuterated-Compound 25)
o}
Ho_ Pz 48% HBr 7 b
N, -G D 0~ 2
o~ Pon B z PhQPCly P —~C. .Br
g, M \S’C\NHZ HBr A ©/ HN’\ i 5,
18650C 2 TEA /CDZ
Do
541 o4it Br
PIO,fH
}\l MeOH
N o) OZN'{JX/OH ;0
f
on—< i o_lF{LN_’gi B [ HO~ \N;gz\c/m
i BN 8, B HN O H g,
.CD. . Chy
Dac’ 2 DIAD, PPy 0
Br Br
G4 &4

J0398] 48% HBr (60 mL) was added dropwise to dy-ethanolamine at 0°C. The reaction
mixture was stirred for Thr at rt and then gently refluxed and slowly distilled, 16 mL liquid
being collected in 2 hrs until 155°C (oil bath). This was replaced twice with 60 mL of 48%
HBr and the distillation continved for an additional 5 hr. 20 m1L lquid was collected. The
resultant solution was heated at 165°C for 2hr and evaporated under vacuum. The residue
was recrystalled from an absolute ethol (10 mL)-ethyl acetate (30 mL) to 11.3g of dy-2-
bromoethamine hydrobromide (compound 64i). Compound 64i (19.5 mmol, 1.0 eq.) was
added dropwise to a suspension of d4-2-bromoethamine hydrobromide (40.0 mmol, 2.05 eq.)
in dry 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 1t for 2 h,
poured mto water, and extracted twice with DCM (30 mL). The combined organic layers
were washed with brine, dried over Na,SQ4_ and concentiated under reduced pressure to yield
a residue which was separated by column chromatography on silica gel employing as eluent
Hexane/EA (100:70(v/v)) {o yield 7.0 g of compound 64ii. PtO, (0.7 g) was added to a
solution of compound 641i (7.0 g) in MeOH (160 mL), the reaction mixture degassed and
exchanged with Hj thrice, stirred under H; for 3 h at rt, and diluted with MeOH until the
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Exanpl e 35 Spheroid Mddel 104211 Two human cancer
cell lines were used in these spheroid studies to
~determine the 5 efficacy of the hypoxic activated

white smm@femm&ﬁre@hs&weat e dPHit@d Fdd@Bn miHdOw 6 ah@ERmE Blirate

concent(r]a % (%}' V c%c{) péesgjgeltg gw a%eglg}? | ﬁ]é{,\ra% Wﬁ%}?d gtﬂl T@%@%}S thgeé fcvrlge to yield 2.9
gmwmmwmahangﬂbaﬁmmeﬁPNkmmEdMQﬁhsﬂﬁaEéﬁemtbﬁimﬂWhZ10@6PBS
mtrmmﬁ%leﬁ%éngl' (@bi é: g1 etﬁsanti I?’?l? %2 @%’ l §e¢@' Y Tﬁegﬂ mi?@éé a@t@@ 9[1@5’( 1.76 ml,

each other_and forne her qi
1.5 eq. )c‘ﬁ’fiﬁla’f%%ﬁ Ocel The rspeion mé’%%%l@"ﬁ Srpel &Pr 4 beursvile B%%?t"éaﬁm%“? fom 0°Cto
rt, follogring @hicacigiled wire o @ @edet Gacluar toyisidal kdsidde0 Theuledidue @hs separated by flash
T,
chroma&) ]% : é)% g%gl%&glgﬁrg?’%ggﬁg Akéf%gl T n%p 1?23 \é/ r/)cﬁﬁ%ﬁirleﬁ g of compound
flasks were coated with 1% agarose and then 10, 000
cells per flask were added and allowed to grow in
RPM nedi um suppl enent edExinple180% PBS and anti bi otics
for 3 to 5 days before seeding into spinner cultures.
For both cell |ines, Sgthstitd Camepuiddivas changed every
day after the spher0|ds becanme visible to the eye. 15
fi0422] In order to ddernine the norphdiogy and the
| ocation of hypoxic regions within an intact
[0399] ¢ pﬁ%q'vg}yaderlm Is\mq ayngieygsd Wéprémgﬂoé}ﬁéq&f@alcp Gevalleri et al., J. Het. Chem.,
1972, 91978 ta6d @Merciréd & FZRN HE@RL ), (08 mg| Oml’iaﬁlfnoﬁ RAT SO VR (0.7 mL)

and T}#\W@% 8POVHFE):Q % gdtdlglon 0 CE]%]?O%I(’I:’(} ZS f? lb(p m;i!, P?:’S %mgw dl'he reaction mixture was

stirred 4t ¢ &g 25 g4l B3 tmheddedyp Hlm meb@emiraﬁer btémggfmslﬁ @rieidie wppction poured
into wate MeractécQFithPAl A i ffhy@r@@ﬁﬁi@ Qon&%gattédqglﬁeld h Rebidgtwhich was separated by

e RN A R RN

enbedded and secti oned. :§$§ﬁ§ To assess the ability
of a phosphoranidate-alk%ﬁ prodrug to penetrate
to the inner hypoxic _cance CceII%,.becone acti vat ed,
rel ease the phosphoﬁ%ﬁ&%gﬁélgﬁﬁ§¥§#or, and kill those
i nner cancer cells, the clonogenic survival of
spheroi ds exposed to drug for 2 h was neasured. WO

2007/ 002931PCT/ U52006 025881 [ 0424] Spheroi ds fere
pl aced in a neM/gromﬁ Mhedi um and i ncubat ed fo?

04001 R Sl S0 LA BB GBS CRIAE By R TPE He g v aid

(15HﬂSpheﬂﬁﬂdmcuKHUﬁ%ﬁmhn@u@hﬂaneemnE@wwﬁW@v@mmﬂemeshmrd1h‘mmmg
nitric acﬁd (Il En%ﬁ %as%ﬁdeg ﬁlfobvgl@é:iin@ Lt stlgﬁi HEL . Qe ﬁ%ogglxﬁlm Bv!)ugeﬁ into water,

on_a siliconized notched 60 mMm Pyrex d

extracted gy I%E‘gﬂheo‘;fA e frifthenst SRPGCRateH & YRk Pidye 85‘%‘@????1’313?61%5’ %11“’3 gel

columnt he test conpound. The di shes were placed in seal ed
al um num vessel s and exposed to a series of
evacuations and gassings with certified gases
contai ning 5% CO2 and a defined amount of 02 (0% 02,
3% 02, 10% 02 or air). Spheroids were incubated in a
shaki ng water bath to ensure both the equilibrium of
the dissolved 02 in solution and the integrity of the
spheroids in solution for 2 It The test conmpound was
10 renoved and the spheroi ds were washed before being
conpletely digested with trypsin. Since the necrotic
core contains cellular debris a treatnent with E»bse
I was required to yield a uniformsingle
cell -suspension. Cells were resuspended at 106/ nL and
pl ated for clonogenic survival. [04251 Initial dose
response experinents were performed in nonol ayer
cells under nitrogen, 15 0.6% 02, or air to establish
the appropriate dose range and the oxygen dependence
of phosphoram date al kyl atqge rel ease froma
phosphor ani dat e al kyl at or prodrug Cl onogeni c
survival was the end point and the data are
sunmari zed by the 1C0 or CO90 values (the inhibitory
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25 used both in nonol ayer based expernents and in
spheroi ds as tabul ated bel ow for H460 cells exposed
for 2 It 1C90 values for H460 cells exposed as

nonol ayers or spheroids Drug Mnol ayer Spheroid 10%

choma%rapﬂﬁ%m@oﬁw el EA/GSRd @L100%)4e ¥d dmpordid Mhii¥ . Pl 94ii (600 mg,

1.77 mrﬁo})p Mgl?.ab%g rlrglg%%m(lq\%% %9 ‘]fo 2] g‘ié&#%g% 8%%3%8]2 é@ ng) in portions

into the[r@iR@ Mmixdure ever rginofaBbla 08¢ marriddialtoace ayagytoat thiice gheygactigiguixture

was stu%rfﬁ 3ls %%O%Qd 1nfd v»%@p %}Etﬁll:t@@wﬁh%Ad ﬁﬁe ean rﬂﬁ&%{n&ﬂﬁh EondAlrhtbdry yield a
€enetrate into the i nner YPOXI C cancer

reﬂdueavéic ¥as SEasiRy itce s stlwee "hﬁ’ﬁlat"%ffil? e’f‘ﬂ‘@’%&‘ﬂ‘i“&%@‘f*’}a&e (0-100%) to

yield cobtpeunt 64i1(180 sepas @ velwhublat ed bel ow. 1 CO0 for H460 cells
exposed as nonol ayers or spheroids to phosporam date
prodrugs for 2 h. ConpouBtmpen®l ayer Spheroid | 0992

N2 0.6992 Ar
Svnthesis of Compound 961

96ii 96iii 96i

[0401] A mixture of A (1.4 g), CuCN (0.56g) and DMF (25 ml.) was stirred at 140°C for 35 min and on 300
ml. of crushed ice and stirred for 10 min. The reaction mixture was then filtered and the residue was separated
by column chromatography employing as eluent Hexane:EA ( 1:0 to 2:3) to yield compound 96iii as yellow oil
(617 mg). Compound 96iii was converted to alcohol 961 and separated by column chromatography, following a

similar method as employed for compound 94iii in and using THF instead of MeOH as solvent in the reaction.

Example 21

Synthesis of Compound 991

99ii : 99iii 991

[0402] A mixture of 99ii (500 mg), PACI,(PPhs), (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 residne which was separated by
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‘silica gel column chromatography employing as eluent EA/Hexane (0-100%) to yield

compound 99 (286 mg).

Example 22

Synthesis of 1-N-methyl-2-amino imidazole-5-carboxvlic acid ethvl ester

HCOBy  SHO
. ‘o NaH ;!1 1. 5CY, EtOH
N\/‘\ ~ oM
-~ OMe ©

l 2. NCNH,, AcONa

ONa GO,Et

{0403} Ethyl formate (500 mL) was added to sarcosin methyl ester hydrochloride (82 g,
585.7 Inmol; grounded into powder prior to reaction) contained in a 1-L round-bottomed
flask. The reaction mixture was cooled in an ice-water bath, stirred, a gas outlet connected
with the flask, NaH (60% oil suspension, 54 g, 1.35 mol) added slowly during a period of 2 1,
and stirred at 1t for about 14 h. Volatiles were removed using a rotary evaporator to yicld a
residue which was triturated twice with hexane (500 mL) to yield a sticky light brown paste
which was dissolved in ethanol (400 mI.} and conc HCY (50 mL) and stirred at 110°C for 1.5
h. After the reaction mixture cooled down, the white precipitate was filtered off and the
residue washed with 2 x 25 mL of ethanol. The filtrate was evaporated to vield a thick brown
oil to which was added 10% aqueous HOAc, H2ZNCN (45 g, 1.07 mol), and sodium acetate
(88 g, 1.07 mol). The reaction mixfure was stirred at 90-100°C for 1.5 h to yield a clear
solution which was cooled, its pH adjusted to 1 using concentrated HCI and the resulting
solution concentrated to 1/5 its ori ginal volume using a rotary evaporator at a temperature not
more than 45°C. The concentrated reaction mixfure 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 MgSQy, 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-carboxviic acid ethyl ester
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5 [0427] Similar results for the efficacy of Conmpound
25 were denonstrated in the |1T29 spheroids as
tabul ated bel ow: Conpound Monol ayer Spheroi d- 10% 02
N2 0.6% 02 Air 25 0.21.tM 3pM 40pM 29pM [ 0428] The
phosphoranm date al kyl ator prodrug was comnbi ned
WPAWrdEM8ously with 10 cisplatin or daunorREVERe6/a18E1
the spreroids exposed for 2 h to the conbination,

foll owed by measurement of clonogenic survival. The
results are tabGP&ted lved owy, Cﬁﬁ%‘{md €50 o pM
Daunor ybi cith 1% Gund 25 Lor uby ci Conpound
25 23" nd 1 C5o-(pM 1 Comie(11M Grgpl at Pe 14
Conpound 25 1 :

ONa
HoN

N
1. HC, BIOH _=N
/

2. NCNH,, AcONa /N

CO,EL

10494] Ethyl formate (850 mL}) was added to sarcosine methyl ester HCI salt (205 g, 1.46
mol, grounded into powder prior to use), potassium carbonate (205 g, 1.48 mol), and EtOH
(800 mL,), stirred overnight at rt, and filtered. The filirate was concentrated in a rotary
evaporator during which the residue separated into two layers. The upper layer was separated
and the lower layer was extracted with EA. Combined FA layers and the upper layer was
dried over MgSQ,, filtered, and concentrated to yield 185 g (81%) of N-formyl sarcosine
methyl ester which was used for the following reaction. NaH {60% oil suspension, 16.0 g, 0.4
mol) was carefully added in several portions in 1 h to a mixture of N-formyl sarcosine methyl
ester (50 g, 0.34 mol} and ethyl formate {160 mL) cooled in an ice-water bath. The reaction
mixture was stitred, the temperature raised to rt, and the stirring continued overnight. The
reaction mixture was triturated twice with hexane (100 mL each timee), the residue dissolved
in EtOH (100 mL) and concentrated HC1 (60 mL), and the reaction mixture stirred at 110°C.
After 1 h, the reaction mixture was cooled down, filtered, the residue washed with EtOH and
the filtrate concentrated to yield a thick brown oil. The oil was added to 10% HOAc in water
(200 mL), NH,CN (35 g) and sodium acetate (90 g), stirred at 95°C. After 1h the reaction
mixture was concentrated to 1/3 its original volume in a rotary evaporator and s 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

Svynthesis of 1-N-methyl-2-nitroimidazole-5-carboxvlis acid ethyl ester
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Csplatin + Conpound 25 2.3 5.4  ° [0429]
Phosphor ani date al kyl ator prodngs denpnstrate the
abil-ity to penetrate into the inner 15 lying cells in
the spheroid and kill hypoxic cancer cells al one and
in conbination with another agent that targets
veerwwhiieseancer cells. Exanple 36 Antiprol iBCaaLicernsss:
Assay - DNA Mutant Repair Cells WO

2007/ 002931PCT/ US20061025881 [0430] Chi nese hanst er

pat hways

ovary ceth tant to specific DNA~repair

wer e obtafﬁ%%g? om ATCC. The follow fig cgll |ines

were tested!wth 2, ; cell g/ [ /500t h

Dulbecco'g/ﬁb iKfied Eagle Medium (G’bc suppl enent ed
[=

with 10% f'et al &%%ne serum and anti bi otlgg; AA8
cell's (ATCC CRL-1859), EMD cells (ATCC CRL-1861),

)

4 L | LA " 204F 0% a I ? as
e e R
added diop ivadeltya Sintior nbedinmhitria(16he.i1- 490 sloDred watpgF00mR gooled
_ Cral o ; oad
inan{y b 136, fHRARE LAL L geRRRolMotkidtol Rt ShRSLRS
meassrxifte baareungd -r HI°Clwess waised ip ot fl §he r@stiqngnigRFestised osed

overr%igﬂ.s %’hgx%gcﬁﬁn {Aﬁgﬂﬁ§ wQ_J: dﬂ%&é&?@ﬁﬁ B@Mj@txei 58 | B eQombined

odrugs o present invention for 2 under
DCMiippax iweredricrad orperatsd elieldonaddishpesidpe whick Bapsdedhs
colmgu? 1}:&@9% yoﬁ@ﬁkc& effifiblifg ASHAUEEA /mdaRe (%) BWidkDI-N-
ag e [1sts"the ce

I 1Tnes, the pathwa nutatgd, aqq
methyh2nifpauiidzple-Sparhexyistasidiethytestar (iR esian ght ligk PRigayolid
(27%%(?6 ect AAB None (W Id type) Base excision repair

ne %RCCI ENMD UV135 Nucl eoti de excision repair

{040§§E Sg% ﬁajethlﬂi‘&és&ggg% Qﬁeﬁr,gfﬁiaiée?z;%d LER&ihe ARcbuER0RE AE0KSH

I'nati on nmol ‘ogous_reconbi nat i on
impuefanpwBor tieondidd uFhe Aok Tovilfigicrasiiev) fpsthe dipsaaripp et
formg{i)on%{gg ?19 L8in8lst¥@ F[Jsﬂl%%qt‘fe%hé sul i Rid, Me CABRRURE S DBcontd

Inder anoxi ¢ or aerobic conditions and assayed h
largqoranting Effavlisuin ssing e stelde B rCE el FoUHGmRlY « reaction
invofv’ﬁ{éOPSb% off the amino ester required a reaction mixture volume of about 12 I.. The

sticky nitro ester formed as product in agueous sulfuric acid and disrupted the stining of the

reaction mixture.

Example 25

Svynthesis of 1-N-methvl-2-nitroimidazole-5-carboxvlis acid

OzN\r/ N O5N \|¢ N
Y
COsEL COyH

[0407} A suspension of the nitro ester (39.2 g, 196.9 mmol) in 1N 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 vield 1-N-methyl-2-nitroimidazole-5-carboxylis acid (“nitro
acid™) as a light brown solid (32.2 g, 95%).
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Air) EMB (Anoxia / Air) UV4l (Anoxia / Air) W/135
(Anoxia / Air) IRSISF (Anoxia / Air) 36 21>100 4 /
>100 0.03/20 2/>100 0.3 / 59 25 8 / ->100 7 /- >100 0.2
/95 61>100 2 / >100 15 [0432] The followi ng table
lists the 1C90 val ues for clonogenic survival for
wereeredicel | s exposed to Comppund 25 undeRCIAFREHHB258
aerobic conditions. Cell Line ICso (ILM N2 Air AM
0.85 >300 uv41

Example 26

Synthesis of 1-N-methyl-2-nitroinxdazole-5-carboxylis acid

O O
Y q?
po, T
CO.H CH,OH

[0408] A mixture of the nitro acid (30.82 g, 180.23 minol) and triethylamine {140 mL, 285
mmol) in anhydrous THF (360 mL) was stirred while the reaction mixture was cooled in a
dry ice-acetonitrile bath (temperature < -20 °C). Isobutyl chloroformate (37.8 mL, 288
mmol) was added drop wise to this cooled reaction mixture during a period of 10 min and
stirred for 1 h followed by the addition of sodium borohydride (36 g, 947 mmol) and
dropwise addition of water during a period of 1 h while maintaining a tempetature around or

less than 0°C. The reaction mixture was warmed up to 0°C. The solid was filtered off and

washed with THF. The combined THF portions were evaporated to yield 1-N-methyl-2-

nitroimidazole-5-methanol as an orange solid (25 g) which was recrystallized from ethyl

acetate.

Example 27

Synthesis of Compound 119

[0409]} To a suspension of 1-N-methyl-2-nitroimidazole-5-methanot (50 mg, 0.32 mmol) in
DME, LIN(TMS), was added at -78°C with vigorous stirring. After 10 min, compound 1191
(67 mg, 0.32 mmol) was added and the reaction mixture was warmed to rt. After I b, the
reaction mixture was concenfrated and the residue was separated by chromatography on silica

gel (0 - 100% acetone\toluene) to yield Compound 119.

O =
N ) ~ Cl
N z ; N e
o i LiN(TMS), A N
/QLOH i O R OGNy 0.
OZN N + Ci""?“u DME | }
! Gl
AN
119 N={
NO

119

Examples 28A-28V
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'0.02 17 Irsl SF 0.02 20 [0433] Only cell lines
defective in honol ogous reconbination were sensit ive
- to Compound 20 25 under hypoxia. Since (V7% R S
participates in both the nucl eoti de excision repair
athway as well as with the honol ogous reconbi nation
QRUT/P2BML hway, Cormpound 25 possi bly al so POABIS2006/625851
2007/ 002931PCT/ US2006/ 025881 produced a significant
anount of nonoadducts. However, UV135 which is also
0410y Sopmdurida 13Ul 16D eteyeksizel Bren@Bpaigtha@sciobding

i G 0 _C oynd.25, T dom pnant |esions,.
sus SE0S ol SRR BN, SRR TP BB accoraime o
the proepduies ddesibed ireemptes U27 sbaver e confirmed in 15V41 and

irsl SF cells with the clonogenic assay. The exposure

under aerobi ¢ conditi oBsaniplez9educed the same spectrum
of sensitivities as seen under hypoxia, indicating

[0411hatThe dutalély obine fdlewingicbipoads idhsiRraaenad by DNA
interstrand crosslink formation. Con’p_ound 36

£

Congpobiddi t €d @ ST m [ ar_ pat t er s b s (i siting birde 4
mut ant cell lines, indicatjng tﬂ%g? éorrpoﬁn(gh% %%%e)

10 produced DNA TATerstrand T s ks—toExanpte—3+
Mul tilayered Cell Culture Assa% 0434] This exanpl e

Cormearnd- 28

55 denonstrates theeffect—of fopeynd-—25 on-t+ssue
penetration using multilayer ed 3131 culture (MCC) and
¢ cuﬂidr\r ef f At J\NLJvAvere ﬁI;r\.f"lvlrtia_t pL

CT

73 h h U A\ TS ¢
with oxygenated media (209 3]8]2““@“%% 02) or hypoxic
nrove-nmmt a! v -Q9%

lssﬁaedi a (aﬁpl OXHat-ei+y w2 &Dd_ t he 15 t :

oS5 o
was exposed from one side [(€xp¥8éd surface, nornoxic

ile the other sidel was tenporarily closed off

(far side, hypoxic side). Wen MXC s are i ncubated in

medi a at 20% 02 or 5% 02 a gradient in oxygen

devel ops from the surflempiddBsed to the nedia

towards the far surface of the culture. The furthest

50 um of tissue bechutiweolifsslontdsshyof . oxygen. The

extent of 02 depletion is greater with 5% than the
[04130 o poeteainsder affsdi o phaphicmgidatikgnionprbdrugn@2i proliferation,

e i- .e co . . 4 anllu = le / -

o LG B YL SR LIRS UGERK i,

baseq psgst Sl IsyRyek indhe Rikesnes ahdinfendslotie tovemspbndyes ogmparcd, as

meaéﬁmgl @tﬂ%!)ﬂésc@@dé Ip@a‘i:eel‘éacgg a QEAEEEL %gmtagé L S qp@g nd sg}:'l st
ST 2erT &

_ penetrate extensive distances To reac
Biosqercednigiptionel e T8 iepinatoplsies lac gf BaterBilat ter t o

measF @B sl VAl nd xz. . i Cti val Iy cLs
io_ | itEﬁ?t Z?tfgyé@gaetd rﬁgt ?’gﬂ%g%l %ﬁg‘%‘]’)' @%%g%‘glé‘%gdﬁms were
tested wit £4, PRGOS Wirdl &0 Op wpedisen: BGE-Biio® bellrbdiT @C Yabsiad, RitMIh

ol o0 RSNy N R S e

38, Rﬁ%\ﬁ’?d]t“ﬁl (Giiheg)) MRS S esHls PESENCRR-1876 dicCdy’s Gppeditm and
_ ; . 1
(ATCT)E M HeA OFs ChR (%&'#}é@éﬁﬂ’i@?]&ﬁl}dt st.a%JdmmOg;(&gI?Sﬁgjd 9\[‘3:511\1

giffusion limted hypoxia. ¢ ures were e _
cells (AGC EB Ryl 61 Mipigrum esprntiamepdiung P (A BYG)D 2 CB kel BAAT 02

crLaash, ahbtaack a9 / I -inhibition of.
Br ?U 30 incor pp?ﬁ%ﬂh@%ﬁhﬁ%%&%&%ﬁ ?Sﬁén GBSt EHGJ "
each yJf otp 2awellilatp iy fhe dansityaad medinti @ specif20 #bB2 omnddy prior to

compb@iMeHs f L9 returned to a natina
sty | AR RELARAL AL AR ER IR e s el Ko
and aft gEoupf testegnpngpreds woseadded th carbatel 2 G0pE. valmeiu Mis: teatnont
ourk @t dBheHAk i e ecti-oning
o BRI S D P o W e
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Met abol i sm of Conpound 25 By Human and Mouse
"M crosomal Proteirn [0439]° Anin vitro assessnment of
met abolic stability of a phosphoram date al kyl ator 25
rodrug (Conpound 25) was perforned using human
"F‘?—ﬁl’%’ﬂozﬁaht (RLM and nouse (MM liver m 386025881
proteins containing cytochrome P450 enzynes. A
sol uti on of Conpound 25 (500pL, 5pM was prepared by
compipuingt WergscaialivBiotedtio ekug el oedion Wi JinhidhdSDmomentrations less

thacEEGHAE L AT0BRE ! rHORURR e 4 (BAHLDT I RSB tor
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5Tabl e 1 Conpound Metabolic stability (% at 30 m n)

RIM I\/LM 25 84% 9%.&&119‘.&11@@1.\5@&11&%@% Test ost er one O%

r\n/ Carmane ht ahal o ot ahi l tr (0f ai‘

CoerOHxsd “”‘ﬁ 613” TOHTZ9™ 'MESSSA | MES- | | ACAN® P‘C’s
Anoxia/Air | Anoxia/Air | Anoxia/ SADxS Anoxia/ | Anoxia/Air
Adr Anoxia/Air Adr
P2 44/>100
1 0.4/72 | 50/>100 1/>100 -
23 0.04/5 757 -
23 0.1/14
154 09/2
139 16 /100
140 5765 .
2 8/>100
5 $.05/6 16/>100
22 0.7/16
3 >20/>100
142 >40 / >100
4 407 >100
143 45/3.5 :
& 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 52/>100
12 1.77>100
9 >10/>100
8 0.013/06
36 088/ | 55/>100 | 5/>100 | 7.5/>100
>100 '
149 50/>100
15 0.08/1
16 1.6/>100
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90 100 0.26 35 12.5 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
WO 2007/002931 PCT/USZ006/023881
39 02/5
91 -7/ >100
9 >100/
>100
41 -7
42 0.5/9
93 0.1/3.8
94 03/2
95 -12.7
96 0,1/0.1
120 0.3/50
121 0.04/1
122 0.04/1.3
43 2760
44 37100
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 15420
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 -1 0
111 50/ 100
58 5/10
59 2/6
60 15/15
61 03/4
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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65 25775
114 1/80
129 1/100
115 0575
116 05/15
130 0.7720
66 037100
67 48 / >100
68 100 />100
69 71/>100
70 2765
117 8770
71 0.1/0.1
72 05712
131 =100/
>100
132 373
133 22 />100
104 04712
105 <0.1/1
Example 30

Amntiproliferation 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 BTB-177, RPMI
medium (Gibco)) or HT29 (ATCC HTB-38, RPMI medivm (Gibco)) were seeded at 20,000
cells/well/S00pL medium in glass insexts in 24-well plates one day prior to testing. The cells
were incubated for 2 hours in a Bactron Il anaerobic chamber flushed with gasses of the
desired oxygen concenirations varying from anoxia, 0.1%, 0.3%, 0.6%, 1%, 10% oxygen,
and air. The calculated ICsp values (M) are tabulated in Table Y1 (H460 cells) or Table Y2
(HT29 cells) below.

Table Y1: ICs; values (uM) in H460 cells

COIIlp()lllld Nz 0.1% Oz 0.3% 02 0.6% 02 1% 02 10% 02 Alr

1 0.3 10 7 50 100

23 0.05 5 6 5 5
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0.15 7.8 2.3 3.3 368 0.16 8.5 3.5 25 92 102 0.11

27.5 0.18 22.9 (at 20 (6.7 (11 ni n)

WO 2007/002931 PCT/US2006/025881
3 0.03 1 1 10 5 40
36 i 30 &0 60 >100 | >100
16 03 10 10 100 >100
25 0.1 1 3 5 10 25 35
26 03 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 03 >100 | >100
37 0.5 25 >100
88 0.03 0.5 0.2 0.5
38 04 45 >100
106 0.1 07 4
108 [ 5100 >100
109 0.3 10 15
110 63 3 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
51 7 7

52 10 20
53 5 10
99 0.5 1

100 05 10 35
54 1 30 60
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35 5 8 ' 12
56 0.5 8 10
123 >100 >100 >100
61 0.3 4 ' 4
62 2 30 45
63 1 15 8
127 0.02 1 5
128 0.02 1 10
113 1 >100 >100

114 i 5 20
66 0.3 20 100
70 2 30 65

Table Y2: ICsy values (M) in HT29 cells

Compound Ng 0.1% 02 0.3% 02 3.6% 02 1% 02 10% 02 Air
25 2 25 >100

5 Example 31

Clonogenic Assay - Oxveen Dependence

[0414] To determine the oxygen dependence of phosphoramidate alkylator prodrugs, a
clonogenic survival assay was performed. Cells were plated in 60 mm glass dishes (5x10°
cells per dish in SmL of medium) 2 days prior fo compound {esting. The following cell lines
10 were tested: NCI-H460 cells (ATCC HTB-177, RPMI medium (Gibceo)), HT29 cells (ATCC
HTB-38, RPMI medium {Gibceo)), 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 divectly to cells (2mL volume). Anoxia or hypoxia (less than
200ppm Oy) was achieved by exposing the glass dishes in a Bactron II anaerobic chamber or
15 in aluminum vessels (see Example 33) for 2 hours. For the anaerobic chamber, destred 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
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hypoxia was achieved by exposing the glass dishes in pre-warmed, air tight aluminum jigs to
a series of five rapid evacuations and flushings with 95% nitrogen plus 5% carbon dioxide in
a 37°C water bath on a shaking platform {controls.are flushed as well). After the fifth
evacuation and flushing, the platform (with water bath and jigs) was shaken for 5 minutes,
after which one more evacuation and flushing were performed, and the jigs were transferred
to a shaker in a 37 degree C incubator for the remainder of the 1 to 2 hour drug exposure.
Levels of oxygenation between 200 ppm and air were achieved by varying the degree and
number of evacuations. The oxygen concenirations in the medium and gas phases were
checked using an oxygen electrode (Anima, Phoenixville, PA) in a specially modified
aluminum jig that allowed for monitoring of both gas and liquid phases. Following the
exposure to drug, the glass dishes were removed from the chamber or aluminum vessels and
the drug was washed off the cells by rinsing with medium. The cells were then trypsinized
and plated for clonogenic survival in plastic Petrd dishes. Ten to 14 days later, the dishes
were stained with crystal violet {0.25% in 95% cthanol), and colonies containing more than
50 cells were counted (see Example 33). The 90% growth inhibitory concentration (ICsy;
90% killing, 10% survival) of test compounds was calculated and tabulated in Table Y3

below.
Table Y3: ICg values (uM)

Compound N2 0.1% 02 0.6% O2 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 A 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

Elecirochemistry
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0.24 27.7 10.8 1.27 77.4 0.18 44 26.1 Exanple 39 Iv
Vivo Pharmacol dnetics of Phosphorani date Al kyl ator
Prodrugs =~ -~ 104401 Various plasnma pharmacokinetic
paranmeters of phosphorani date al kyl ator prodrugs 5
were determined in CD-1 nmice except where noted as
Y2088 ow in Table 3. ,Table 3 Drug (ngligys2eseesss:
(ng/ kg) Route Fonnul ation Tmax (min) Cmax (pg/ L) AUC
(p,g- h/nl) Half- life (min) 23 50 i.p. 259%EQG 75%
[0413al Tondetdsnidd 18 cBotrechem@aiggoperties and reduction potentials of

phosphoramidate alkylator prodrugs, cyclic voltammograms of these compounds were
generated by Bioanalytical Systems, Inc. All experiments were conducted with glassy carbon
(3.0mm diameter) working elecirodes, Ag/AgCl reference electrodes, and platinom wire
auxiliary electrodes. Compounds were dissolved in mL methanol to make final drug
concentrations between (.5 and 1.5mM after the addition of 9mL Phosphate Buffered Saline
(PBS). The solution was added to an electrochemical cell vial and sparged with Argon for 5
minutes to remove most of the oxygen. Cyclic voltammetry was performed at 100 mV/sec
and at 10,000 mV/sec scan rates at a glassy carbon working electrode. One test run was
performed at a CGME mercury electrode (CGME in SMDE mode, 150pm bore capillary,
size & drop), but little difference was observed between mercury and glassy carbon
voltammograms, so the mexcury electrode was not used further. The single electron or
multiple electron reduction potentials of compounds were generated at each scan rate and are
tabulated in the table below.

Table: Reduction Potentials (mV)

Compound 100 mV/sec 10,000 mV/sec
1 596 638
5 606 634
36 ~609 634
25 504 626
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-NOy-Furan 487 638
4-NO,-Benzenc 712, -1106 735, 1968 1
Example 33
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23 50 i.v. 259%EG 75% Saline 5.00 7.80 136 827 36 50
I .p. 259%PEG 75% Saline 15.0 44.0 1439 11.0 36 50 i.v
- 25%PEG 75% Sal i-ne 5.-00 27.7 646 14.1 la 50 i.p

25%°EG 75% Saline 15.0 29.9 - - P 50 Lv. ZS%DEG 75%
Saline 5.00
WO 2007/002931 PCT/US2006/025881

Clonogenic Survival Assay

[0416] The phosphoramidate alkylator prodrugs of the invention were tested in the assay as
follows. Exponentially growing human H460 cells (obtained from the ATCC) were seeded
into 60mm notched glass plates at a density of between 2.5 and § x10° cells per plate and
grown in RPMI medivm supplemented with 10 % fetal bovine serum for 2 days prior fo
initiating drug treatment. On the day of the test, drug stocks of known concentrations were
prepared in complete medium, and 2 ml of the desired stock added to each plate. To achieve
complete equilibration between the surrounding gas phase and the liquid phase, the lid of the
glass plate was removed and the plate shaken for 5 minutes on an orbital shaker. The plates
were recovered and stored inside a glove-box. The glove-box was evacuated and gassed with
either a certified anoxic gas mixture (95% nitrogen and 5% carbon dioxide} or with an
acrobic (normoxic) gas mixture (95% air and 5% carbon dioxide). Cells were then incubated
with the drug for 2 hours at 37°C.

[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/m! 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. Colondes 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.

10419] Cytotoxicity of compounds (Tables 1A and 1B) were determined in hypoxia and in
pormoxia by clonogenic assay employing H460 and HT29 cell lines as provided in Examples
31 and 33 and expressed as ICq inn 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 ICsp in pM (see

Example 29). The ratio of IC5q or ICq determined in normoxia and hypoxia is called hypoxia
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35.0 12.5 15.3 5. 50 i p. 25%PEG 75% Sal i ne 5.00 3. 00
57.4 2.56 5 50 i.v. 25%EG 75% Saline 5.00 16.9 270
4.67 37 70 i.p. Crenophore: Ethanol :'Saline (1:2: 7) -
2.00 12.6 196 23.2 37 20 i.v.

Cr emophor e: Et hanol : Saline (1:2:7) 2.00 15.0 172 9.00
WO 2007/062931 PCT/US2006/025881

cytotoxicity ration (HCR) and can be a measure of the hypoxia selective cytotoxicity of the

prodrugs of the present invention.

Table 1A
Cpd# | logP Hypoxia Normoxia HCR
P C P C P C
P3 1025 |10 - 40
P2 440 >100.0 >3 —~
St >40 >100 >3
S2 7 >100 | >14
1 04 |035 1720 750 [ 186 200
2 8 >100 512
E’ >20 >100 >5
4 40 >100 >7
5 1 45 3.5 1
6 09 |07 | >100 >140
P22 45 | 35 - “leat o
7 14 014 25 180
8 0.01 0.6 160
9 10 >100 - >10
10 100 >100 =1
1 52 >100 >20
12 17 >100 30
.
14 85 >100 >12
15 0.08 1 12
16 05 |16 |02 1100 35 60 175
17 i 19 9
18 3.4 RE 3 —
20 i 8.5 8
21 0.25 7.8 26
2 0.7 16 23
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85 25 i.p. 10% PEG 5.00 3.93 89.1 10.0°12825 i.p."
10% PEG 5. 00 3.85 102 8.31 24 50 i.p. Saline 5.00
7.60 64.0 4.10 ‘a c mice Exanple 40 Iv Vivo - -
Phar macoki netics of Conpound 25 10 [0441] Vari ous
plasma or tunor pharrnacokinetic paraneters of

VO3 ApaMAF1 25 were deternmined in CD-1 nice @Xd8i5i0usse
noted as listed below in Table 4. Table 4 Dose

(my/ kg) Route Founul ation Tmax (min) Crow

23 004 02 |5 10 125 50
24 0.01 4 400

25 0.05 50 1000

26 0.1 35 350

27 25 100 40

3] 83 >100 >1

32 50 100 2

34 <0.01 1.8 >180

35 0.075 50 625

36 01 |088 {02 [>100 |>100 |>110  |>500

| i

S1 S2
5 Table 1B
Comp HT29 13). 65 HCT116
No.
P C HCR. P HCR | P HCR
1 H N H IN p C H N H N
1 50 100 |04 1100 >2 >100 | 1 >100 | >100
23 7.5 2 '
5 10 >100 >10 '
6 55 >100 >2 5 |>100 >20
7 (100} | >100 >5(1) 0.6 | 83 140
36 55(35) {>100 1 3 > T51>1001>13 |5 >100 >20_ :
25 16 >100 >6 1 >0 1 >100 1 0.9 | >100 | >100
34 0.8 57 70 0.13 |10 77

P = Proliferation; C = Clonogenic; H = Hypoxia; N = Normoxic

Example 34
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(g./ml,) AUC (ug-h/ni) Half-life (min) Fe (% 150
i p. Saline 5.00 90.1 1239 58.7 150'4 .. Saline 15.0
3,38 307 ND 100 -p.o.- Saline 15.0 15.8 784 952 - 50

i p. 30% PEG 70% Sal i ne 5.00 22.9

WO 2007/002931 PCT/US2006/025881

Effect of Compound 25 on Cell Cycle Distribution
10420] Cells (160, PC3 and H'T29) were seceded at a density of 1.0 x 10 cells/3ml medium
per 60mmm dish. After 24 h attachment, cells were exposed to Compound 25 at the indicated

concentrations for 2 h under either normoxia (air) or anoxia (nitrogen). Cells were washed

5 fwice, and incubated for additional 22 h in fresh medium. Cells were trypsimized,
centrifuged, and fixed in 75% ethanol at least for 24 h at -20°C. Cell cycle distribution was
determined using Guava Cell Cycle reagent {(Guava, Hayward, CA) by flow cytometry
{Guava, Hayward, CA). The data demonstraie that Compound 25 induces cell cycle arrest in

oxygen- and concentration-dependent manner in multiple buman cancer cell lines.

10
H460 cells
p.M Go/ G1 S GzM
0 Air 56 12 30
-Nitrogen 59 11 20
0.005 Air 38 18 472
Nitrogen 50 12 38
0.05 Alr 58 111 28
Nitrogen 30 7 5%
05 | Air 58 il 28
Nitrogen 23 [ 31 40
5 Adr 42 6 59
Nitrogen 47 15 17
50 Air 14 19 65
Nitrogen 33 14 11
PC3 cells
}._I.M Gﬁ/ Gy S Gz/ ™M
1] Air 54 13 33
T Nitrogen 60 12 28
0.0005 | Air REE 12 32
Nitrogen 59 10 31
0.005 Afr 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 Amr 55 12 32 |
- Nitrogen 35 38 26
15 HT29 cells

tum (GG S G ]
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438 11.0 50 i.v. 30% PEEF 70% 2.0 27.5 325 6.7 WD
2007/ 002931PCT/ US2006/ 025881 Sal i ne 50 i.p.
30% PEG 70% Sal'ine 15.0 9.2 - 50i.v. 30% PEE 70%
Saline 2.0 27.5 177

WO 2067/002931 PCT/US2006/025881

0 Air 50 14 36
Nitrogen 47 13 39

0.005 | Air 52 12 35
Niirogen 46 14 40

(.05 Air 50 15 35
Nitrogen 37 11 52

0.5 Adr 48 14 37

' Nitrogen 8 8 84

5 Air 47 13 39
Nitrogen 14 50 36

5 Ajr
Nitrogen

Example 35
Spheroid Model

{04213} Two human cancer cell lines were used in these spheroid studies to determine the
efficacy of the hypoxic activated phophoramidate alkylator prodrugs. HT29 colorectal
adenocarcinoma (colen carcinoma) cells were seeded directly into a 125 ml spinner flask at
10,000 cells/ mL and grown in RPMI medium supplemented with 10% FBS and antibiotics.
As these cells divided, they adhered to each other and formed spheroids. H460 lung
carcinoma cells were seeded inio a flask coated with a non-adherent surface to form small
balls of cells that can be seeded into a spinner flask. To initiate H460 cell seeds, 150 cm”
tissue culture flasks were coated with 1% agarose and then 10,000 cells per flask were added
and allowed to grow in RPMI medium supplemented with 10% FBS and antibiotics for3 to 5
days before seeding into spinner cultures. For both cell lines, growth medium was changed
every day after the spheroids became visible to the eye.

[0422] In order to determine the morphology and the location of hypoxic regions within an
intact spheroid, whole spheroids were prepared for histology. For frozen sections, mtact
spheroids were washed in phosphate buffered saline (PBS) and embedded in OCT and
rapidly frozen in a dry ice/2-methylbutane solution before being stored at -80°C. For paraffin
embedded sections, intact spheroids were fixed in a freshly prepared solution of 4%
paraformaldehyde in PBS and subsequently embedded and sectioned.

[0423] To assess the ability of 2 phosphoramidate alkylator prodrug to penetrate to the
inner hypoxic cancer cells, become activated, release the phosphoramidate allkylator, and kill
those inner cancer cells, the clonogenic survival of spheroids exposed to drug for 2 h was

measured.
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10.1 - 50 Saline 5.00 38.5 635 7.91 - 50 p.o. Saline
15.0 0.93 40.4 25.7 13.6 25 i.p. 10% PEG 45.0 6. 33
247 4.43 -ivae mice withor bTumor PK " Bioavail abilitv
SExanpl e 41 Cytochronme P450 I nhibition of
the Metabolism of Compound 25 [0442] Eight reaction
W PIZAEh 100 AL of a sol ution contai ni ngPEOUSANF025881
pot assi um phosphate, pH 7.4, 2.6 nM NADP+, 6.6 mM
gl ucose- 6- phosphate, 0.3 U nL of glucose-6- phosphate
[0424je Iﬂpﬁ:lémige nas@lacahidla ne® gewvih aiedian g ineybsted forphigast g%t
c oun such, a |
beto SRR 5 SaFE TGS eH PRl UFLS Pk SpAlesh:Atiendy
the sgigiciddllterepiosighi asericarfsicole viesthfilisit o defingd sige. gBetween 10 and

urafyvlline for ¢ | @1 f
ittt Fol o POy GPRETSER falf rETECR
with figgiféﬂ?g omngmmzeoﬁthﬂfe{wﬂw;ld- Thedlishervenplpediiniraled
oo e OR apg PERoEL % fo AAPn Bl o0, M
contyiies $6100R endmndafimed sutst piRd0%E:LA% G, 10% Qxqrir). Spheroids
t.| - poi nt i : i
O i S e Ut

solutBE O] the: integsityert thesph@Oiderin sofitieba boFhalest aeprayng yas
in cliiv . ; . i g: .
re A Iy B PR bW g WA Mol Bl open.
Sincé thh nidtivreonsaentains eellplae fbrie o ireattnend with DiNgpg Iippsaequired to
ie1d ] l; ] iod. N6 ks QML E) SRITHa 3laRd FitY
Yld%%%%g d%’ﬁ@%%tno Z%egm?r{ ofug%gl‘(’% fsofbr,‘éhnc aaci din V\gt er
clongt@i0 sorizivelf acetonitrile for 2Cl19). The reactions were
prepared and 20 anal yzed for the netabolite forns of
[0426hinitjal diseresprinst exgeaménihrenapeformed ip mogylpengells under nitrogen,
2di.cl of.ena 9. = ' £ 9,
05 LR R nd B O Ap AL .
phosphstronlite nibpletonreibasd i i phasehorasrdatypiylay: ny Clonogenic
HEL Wi dnVBoin R0 ARBAYe WaSRSLRHER:] B (dupldecate. A
Sul—Vsurrmasry ow?lﬁgﬁﬁ &O val Ues are Ibi%st ed deel OW. | 55 abl es
inhibitory concentration required to kill 90% of the cells and yield 10% survival).

Daunorubicin and cisplatin, each of which penetrates into speroids to a different extent, were
employed to kill the outer aercbic cancer cells of the spheroid. Daunorubicin was used o
penetrate the outer layers of a multicellular spheroid due to its -high affinity toward cells and
cisplatin was used at doses appropriate kili only the outer aerobic cancer cells. As a confrol
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.

1Cyq values for H460 cells exposed as monolayers or spheroids

Drug Monolayer Spheroid
N2 0.6% 02 | dir 10% O2
Cisgplatin 4.2uM 7.7uM 7.3pM 3.0uM
Daunorubicin | 0.16puM 19uM
Tirapazamine | 14uM Z7uM >100pM | >200uM
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| C50 mM) Isofoun Control Conpound 25 ~1A2 2C9 2Cl19

8.6 0.20 6.0 NI -10 M WO

2007/ 002931PCT/ US2006/ 025881 2D6 0.21 >50 3A4

M dazol am 0. 049 >50 3A4 Nifedipine 0.03 NI 3A4

Testosterone 0.10 >50 NI = No significant inhibition

YR PWEPRY Exanpl e 42 Determnination of the PYTIEHEaP25881E

Met abol i tes of Conpound 25 Formed in Mouse, Rat, Dog

and Human Hepatocytes [0443] Conpound 25 is incubated
[04243i t A seriseisiphospheramefists, allryintk yedsuzs whagrested &t SPBPPES B ved
detering %l%e%c%hft:‘ysm?&@m&%g HALARH h%ox&aﬁce%eﬂl—,hﬁcome

reac d pre-
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activeind] a0l thedipesc ¢pyis-qlrarenitnge igbelpedb@edni tril e prior
to centrifugation and anal ysis by high-perfornmance
1Cqol forcfir 66 celbreapratbyyapiviayébiPt Gherbids oehpwporatnidsly rgdrpes for 2h.

t@ndem rass—10 :.pm,otn ety (< BBy Potenti al
metabol | ttes—are—Heptit red by —pe ng full scans
f 100142 Fon g.5% kAu‘U,.l . o\ .

H-om J.)JU \Og "d%;&Mlle Bé&muul 4&5)“ [Jﬁblla Of the
potent-al nih 561 D‘ng °r'3£wdseq ng y—cot| ect ed and
¢oppared-it-o—tHeprodact—iren—spee ','g?f the parent
¢eapound-it-g_det-edmi-ne—whet-her—eaths utﬁnti I

[ boli-t '22"5%! ated-to- Onnmun‘iz%_. he—

iilcnppnar L?é_é%i_i—he—papezs”wrrp)ﬁ?‘.]: 0”¢¢..P und 25)
3808 the app®hrange of pod APREMI JrtOMM ok over tine
a2 _15 nonitoredlby conparing-the %H%II( height s at

7 g g
5 each time point acquired. Exanple 43
[0427] Similar results for the efficacy of Compound 25 were demonstrated in the HT29

spheroids as tabulated below:

Compound | - Monolayer Spheroid
N2 0.6% 02 Air 10% 02
25 02uM | 3pM 40uM 29uM

[0428] The phosphoramidate alkylator prodmg was combined simultaneously with
10 cisplatin or daunorubicin and the spreroids exposed for 2 h to the combination, followed by

measwrement of clonogenic survival., The results are tabulated below:

Compound IC50 (uM)
Daunorubicin 17

| Compound 25 9
Daunorubicin + Compound 25 | 2.3

Compound ICS50 (pM) | TC99 (iM)
Cisplatin 14

Compound 25 12

Cisplatin + Compound 25 | 2.3 5.4

[0429] Phosphoramidate alkylator prodrugs demonstrate the ability to penetrate into the inner
15 lying cells in ftie 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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Determi nati on of the I'n Vivo Pharmacol dnetics of
Compound 25 and its Metabolite (s) in Rat, Dog and
Monkey -20 [ 0444] Phannacoki netic pararreters of - :
Conpound 25 and its netaboli te(s) in Sprague Dawl ey
rats are determned follow ng single intravenous
VEAMCHPSB ati on of 5, 20, 50 and 100 ng/ kg REBHSNIFBR881
25. The phar macoki netics of Conpound 25 and its

met abolite(s) will also be determined in beagle dogs
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curve. WO 2007/ 002931PCTI US2006/ 025881 Exanpl e 47
[ 0448] Exanpl e 47 denonstrates the useful ness of a
conpound of this i nvent i on in treating cancer
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Treatment (mg/kg) % Inhibition vs Goup 1 Goup 8 2
20 34.6 - 3 60 16.1 - 4 200 202 5 20 + 5FU 35.7 3.3
"6 60 + 5F11 46.9 13.3 ‘WO - - : |
2007/ 002931PCT/ US2006/ 025881 7 200 + 5FU 58.2 23 8
SFU 38.7 -

WO 2007/602931 PCT/US2006/025881

produced a significant amount of monoadducts. However, UV135 which is also involved in
nucleotide excision repair was not sensitive to Compound 25. The predominant lesions
produced by Compound 25 were DNA interstrand crosslinks. These resulis were confirmed
in V41 and irs1SF cells with the clonogenic assay. The exposure under aerobic conditions
produced the same spectrum of sensitivities as seen under hypoxia, indicating that the aerobic
foxicity was also caused by DNA intersirand crosslink formation. Compound 36 exhibited a
similar pattern of sensitivity in the mutant cell lines, indicating that Compound 36 also

produced DNA interstrand crosslinks.

Example 37
Multilayered Cell Culture Assay

[0434] This example demonstrates the effect of Compound 23 on tissue penetration using
multilayered cell culfure (MCC) and to assess any bystander effect. MCCs were incubated
with oxygenated media (20% O, & 5% O) or hypoxic media (approximately 0% ) and the
test compound was exposed from one side (exposed surface, normoxic side) while the other
side was temporarily closed off (far side, hypoxic side). When MCC’s are incubated in
media at 20% O, or 5% O, a gradient in oxygen develops from the surface exposed to the
media towards the far surface of the culture. The furthest 50 pin of tissue becomes depleted
of oxygen. The‘extent of O, depletion is greater with 5% than the 20% O, gassed media;
incubation with 5% O, reflects the in vivo situation most closely. Incubating MCCs with
media at 0% O, models perfusion limited hypoxia, where tumor blood vessels become
completely depleted of oxygen and test compound must penetrate extensive distances to
reach alt cells. This situation therefore poses a greater barrier to drug penctration, if binding
of activated drug acts to limit its penetration.

[0435] MCC based experiments were carried out with media gassed with 0, 5 or 20% O-
for 45 minutes prior to and during incubation with the test compound. HCT116 cells were.
grown to g thickness of 150pm on a solid support and one side of the culture was clamped off
to develop diffusion limited hypoxia. Cultures were exposed to test compound for 1 hr under
0% Oz, 5% O, or 20% O, and efficacy assessed by measuring the inhibition of BrdU
incorporation. The cultures were incubated for a second hour in fresh media at 20% 02 and
removed from the apparatus and returned to a normal growth chamber, where media flows
over both sides of the MCC. Cultures were incubated for 24 hours prior to BrdUrd Iabeling
and subsequent cryosectioning. BrdUrd labeling on the exposed and far sides of the MCC
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[0452] Associated with these anti-tunor effects,
there was some degree of weight |oss and occasi onal
- nortality, particularly in the group treated with the -
hi gh dose of Conpound 36 but in other groups as wel |.
Overal | Compound 36 showed varying rates of tunor
VgtNﬂMfWZSBii nhi biti on. Exanple 48 [0453] ExarRSraszgeo2sss:
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effecf was observed only at the highest concentration.

[0438] The following table lists the effect of e exposed to graded doses of Compound 25 as
measured by ICso (concentration to inhibit BedU incorporation by 50%).

Side 0% O (M) 5% Oy (uM) | 20% Oz (pM)

Hypoxic ~1.1 0.7 26

Normoxic ~1.7 8.0 | >10
Example 38

Metabolism of Compound 25
By Human and Mouse Microsomal Protein
[0439] Anxnin vitro assessment of metabolic stability of a phosphoramidate alkylator
prodrug (Compound 25) was performed using human (HLM), rat (REM) 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 foldin 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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Conpound 25 100 (q7d x 1)/week x 2 weeks 6 Taxol  NA
(g2d x 3)/week x 2 weeks 7 Conpound 25 25 (qld x 5)
/week x 2 weeks Taxol 10 (g2d x 3) /week x 2-weeks 8
Conpound 25 50 (g2d x 3) /week x 2 weeks Taxol 10
(g2d x 3) /week x 2 weeks 9 Conmpound 25 100 (q7d X
WP LWeelRN 2 weeks: WO 20071002931PCT/ US20087/102286/125881
Taxol 10(qg2d x 3) /week x 2 weeks G oups la and | b, n
= 5; gld/gd = every day;, g2d = every second day; q7d
proteingyele presipitepd Witideytonitfl4 okl théelsas stRerrafatt Wik Qelpe@fhr iR

t umor urenment, on day 29
oo AR by b Bt MR- RRelTor Do raiteahe Surs
used giipp @t G oipds. oFheSirstkndy coapeied RIY! b MBI (NEION) af®the second

tndlhk ggﬂ% | i, or to indicate any vehicle
: gf?%%ts %%ﬁ%?% n %gﬁgedmégggconparisons inthis
anal ysis. Goup % | nhibiti g}ar])k\:/%

Compound Metabolic stability (% at 30 min)
RLM MM
25 84% 89%
Nifedipine 6% 4%
- Testosterone 0% 6%
Table 2A
Compound Metabolic stability (%% at 30 min)
HIM RLM
25 127% _ 137%
| Nifedipine 22% 2%
Testosterone 65% 33%
Table 2B
COlTlp. Metabolic | Plasma [ MTD Intravenons adwministration in mice Intraperiteneal adiministration
N stability stability | {mg/ml) i mice
O. MLM) (% 2t t1Z | Cmax | AUC | Vss L 1172 | Cmax | AUC
(%at30 | 30 min) () (pg/ml) | (ugfml | (Vkg) | (mbmin | (hr) {pg/mi}y | (pg/ml
min} xhr) fkg) X hr}
1 90 100 0.26 | 35 12.5 1148 | 4.0 025 1299
5 5(20) [ 100 0.08 | 169 |45 [1.25]185 13 1.0
(85)
6 0 60 250
7 0 33 250
16 40
23 71 84 1015 (7.8 23 [33 {368 [0.16 {85 |35
25 92 102 0.1t | 27.5 .18 2290
(at20 (6.7 {11
min) min) ' iy
26 56 85
34 28 85 ]
{at20
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Group 2 Group 6 3 50.1 - 452 - 546.7 7 659 38.8 8
63.1 31.7 9 52.6 12.5 6 46 - [0456] The results

- denonstrate that allb three reginmens for dosi ng -
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49 [0458] Exanple 49 descrlqties t he useful ness of a
conpound of this invention e 3 reat i ng cancer as
Drae nprisése af @dutepl oy BEmAIFHO0, Nnong LNNY AUC | Halt
(mgtkay PR | xenogdr af t mouse nodel . n% BJ;L)7 D} 1ife
. mice (purchased from Charles River ri dge), M) | (min)
27 - 8| 250weekfp.of| agsyrBersydalimied §00aCCEEIRT[ 2801 Plo.60
2at | eagst {hree |daysyraadsnaithed USAET| Y& | 136 | 8.87
3200(/7 GQ29B1RCTIUSIBUSEE/SAShiRAT NOYED-TT8E0 | 1439 | 11.0
3gondi tspong. L. FUMBN 2BYPESTEY, SalittNd [C8eT NOHH;C "64!5j G14.1
1INCT H460 fvasp 0Nt aloRGERS794) 5 gan igpe Cui_ture_
100l edhi of. 1.INg Cekbph&EASE, MRRE. cugwr ed;apd 12.5 | 153
_sharyesped|ag, d Ssz's%ﬁﬁG)’?@% SRR S éré O¥80 AM474 1 256
g noculsgt e af 3 X2§§’§E@95%§§a&1&‘é“ ek o T Lhigo PO LOuY Y A7
3pubCUL3NEPUS, S Qﬁ@m«gﬁﬂ%@ﬂ’mﬂ&% 20T FW12E 9106 | 232
average vpl une 0 qmEBy '
37 20 iv. | Cremophore:Ethanol:Saline | 2.00 15.0 172 | 9.00
(1:2:7
85 25 1.p. 10% PEG 5.00 3.93 89.1 10.0
128 25 1.p. 10% PEG 5.00 3.85 102 831
24 50 ip. Saline 5.00 7.60 64.0 | 410
“Balb/c mice
Example 40
I'v Vivo Pharmacokinetics of Compound 25
{0441} Various plasma or tumnor 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 Tonax Crnax AUC Halflife | F°
(mg/kg) (min) | (ug/ml) | (pe-Wmbl) | (min) (%)
150° | ip. Saline 500 | 901 1239 58.7 -
150 | ip. Saline 15.0 3.38 307 ND | -
100 | p.o. Saline 15.0 15.8 784 952 -
50 1p. | 30%PEG/70% | 5.00 229 438 11.0 -
Saline
50 Lv. | 30% PEG/70% 2.0 27.5 325 6.7 -

164




'5 (day 8), each group of mice (ten per group) was
admini stered for three weeks, as tabulated in the
- table bel ow. - Conpound 25 (2.5mAnl in 10% PEG " _
adni ni stration route - Conpound 24)(0. 3 TO. 1Ing/(rlrfl in
9 m nistration route - tp.) and laxo }
‘%%ﬁ%ﬁ’ﬁ%% MOH, 5% Cr er nophor and 90% saf G 006/025881
admini stration - Lv. 2 h after administration of t he
test -compound) . 10Treatnent protocol G oup No. of

T T

' (ng/ k@) Regipen 1 10 Mehicl ef NA
¥gl | dix 53PIMREK TR0 3neeR 2 8% Taxpl 16 (g2 x3)/week x
oweek 3 8 Cofiménd 24 3 (gld x 5d)/week x| 3week 4 9

SBompoind | 38%FEGHTWs» 5o / peékSx Bweek? Taxab.i1Q (92
¥ lweeklx 2wdslR 5 §

2

50 7| ip. Saline 5.00 38.5 635 7.91 -
50 P-0. Saline 15.0 0.93 404 257 13.6
25 Lp. 1084 PEG 45.0 6.33 247 443
“Nude mice with H460 thmor
*Tumor PK.
“Bioavailability
Example 41

Cytochrome P450 Inhibition of the Metabolism of Compound 25
|8442] Eight reaction wells with 100 L of a solution containing 50 mM potassiom
phosphate, pH 7 4, 2.6 mM NADP+, 6.6 mM glucose-6-phosphate, 0.8 U/mL of glucose-6-
phosphate dehydrogenase, and1:3 serial dilutions of the test compound (such as Compound
25) were prepared along with eight wells oF 1:3 serial dilutions of a suitable positive control
inhibitor (such as furafylline for CYP1A2, sulfaphenazole for CYP2C9, N-benzylnirvanol for
CYPC219, quinidine for CYP2D6 and ketoconazole for CYP3A4). The concentrations of
test compound ranges from 0.0229 M to 200 uM. The reactions were initiated by adding
100 p1. of a pre-warmed enzyme/subsirate solution. A zero time-point control reaction was
prepared by adding 50 mL. of 10% formic acid (400 mL of acetonitrile for 2C19) in water to
100 mL of cofactor solution to inactivale the enzymes, then adding 100 mL of
enzyme/substrate solution. A control reaction with no inhibitor was also prepared. Aflera
sujtable 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 subsirate {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 .20 ~10
2C19 6.0 Ni
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Conmpound 24 3 (qgld x 5d)/week x 3week Taxol 10 (qg2d "
x3)/week x 2week 8 Compound 25 25 (gl d x 5d)/week x
3week- Taxol 10 (g2d-x3)/week x 2week - [04591 The
body wei ght and tunmor vol ume was determi ned as
described in Exanple 47 above. Results for tunor

P PRE2930N0i bi tion measured on day 27 are ¥ TUsReb/eRs5ssd
bel ow. Conparisons were made on day 27 because t hat
was the |ast day of neasurenents for the 15 vehicle

group and |t hose2aéi mal s| wenlsacyki f i>séd. oup %
| nhi bi tior] s34 Midawhml (G oups® 339580 4 16 -32.7 5
51.5 23.3| 3A4 Nifedipine 0.03 NI

| 3Ad Testosterone 0.10 >50

NI=No significant inhibition detected

Example 42
Determination of the Potential Metabolites of Compound 25
Formed in Mouse, Rat, Dog and Human Hepatocytes

[0443] Compound 25 is incubated with mouse, rat, dog, monkey and human cryopreserved
hepatocytes at a concentration of 10 pM. The reactions are stopped at 0 (pre-incubation), 30,
60 and 120 minutes by quenching with acefonitrile prior to centrifugation and analysis by
high-performance liquid chromatography (HPLC) in conjunction with tandem roass
spectrometry (LC/MS/MS). Potential metabolites are identified by performing full scans
from 100 to 520 amu. The product ion spectra of the potential metabolites are subsequently
collected and compared to the product ion spectrum of the parent compound fo de?ennine
whether each potential metabolite is related to Compound 25. The disappearance of the
parent compound (Compound 25) and the appearance of potential metabolites over time are

monitored by comparing the peak heights at each time point acquired.

Example 43
Determination of the In Vivo Pharmacokinetics of Compound 25 and its Metabolite (s) in

Rat, Dog and Monkey

[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 monkeys following single intravenous
administration of 20 mg/kg Compound 25. Concentrations of Compound 25 and its
metabotite(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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6 56.8 31.7 2 36.7 - [04601 These results

denonstrate that daily doses of 3 ng/kg of Conpound

24 and 25 ng/ kg of Conpound 25 i nhi bited tunor growh -
and that Conpound 25 had a slightly greater benefit

bot h as |1 nonot herapy and in conmbination with taxo
YHEYE B ¥ect s were acconpani ed 20 by nild DS/ Re06/025881
reductions, particularly in the Conpound 25 + taxo

roup. WO 20071002931 PCT/ US.20061025881 104 ll Usi ng
(04450 N and B R LB s B S e st “Eompoust

25 s8¢ %gﬂeﬁu%@eusaiosa Blblﬁlfp?déﬁﬂdtﬂrﬁl@'fbdés efd BELING LR cﬁ%d
for the treatnent of cancer, particul ar

timgs %C%awﬁéteons af tgirkradipacitcsnasteraice iy mpﬁ scparstlenanﬁoummg
(Lsepd Conpound 24 can be admi nistered at a
therapeutically effective dose of 0.25 ng/kg/day, for
the treatnment of cancer, particularly 5 |lung cancer,
al one or in conbination with Taxol m Exanple 50
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denonstrated e oyi ng . human "col on carci noma

104468 Sgregta Devdesetispispdminisiged-asivgl e inEBEPISCPH ofil & Compound
25. (AR 'si{(e@ﬂi@& gfled bLIRANLESoiliY &fthanfBTDSIhSGE cenM%lgedzo Sbtain

s of a e wer e allomed to acclimatize for at

PlaSF'ééé,ifl therhlood aprhiiasmagrrpopERd) fescronsrrtiopaf rdiganiivity- egozen rat

carcBRAHS bHtaded il PRTNG) ﬂQBex?ﬁ{oCa! VRIS &lcfionkd ReohHAR MRRa
obtained fromthe Anerlca K pe Culture Coll ection.

CMPRY @arpicrofopes Calisoied sentippatiirecrerduiads pauielpng gxposed on
phoSpBEEH IRt AFoRE Wh &' Al ARRYLEphRRENIARAY @b&Gudl callbsition

106 cell s/, animal _in the erltoneal subcut anéous
of thedmage angiksysoftfyarey @XM%%G@@%WG@@% g eMaleulzrdhaprgics
Storff $2000 86UIBIhE BtiterfhtioRFeAtGHERHE iR beldtl 6:RudsiRMdRRadi ose
% s .adm ni stered for three weeks, as tabu ed
ool oSl Bl R groomR, creRypprgdulle) bond. bise
marﬁ»ﬁiﬂbéﬂ:bﬁtaﬁmtdnfﬂﬁts[ Qitli®mit, efdophagasl réwyaﬁ w@hﬁﬁma g@e&gﬁﬂﬁl@r
on the days.th

pl at
lens), %ﬁﬁa} %}W %%%4@%0%% Ewé%slﬁf %ﬂ@ﬁl)a@iamaﬂf R lRee
intesiak hmB)onteﬁtB‘ lﬁaDBng,lim nod®HibaRkiler?, p@{c@ﬁa@@ﬂhﬂa@ S, #

1 C t out gﬂﬂ
prosBle i Rl pl Sormn e fobes St b ey gy SEpacignd ¢ 4
contdits)dsniMdil ihte@int (MBA tontents), spleen, spinal cord traches, thyroid and urinary
bladder (and contents) are measured by image analysis. Autoradioluminographs and digital

images are produced for each animal.

Example 46
Plasma Protein Binding of Compound 25

[0447] The protein binding in mouse, rat, dog, monkey and human plasma of Compound 25
is determined using ultrafiltration. Ultrafiliration is performed by aliquoting plasma spiked at
three concentrations with Compound 25 into a Cenirifree® device id 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 pL aliquot of the ulivafilitrate 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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NANA 4** 9 Vehicle (saline) 10 m/kg ip, (ql d x
5)/week x 3week 5** 9 5-FU 50 iv, q3d x 4 6** 9 CDDP
S5 1v, once 7** -9 Conpound 24-3-ip, (gld x 5)/week x
3week 8** 9 Conpound 24 6 ip, (gld x 5)/week x 3week
9** 9 Compound 24 5-FU 6 50 ip, (gl d x 5)/week x
WOREVROPP1 q3d x 4 10** 9 Conpound 24 CDDP PET/US2006/025881

Example 47
[0448] Example 47 demonstrates the usefilness of a compound of this invention in treating

cancer employing a HT-29 human colon carcinoma xenograft mouse model.

[0449] 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 colon carcinoma cell line HT-29 was obtained from the
American Type Culture Collection. The cell lines were cultured in RPMI 1640 media
supplemented with 10% fetal bovine serum. Cells were maintained in a 37°C incubator with
5% CO,. The HT-29 cells were harvested from culture and inoculated at 3 x 10° cells/ animal
in the peritoneal subcutaneous space. When the tumors grew 1o an average volume of 100
mm’ (day 8), each group of 10 mice was administered for three weeks, vehicle alone (saline
and PEG (10mL/kg each), Group 1), Compound 36 alone (dissolved in 30% cyclodextrin in
PBS) at a daily dose of 20, 60, or 200 mg/kg (Groups 2, 3 and 4, respectively), and
Compound 36 at a daily dose of 20, 60, and 200 mg/kg given 2-3 hours after a dose of 10
mg/kg of 5FU (in saline) (Group 5, 6 and 7, respectively) and compared to a group receiving
only SFU at 10 mg/kg (Group 8) as tabulated below.

[0458] The body weight of each mouse was recorded twice per week. Growth of each

xenograft was monttored by externally measuring tumors in two dimensions using a digital
caliper twice per week. Tumor volume (V) was determined by the following equation: V =
(L x W% /2, where L is the length and W is the width of a xenograft. Tumor volumes were

measured twice weelly.

[0453} Admipistration 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 5FU alone,

Group Treatment (mg/kg) % Inhibition vs
Group 1 Group 8
2 20 34.6 -
3 60 16.1 -
4 200 202 -
5 20+ 5¥U 35.7 3.3
6 60 + 5FU 46.9 13.3
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ght and tunor vol une_were neasured as
[0452] n”xwﬁfﬁﬂ veithdtese qufigpoogsifrisrhes WpLiome (9[33‘% HP
occad@il ;%érta\iﬂgﬁﬁhﬂ&lmr@h@mte %FE% ﬁeﬂaﬂmﬂﬁa@mgﬂdmﬁmm 36 but

Sl ze and "ani.nal s roup were sacrificed i
in othes Bighe a8 @e%e@wlta%ﬁl@OWﬁ% FROYee vegping Lales gt E’ﬂ'ﬁ’f o
inhibRioh. 44.1 - 8 42.1 - 9 71.1 28.9 10 53.2 24.8

Example 48
[0453] Example 48 demonstrates the usefulness of a compound of this invention in treating

cancer employing a NCI H460, human colon carcinoma xenograft mouse model.

[0454] 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. Hurnan colon carcinoma cell line NCI H460 was obtained from the
American Type Culture Collection. The cell lines were cultured and harvested according to
the procedure described in Example 47 and inoculated at 1 x. 10° cells/ animal in the
peritoneal subcutaneous space. When the fumors grew fo an average volume of 100 mm®
{day B), each group of mice was administered for three weeks, as tabulated in the table below:
Compound 25 (2.5 mg/mi in 10% PEG; administration route — i.p.) and Taxol (I mg/m! in
5% BtOH, 5% Cremophor and 90% saline; administration —Zv. 2 h after administration of

Compound 25). The body weight and tumor volumes were measured as described in

Example 47 above.
Treatment protocol
- Group Treatment - Daose Regimen
(=10} (mpkg)

la* Not Applicable (NA) NA NA
Th* Saline NA {q1d x S)/week x 2 weeks
2 Vehicle NA {(qld x 5) /week x 2 weeks
3 Compound 25 25 {(qld x 5) /week x 2 weeks
4 Compound 25 50 {424 x 3)Yweek x 2 weeks
5 Compound 25 100 (g7d x 1)week x 2 weeks
6 Taxol NA ' (g2d x 3)/week x 2 weeks
7 Compound 25 25 {qld x 5) fweek x 2 weeks
Taxol 10 (q2d x 3} fweek x 2 weeks
8 Compound 25 50 {q2d x 3) /week x 2 weeks
Taxol 10 {q2d x 3) fweek x 2 weeks
9 Compound 25 100 (q7d x 1)week x 2 weeks
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in tumor 10 growth inhibition of slightly nore than
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40077 008931PCTT US26067 025881 pesi t oneal subcut aneous
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thergrsaenh B PieEtr BT S ottt e b e b ieh B bapeer,
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[0469] Exanple 2 describes the useful ness of a
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Treat nent protocol’ WD 2007/ 002931PCT/ US2006/ 025881

Goup (n =9) Test Article Dose (rmg/ kg)

Admi ni stration Regimens 1-Saline 10 m/kg (qd x - -

5)/ week x 2week 2 CDDP 5 Once 3 Conpound 25 50 (qd x

5)/ week x 2week 4 Conpound 25 100 ( g2d x 3)/week x

PReERIETompound 25 100 @Bd x 5 6 ConpoundPBUSEBEIIRI

x 2 7 Conpound 25 50 (qd x 5)/week x 2week
pathogen-free conditions. Human non-staall 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
peritoneal subcutaneous space. When the tumors grew to an average volume of 100 mm’
{(day 8), each group of mice (fen per group} was administered for three weeks, as tabulated in
the table below: Compound 25 (2.5mg/ml in 10% PEG; administration route ~ i.p.);
Compound 24 (0.3, 0.1mg/mi in 10%PEG, administration route — 7.p.) and Taxol (1 mg/m]l in
5% EtOH, 5% Cremophor and 90% saline; administration — i.v. 2 h after administration of the

test compound).

Treatment protocol
No. of Dose .
Group Mice Treatment (me/ke) Regimen
1 10 Vehicle* NA (gld x 5d)/week x 3week
2 g Taxol - 10 (q2d x3)/week x 2week
3 8 Compound 24 3 {qld x Sd)/week x Iweek
4 9 Compound 24 1 {qld x 5d)y/'week x 3week
Taxol 10 (q2d x3)/week x 2week
5 g Compound 24 3 (g1d x Sd)/week x Iweek
Taxol - 10 (g2d x3)Yweek x 2week
6 g Compound 25 25 {q1d x 5d)/week x Iweek
Taxol 10 (g2d x3)/week x 2week
*-50% PEG

[0459] The body weight and tumor volume was determined as described iz 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 measurerents for the

vehicle group and those animals were sacrificed.

Group % Inhibition vs
Group 1 Group 2
3 36.9 -
4 16 -32.7
5 51.5 2313
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 greatex
benefit both as monotherapy and in combination with taxol. These effects were accompanied

by mild weight reductions, particularty in the Compound 25 + taxol group.
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CDDP 5 Once 8 Conpound 25 100 (g2dx3)/week x 2week
CDDP 5 Once 9 Conpound 25 100 gq3dx 5 CDDP 5 Once 10
Conmpound- 25 100 q7d x 2 -CDDP 5 Once [0470] The body -
wei ght and tunor vol une was determ ned as descri bed
In Exanple 47. Data are based on tunor volunes at day
PE2RHERE unors i n the vehicle group had r eRfIHEE06/025881
sufficient size to require that the nmice be
sacrificed. The results of inhibition of tunor 5
[0460T Wiy thy Bovsa UHED echvibelopyonooud? 0gah hiidsiitistond gis
theraguggﬁ[y léffecgti‘oféj Rosg of?’ 2 mg/kg/day, for the freatment of cancer, particularty lung
cancer, alone or in combination with Taxol™, and Compound 24 can be administered at a
therapeutically effective dose of 0.25 mg/kg/day, for the treatment of cancer, particularly

lung cancer, alone or in combination with Taxol ™.

Example 50
[0462] Example 50 describes the usefulness of a compound of this invention in treating

cancer as demonstrated employing a HT-29, huran colon 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 pathogen-free
conditions. Human colon carcinoma cell line HT29 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 peritoneal subcutaneous space. When the
tumors grew to an average volume of 100 mm?® (day 8), each group of mice (ten per group)
was administered for three weeks, as tabulated in the table below: Compound 24 (in
10%PEG), administration rotte — 7.p., administrated 2 h before 5-FU or cisplatin.(CDDP; in
saline) on the days the combination therapy was scheduled; 5FU alone (in saline), or CDDP

alone.
Treatment protocaol
Group ; # mice | Test Article  Dose Routes, Regimens
(mg/ke)
1% 8 Saline 10mlkg |iv,g3dx4
2% 8 5-FU 50 iv,g3dx 4
3¥ 4 No {reatment N/A N/A
4% g Vehicle (saline) | 10mlkg | ip, (q1d x 5)/week x Iweek
Sx* 9 5-FU 50 iv, g3d x 4
ki 9 CDDP 5 1v, once
ks 9 Compound 24 13 ip, (qld x 5)/week x 3week
gk 9 Compomnd 24 |6 ip, (q1d x 5)/week x 3week
Ok 9 Compound 24 | 6 ip, (g1d x 5)/week x 2Zweek
- 5-FU 50 iv,g3d x 4
10%* 19 Compound 24 |3 ip, (q1d x 5)fweek x Iweek
CDDP 5 iv, once
1** |9 Compound24 | 6 ip, {g1d x 5)/week x Iweek
CDhDp 5 iv, once
12%% 18 No treatiment N/A N/A

*- tumor location flank; ** - tumor location peritoneum; Q3d = every third day
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'28.2 - 4 30.1 531.3 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

- resul ts denonstrate that nonotherapy adni nistering
Conpound 25, fornmulated in saline, at 50ny/ kg/ day and
100 ny/ kg/day with a variety of dose reginmens results
WO 20RMRBEt i on of tunmor growth in this nodefCrfS2@6PIR1
cancer, and that treatment conbination of 10 Conpound
25 and CDDP enhanced the effectiveness of Conpound 25

[0463hr In pasirplaonps. Gmers Wers implagted ini tivo tdehitonsrediedt. of JHese study

: ' b t b i ght | oss,
ot B BPL ST E ARG Moo oSS e o i 60 B
interpeatation of thb gy and ey reaimerdts were bhrepdredaa tivaakicie %ﬂﬁﬂ with Wors

2 1.[0472] Using the use .

o FOSTLAELERY PSRN AR R A LR IS TR
in BEgamiled 4 pvator gaiihyinldbitien tiessered 08 é?y 5 wish Gliticld timrsthout

) ) t cancer
oL e L by GRTERBSRAEEE b

conbi nation with CDDP, wherein the daily dose can be
admi ni stered with a decreasing frequency of dosing

for hi gieupdogses 5 coipabidnteo | ower | doses. Exanpl e
53 Group 4 Group 6

7 441 -

8 42.1 -

9 71.1 28.9

10 53.2 24.8

11 50.7 209

5 59.3 -

6 37.4 -

[6464] The results demonstrate that Compound 24 as monotherapy resulted in tumor
growth inhibition of slightly more than 40% whereas combining Compound 24 administered
in combination with CDDP or 5FU provided about 50-70% growth inhibition. According to
this Example, the most therapeutically effective combination was that of Compound 24 and
S5FU. The effects on tumor growth were associated with minor decreases in weights of the

mice during treatment; 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 .25 to about 0.50 mg/kg/day, for the treatment of

cancer, particularly colon cancer, alone or in combination with SFU or CDDP.

Example 51
[6466] 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
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
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 Exarnple 47 above, and inoculated at 3 x 10° cells/ animal in the
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3 28.2 -
4 30.1 -
5 313 -
6 48.1 -
7 50.7 30.8
3 4472 275
9 36.2 21.5
10 51.8 33.2
2 24.2 -

{0471] The resolts demonstrate that monotherapy administering Compound 23, formulated

in saline, at 50mg/kg/day and 100 mg/kg/day with a variety of dose regimens results in

inhibition of tumor growih in this model of colon cancer, and that treatment combination of

Compound 25 and CDDP enhanced the effectiveness of Compound 25 for tredtment 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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1 Corn- m nd*Vehicle Dose (ng/1lk.) ‘| Gnal / kg Schedul e
(qd x 5)/week for 2 weeks ---g-v7 x 3 weeks 2
Cer nci tabi ne 200 3 Conpound- 25 30 (qd x-5)/week for .
2 weeks 4 Conpound 24 6 (qd x s)/ eek for 2 weeks 5
Genti t abi ne 200 qw x 3 weeks Conpound 25 30 (qd x
BY tweakosior 2 weeks 6 Gerncitabine 200 qw bCIIsemekossst
Conpound 24 6 (qd x 5)/week for 2 weeks gq = every
day; qw = every week.

[0472] Using the mouse to HED conversion, Compound 25 can be administered at a

therapeutically effective doses of about 4 to about 8 mg/kg/day, for the treatment of cancer,
particularly non-small cell lung cancer, alone or in combination with CDDP, wherein the
daily dose can be administered with a decreasing frequency of dosing for higher doses

compared to lower doses.

Example 53
[0473] Example 53 describes the usefulness of a compound of this invention in {reating

cancer as demonstraied employing a 460, non-small lung carcinoma xenograft mouse
model, Female CB17/SCID mice (purchased from Charles River, Cambridge, MA), 7-8
weeks of age, were allowed {o acclimatize for at least three days, and handled under
pathogen-free conditions. Huinan colon 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 and inoculated at 3 x 10° cells/ animal in the peritoneal subcutaneous space.
When the tumors grew to an average volume of 100 mm’, ireatment was initiated in which
groups of 10 mice received vehicle (Group 1), CDDP at 6 mg/kg (IV one time, Group 2),
Compound 25 at 150 mg/kg in saline, once a week for two weeks (i.p., Group 3), or the
combination of the two agents (Group 4).

[0474] The results shown in Figure 3 demonstrate that 150 mg/kg per week of Compound
25 provided greater reduction in tumor growth than CDDP alone and that the combination of
the two agents resulted in added benefit. These results also indicate that during the two week
period of dosing mean tumor volume did not change indicating complete inhibition of tumor
growth. These data indicate that Compound 25 administered at 150 mg/kg/day as
monotherapy, once a week, is the most effective all the dosing regimens described in the
preceding examples (Examples 47-52). Liiile change in body weight was observed
suggesting reduced toxicity with this dosing regimen.

[0475] Using the mouse to HED conversion, Compound 25 can be administered at a
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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5. The use of a compound of any one of clainms 1 to 3
in the manufacture of a nedi canent for treating

cancer.

WO 2007/002931 PCT/US2006/023881

30 days in untreated animals. The tumor cells had been transfected with the gene for red
fluorescent protein. Mice were administered doses of vehicle control, gemcitabine,
Compound 25, Compound 24, or gemcitabine/ Compound 25 combinations or gemcitabine/
Compound 24 were administered i.p., as tabulated below (8 mice/group). Compounds 24 and
25 were formulated in saline and provided by Threshold Pharmaceuticals, Inc. as a dry
powder. Gemcitabine was obtained commercially and prepared freshly according to

manufacturer’s instructions.

Treatment protocol
Group | Compound Dose (mg/kg) | Schedule
1 Vehicle 10mal/ke (qd” x 5)/week for 2 wecks
2 Gemcitabine 200 qw x 3 weeks
3 Compound 25 30 (qd x 5)week for 2 weeks
4 Compound 24 | 6 (qd x 5)/week for 2 weeks
5 Gemcitabine 200 gw x 3 weeks
Compound 25 | 30 (qd x S)fweek for 2 weeks

6 Gemcitabine 200 qw x 3 weeks

Compound 24 | 6 (gd x 5)/week for 2 weeks

* qd = every day; qw = every week.
[0479] Tumors were imaged once weekly until the end of the study at which fime open
body images were obtained to confirm effecté. In Group 1, the tumors grew rapidly (Figure
5) and resulted in 100% lethality by day 30 (Figore 6).

[04801 Groups 3 and 4 resulted in minor effects on tumor volume and had little effect on
survival. Group 2 significantly reduced tumor volume and prolonged survival. Group 6
provided modest reduction in tumeor stze 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 resulis 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.

178



[0482] Using the mouse to HED conversion, Compound 25 can be administered at a
therapeutically effective doses of about 2.5 mg/kg/day, for the treatment of cancer, particularly

pancreatic cancer, in combination with gemcitabine.

Example 56
[04383] It is recognized that efficacious molecules for treatment of human diseases meluding
cancer maybe toxic at doses near or sometime much greater than doses necessary to achieve
beneficial effects. To determine appropriate dose and route of administering such a compound, it is
necessary to understand its toxicity. Routinely, initial approaches to determining the toxic dose
involve the use of rodents such as mice to provide preliminary data that might support the design of
similar studies in larger animals and humans. Test compounds (Compounds 24, 25 and 36) were
tested in mice as preliminary experiments for determining doses to be used in larger animals.
Compound 25 was tested at doses as high as 300 mg/kg as a single dose and found to cause renal
toxicities such as tubular necrosis and protein spillage into the urine. Transient reductions in white
-blood cells were also observed. However, little toxicity was noticed at lower doses (100 and 200
mg/kg). These doses selected represent an approximation of doses that might be used in larger
animals such as rats and dogs for the purpose of confirming that such toxicities exist and for

predicting if renal function should be measured in humans.
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Claims:

1. A compound of the formula:
X4
N
02“"{ \ NH
O
) RIII \P/ X4
e
// \N /\/
s) H .
wherein each X4 are both Ci or Br.
2. A compound of claim 1 having the formula:
Br,
N
OEN’</ j\/ "
ll\\iﬁe O\P/ Br.
3. A compound of claim 2 having the formula:
o
N
OQN«—</ 1/ NH
L/
Me s ' cl
/TN
o H )
4. A pharmaceutical formulation comprising the compound of any one of

claims 1 to 3 and a pharmaceutically acceptable excipient, carrier, or diluent.

5. The use of a compound of any one of claims 1 to 3 in the manufacture of a

medicament for treating cancer.
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6. A compound according to any of claims 1 to 3 for use in the treatment of

cancer.
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