PHOSPHORANIMA ALKYLATORPRODRUGS CROSS-REFERENCES
TO RELATED APPLICATIONS [0001]This application claims benefit of
U.S. provisional patent application No. 60/695,755 filed 29 Jun 2005.
BACKGROUND OF THE INVENTION Field of Invention 100021The
present invention provides compositions and methods for treating cancer
and other hyperproliferative disease conditions with phosphoramidate

alkylator prodrugs. The present invention genera elates to the flelds of
chemistry, biBEGRIRHARMNTHANC Aﬁmﬂ@ .

Description of Related Art [OOOB]AIkyIatlng agents ("alkylators

"mustards”) used in cancer chemotherapy encompass a diverse group of

chemicals thatssverherabilityta@lkylata bivlopptalhy vitaksacromolecules

such as DNA under physiological conditions (see Hardman et aL, The

Pharmacological Basis of Therapeutics, 2001, 1389-1399, McGraw-Hiill,
[ooofew Ytk Ao PMARIKMRHOSE 1S §IS RIS I.REBRIMRAKTAW. 60/695,755

mechanism in the antitumor activity ot alkylators. The c emotherapeutlc
filed R RENE act as strong electrophiles, for example, through the formation

of neighboring-heteroatom-stabilized onium intermediates such as an

aziridine or an aziridinium cation. [0004)Phosphoramidate based

alkylators used in cancBAfHerRSL NOdPEaS Eyelgphddphamide and
rieldfosfamiegg, are an important subclass of chemotherapeutic allcylators.

Cyclophosphamide and Ifosfamide are each activated in the liver and the
[oooACtiveraipator releasedalglatesipuatenp Bﬂ&lﬁﬂ@iﬁﬂ@&&ﬂﬁhﬁ@&fﬁk@rw

ithin th tumor ells to act as a othera nt If the ac

e e e B PR
mvenfighetesdhictslasthetiyhtd phateheming bslfaydappl FW@T@)@?E&&\PB@W%W»
and HBiElaZze groups of biomolecules of healthy non-cancerous cells, can get

alkylated. Such alkylation of healthy cells canand result in unwanted toxic
DescapgntsiRgaiients (see Hardman et al., supra). 0,CI P,-t4 IH Cl

Cyclophosphamide and Ifosfamide [0005] There remains a need for new
[0003hosphbréatidaes basetk dityiaorsthdrdan ediseduestrbdanetinegsy or
e-ncoﬁ&ﬁl@i hyperRrelifes %@Mﬁeﬁi&%@%ﬁﬁ)ﬁ@ifiﬁ%%alﬁ&&fﬁi&?l!t&@ﬁl@@ﬂﬂ%ﬁ@ais

toxi to nor aI C ? t invention meets thes needs a
e R R FOCDAB AL AL ALY BROBRS G SRl B Ao
Pharofthérapy émpl@)f/ﬂgfmﬁemca§%nﬂr$%&w4mﬁw%w;ﬁ@wemanSA) DNA

kyl%HM%EWal&l E@%Q%ﬁ]s'rﬂ;ﬁ&fﬂr@&%ﬁhﬁhﬁRﬁé%rl@ﬁgﬂigxeéitﬁr998? Bﬁéﬂr%@g The
che Eformula 1502NNH o N Me/ H wherein each X4

S 4 B o0 I S A T RIS s B i of
neiglphanphceutivahfariiitat oniconnprisiatetirescdnp eumndratid efine d-aliviem
catiognd a pharmaceutically acceptable excipient, carrier, or diluent. [0005c]In

a third aspect, there is provided the use of a compound as defined above

[006#) 20 the ManfaGiure:elbamedisamentfeitraalingsanesras Cyclophosphamide

and Ifosfamide, are an important subclass of chemotherapeutic alkylators. Cyclophosphamide and

Hosfamide are each activated in the liver and the active alkylator released alkylates nucleophilic
moieties such as the DNA within the tumor cells to act as a chemotherapeutic agent. If the active
alkylators are released away from the tumor, DNA and other nucleophilic moieties such as the
phosphate, amino, sulthydryl, hydroxyl, carboxyl and imidazo groups of biomolecules of healthy
non-cancerous cells, can get alkylated. Such alkylation of healthy cells canand result in unwanted

toxic events in patients (see Hardman et al., supra).
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10005d1In a fourth aspect, there is provided a compound as defined
above for use in the treatment of cancer. [0006]In one embodiment, the
present disclosure provides compounds which are hypoxia activated
phosphoramidate alkylator prodrugs and methosds of the synthese. The
phosphoramidate alkylator prodrugs of the present disclosure can have
the formula Alk-T wherein Alk is a phosphoramidate alkylator, T is L-Z3
wherein L is a linker Z3 is a bioreductiye grogp. 100071In one
embodiment, the pres \ﬁ?dis)@lasﬂre provi eql\o[\peamuoramidate alkylator
prodrugs of formula @ rein [0008] INGH S, NR6, or NSO2R6
wherein each R6 is indepén tly C1-C6 alkyll.Ci-C6 heteroalkyl, aryl, or
heteroaryl; 20 [0009] Y2 is 0, S NR6, NCORS, of NSO2R6: [0010] each
of R1-R5 independently imyetsgeds madrdfeyiaaisino, C1-C6 alkyl, C1-05
heteroalkyl, C3-C3 cycloalkyl, heterocyclyl, C1-C6 alkoxy,

(5L 6aleytamingisG h@d HiatkylahaipboanyiddieterohilyBieg Badeph be used to

thek '09@3{35? %ﬂ%@&ﬁ%xﬁﬁ%@@é@é’ &9&&%@, ferwg compounds less toxic to
2007/002931PC 52006/025881 any two of R1-R6 fo a .

nesBRbatie tHROBYERS BIYEHAT BPRA RS TG A dEniRF Qv TR Ehramidate

alieftereiprddia ds-#3vI0k hdtheisefebied framloying them, as summarized in the

fé % -Y318-10=0)-010-[C(202-4-Y4J81C(Zi)218-[-C(Zi)=C(ZOL-Z3 and
1—% %62-%?{3118-(8(=O)2)q-1C(ZZZ-Y411,-1C(421z4CRI)=C(Zl)-18-23;
wherein each z, v, g, u, and g independently is 0 or 1; [0012] Y3 is 8, O, or
NR8 wherein each R7 is independently hydrogen, hydroxyl, C1-C6 alkyl,
C1-Cé6heteroalkyl, C3-C8 cycloatkyhheterocyclyl, C1-05alkoxy, CI-Cs
alkylamino, Cr C6 dialkylamino, aryl, heteroaryl, C1-C6 acyl,

ji-C6heteroagyl, aroyl, or heteroaroyl; 10[0013] Y4.is 0, S, qr.[0014] each

et L oy o« Qe B bl
aryl, heteroaryl, C3-C8 cycloalkyl, heterocxglyl, C1-C6 acyl,
Cl-C6heteroacyl, aroyl, or heteroaroyl; [001§] Z2 is Ci-05alkylene,
C1-Cé6heteroalkylene, wherein each X1 is inglependently N or CR8 , each
Rs is independently hydrogen, halogen, nitro, cyano, CO21-1, CI-C6 alkyl,
Ci-C6heteroalkyl, C8- loalkyl, Cr-C6 alkoxy, C1-C6 alkylamino,
C1-Céedialkylamino, afyl, CON(R8)2, C1-C6racyl, CI-Csheteroacyl, aroyl,
or heteroar(S)y?f?J 20[0016] X2ijs NR7, S, or 0O; [0017] Z3 is selected from
the group consisting ofy-f001 i eNroviso that in formula (1):. 5[0019]
(i) at least two of R1-R¥%re selected fro It r sistri¢f of
2-haloalkyl, 2- alkylsulfonyloxyalkyl, 2-heteroallyIsulfonyloxyalkyl,
2-arylsulfonyloxyalkyl, and 2- heteroalkylsulfonyloxyalkyl; [0020F (ii) at
east on R1-R5 is.selected from the group consisting of 2-haloalkyl,

W ?E?fl-eaal(g aé?kgjﬁ%?fg%@%Xyalkyl, 2-heteroalkylsulfonyloxyalkyl,

-arvlsulfonyloxyallcyl 2-.10heterqallcylsulfonyloxyalkyl; and at least
o R R S L i PR B R
thipepuanevusk es Nafined dfoo22]darpirdivideaetidsBrrecantablaceipicrar carrier, or

diiensracemic mixture of isomers, bioisosteres, pharmacophores, a
pharmaceutically acceptable salt, solvate, hydrate, or a prodrug thereof.

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

the manufacture of a medicament for treating cancer.

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

treatment of cancer.



[0023] In one embodiment, Z3 is a bioreductive group that can accept one
or more electrons 15in an oxidation-reduction reaction [0024]In a related
embodiment, the present disclosure provides phosphoramidate allcylator
prodrugs having IC50 or G130, in cells under hypoxia, of 50 M to 0.01 nm.
In a related embodiment, the present disclosure provides
phosphoramidate alkylator prodrugs having hypoxic cytotoxicity which are
up to a million fold, up to 10,000 fold, and up to 1000 fold less toxic in
corresponding nonnoxic cells. In a related embodiment, the cellular
CYRIECY R meansg . eniniollisiaton ansde A Uoing (NG it
IC50 value of a compound iri hy oxic and nonnoxic cells. In"a related

enfboeiinesity 2ie petiarrepidasidiyla nrexige anByrEioneetithassaese. The

angusing theqrelaivg St Qr il A OB valuessob e compURds#nula Alk-T
hypoxic and nonnoxic cells, [O(gg%ln another related embodiment, the

predrinidklissus provRdandkrsrahiidate GRS BrodrligLniving
ICERnalues drgells under hypoxia, of 50 pM to 0.01 nM. In another
related embodiment, the present disclosure provides phosphoramidate
a'ﬁﬁ']@&ﬁf prodrugs which are ui. 192000 folddessioniins0spasRA0ainG kytator
notmoxic cells as measured by the relative ICso values in hypoxic and
nopmdrigs céfiertrlafidther related embodiment, the present disclosure
provides phosphoramidate alkylatorgrodrugs having an IC50 in cells in
hypoxia of 50 uM to 0.01 nM and wh chE’ up to 1000 fold less toxic in
corresponding nonnoxic cells as rpe'élsu E@L y\tge relative 1C50 values in
hypoxic and normoxic cells. 10d326]ln a nelated embodiment,
phosphoramidate alkylator prodrug of thg present disclosure has a
hypoxic cytotoxicity of 0.1 nM to 50 uM ant g hypoxia cytotoxicity ratio,
FICR, measured by the ratio of nonnoxjg and hypoxic cytotoxicities, and
defined in greater detail further later in the application, of 10 to 100,000. In
a rgiatgd embodiment, the phosphoramidate alkylator prodrug of the
present disclosure has a hypoxic cytotoxicity of 0.1 nM to 50 1.11\4 and a
HG#0sf 25 tes 108, 030, tr HEoHRe mietaie dzdnihdsinderdndsherartiviats-Ce
al lato Odry%rglfég% sent disclosure has a hypoxic cytotoxicity of
LMo %Elj(/én N of 50 to 10,000. [0027]In one embodiment, the
20 pr%g]t d‘?ﬁ @@ﬂgﬁ@@é@gg{aﬁ@mhora idate alkylators for

treatement o?cancer and other hyperproliferative diseases. [0028]In one

empagiment, dae presait disclosHia piRyide s aharmassutical; alkyl, Ci-Cq
formulation comprlsmgggchﬁhosph%[f |_c%gt§kalkg/l t%r g@%ﬁs o&t_
IS PRI ALC A R Be pEA S et URAHEP o Glont,
[0QR28Yn:ane, ervibrdiraent, heqrest it disttbsuepravitles fecrrettol oftogether
treating cancer and other hyperproliferative diseases comprising
administering a therapeutically effective amount of a phosphoramidate
alkylator prodrug of the disclosure or one that is known, to a patient in
need of such therapy. In one embodiment, the cancer treated is resistant
to first line, second line, or third line therapy, or is a relapsed cancer. In
another embodiment, the cancer treated isa WO
2007/002931PC171152006/025881 metastatic cancer. In another
embodiment, the phosphoramidate allcylator prodmg of the invention, or
one that is known, is administered in combination with at least another
anticancer agent. 5SBRIEF DESCRIPTION OF THE DRAWINGS [0030]
Figure 1 demonstrates the effect of Compound 25 (50 mg/leg) on tumor
growth in the 11460 xenogaft mouse model, [0031] Figure 2 demonstrates
the effect of Compound 25 (100 mg/kg) oaaumor growth in the 11460
xenograft mouse model. 10 100321 Figure 3 demonstrates the effect of
Compound 25 (150 mg/kg ) dosed in combination with CDDP on tumor
growth in the H460 xenografl mouse model. 100331 Figure 4
demonstrates the effect of Compound 25 dosed in combination with
CDDP on tumor growth in the 13460 xenograft mouse model. 100341
Figures 5, 6 and 7 demonstrate the effect of Compound 25 in combination
with 15 Gemcitabine on tumor growth in the H460 xenograft mouse
model. DETAILED. DESCRIPTION OF THE INVENTION [0035] The

Aetailed decerintion of the diffeareant acnecte and emhbhondimente of the
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WO 2007/002931PCT/US2006/025881 defined herein for clarity and/or for
ready reference, and the inclusion of such definitions herein should not
necessarily be construed to represent a substantial difference over the
definition of the term as generally understood in the art. [0037] As used
heveime@iBEi'an” means "at least one" or "one or more." 550938}tk
means a linear saturated monovalent hydrocarbon radical or a branched
saturated monovalent hydrocarbon radical having the number of carbon
B Shbiiededdihhe Cretsieras deed o RischodutepthiptefixeSrigger T
wWBEe@ qyy,ICqq , or Ci-Cqq, wherein qq is an integer from 2-20, have the
same meaning. For example, (C1-C8) alkyl, C1-8 alkyl, or CiC8 alkyl
[Mdiides immethybddttyl, n-propyl, 2-propyl, n-butyl, 2-butyl, tert-butyl,

pentyl, OAhe tikeqEey e f the definjtions herein alkyl,
alkenyﬁgl%%sﬁg?égﬁfﬁgg %E gg p%&j%%ﬂziﬁc?é%gﬁﬂﬂ'&?&dthe
number ot frain brEiIF e h&tents ¥ lafCalkdl piitors@hé Yadicablorein each
zporgon dinbgenfopdtdaarre isix @rifewer main chain carbon atoms. (CI-C6)
alkyl can be further optionally be substituted with substituents, including
[48FBxainpies, GeutefRum iR, daydroxy inamine.omonaenenei( Gika alkyl:,
ANINY. M9 G:Az (62l , yano, 19nitro, ethenyl, ethynyl, C1-C6
%W‘i o o R SRR gy onans, O
Cafihdipiembiicteser b CastKickios i amono beidioatsCo)
lkylsulfonamido, aryl, heteroaryl, alkylsulfonyloxy, heteroalkylsulfonyloxy,

[@ry iuﬁ%ﬁ@ S?Tx\géé”rgﬁmr?kgﬁonyloxy. [00391 "Alkenyl" means a linear

ovalens hydrocarban radical or a branched 20 monovalent

o AT W 5 oSt e et o
heltetievarid-Contalpifylabitast:ohd, double-HoadCbltnoanoredhabthree
hdauhleshonds. Forexample, (C2-C6) alkenyl includes, ethenyl, propenyl,

1,3-butadienyl and the like. Alkenyl can be further optionally be substituted
(ORI substitensiknetading for-exampig,deuterium ("D"), hydroxyl, amino,

mono or di(C1-C6) alkyl amino, halo, C2-C6 alkenyl ether, cyano, nitro,

25ethenyl, ethynyl, Ci-C6 alkoxy,/ﬁ:T-C\@ alkylthio, -COOH, -CONH2,

mon)(a_-__gg(di(Ci-C ! I- carboxamido,xSO2N1-12, -0S02-(C3-C6) alkyl,

moyio or di(Ct-C [ ryl, hetergatyl, alkyl or
”%oalk onylox rylstifonyfoxy. [00401
"AlkyJatar" means a reactive moiéfy cgpable ofiforiing a covalent alkyl

E

1y“"' 1
linkage to macromolecules Via an eIeT:trophﬂTic reaction with a nucleophile
wsdhemacs IR-30PRoERhorIAALa Alkyiion Means an allyjator
ni{r%r wgich@lﬁziri ine or aziridinium electrophile’is pres nt o gené @&’by
Slecurdl fydtizbivh Cr S Bedivd dorosapietinis g 006 /025880 -Cs

intramole
alfgBailcAlkyledielkyieans, arliheamsatyiated divalant hydeecarhon sadical
neRAyingfrom one to twelve carbon atoms or a branched saturated divalent
hydrocarbon radical having from one to twelve carbon atoms optionally
[ssLystisytaduwithy sbstithients including for example, deuterium ("D"),
hydroxyl, amino, mono or di(CI-C6)alkyl amino, halo, C2-C6 alkenyl ether,
[0&cHanD, initeRcrthesylietbyyl oSl allkoxy, C1-05 alkylthio, -COOH,
-CONH2, mono- or di- (CgC6)alkyl-carboxamido, -802N112,
-0S02-(C1-05) alkyl, mono or di(CI-05) alkylsulfonamido, aryl, heteroaryl,
alkyl or heteroalkylsulfonyloxy, and aryl or heteroarylsulfonyloxy. For
example alkylene includes methylene, ethylene, propylene, 2-
methyl-propylene, pentylene, hexylene, and the like. 10[0042]
"Heteroalkylene" has essentially the meaning given above Loran alkylene
except that one or more heteroatorns (i.e. oxygen, sulfur, nitrogen and/or
phosphorous) may be present in the alkylene biradical. For example,
heteroalkylene includes, -CH20OCH20-,- CH2CH20CH2CH2-,
-CH2CH2N(CH3)CH2CI-12-, -CH2CH2SCH2CI-12-, and the like. [0043]
"Aryl" refers to a monovalent monocyclic or bicyclic aromatic hydrocarbon
radical 150f 6 to 10 ring atoms which is substituted independently with one
to eight substituents, preferably one, two, three, four ot five substituents
selected from deuterium ("D"), alkyl, cycloalkyl, cycloalkylalkyl, halo, nitro,

cyano, hydroxyl, alkoxy, amino, acylarnino, monoalkylamino,
Adicallkevslaminna haloallievyl haloalkovwyy heteroalien/l COR (where R i




cyclohexenyl, phenylcyclohexyl, 4-carboxycyclohexyl,
-2-carboxamidocyclohexenyl, 2- dimethylaminocarbonyNcyclohexyl; and
the like. 100451 "Heteroalkyl" means an alkyl radical as defined herein
with one, two or three substituents independently selected from cyano,
-ORYORHEM34Nnd -S(0)pRx (where p is an 5integer from 0 tB/PSiftfR3Es!
understanding that the point of attachment of the heteroalkyl radical is
through a carbon atom of the heteroalkyl radical. lex is hydrogen, @,lgyl,
cycloalkyl, eycloalkyl-alkyl, aryl, aralkyl, alkoxycarbonyl, aryloxycatbonyl,
carboxamido, or mono- or di-alkylcarbamoyl. Rx is hydroger;(,zakz,
cycloallcyl, cycloalkyl-alkyl, aryl or araalkyl. RY is hydrogen,alkyl, .

cyclo ﬁ)ﬁ/l, cycloalkyl-alkyl, aryl, 8#8alkyl, alkoxycarbgnyl, s~
10 carbonyji€arboxamido, or di-abkﬁcar oyl or*
ai!}lsul}ghyl. %%@pr thed that n is } alkyl, cycloalkyl,
cy, yl-alkyl, art-graalkyl, aming;-manoal nings di-alkylamino, or
droxyalkyl. Representative ‘examples include, for &xample, ,
2-hydroxyethyl, 2,3-dihydroxyprepyk, 2-methoxyethyl, bgngl%ymethyl,
2-cyano thyl,\qnd 2_-_rp_ghylsyl'fonyl- h-yl. For each of t 3 abgve, RV, Rx,
RY, a.vrz; catf be further sub§\tituteg/ y amino, hﬂuor, K
drzHikylamitio, OH or alkoxy. Additighally, the prefixfndicagpg the number
of carbon atoms (e.g., CI-C10) refeys to the total number of carbon atoms
in the portion of the heteroalkyl graup exclusive of the cyano, -Ole,
-NleRY, or -S(0)ple portions. [004
together cycloalkyl or heterocy#lyl. 2004 A\'Heteroaryl
monovaleptmanocyclie, bicyclit or trigycli ;fﬂical of 5[30 12 rihg at}m"'
having at least §ne aromatic iR aining onepdwo, &rthree
Hetéroatams sejécte . 0, ofliS, the rémaining ring afpms being C,
with the ynderstanding that the attachment point of the hetgroaryl radical .
will be on an aromatic ring. The heteroaryl ring is optionally substituted
inEirRENGantiIih ROEHR Rightsulgiituents, preferably one, two, three
250r four substituents, selected from alkyl, cycloalkyl, cycloalkyl-alkyl,
Haloonitr@) ayessoiwuyalf dxys atkexyctadning, deydan nesingrs alkidhaiing, 2-
[ ' L, = [
R e e T R iR S LR
ineget Rt o syRkEhd R" are independently hydrogen or alkyl, and R

is hydrogen, alkyl, cycloalkyl, cycloalkyl-alkyl, phenyl or phenylalkyl), or -
T G PR N T TR B BT O AL R e O
ifd elseivddntiyoryaioy @rherealiidy antd o aydkR Y2 arglsiniiepeondantly-of 2-

o e@o‘?’ %EBE%{%B é?e{e?]’\rﬂj":%d %%%'f?%@é' bfNRS t;'%?ﬂ%« %ﬁmﬁ;' &

phenylalkyl). Th”on iment, RX an ogether 'V

7/0029 U 25881 is cycl /| or heterocyclyl. More
ﬁgg%{ﬁca%ﬁﬁ%%%%%@%&?ﬁ%&ﬁ%&éﬁ%ﬁ% limited to, pyridyl,
f l, thienyl,.thiazolyl, isothiazolyl. tri imi l, i ], - -
e B o Al R TRIREE Wit
teRaaRgeDINEPz & RlempAcTeiet s AeteRtahl Spibribstabsijate. or a prodrug thereof.
benzoisothiazolyl, benzotriazolyl, indolyl, isoindolyl, Sbenzoxazolyl,
JORHaly 1, ot 1 (o ST SR ISR BRA CbRazofeons
on beszathienybdngaz eybtpyrrolopyrymidinyl, indolizinyl,
pyrazolopyridinyl, triazolopyridinyl, pyrazolopyrimidinyl, triazolopyrimidinyl,

pyecalotriazinytcRykezelastRziny h igealatiazioyl [ OMAZal0 181 8RB midate

téjﬁ%?aa%éa-;ﬁngenlsy and t}&ptaaég-inde | and the derivatives thereof.

feast A nte s Wisto Hsw AT RIdRt Brrdenatefb MomS Aowrdine
tiskiid grebol vecrtnhamange hentatiopedidy: thesphnding:chanagtesistics of
the constituent ring atoms. [0048] "Heterocyclyr or "cycloheteroalkyl"
means a saturated or unsaturated non-aromatic cyclic radical of 3 to 8 ring
atoms in which one to four ring atoms are heteroatoms selected from 0,
NR (where R is hydrogen, alkyl, cycloalkyl, cyclOalkylalkyl, phenyl or
phenylalkyl), 15 Pe=0)0ORw, or S(0O)t, (where p is an integer from O to 2),
the remaining ring atoms being C, where one or two C atoms can

optionally be replaced by a carbonyl group. The heterocyclyl ring can be
nntionallvy crihetitiited indenendanthvy with one two three nr forir




[00501 "Ci-C6 Heteroacyl" means -00-(C1-C6 heteroallcyl), wherein the
term heteroalkyl is as defined above. [0051] "Aroyl" means -CO-aryl,
wherein the term aryl is as defined above. [0052] "Heteroaroyl" means
-CO-heteroayl, wherein the term heteroaryl is as defined 5above. [0053]
"Risulfonyloxy” means RsurS(=0)2-0- including alkylsulfonyloxy,
heteroakylsulfonyloxy, cycloalkylsulfonyloxy, heterocyclylsulfonyloxy,
arylsulfonyloxy and heteroarylsulfonyloxy wherein It," is alkyl, heteroakyl,

Cyd%lmgm oY elvl: avl and e teinark L sne GlMalY. ARETNREERID,000 fold, and

alkyl, heteroakyl, cycloalkyl, heterocyclyl, aryl and 10heteroaryl are 7
definedoaliiydo R kerisres BraTksRIMERY K MGESMB S Eyd gubpdiment, the
S(=Q2nar GrRoRic) 2 reandetheylikeipand-examplesyohatylsuffanytegive ICs; value
include Br Sfr0)2-CYP- and the like. Alkylsulfonyloxy, heterpak .
sulfo%ﬂ 89(??8%%013I1%W§ m?oarlflé: 8?&1,1?1)&%%%%37(}:@?5%%8%dyfg>l<%/0,dgr?y sultor ny %‘51(132}1

and hetervaitisulfonyloiy groupscandse e avihg gedhpsentive Cio, Cso, or Cop values of
phosphoramidate; 1 halkviators Andsanbesreplaced in a cell by nucleic

acids such as DNA or RNA, and imidazoles, carboxylates, or thiols of
proteingspausingalkyitian andethedeath greetaitabseaction as yarigusramidate

Rsuisulfonyloxy. groups.with, nucleic acids, profeins or wat e )
oI A R Al AR e e N AR RN A0 0L . T ot
the sténedbuikwitivetRhn proketydaatboanprovddenbhadishoridrivialierlator prodrugs
alkylgtors A0d PrOsHg S, IBRIGL WhiEh Fre S AMRLE IRNIEtR SRS iBasured by the

general and hypoxic zones of tumor in particular over healthy cells. [0054]
"SubsstitientSsoniuss, BIBRTUAHPLIBEHITENTS [SaltiabnhRy HESEY BRah " the present
definition qf-epehiaédhaogrpupmabrvel thosepselegtethfiopundeiteniesinjn hypoxia of

-halogen, -OR', -NR'R", -SR’, -SIR'R."R" -QC(0)R',. -C(O)R", - R normoxic cells as
o B AT e SN e e s e S
-NH-G¢M I Hhe RIS 2Y N [ NG {NME EEXReX S B O)R

-S(0)2R’, -5(02 2NR'R", -NR'S(0)2R", -CN and -NO2, -R’, -N3 u

perfllRC 1-leaydaieharbpbrpatoRrae inispig Ry e ﬁ[ﬂ%%‘&olfat%ﬁfeg‘sem

from genedadhestotabbriobestetiopgnivalendas sintenadibaticancoyrherdcity ratio,
R, R" and R" are independently selected from hydro C 8&1 “ned in ereater
s e S PR R LR Pl Mncd n g

heteriszaiy|fuftins libstibutbelaap)iyatanp &l o ARG s libstielited apprslnet the

alkyl pﬁ‘&’;!hwaﬁ%lég%ﬂ%ﬁﬁ %R}@Fﬁ@ @%@&@m%%@tﬂéﬂﬁ@%Hﬁi@-c@otoxicﬁy of 0.1
halogens, unsubstituted C1-8 alkyl, C1 -8 alkox})l/ or Cl-s tghﬁo%%(rgg hosohoramidate
GrouB. B ThetsrEREIE A AP RO B O FEHCR B P e Phospho
attachegiiothe-samer i pgemationiptheyhean e oomiyioedwithofie 1 nM to 5 1M and
nitro om.to far 3-, 4-, 5-, 6-, or 7- membered ring. For example,
-NR'%%E;%Q%nOe?WaSr{%tt?g% ude 1-pyrrolidinyl and 4-morpho|ingyl. 50ther i
suitaligsybstifusnts inclite.cachetis abavarryl substtventsnatiaehadidae

to a ring atom by an alkylene tether qf from 1-4 carbon atoms. Two of the

subs BRI DI TAETHRBSTRbIRCST tHE UPST BV HERESBERIITRG TR
0 B e T P B R e Formlaion
or a singleitonthe phnebbpisraiddrstelatast Perireeso D ha FeypEifvayd gudgmaceutically
the sg&%g%gggggj@,gqug{&ﬁpmﬁégglo the aryl or heteroaryl ring may

optionally be replaced with a substituent of the formula -A(CH2)r-B-,
wherginzdandBoid ertdependentlyreGhiRtiselosul blgviBes a8(0)hod3{0)Rating cancer and
5(0) AR 8 sineie 000d. A0d L I A0 JIeGRL ALl o 3. One of the

single bon of the new ring so Yormed ay optionally be replaced with a

double bond. Alternatively, two of the substituents on adjacent atoms of

the aryl or heteroaryl ring may optionally be replaced with 15a substituent

of the formula -(CH2)s-X5-(CH2)t-, where sand t are independently

integers of from 0 to 3, and X5 is -0-, -NR'-, -S-, -8(0)-, -8(0)2-, or

-S(0)2NR'-. The substituent R' in -NR'- and -S(0)2NR'- is selected from

hydrogen or unsubstituted C1-6 alkyl. 10055] Certain compounds of the

present invention possess asymmetric carbon atoms (optical centers) or

double bonds; the racemates, diastereomers, geometric isomers,

20regioisomers and individual isomers (e.g., separate enantiomers) are all
iNntended to he encomnacced within the ccone of the nrecant invvention



25(4C). 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. [00561 The tenn "pharmaceutically
acceptable salts" is meant to include salts of the active compounds which
are prepared with relatively nontoxic acids or bases, depending on the
particular substituents found on the compounds described herein. When
compounds of the 30present invention contain relatively acidic
functionalities, base addition salts can be obtained by contacting the
neuttalrfpetiofisudii gompounds fithhassbfficieidt arribyhatooithérdesirtd disclosure or
base, githerneatal i Qﬁﬁﬁ@a&&?d@%ﬁ%ﬁ%&@rﬁp&% af.salisdRrivRancer treated
from WO 2007/002931PCT/US2006/025881 pharmaceutically-acceptable
inordiriti Wasés firtitre srnvirtin cAMHbifSR R RS BoPpRICHERAEST In ancther
ferrogsbdidhivim, maghnesiudddanganie, 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- 5occuring amines and the
like, such as arginine, betaine, caffeine, choline, N,N'-
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol,
2-dimethylaminoethanol, ethanolamine, ethylenediamine,
N-ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine,
hydrabamine, isopropylamine, lysine, methylglucamine, morpholine,
piperazine, piperadine, polyamine resins, procaine, purines, theobromine,
triethylamine, 10trimethylamine, tripropylamine, tromethamine and the
like. When compounds of the present invention contain relatively basic
fimetionalities, 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, bydrobromic, 15nitric, carbonic,
monohydrogencarbonic, phosphoric, monohydrogenphosphoric,
dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodic, or
phosphorous acids and the like, as well as the salts derived from relatively
nontoxic organic acids like acetic, propionic, isobutyric, malonic, benzoic,
succinic, suberic, ft-mane, mandelic, phthalic, benzenesulfonic, :
p-tolylsulfonic, citric, tartaric, methanesulfonic, and the like. Also included
20are salts of amino acids such as arginate and the like, and salts of
organic acids like glucuronic or galactunoric acids and the like (see, e.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.
25[00571 The neutral fatills 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 {bums 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. 3010058] Certain
compounds of the present invention can exist in unsolvated forms as well
as solvated forms, including hydrated forms. In general, the solvated
fonns are equivalent to unsolvated forms and are intended to be
encompassed within the scope of the present invention. Certain
compounds of the present invention may e>§i§t in multiple crystalline or
WO 2007/002931PC'F/US2006/025881 anmorphous forms. In general, all
physical forms are equivalent for the uses contemplated by the present
invention and are intended to be within the scope of the present invention.
[0059] As used herein, a "glucose analog” includes mono-, di- and
tri-saccharides. The glucose analog includes sacchrides comprising
glucosamine, N-acetyl-glucosamine; fructose; 5 mannose and mannose

derivatives; glucose and glucose derivatives, including but not limited to
27:Aeanvvialiicoce (2-DCY Neoacetvl-2-aminn-2-deovv/aliicoce
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25biological activity of compounds, based upon the premise that
compounds with similar size, shape, and electron density can have similar
biological activity. Known bioisosteric replacements include, for example,
the interchangeability of-F, -OH, -NH2, -Cl, and -C113; the
interchangealility of-Br and -i-C31-12; the interchangeability ofsh@a@sss1
-t-C4F19; the interchangeability of -0-, -S-, -NH-, -CFI2, and -Se-; the
interchangeability of-N=, -CH-, and 30(in cyclic or noncyclic moieties); the
rirtterchangeabilityofiiiempodimetpytid phgyoemperifae WiQlator prodmg of the
200700293 REFLISRA06/92588 ] inierchanaebiliti A GG ARdmar Afar
example, benzene and thiophene); the interchangeability of an aromatic
HRFGFETER "-N(Rar)-R.) for an unsaturated carbon (RatC(=RO-Rar); and
the interchangeability of -CO-, -SO-, and -SO2-. These examples are not
limiting on the range of bioisosteric equivalents and one of skill in the art
will be able to 5ideBRIEDHINEFIRGISHIE O fdplalo8mdikEithown in the art.
{@&%} fof; F&@m Bl dnatans %eaéﬁeé@&@oﬁg&ma B@xgoqﬁgﬁég A5 @S rowth in
A. Frog. Drug Res. 37:287-371. [0063] A reasonable
taﬁg%ﬁ?dﬁf}ﬁgﬁ%&eﬁme blndlng ability or the function of a known

cule can be made ba atlal fa small
e o PR G O R T EPEAR L i e i
et dxamwaniemest imdelled a 10 phannacophore , and once the
phatmacophore or phannacophores in a molecule have been identified,
HI3Zinfdriavatid d et detostd tHidehtiyomnmdbdiéediegohiamiyg the
SAPRA6SHMIACPDARRAGARhaREh SUshImethods e weallkpewd to
persons of ordinary skill in the art of medicinal chemistry, and as the
[s08ajtu lfaghﬂé@rmai&amd&s@ﬁﬂoﬂ&&mﬂﬂ&ﬁ@pimmmwd&niiﬁ@ﬁbﬁlﬁaion with CDDP
oo t%lnn7 %h%r% %QEEE%PM gf{nl ate, allé ator prodrugs and

osp raml ate ato n example of programs available to

B5I9rM:phRRRAEQRNO Eﬁn{aﬁlﬁiﬁg SERFRBES S IFREAgAM C%Bbmauon with

hannacophore search from the Chemical Computing Group (see
ReEPeIRHUG ErRRE SR CRP IR BroamtS. Rye m@féi] "Optional" or
"optionally" means that the subsequently described event or circumstance
can, but need not, occur, and that the description includes instances
where the 70 eVeRt S RSIERIEEIOECUIS EH INSEMEESNN which it does
@ossForexample, d&@%%y&iqlgamemg@@auw TaleNR I Me TSI e ST

with an alkyl group” means that the alkyl can, but need not be, present,

IHRE AR HEEEHIHOAS ﬁ%iﬂ‘&%ssg?ﬁ%‘tfdﬁ%ﬂﬁse%efﬁle FEtgy s bt g faeribes
heonoyondisuidbti tutediwit ind malkydsgrouplang tsituabianswiietedhie:s methods
mrsma@lelgag%@ izRahsHRsiied f\%%ﬁﬂ&&kﬂﬁ%ﬁﬂ g%?e]n%%%]l&s of the

com |nat|on (0] substltuents or varla les is permlss e onl Y if such a

DFRbMAtR s SAbdoEHEMICBIRY e STHBRIEhip SURke 1A Bedes
mmpmgmm@mheﬁsmmélyofeﬁ@bde sompowndds. onﬁslﬁnewnwmémlahﬁrm cal
SIISIIGS DoLSHPSIRNal. alered when kepl al.a temperalia ahAG o

S, In the absence o m0|sture or other chemica Iy reactive con itions,
-‘-’l%frtiaii l6aRplikahisdk aBOpODBEP BB fErein, a "prodrug” means a
comzqund that, after administration, is metabolized or otherwise

to an active or more active form with respect to at least one

| ologic erty, relative to itself To produce a prodrug,
%1 ﬁéﬁfﬁ@%ﬁfﬁéﬁ@é‘“@&ﬁ%ﬁﬁ&%ﬁ? &Rt 5rtur B}Gﬁﬁéflé%ﬂ*%
cinﬁn@hueﬁi chemitatynstgiibhaidhémedifiebcformeadidgdssractivecanindetivesed
e ahemicalnadiealion s claaivaly (R¥a2IBIPYIRE 62U, e

biological conditions such that a pharmaceutically active form of the
Lmisele Redsteritel BymastaHolET s WP Bistadicaisroeebssanings arc
prodrug can have, relative to the 5drug, altered metabolic stability or
transport characteristics, fewer side effects or lower toxicity, or improved
flavor, for example (see the reference Nogrady, 1985, Medieinal
Chemistry A Biochemical Approach, ngford University Press, New York,
pages 388-392). Prodrugs can also be prepared using compounds that
are not drugs but which upon activation under certain biological conditions

generate a pharmaceutically active compound. As used 10 herein a
nhnenhoaoramidate allevlator nrodriia iec 2 nrodriia that rinon activiatinn
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WO 2007/002931PCT/US2006/025K81 bioreductive group lies within a
. range where the group can undergo reduction in the hypoxic conditions of
a tumor, by DT-diaphorase, and/or by a thiol. One of skill in the art will
understand, in view of the disclosure herein, how to substitute these and
otheeigigeitictive groups to provide a a bioreductive groupdiasin@sazsssi
redox potential that lies within said range. 5[0071] Generally, one of skill in
tEe art can "tune' the redox potential of a bioreductive group by modifying
ISHRIGIEGP for chmifr{ectroFritiefRastiTPg fotip dichisen shsadrisngions
h@ﬂu@@p@m@m@emrﬂblhaﬁﬁmﬂfe& &kﬁfbg’é@&iﬁ% SEthm@rence over the
adiiathigplhensnoliam, andniiehisgolc groups may be substituted

with one or more electron’donating groups, including but not limited to

omeihy h methes;onaming, atouns -9 achisye ihe. desired redox potential.

10 In another example, the nitropyrrole moiety can be substituted with an

[oateptron mithefauving i aEuRIReY %Hﬂ)béi&ﬁ%ﬂ?@ﬂﬁgoﬁ?r%@ﬂ%r a branched

sa%%lg%%midei %:33 anc&gsulfodjamide gr%ups, to achieve the desired redox
potential Eor This PUreyae” LYERY BIME OR WIS SAAG S eips sdigtedin
thepaefis. shifend isthfodiashisies.chelpoofamide,- 6t 0R3, andopdgenriast giis
WHRGEAMAD BO HRSIHER AR HiekiRsD TReNRlgRN IS ., iCh Of .
Z-B ,gl:éan b%useﬁq.t 15[E10)O7%] As lljjs%e] %legiggaﬁ,%%;&n i%i%%na{gésfé@%’tpf “
SRR TSV SHdreamder- BigBH DTt E iy el i sertyh tbé
thirbemermtcafioafitbercSuithagents can, biksedalongker iNCOmANaHomen a
pr A0 OHOE ERRARL MR AR EQ VAR [ SRS, ATENOIS, BrSKET of
place or maintain in a state of remission of qﬁmc%ﬁ symptoms or r‘éé’ﬁgé%
At oLREEesEeRith h s as T firsoneinchrecrTramroeeplastiss) alkyl
caageritstirctpdendilstiaremetimitediteuanlic-20aRgI0BeNS 396MIS, alyiating
‘ Ikylators, antim ite,.certain natural,prodycts, platinum
B L o e gt o,
ity rdRmd. derfvatliies) sarendkpiticat SO BTe S¥aNts, vertainr di(C)-Cq)
alkgcaronesand SUagaNiSBICeNcaRASBCrRAUIRS) alkyisulfonamido,

. moprotegtants, and cer %igrgq b, or other plant extracts. [0073] As
Mgggdt ?\g{ it[ngﬁ( énsgg }%}@FS ct)'oriqeﬂgfs ‘él%%l? %faﬁ‘ilfi%%‘}?%ﬁx?(@b diseases

hegggeatrd5Bylers uncontrolled growth and spread of abnormal cells that
¢an take the form of solid tumors, lymphomas, and non-solid cancers such
(083 ke fiay o AS e Brensraisnt hydingreincadiedioretereschodcancer
meelisbroanosrsithatdiaverinegapaciief metasiasismyiilass af Bether
AIEH A PESIVONEL IRl 09753 A5 used haren, megpizem

(neoplasia) or "tumor" refers to ’abnormal new cell or & Jrawitimpte:

Ckiok ks '@CB@ﬁiig ﬁlﬁnpﬁd}r@w, hArbntadieny! and the like. Alkenyl can be

BOEHR0R %ﬁmxﬁuﬁ%&wmgﬁm«% i ﬁlcﬁaigg@&Eﬂiﬁg@,'zﬁegé%ﬂgif(a%ﬁ,
ndiion .or patient refers tq taking steps to gbtain beneficial or desire
e S P e o HHEH St oAbl
@ﬂé‘f'rﬂdbsﬁé’wlalﬁiééﬂl FesuitsCnludby by, af© Ao, HENISH Lop alleiadion %) allyi-
Cﬂmrﬁ'MHQe@ﬁ@Q@-mH&%% 8?5‘1?}?{ EE)%Qf&Eulfonam%’d&s zggiée

Bl _ger rofif raﬂlve disease conditions, Sdiminishment of extent o

A D A S Bl RR  Stpe S B GredseiL aition or

{Q&%Piliz {o 0}1@% Egisease tzstate, and oth?r beneficial results described
B P A T AR M BN o SO Sy oA i

magramatica M EqEvidemeldlithisghraseh meahs detreaging:af thelseverity

"PabFHeseNLY-Afithe: SYMRIQEUS L flirdinakion, of EQ%%E‘Q}%?@N@ oa

78] As used herein, "administering" or "administration o r

LR P R ERACAIR G AMTERRL GHER R Hivp4is) 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. 15[0079] As used herein, a "therapeutically effective amount" of a
drug is an amount of a drug that, when administered to a subject with
cancer, will have the intended therapeutic effect, e.g., alleviation,

10[0
e‘%@ﬁ%}%

—-———atnelioration; patiation-er-elimination of one or more manifestations of

crancaer in the ciritbhiect The fiill thearaneaiitic effecrt dnec Nnot necaccAarilvy
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on the partitioning of the substance betwen octanol and water. ha.
Compounds [0083jMost drug-mediated cancer therapies, including
phosphoramidate alkylator-based therapies, rely on poisons, called
cytotoxic agents, selective for dividing cells targeting, for example, their
replieating:NA, microtutbule, and various growth factors apgerawthhsss:
factor receptors. These drugs are effective, because cancer cells
generally divide more frequently than normal cells. However, such drugs
[08#Ho st ilevitadIyneip otitdialitofuthé dehee hedlisdrbth e atENYIQNEom one
toreRSALis Ak GARGEL salisikanmuiigARd.d %y&i%%%%%&%ﬂa%%ﬁm cre

; At\n ther is that not all cancer cells divide more frequently than normal ce
Cand SIGHR VIR GRAAREY TRAK s WAL S RRAniRRbAEn 8 SeTEmDEE to
detrehoyBidkitydgentsasnomial cotisC[AORMRBamaecanceccelsikesidediar,
cy@RORAY \aselarized selid tumor. ape unaple fo gensrate tha energy gi

required for céll division and dividé S|OV\?|y.(XS a tumor grows, It fequires
(%Tél@al%ﬂifﬁfy%ﬁﬁl}%h%@a‘ﬂ%hﬂw&o@tﬁdf%w vesewadiffe-Gihe new
azmsgmaamﬁmysaaemf ! LUIROT (grmeﬁ%ad ﬂﬁcﬁﬁfﬁfpﬁ%irg%q%ﬁ@%ﬁ%ving
ions.of the tu nder-vascular and even the

o R R e B A8 ooyt -
meiyaredemtarrrodeand orderedré iofiscof the tumor become hypoxic -

they have a lower oxygen concentration or a lower oxygen partial

[O8a5 suHerarrenco s SHRmimYy Remrarnestiseniie th&eel kakmrsreept that
orexhibitrslowesates(oé. divigionsdhmsithesmadian ygeRdcenservation i
thgggi@ﬂb BRIGRAT 0&&%&53% {fgfgl%%eff%ﬁﬁ(!ﬁ'ﬂethe nﬁg;nsa'_@wggxﬁf 5333 to 8000

Pa (40 to 60 mm Hg), perce £ 0t Solid Timord exnioit median
A Ebbntationt oY 834 b 33T RO g)nf0085 e
OEX oxic areas of the tumor represent a significant source of metastases
%1t cantdr LEHE iR Bttt tHeraiRy (s 1oF exiriprabe odegerber sdi ok
of} @alfoerg 200, 84(8):1280iman thRpistaa iotwath Bk oGancarsLaRkks,
p:BRMAY 1897 600 Nat surnrisinglys nenlows Lymor axygen levals are.
assoclated with a poor response to therapy, Increased me Astas 5, and

cy58EK kAT R ekt amis st e ivaaan- e astionngs acylamino, mono-
alIGYartoph di;p]iltamiﬁﬁoanﬁdffﬂ@ﬁaﬂalidﬁ}iﬁi:jl,h&&emﬂﬂmMﬂm%@&@!ﬂ%ﬁ@&h,
4100t Gif rgeh [ 'ceyltto 'en IC 2 Qf € r. .
D et B 2O T
SRR ARl actibated T e nderpieiHicividiotes b yiekl Activedrogen, alkyl,
Q703 AP T ) S200GI058EL | Cabphospramsn s s &
infgper fv £ a I¢ Independe gs salk S eanes,an
_ igosfag?ﬁqige% rr%Ugt;arn(g,ﬁreasBec |\1/e1§ slg(’%gllgo%ﬂ Bfl’?g%hg}%gn@ﬂ e
InfgapRseataId rtah i o bufrdevealHati ife bl amoshimlated. ahehgam
pheeymeste in andavbatihe eelalnconiashiths anenicAlkYAS L and2
s are f%jc[%%%sls}cglllrgg rane permeable and once formed extracellularly
Pinetticienty Killsthe Bel 5 Rikyiath G Esili B BrA PR oE 7 ipRaH thaed 2-
naphibsh bt dmitkitdiatky Btorstheach the tumor, they generally kill cells in the
fast growing, well vascularized, nomioxic, outer zone of the tumor.
[Ofdglvevercierdlsd IRissplaramidetisnlkyliatdns merhot adiefiedtivecd o seven

rir%eﬂﬂ@ﬁ&!”glﬂ&%@dh@lﬂ?ﬁ@é@ﬁ@%ﬁﬁgﬁ%ﬁfﬂ&re%&wﬂﬁom%gﬁmgybe
IC | [ r maQr zones.an N Ki Ing umaor cells ereln. erore any
oAy St o eRle iy o P R FEBSCUYERS Frbs Bl

allghoppeismtiinstbxiditiedptaion celt dEatt (vICyciSphbapbamidébicmiacesal

snifklalar i midatian Honlamidelicmincatel pAlalon 7 LOORRI WIS, )

Mthe hypaxic tumor is difficult to treat, the hypoxic tumor zone can ge erati
PErREFGCSH Weliv At e poalid frlpdse e rirsarigrovperread. wislpsfarbnce
Workman at 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 04/00966% and US 05/08161;
PCT/U32005/041959 and PCT/US2005/042095, all Matteucci at al). Such
a hypoxia reducable (or hypoxia activated) prodrug can be constructed by
employing a bioreductive 20group (Z3) together with an alkylator. The

---pioreductive group is employed as part of a Trigger moiety covalently

honded or attarhed to the nhoenhoramidate alleviatar \WO
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Alk-Trigger 5 wherein Alk is a phosphoramidate alkylator and Trigger T
has a structure L-Z3, wherein the linker L is bonded to a bioreductive
group Z3. In one embodiment, the Trigger T is a hypoxia activated trigger. =
100901 Phosphoramidate alkylator derivatives are reported in the
referenceswBorch et at, J. Med. Chem. 2000, 43: 2258-655,200L, d4ir<sq1
69-73; 2001, 44: 74-7; Her-nick at al. J. Med. 10Chem. 2002, 45: 3540-8;
Hemick et at, J. Med. Chem. 2003, 46:148-54; US Patent Nos. 4,908,356;
cy5|B08H2Y pbe40B8,9B2pEy ] 90:889::5;4 12850 2anth 6656126 hiSRatent
diﬁ@tﬂ@?&%@c@%@ﬂﬁ%%%ﬁbf}&;}#%& 03/0008850; and Papot at at, Cure. Med.

Chem., 2002, 2, 155-85, isolated compounds of which are disclosed

[othefeinranghaus netdhe subigetof the Pissentinvenion .12 SOME three
Su%gnﬂﬁlodlments, the Phosphoramldate alk Iatoé%%rodrugs of the 15present

ARt HSDE dHL biciord Briherdlowihg SR rRoEisiEe) Arghers a
intpgpofkictOxicty, orifiothe nnéduseafile B ok GO0 pthypoxis fissyacEiiower
ABRTIOHR GYIONISIN 1 RS 015 S8 RSk PLeTls 0L SOme
e P LG et M8, cytonti,
oysiraliyhaamitatesikylatbrosretnmgs cries yrakenti nvbation difemiesm or
dik@mmbh haspharaiig ?iegaiﬁﬂiﬁﬁlizrcﬁﬁlijh&@(ﬁh/eﬁcwlﬂﬁ-ﬂlﬁ@ﬁf&k%%l. R is

e.2 tor released, (i) the re of the linker
h%&% %@g}%%%%ﬁ% |\’/§%lx%a§(py Ez%ﬁg(}ﬁuj“ 1’@%?2@(%@?0%% ?%ré%}f an one

THRIEIRIVE GroupRsietepr soiebotabirativhofitkdsdfattyibBids lvyogen
(piocieasadt hypoxaseleaivaieytoxaimaasirad iy aigerHGR yaliwes (v)
aﬂ(ng:arl%%segi% U?O%EOSOI%'HEX;;&\Q II’iIC eased st?blllty to liver microsomal
degradation andor (vit) proviaing effeatves BROSREPAHTHA MR {pprample,
2-Bréuig s hat- arbbadhirab ol 2oiciRBerbyitibmer spesifiy i viyoosthyl, and
2 meatahalien [AG9LIFEpadersand whythe: REOdree OmBOYRIR O iBrted

b }pr%%?nli irgve tion rﬁ%esent a,si1 nificant advance over known anti-cancer
phoSBhSramidate AR IR i RivaE oA RHBFSh WY B Pra o B RSRSGy
ingigptioalidryumiderhypbxiceand ghamacekingtics, tncpharmiacodynamics
atShPIOHTUES RIRUIded RSN @@%ML@&S&%M Rfl E;&QJPQ%%{ FRRA&fiegtive
_S#)mﬁg therapy, a hypoxia activated prodrug should be much'less toxic to
e)él h?oﬁté oxic cells compared to hypoxic tumor cells. In some
e e s KA BN R il o Beleis i ' 1252

[08%7/ 09&%%'3%@{693%@9%%9&?%%} 1IEQan h%%%i(%f&lec”gf i\ll}{:h C ?c ?alljc%paﬁof to 12

_prodrug of the'invention encounters tﬁ%cﬁcypoxm, reducing environmen
gt SBidta M b st ratie fios emiRsiBloTeltiktver Grsapiuaiitesatoms
soflissodiation, of the the ﬁlﬁﬁﬂh@f.ﬁ@ﬁ?ﬁ{@ @im@ﬁ%ﬁ[ ﬂkheda@éiy@r@m&g&%& e

0 orarnidate alkylator Js released within the tumor zone and can
R e AR
RYRBAPhoReHHded dodRyraontsy SeEh kit e i Wstdiffivalbtefrelibhohypaxidthree
orfRgientefithasolistumecwhile minimizing deathof nep-eancearoys heglthy

h %ells nﬂ(toxic side eff?cts to the(P Eig.\d]t. Thus the Pre_sent invention
‘providés H%é‘%fé“%&’ﬁ%%%%f’%ﬂ&&ﬁ@% HP5Fe Fhittenracdwieds Frealthy,
hafpsbexideetisibolms B whdny Boxitdtageor dielts pHO[A09 Bletiylakrtain
(CRMbodiments,ihe-RhosRRarRRiaterlyIator Riodrugs of 18 RHESERL, ven o

inventign employ nitro contalnlnglraromatlc or Indole quinone moieties as

Wttt e Grisptnerthgle scirtivd-Apbxikenthes Bl Ao group
(OB Fethu BN Bh(Whrdrox ylaiminieser funaming groyp engdpvepiameglectron
' ina or hydroxylaming group through the conjugated 7r
o et e e R g
cyghisfiatory e atistibnbmiadl wiererrakdy pixiotemorimanh 8O k¢ Biromehis
reduced to an indole hydroquinone and flow of an electron pair from the
hydroquinone through the Trigger T releases the phosphoramidate
alkylator. The released phosphoramigate alkylator Kkills cells in and/or near
the hypoxic tumor. [0094] A number of enzymes can be responsible for
the reduction of the bioreductive group 20 Z3 in the Trigger. For example,
cytochrome P450 reductase enzymes can reduce the nitro or a quinone

moiety in a bioreductive group in a first step respectively to a NO2(-) or a
camiadininnne radical aninn The hvnovie fiimor 7zone can have a hinher
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toxic to the hypoxic cancer cells and tissue compared to the healthy
nonnoxic cells and tissue. 10 100971 The ease or difficulty of reducing the
bioreductive group Z3 can be measured by the reduction potential of the
bioreductive group and is influenced by the linker (L), and the
phosphoi@nidate alkylator (Alk-11). For example, attachmgnt of the. ...
bioreductive group to an electron withdrawing linker or an electron
~ withdrawing phosphoramidate alkylator can make the bioreductive group
iseeierlty radacecenivbakéddepnibnliyiteoualbety bondedda an is not
lihbedestinndighilinkar QAN alacien i idate alkylator. [0098]
Th? irri@%rigan b.eﬁoxidizgdeﬁ%g?}gf 1%?%@%%%%@%%6@5%&%fécg‘éé%ﬁg
%Wo%p%%%éﬁ%gﬁé“g?ﬁ%&&ﬁ% SR rsERbe v menfmany,
isleskesypeaioy | b phrosphoisiidatsiatiton regrigithat isiadhe cinig.can
behSISASEIA! i iR ce of hypoxi the action of gutathione
b tran§§§$2§%ﬁﬁ’$§%é?]§§ﬁ§ﬁfﬁﬁ§§ﬁ§@%t%% RISt et o
R REht OB THlereRaria nadetEior e inkepaintiigh, the
triptrdsphGiiapi gm?wmﬁﬂﬁ@n miﬁéﬁﬁ@ﬁrtﬁ@r%ir?%}y?mm?[ytic, IEr |
> [ e prodnig with respect to phosphoramidate alkylator
D PO AL SRR R B iog st medr
anﬁﬁ%%mﬁmﬁ%%ﬁ(ﬁ@ﬂ@?sﬁﬁéw dhaynotthelsasedhnent of the hetero atoms
wiliosphargaidate.a/aiahita IvRRYIR NSRS oL XHALRN. Joys's
coRLHR 1'%’%15'&%?[1059991 According to the present invention, a properly

employe rlglger in a phosphoramidate alkylator prodrug can be used to

ooligpethe kinetic property, of the prodrug without altering its '
! z’f?,to_xic s For ALALeESH, Rt Ei Y atiemrhor oo

C
cyghtitdirebrhtient Writings tathish protrfigisiabonbeddhdhe sissuaclected
frauiokdyR Acbatding Kodiogep! RSN LIRVAMEAL N ANS IBMRAMANY: 18, 1y,
P@@%ﬁe of g@t}n?ﬁ%grg oISa mEPa?eS epgﬁr)ang?a%% 30 alkylator prodrug cat %e
modulated by émploying a rlgé)er Rontaififg S ARG BESIRERsHBIE:
“SF iR MdranCatinne mavptandly bndetaokysiclogital denditionse leonpeyclyi
ringmbadioieinhadyHiggRidiGANANIRE S GHRIBINALY MmN s%%%féée% ch
sevield aRrodryg VYO %%19\_7{01929_31PCT/USZOO6/O?5881 compound of the
invention having a Aigh volu e Srdidtrisuaoh e stroiin g ndedipialis!.
halongidyse rvantr Apping Ll alanother emdodinderiaibtigger T-60m PRsing.a.
hakatkexyl furetionatty Wil axist.as QRic cathoxylate anion form.
jh(%ol%llgi t[}%. t1);;[, cs% rfpfcelo%d%mﬁ%%ﬁéﬁa ﬁﬁﬁ@kﬁggﬁe gfncf not
PRodss ggéily tlﬁroj@'h e%n(gfﬁfgi aTEThERBFae: Rhanbierpidsterdemior
hngp@na}laﬁwa&bisbm@weacﬂmﬁmzm thelsmeNAGEFHGR2H" form
phaliawing he piedryg oRasp AR WIALEel memblang:. [DIQ0T, 4

in&h%%hgr%négate allcglatorxcontablfnlng.a hydroxyl, amino,” mercapto,

analor a carssgsh §raln'cin e fansrdireadatd aprodrutbyodvalentiliyl,
Cyﬁﬂﬁbiffiing@mﬁglﬁ?mﬂrﬁb;ﬂﬂe}mmfrmal@ﬁlh%ﬁ@;efb%&imﬁy ﬂ(@té(?%-t@t@f&%%?ﬁ
indrARSIOMatqn; ramidate 1 ator to.a prodrug, a

N ydroxyl_lgf_roup1 ir? %?1(? &%%ﬁgﬁc??gf%’?é%%?w a d?EEMEB@WgHE?GﬁnQ‘d, for

MR RTE- A e theresideracataliuah arnind thiamalksiarivoyapyrrolidinyl,
pipeairam atephilaryapies; Bnoaree FFam D %ﬁ%&@@ﬂ@nmg{ﬁah@g%

to.a thioether or. a thipacyl, as described in greater detail in the
b T T S o Thide
PI{FAREHGr AR RS iar? yield sapriooierny whictltis tessThelae0x matetipahilic
nutfiandhe:sncesresponding phasabaiaidale AlRLL NOD PO, 1.
o r&@ggp{fl%rgraioqla%e alkylator prod‘rugfs may not be readllgif solublein
PTaGUEOUS pharmacalidar baiviars o g solablie enhbrcdhgrongsns.

like CO214, amino, alkylamino, dialylamino, and hydroxyl can be

mékrjn?plo%ﬁ n}%?(]e ﬂ?galése"fﬁgt%aﬁga @Igfg’t‘ﬂ%e’éeﬁfdbﬂ bR isisdieieiepove.
overcome any problems encountered in preparing aqueous formulations
of the phosphoramidate alkylator prggrugs. 2010101] Phosphoramidate
alkylators of the present invention can have one or more haloalkyl) or
N-(2-haloethyl) and/or one or more aziridine ( 'moiety covalently bonded to
a P=0 moiety as shown below. Upon release of the anionic

--————phosphoramidate alkylator moiety an aziridine or aziridium species forms

which can allikeviate DNA (Ree FYAMPIL E cectinn Evambpnle 26 Deneandina
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Trigger R3 R4 1 07-41/4 N, RI PCCI 1!) 130 ki-) DNA R{ P7 alkylation (-)
lone pair on N Phosphoramidate Alkylator Prodrug
PhosphoramidateAziridinium of the present invention [0102] The present
invention arises in part out of the discovery that phosphoramidate alkylator
prasisgmemploying 2-nitroimidazole-bioreductive group ShOW .« aa02s881
unexpectedly high hypoxic cytotoxicity, low normoxic toxicity and high
HCR and improved solubility. For 5 example, Compounds 24 and 25 were
[bos8pectively, Hoado 11000 4eld mmie toxikdierbyRaAXie Eals Harim NAERaNs:
is %?ﬁ%ﬂﬂ AN, Q%i_—proliferation cytotoxicity assay with a IC50 of 0.05 gM in
I

cells under ypoxia. (See EXAMPLE section). Phosphoramidate alkylator

rugs,GoRtaining desfamide. rd or if pige mustard analogs
e e

[96@9&2{%&&@&'\&1&&(@%@&%}& Zwﬁnggm the term heteroaryl is as defined

3

10Z3-CH(Z2)-0-P(=0)(NFICH(R9)C1-12)CO2; wherein Zy is methyl; R9 is
f/?l’rogen, methyl, or isopropyl; Z3 is 1-N-methy1-2- nitroimidazol-5-y1),
=Ritrothio -5-yl..or 2-nifrofuranz5-y1; .each X4 is C| or Br were
wﬁ%%xpe%f‘é%}lfoﬁfg%yto%g i %‘ﬁ%@i{é)&b Ihsl%%(?lr%bn&r%&}%u ohMdXe cells,
hejgenlorlpo Sundaed arlesibelstd By High MERoyalvies finyimty; prolifdfatidngeld
heRAINIGIAESIYSdRIGANY AstQRedSHGR vales of kRown 1 aryl and

i1

hosphoramidate alkylator defivatives having 2-nitroth|ophene-5-y,
ot P HA O Gt ba oM e (2 4

hargrowp(teteakisned sholorBethyliephtdhhiontimigate meisiardof(=03,-0-, Et-
sEiestamise mustard AL %jqﬂ@@%w&&%@@ %%ﬁu&fosfamide

mustard (see e.g., compounds P4, P14-17, P19, an in Borch et
oraraidate’alkylators -

5 J. Med. Chem., and Patent No. 6,656,821
\one certhe’p tin igrPprovides-ph
rugs of formula (1) O 2007/002931P 2006/0258&Lvherain

Aﬁ%%hﬁo}(fﬂ?{ﬁhleﬁe sﬂaff%%%% 28 MngaIn gach R6 is independent
C1-C6 alkyl, Cl-OIJ%\{{!Egteroa yl,}érgl, orﬁ%%%grgg?'y??{ ¥, HetErocyBlylsaionyloxy,
aryisulfonyloxy, and heteroarylsulfonyloxy groups can be leaving groups in phogphoramidate

alleylators and can be replaced in a cell by nucleic acids such as DNA or RNA, and
imidazoles, carboxylates, or thiols of proteins, causing allylation and cell death. The rate of
reaction of various Ryysulfonyloxy groups with nucleic 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 tumeor in particular over nealthy cells.

[0054]  “Substituents” mean, along with substituents particularly described in the definition
of each of the groups above, those selected from: deuterieum, -halogen, -OR’, -NR'R”, -SR’,
-SIRR 7R, -OC{O)R?, -C(O)R”, -CO2R’, -CONR’R”, -OC(OINR’R”, -NR”C(O)R’, -NR’-
CONRR”, -NR"C{O)R’, -NH-C(INHp)=NH, -NR*C(NH,)=NH, -NH-C(NH»)=NR’, -
S(O)R’, -S(O)R’, -8(0) oNR'R”, -NR’S(0)R”, -CN and -NOg, -R’, -N3, perfluoro(Cy-
Cy) alkoxy, and perfluoro(Cy-Cy) alkyl, in a number ranging from zero to the total number
of open valences on the radical; and where R’, R” and R* are independently selected from
hydrogen, Cq_g alkyl, C3_¢ cycloalkyl, Co_g alkenyl, Cy_g alkynyl, unsubstituted aryl and
heteroaryl, (unsubstituted aryl)-Cy-4 afkyl, and unsubstituted aryloxy-C1-4 alkyl, aryl
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[0105] Y2 is O, S, NR6, NCORs, or NSO2R6; 5[0106] each of R1-R5
independently is hydrogen, hydroxyl, amino, C1-C6 alkyl,C1-C8
heteroalkyl, C3-C8 cycloalkyl, heterocyclyl, CI-Cs alkoxy,

C1-Cé6alkylamino, CI-Cs dialkylamino, aryl, heteroaryl, Ci-Cs acyl, C1-C6
hetgereaaiheamyl, or heteroaroyl; or together any two of RlﬁBﬁJ%U&/@zssm
C3-C10 heterocycle; or each of R1-1t5 independently is a Trigger T
wherein Trigger is L-Z3; 10[0107] L is selected from

SubettpiebeV B 16 (OlTRo R 0rS{E02-Z2- YAl ECRARIS «£(Z A& Eilloy

oek-[C -Y. =0)2)/ifC(202-72-Y418-[C(Zi)2I8-[C(7-0=C(ZIA8-,

??vh%rein%%%%ﬁ% \%f é%gin g}fgn%fgﬁ%snden%?/éé %@Plﬁ@i%]‘“ﬁ%@ﬁ@?@r

nNREIehereirepachtR Zistindepandentlydydragens mydi@wl 4CkCe 15alkyl,
erfeRhelgroalkyl, Cs-£scyclaalkyl, heterocyclyl, C1-C6 alkoxy, CI-C6

I:; IkIyIa,minoé, Cr Cé%%ﬁ ﬁ%ﬁ%o{%ﬁ?ﬂ@é’%‘%ﬁ@ﬁ"&%TB%‘?%&E“E 4-morpholinyl.
%T’-é‘é‘ﬁ%ﬁér%%i&%%%m? fhedrobifsyib(od 09] X EI®NS pitrc RS G(rQ)e01h

B e Al e s of

s ryl, heteroaryl, C3-05 cycloalkyl, heterocyclyl, C1-

t acy}lg,:Ct-(?%rl‘f(zaﬁ;fgi r){égg)%azé?géﬂn(%r ﬁé‘?é?glaa%?/l‘?‘/’% i‘(ﬁ%ﬂﬁ?% 9§ eﬁl‘ﬂ%—(‘(‘?ﬂula -T"

CENkyiehRat-Catiy datky i Bhete [adepeidatii XiEis 0depEpdantlyid Obond,
GR& whereip- R8s, endently. hydrogen, halogen, OH,

OB S e e iy, REAL Ry oms o

LB CYLROARY s 0 ekendiLOr G adky failinonBE@6! dizte/faming, A-

(G- BON{RA)2A Gt € Gragylefeha 205 SO rogcyharoy. o pstergarayl; S(0)

8113 ng NbR7, S, or 0; and WO 2007/002931PCT/115200611 2)%881

2‘{ TIPSR prdratfichive B Sdferddarbn tee toup dorsisting bE new

rufwitothepravispdbatindoralad 3, [0 i at;least two of Th-R5 are

suﬁ%i%%‘iﬁg Jrcglrgla qt(pe t%{ou? ocrrgﬁsting ct)f 2-ﬁ“ﬁéll%@t?'Zgghﬁ?gﬁfgghwgf%%ﬁyl,
2-heteroalkylSuffonyioky? IR 7 SRS SRSV Saney oBiiensily be replaced with

: %'?Fwéwm&wmy@r%ﬂwf&, (i)t loast aneialchifRisicgers of

SRR sthe groyp.copsisting of 2-haloalkyl, 2- . _

ﬁ 1Oalkﬁé3%£‘%5n@;/}§x§%’lck)§lg Z—hgete%é%?ky%@?%hﬂo‘ QUIR - The substituent R” in

NE-app Ny alaricant 2nhisteraaliyiswlinyioxedky); apg at least one
of NR,R3 and NRAR3 isor [0117] (iii) each of NR2R3 and NR4R3 are; and

[046411 8 animdivigualds enger: p@és&zf@@%i@rﬂfo@%érwtﬁrm IS %m

ISers..hioisqstere annacophores, a pharmaceutically acceptable ‘

et TR B U] P 2o IYGRE Biisbeimen, 2

e ORPIS O I‘ﬂ%ﬂé‘%hﬁ%ﬁﬁ@rﬁ(ém; RRB erehobte sanleinfeiRikdnone

cnembadiment;iamy:enpofiz-Reis: WA 002931 RCilLISR006/025881

AP =s-  0- -.. [ '00 / Oor [0122] In one embodiment, the present
m\invéor%g%? 8?%‘%33& Hy“b“a%gazei%f alﬁﬁfigbﬂa?afﬂﬁamseamﬂaww@am@s
atoggéﬁaéﬁ%tp@yﬁ@wbcgh@@md@rjmda{gmﬂgﬁhat@mpmm(ﬁ]_@ﬁbb@&ﬁfﬂ@ﬂéleme
wihesipharanioair QiAo TR of e, PR shlinventien emplays an 1-
Moy Al 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 ferm "pharmaceutically acceptable salts” is meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bages, dependiz.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 neutral form of such compounds with 2 sufficient amount of the desired

base, either neat or in a suitable inert solvent. Examples of salts derived from
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5N-alky1-2-nitrohnidazol-5-y1 moiety or a 1-N-methyl-2-nitroimidazol-5-y1
moiety as a bioreductive group or Z3. In one embodiment, the
phosphoramidate alkylator prodrug of the present invention employs a
2-nitrofuran moiety as a bioreductive group or Z3. [0123] In one
embodimmenty the present invention excludes the compounes/uszooe/n2s891
(CIH2CH2C)2NN(CH2CH2C1)2 10PIP2 00
(CIH2CH2C)2NN112(BrH2CHC)2N11NH2 P3P4 WO 2007/002931
PR AGESHHEI6THE8 Y RIEMCrRO IR B CH R OHRT I AT HECHRCORer,

fe@rit N¢EI 2020 Dap RSNG, &@@5@92@@%&@&4 g@ﬂ%@@%odmm zinc and the
hIEfe):p'SM&QH%%yfzom 3 Ezm%%ﬂl ich y—acc (P%{\I orgamc 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-diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethylenediamine, N-ethylmorpholins, N-ethylpiperidine, 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. Bxamples of pharmaceutically acceptable acid
addition salts include those derived from inorganic acids like hydrochloric, hydrobromie,
aitric, carbonic, monchydrogencarbonic, phosphoric, monohydrogenphosphoric,
dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriedic, or phosphorous acids and
the like, as well as the salts dertved from relatively nontoxic organic acids like acetic,
propiouic, isobutyric, malonic, benzoie, succinic, suberic, fumaric, mandelic, phthalic,
benzenesulfonic, p-tolylsulfonic, citric, tartaric, 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 galactunotic acids and the like (see, e.g., Berge, S.M., et al, “Pharmacentical
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
abase 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

mvention. Certain compounds of the present invention may exist 1 multiple crystalfine or
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POP10PIl WO 2007/002931PCT/ VS2006/02588]
,N(01-12ch2002N(CH20N201)2 Pp- nrcH2C020)2PN(OH20-1201)2 0
NO2 P12P13 P14 - P17 5 wherein lka is H, Br (P14), NMeo, (P15), CN
(P16), or CONH2 (P17), CI o0aZN\NH2 02N WO

20Q,/1/QR2933PCT/US2006/025881 CI POTIUS2066/025881

amorphous forms. In general, all physical forims are equivalent for the uses contemplated by

the present invention and are intended to be within the scope of the present invention.

[06591  Asused herein, a "glucose analog" includes mono-, di- and tri-saccharides. The
glucose analog includes sacchrides comprising glucosamine, N-acetyl-glucosamine; fructose;
mannose and mannose derivatives; glucose and glucose derivatives, inchuding but not limited
to 2-deoxyglucose (2-DG), N-acetyl-2-amino-2-deoxyglucose, 3-amino-3-deoxy-glucose, 2-
amino-2-deoxy-glucose; and galactose and galactose derivatives including but not limited to
D-2-deoxy-D-galactose, D-4-amino-4-deoxy-galactose and D-2-amino-2-deoxy-galactose.
Thus, the glucese analog can differ from glucose or a derivative such as DG and glucosamine
in that it is an epimer thereof. In addition, the glucose analog can be a fluorinated derivative
of any of the foregoing compounds. Moreover, the oxygen in the ring of any of the foregoing
compounds can be substituted with an isostere selected from the group consisting of S,

sulfone, and the like. For example, glucose analog can be 5-thio-D-glucose or a derivative

thereof.

{0060] A wavyline " v means the point of attachment of one group or moiety to

another. For example, both and indicate that the

thio group is the point of attachment to another group or moiety.

[0061] 'The terms CO, C(0), C(=0), ~CO- are used interchangeably herein. The terms CO,
and COO are used interchangeably herein.. The terms; SOy, S(O), are used interchangeably
herein. The terms SO and S(=0) are used interchangeably herein. The terms PO and P(=0)

are used interchangeably herein.

[0062]  Asused herein, a "bioisostere" of a chemical moiety such as molecule, group, or
atom means another chemical moiety having similar size and spatial disposition of electron
pair or pairs. Bioisosteres and bioisosterism are well-known tools for predicting the
biological activity of compounds, based upon the premise that compounds with similar size,
shape, and electron density can have similar biological activity. Known bioisosteric
replacements inciude, for example, the interchangeability of -F, -OH, -NH,, -C1, and -CHj;
the interchangeability of -Br and -i-CsHy; the interchangeability of -1 and -£-CyHy; the
interchangeability of -O-, -8-, -NH-, -CHy, and -S¢-; the interchangeability of -N=, -CH=, and
-P= (in cyclic or noncyclic moieties); the interchangeability of phenyl and pyridyl groups; the
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wherein R is H, Me or allyl; 5[01241
3-(5-Methoxy-1-methy1-4,7-indolequinony1)-methyl bis[N- methyl N-(2-
bromoethyl)] phosphorodiamidate (P27), [0125]
3-(5-Methoxy-1-methy1-4,7-indolequinonyl)methyl N,N-bis(2-bro

osthiyhrphesphorodiamidate (P28),  [0126] POT/US2006/025881
2-(5-Methoxy-1-methy1-4,7-indolequinonyl)methyl bis[N-methyl-N-(2- 10
bromoethyl)]phosphorodiamidate (P29), [0127]
inge Sty R rethy 1od, Rifito tequitrohyHenethy HiNgiehig(2ehtoroethyl)
inphasphamadiaaridate, (8 hi -
Aﬁ o dmetyt . E‘%%%‘“Ra.%%ﬂ el PR b -
§ Hﬁ%&c’{ﬁ‘fﬁat’i@[}bﬁ O3 (§ SRy ey BAmivdetel
hmwt)mmmm Nibig{@-ororapethiphts mhm?fmﬁr@@liamudﬁa (P88 11R%301

idénk sds L7 methyl-N-(2-
oy %%“%?é&o{??ﬁ%%%a%ﬁg%%%%ﬁ) 5 XAt P 7,
T A Ao A B! K Mo Ry 27371

wxaggls rodlarg date (P (Rr34 and 5[0132] 2-(5-Methoxy- | -methyl-4,7
equ|rf(3)arslg’}[l:)"‘lmeﬁ‘ﬂ?f1 i\ Bl%’@h ST Wdﬁrﬁf?&%@d]ﬁrﬁ}aﬁt@l(ﬁ%)
kg3 8alaens refdte thatnbodie it tpetiplesenidnventianRE0 UG8 of atoms or
rseRBRAURSLES ﬁ@fﬁ@ﬂl@z&&}@'tw&@e@ﬁ%\{éﬁ? 5@%1%13;‘4%(32?? least.o g of

I-Rs arg selected from the group consisting of 2- suﬁ%n oxyaIIcyI

) 40508 9IS%W%W£WQC%%EI%WWngpmagnolecule have been
1dhegtéed oy s uitfionyloxyal Wlﬁaﬂtmﬁ&ﬁ&y&}tﬂ@ﬂﬁk%&&fo%gté 2 MeEsame or

selecied-f o] | tin of -haloalkyl, 2- alkyls Ifonyo yalkyl,
81(2 he%roal%%%%%snyﬁ%ﬁl %Ikﬂﬁ% 2. algy%u ony! o?yéﬁgy(fncé%oo Jnary s e o ar
olRtdiink mﬁmn&@w&gﬁswtyﬂmmmra@qmén@m RDIRBiis
T ealol 2 sal oyt 2 Ao
o eteroa onyloxyalkyl, 2-arylsulfonyloxyalky
1% ZHh%%e%%g%@i% Or%? Xy Alk li%Land é;f/]LIOeas’? RIGPRIEESRE A RS
thigPasTPA b h?féé‘é?i)l\imcérfﬂ?m R RSeareal (0188t @notheeselated

htgmbodineatcthe preseninventignprgvides a compound of 20 formula (1)
with the proviso that the formula (I) excludes R2 and R3 together forming

[0astiorphplimeting 'prAaﬂﬁdxﬁ%n@@eﬁh&rsf@Emmtﬂj nQERPAliRgAiNg.-

B39 X nt nvention excludes a compound
ot the %ghr}):v&}v{]n%gﬁs%gg%{rgggw eréﬁ%% s hydrogen 6r éé‘fl&%aﬁfﬁll 16£4bY

Wﬁ?@ﬁé}&ﬁ%ﬁ&‘iﬁ@ﬁ%ﬂfﬁéﬂﬂﬁéﬁéﬁ%emwmi@mxwemes Fonmpeunts whereinlo
gartive diﬂggﬁiy'ﬁﬂsmc[ﬁ(ﬁzl?ﬁggﬁté@@@wggﬁ;%%g Xf%rx? étlhat the alkyl can, but
|

 CEoy o T S Eoi s i oty oo
etz ‘@@3’2‘]‘2@23‘?]{@@%“‘3}*’G@’ﬂ@m)‘”[@@@@]ﬂﬁﬁ(mwﬁéﬁlb)isﬁt
supE 0¥ 3 ( ek 0) s)ofC(2021z-Z31 10 [C(Z02-Y3]-(C(-0)-0)

-[C(ZzO2MC(Z0O=C(Z01-Z3I [C(Z1)2-Z2-Y4] -[C(Z02]z-IC(Z)=C(Z1)I-Z];
IOOF(SIZimr([GQZ@EﬁJR:IESiZBﬁmmtS or varizbles is permissible only if such a combination
resulls in a stable or 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 temperature of 4 °C oy less, in the absence of moisture or other chemically reactive

conditions, for at least a weelk.

[0066]  As used herein, a “prodrug” means a compound that, after administration, is
metabolized or otherwise comverted to an active or more active form with respect 1o at least

one biological property, relative {o itself. To produce a prodrug, a pharmaceutically active
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15[0141] In an additional embodiment, Z3 is: [0142] In one embodiment,
each -C(74)2- is: -CH2-, -CHMe-, -CH(CN)-, -CH(CO2H)-, - 5
'CH(CONH2)-, -CH(CF3)-,-C(Me)2-,-Cli(CH2NMe2)-, - CH(CIli2NMe2)-,
-C(CH2NMe2)2-, or -C(CH2CO2H)2- [0143] In one
ewpedinent C(202-1/3- is: -CH2-0-, -CH2-S-, -CFI2-NMe, -CH2-NH-. .|
CH(Me)-0-, Cli(Me)-S-; -CH(Me)-NMe-, -CH(Me)-NH-; -CMe2-NMe-,
-CMerNMe-, or - CMe2-NMe-. 10[0144] In one embodiment -Z2-Y4-
cotogatheldsa sWieb RQE4002 93t REMIS 26064025881 {014 IR GBenodified

diment, -[C(ZI)=C(Z1)1--C(CN)=CH: . -CH=C(CN)-, - C(AN=CH-,
R A S MO ORI 6 e vt
cegtipneooral zyndiivarsisinhas apoptiovEn s et stitired of ittt oprteofivé s

gebuhstituenis:aeirctpdifomdhe: rouncaRsisting of PHn QME G o the
O-C;IHFZ OCE3,.NO2, CN, halo, halomethyl, 5 dihalomethyl, trihalomethyl,

I SRS RTRUP I e RSP BRI i SBRIEIME S RV is
toxielspentdantyetydrogdm, Ganpie alolhQtiGshetergatky!] B3-Q8dicinal

CRAFIRAIY b DL RBIEPGYS Y JO BAGL I aRathey, ?%@%H@Q%ﬂé&%‘?ﬁﬁrsg%

p 18 In another embodiment, Trigger is wheréin each Z1 indépendently is
'8

T 68 ARG PIBERYT A SiRG EREP R e hERoF HEga PR hichaigr activation
unvidrereiaebioh Zitals dyitiogererdl: ChalybandiR8dsvEl. Qo 0id. As usded
-01)(-= . _ diment, t resent inventi royides
heé%ﬂ;r)l% %%%%%%%%{%%é%ﬁ%%ﬁ%@%% ;| \R;%ngQEaP upoT activalion releases ﬁle
achEpRAObY ST T REs06/025881 R4R3 YI NN N....NIL/ N....N. R5R2

igoger R4R3 . .
{e&’i’ﬁ 9 f&s used herein, a “cytotoxic agent” is an agent or compound that produces a toxic
effect on cells. Asused herein, a “cytostatic agent” is an agent that inhibits or Suppresses

cellular growth and multiplication.

[0068] As used herein “hypoxic cells” are cells residing in a hypoxic environment in vivo
such as, for example, in a hypoxic tumor zone, or in vitro. As used herein “normoxic cells”
are cells residing in a normoxic environment i vivo or in vitro. As used herein “hypoxic
cytotoxicity” of a compound or agent is its cytotoxicity on hypoxic cells. As used herein

“normoxic cytotoxicity” of a compound or agent is its cytotoxicity on normoxic cells.

[0069]  Asused herein, a “bioreductive group” refers to a group that aceepts electrons in an
oxidation-reduction reaction. The bioreductive group is a group (1) that can be reduced, 7. e.,
a group that can accept electrons, hydrogen, and/or or an hydride ion; (2) that can be reduced
in vivo and/or in vitro; (3) that can be reduced in vivo and/or in vitro under hypoxia; (4) that
can be reduced in vive and/or in vitro by DT-diaphorase, thiols, or by photochemical or
electrochemical means; or (5) that can be eliminated and/or cleaved by a biological process,

such as by enzymatic hydrolysis, metabolism etc.

[0070] For example, and as described in more detail below, one bioreductive group is a
nitroimidazole that may be substituted with a variety of groups. Other examples of
biereductive groups inctude, but are not limited to, groups based on electron deficient
nitrobenzenes, electron deficient nitrobenzoic acid amides, nitroazoles, nitroimidazoles,
nitrothiophenes, nitrothiazoles, nitrooxazoles, nitrofirans, and nitropyrroles, where each of

these classes of moieties may be optionally substituted, such that the redox potential for the
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~ 1Yil N11N R5R2 R602S/. Trigger (l1)(I1) wherein each R2-R5

independently is selected from the group consisting of hydrogen, hydroxyl,
C1-C6 alkyl, Ci-C6heteroalicyl, Ca-Ca cycloalkyl, heterocyclyl, CI-Cs
alkoxy, Ci-C6 5 alkylamino, C1-C6dialkylamino, aryl and heteroaryl; or
togethermmg two of R2-R5 form a C3- C10 heterocycle; ea&%m_z@w <551
independently is S or 0; and each Trigger T is defined as in fatmula ?6
[0149] with the proviso that in formulas (11) or (ll): [0150] (i) at least two

bi?feﬁ;ikc:tll?'@ %6@1:8'1@4,@31@@1{ ﬁ%ﬁhﬁ@ %H{fﬁﬂ%ﬂ@ﬁ%@%&fel@g@ﬂ!@ﬂlwﬁ iBthe hypoxic
stilfanyloxyalkyl, teroalkylsulfonyloxyalkyl, . . . )
o B R ot b e 1
understapmherofiel H Sistieleatdfrom tow trovpidonsistingndfoB:bhdioatkyltive

gl%tgi’ @&&m%@@m@&ﬂm% *H%QQU&M &Mk%@!% within said range,
2-arylsulfonyloxyalkyl, and 2- vwv-N ,-7 haerOalkylSillrbriylOXyalkyl; an

[0at leastanreof, MR2R AN NRAR:HSords{Glo2l dnRachiNRARI A0 ve

NR4R5 areand [0153] an individual isomer.or a racemic or.non-racei ne
B B R i Rt dcaigre

graeps prablecsambsotiienelydratevr dgrodngderetiofdtss pivdnen, and

nigGHeaimenL IR A esankinventam eﬁe\a@ﬁar@a%@@wﬁtﬂ%fgfmm&&dm
15)12-2 wherein Z1 is
|

herein Trigger T js -CH2-7Z3 , -C1-1(Z1)-Z3 , or -C(Z1)2- _
oL e B Sl o RSB R I AR 1o bt
oo 2931PC FIUSRA06102 5881y [0 55 tubjtuneof R2anddR&is Hhaneing

e I8 c 2 . uH I 30 OOf
o o 3:552 B

ARG SCISs ey ESHD ANSH e thrb e R S0 IR Si6g Mo vol iRy TS
s\ClL «CGdlialjcylbionin oylénylridderodyhnGdeDbr acy;, Gildbhelereaey, ittda @il
g%am@%rg&m%@mgﬂg% ﬁ&%&?l@%m@fg‘& pégscggganyg%gt'on provides

a compound of formula (Il) wherein Z3'is a bioreductive group selected

[daom: AvithdheeRrovisathatdinfeimudad)101Q1R91.00.at least ong oL Rl

-R3,are selected from the group consisting of 2- alkylsulfonyloxyalkyl,
"G edSt SRR G RENOR ATk SAPRURS A6y RS, e san be nsed alone or
inveteboalkylsuloriiloxyatkylahcdndOi60dvatdeastonenad id2fRprax@t, or place

oSGlested from,tbeganRiconsisiRgQl 2shaloalkul, 2 alkylswronyloxyalkyl i
2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
nEap Fér%lﬁ}%/fgd%% o’>‘t§r‘éﬂ%§ﬂ?@f“c agents include, but are not Himited to, anti-

angiogenic agents, alkylating agents or alkylators, antimetabolite, certain natural products,
platinum coordination complexes, anthracenediones, substituted ureas, methylhydrazine
derivatives, adrenocortical suppressants, certain hormones and anfagonists, anti-cancer

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

[0073]  As used herein, “cancer” refers to one of a group of more than 100 diseases caused
by the uncontrolled growth and spread of ebnormal cells that can take the form of solid

tumors, Tymphomas, and non-solid cancers such as lenkemia,

[6074] As used herein, “malignant cancer” refers to cancer cells or cancers that have the

capacity of metastasis, with loss of both growfH and positional control.

{0075]  Asused herein, “neoplasm” (neoplasia) or “tumor” refers to abnormal new cell or

tissue growth, which can be benign or malignant.
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[01611 (ii) at least one of R1-R5 is selected from the group consisting of
2-haloallcyl, 2-C1- C5 alky]sulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl,

- 2-aryisulfonyloxyalkyl, and 2- heteroalkylsulfonyloxyalkyl; and at least one -

of NR2R3 and NR1R5is swN / or [0162] (iii)) each NR2R3 and NR4R5 are

20101a3himene aspect, the present invention provides phgé@}@%m}gggg
alkylator prodrugs of formula (I): WO 2007/002931PCT/US20116/025881

(I) wherein 101641 R1 is a -[C(Zt)2-Y3]v-[C(0)-0]81-[Q-Z02.-ZrY4]u-Z3 or
[pCEE 1 )2s Y31 Ref S {-0)R)BALNG(h) 2iti oY el ibrd Sefwvhie it gaeh yichrang u
viadgnandanivisQen 1, 3a0d43 5.4 Qligose or an analgg thereof with the

proviso that it excludes glucqge conjugates of}p%ogpsnoramlda e alkylators
bersdiciib etidrvitrbotpisrbired Hursksle bt dre 19 slPdsip NG 6622 @36reliomation

ofQbh65ilmeackyahRaRE independratiyishyaneaan. Bxdix\naming, C1-C6
alkyl..C1-05.hetero |, C3-C8 cycloalkyl, heteroc [, Ci-C6alkoxy,

| cl
o S e, S et iy eecerion
raliatishetetdaigtioareyihotimssrsayidotogstidicahsetvt dfRibedRs:form
a C3-C10 heterocycle; [0166] with the proviso that in formula (1): [01671
18974 1edgtisidoriRs IR diensefecteapiramptisegrons Godsrstmyital

equhvalaaliofih?s @il wiany Rxyayl, Jrheteraalkyls wignaoxyatky bympjc_om( s),
oféﬁﬁ%lx%&%r%%%%@ﬁéﬁg 2- 15heteroalkylsulfonytoxyallcyl; [0168] (ii) at

eastone o Is selécted from the group consisting of 2-haloalkyl,
s CRaliyisyliorviaxyalid: 2-hetergalkylsifonyloxyalkyl, .
2-ary|§ulfonyloxyalkyl, and 2-ie§z. heteroanl]kyl'fémgoﬂnyf‘(‘)xyglh y’fl; %ﬁﬁ%ﬁggst
EETBIRRAR Y KAt NiirabreseGpapsNotipd bort agiyisiaiNRRendng e -
aliiRitRsarsand R0j0d talransndivid irlisREe Qb f BREDRIG Y AR g MIC
m lig,easolgslg ers, bigisosteres. pharmacophores, a_phamiaceuticall
eac{:%éptable salf, solv tg,% hydrate, or a pro %ﬁ%ﬁgrsé%ffp 17 %aaﬁ%ﬁk%éfym
PEYEERPRISE! thdh presenioive it edpedyides s caniboime s hwotient.
2007/002931PCT/1152006/025881 Phosphoramidate alylator prodrugs 0
{(}}9’6’% OA‘\S 2@6 herein, a “therapeutically effective amount” of a drug 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
administration 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 sympioms, or reducing the
Jikelihood of the onset (or reocourrence) 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 prophylactically effective amount can be

administered in one or more administrations.

[0681]  As used herein, a “second line” therapy refers to therapy that is given forﬁthe
treatment of a cancer which has failed to respond to a first chemnotherapy regimen or “first
ling™ chemotherapy. “Third line” therapy refers to therapy that is given for the treatment of a
cancer when both initial treatment, first-line therapy, and subsequent treatment, second-line

therapy, don’t work, or stop working is called.
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N X4 X4 reductive activation
Phosphoranaidate allcylator cytotoxins [01721 In another embodiment, the
present invention provides the compounds: OvO / X400p\oZ3 and

wherein X4 and Z3 are defined as above, 5[01731 In anqther "
0082} HRED LG proSe VG BGH BFOU U Bof U R fgmined s

on th@ROTA0RI31 RETIGRAEI02B88Ano0! and water.

l1a. 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 vartous 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 kili 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.

{06084 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 falls 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).

[0085] The hypoxic areas of the tumor represent a significant source of metastases and cancer
cells resistant to therapy (see for example, De Jaeger er al., Br J Cancer. 2001, §4(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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In one embodiment, R6 is -(N-CH2CH2X4)2, [0174] In another
embodiment, the present invention provides the compounds: wherein R2 -
R5 are defined as in formula (11). [0175] The following scheme
exemplifies hypoxie reduction of the phosphoramidate alkylator prodrug to
yietelzthevsorresponding phosphoramidate alkylator. 00 O0gcr/usz006/023881
NR2R3,-NR2R3 P\\ NR4AR5NR4R5 Phosphoranodate all y ator prodrug
WO 2007/002931PCT/US2006/025881 [0176] In another embodiment, the
! prégentihveiiiomgrovides tHgctmpibundsed), &Bpéd%@&wheme&m RRe-

HReAladetined.asin formula (i), S0LL e follawin C‘ga B johe an permente in

exemplifies hypoxic reduction of the phosphorami fator prodrug to

I EY thictstte dh6HHAY Priceitir Athdatusdiapdtote n{@%llﬁsislﬁﬁ%ﬁ@mbraﬂe

peamblidime niictiferpraisentiniientiompfoyicas Hie cengowesefitheceilular
Df@{mulas (Iv)-(vil) R9 R9 0O

[8087] When the phosphoramidate afkylators reach the tumor, they generally kill cells in
the fast growing, well vascularized, normoxic, outer zone of the tumor. However, these
phosphoramidate alkylators are not as effective in permeating into the less vascularized,
slower growing, progressively hypoxic inner tumor zones and in killing tumor cells therein.
Before any of these active alkylators reach the tumor, they can react with healthy cells and

result in toxicity and/or cell death.

o1 a 0 o o1
= ] O N
E/f}\JHN\\ — O\FE’ /\/ l/ E"N/\/ | PO
i NHzL\ HpN i\‘
ol i
l
Liver omdatmn
Cyclophosphamide Hemiacetal 1 Alkylator 1
O o O O
0. 0. o Or 7
|\N/\/C‘ - 1\N/\/Ci h 1\!\2/\/0’ i | )\F!L\N/\/C'
/N\E - N\H HN._H — HN_H
, 1L N
l OH kCl C cl l Cl

Liver oxidation

Ifosfamide Herrﬁacetal 2 Allylator 2

[0088]  While the hypoxic tumor is difficult to treat, the hypoxic tumor zone can 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 Matteucci ez ¢.). Such a hypoxia
reducable (or hypoxia activated) prodrug can be constructed by employing a bioreductive
group (Zs) together with an alkylator. The bioreductive group is employed as part of a

Trigger moiety covalently bonded or attached to the phosphoramidate alkylator.

20



10

15

20

25

X? I.I (X4 N NIRvaz X4 NN R9 .R9 0 R9 Trigger Trigger WO
2007/002931PCT/US2006/025881 R9 RyRgR9RI

WO 2007/002931 PCTE/US2006/025881

[0089]  The compounds of the invention can generally be described as phospheramidate
alkylator prodrugs. In general, the phosphoramidate alkylator prodrugs of the invention have

the following structure
Alk-Trigger

wherein Alk is a phosphoramidate alkylator and Trigger T has a structure L-Zs, wherein the
linker L is bonded to a bioreductive group Zs. In one embodiment, the Trigger T is a hypoxia

activated trigger.

{0098] Phosphoramidate alkylator derivatives are reported in the references, Borch et af., 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; Hemick 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 Papot et al., Curr. Med. Chem., 2002, 2,
155-85, isolated compounds of which are disclosed ﬂ1erein, and are not the subject of the
present invention. In some embodiments, the phosphoramidate aikylator prodrugs of the
present invention have one or more of the following characteristics: (i) a higher hypoxic
toxicity or lower value of ICsp or ICs, in hypoxic tissue, (i) lower normoxic cyvtoxicity, and
(1i1) 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, (ii) 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 (1v) 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 avoid

enantiomer specific in vivo metabolism.

[0091] 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 hiypoxia activated prodrug should be nmuch less toxic
to healthy normoxic ceils compared to hypoxic tumor cefis. ITn some embodiments, the

hypoxia activated prodrugs of the invention are less active and less toxic fo normoxic cells
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\R9 R9/Rg R9 X40 X4x410I(\\ X4 RiiPRi 1RiiPRi 1 11 00
_TriggerandTrigger (VI)(VIl) wherein each R9 independently is hydrogen,
deuterium, aryl, heteroaryl, C1-C6 alkyl, CI-Cs heteroalkyl, C3-C8 '
cycloalkyl, heterocyclyl, C1-C6 acyl, C1-C6heteroacyl, aroyl, heteroaroyl,
Sl Beadkaxycarbonyl, C1-C8 alkylaminocarbonyl, di Cls&6y:52406/025851
alkylaminocarbonyl, or C1-C6 alkoxy; or together two R9 groups form a
heterocycle; each R10 is hydrogen, C1-C6 alkyl, Cr C6

thdveligposikydity cYoatkytchatpraryglyl ardyhortheteraaieys Ok Iegetnerdvein:

e far eteroc %Ier 791 i1 Is in endentl |{15h drogen
nﬁ&%@éﬁ%@%l@ﬁt@roaw bé} ?<yf T ?f%rfg Ohete Ia(si

disspeiefiqrytt %i@?@éywppr@@@@ alylaionecbh é%é’reabtgbltoaﬁeyﬁﬁeteroaroyl
ph&p&ﬁaﬁi@i@ﬂﬁ%}ik PSEE® ) ﬁuﬂlﬁﬂ&l Resarbenying bg’x]mgr@ easily penetrate

olapsinecarianyl,or G.Cs alcxyior logether wp RO groups/or

rocyc € proviso that w
le@t@r@é@“ﬁéﬁﬂl@éR@&@@@i&@N@@éﬁn@rWﬂm&llgmuméekﬂwfaon—cancerous

heﬁ‘l@i?@ﬂy‘é}ﬁf? tsRiEQIRB QX As1® GHe Bl AHYIRUE QYA Yt invention provides

beteroalk Ifo on arylsulfonyloxy, or heteroalkylsulfonyloxy; and
X 8}1 hat al)r/e much %ss tc))/mc to healthy, nglmmmc c)élls c){:)mpared to

hy@@@ﬂﬂﬁmlks{:( 0) 0)g-liC(Z02-22-Y411u4C(Z1)2181C(Z1)-C(Zi) Z3.
101821 In a related embodiment, in formulas (IV) - (VII), each R9 is
(0898 pdnerstaly dniurbrerts doaddsrhor@iBR alkyht@ rGbugetdribaliyhent

m@ﬁn@@eﬁﬁﬂl@aﬂiﬁ/& chﬁl@ﬁﬁ@’&léﬁlnzﬁfé’ b0 NGIRRRNbiIN ARG ductive
embo%mqnt |nde endentlg hydrogen, deuterium, or C1-C8

ERRYIIN And er e at%a CTRBEGIHIRM:, %%wqulﬂfﬁéf)‘gﬁé&ﬁ& methyl,
hYéthwiq@mpwr wopropydiase butyote rifanesutydp oricyolophepylindvO
hﬁ%}i%&%@%&%ﬁ%@%@ﬁ’@é@%@%@d@Je%@ﬂdﬁ% RATRRNEDL, e present

s a compound of formula_(IV) wherein one of R10 is

inv |on rovj
phe Efi S GF LR BV BRI RRSHBST 5t ASi S HRTcindole quinone i
Iefhemirtimmaﬂc Imobistyi capablebfintrcalating batviieenia: hydieiciagid

tnkAgE BRI LN Avaines seRAdimERt e Reesent inven %‘J]zo%r g‘ﬁag

Ith}e compound; wherein X4 and R10 is defined as in formu
alkxlalp CS%%@?%@HF%@W%T H¥&htion provides the compound: z,

{0694 A number of enzymes can be responsible for the reduction of the bioreductive group
Zs in the Trigger. For example, cytochrome P450 reductase enzymes can reduce the nitro or
a quinone moiety in a bioreductive group in a first step respectively to a NOy(-) or a
semiquinone radical anion. The hypoxic tumor zone can have a higher concentration 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 afkylator. The ary! or heteroaryl moiety covalently

bonded to the NO,(-) or the semiquinone 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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0 -0 CICI[01861 In one embodiment, the present invention provides
the compound of formula (VIII): x, N(R10)2 o Trigger 10 (VIII) WO

- 2007/002931PCI/RS2006/025881 wherein each R9 is independently
hydrogen, methyl, ethyl, propyl, isopropyl, or cyclopropyl; 7-Th Fm
OMeMoNHEQMe, and NHOH.  [0187] In one embodimeptthe,pieses;
invention provides the compound of the foiinula 5(TX): R9R9

[6096] A bioreductive group loses some or all of its hypoxic specificity when it is so easily
reduced that the cytochrome P450 reductase enzyme or other reducing agents (“reducing
agents”) in healthy normoxic tissue can reduce it in.the presence of oxygen. Ifa NOsy(-) ora
sermiquinone radical anion in a bioreductive group does not react or reacts slowly with
oxygen, the radical anion itself can release the phosphoramidate alkylator, or can be forther
reduced and release the phosphoranndate atkylator, causing toxicity to healthy normoxic celts
and tissue. The novel phosphoramidate alkylator prodrugs of the present invention are more

toxic to the hypoxic cancer cells and tissue compared to the healthy normoxic cells and

tissue.

[0097] The ease or difficulty of reducing the bioreductive group Z; can be measured by the
reduction potential of the bioreductive group and is influenced by the inker (L), and the
phosphoramidate alkylator (Alk-H). For example, attachment of the bioreductive group to an
electron withdrawing linker or an electron withdrawing phosphoramidate alkylator can make
the bioreductive group easier to reduce compared to when it is covalently bonded to an

electron rich linker or an electron rich phosphoramidate alkylator.

[6098] The Trigger T can be oxidized, hydrolyzed, or thiolyzed and can release the
phosphoramidate alkylator in a hypoxia non-~senselective mammer. Teleyta®™
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 alkyléxtor 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
prodrug with respect {o phosphoramidate alkylator release. In one embodiment of the present
invention a hypoxia activated phosphoramidate alkylator prodrug, does not release the

phosphoramidate alkylator in a hypoxia non-specific, oxidation, hydrolysis, or thiotysis.

[0099]  According to the present invention, a properly employed Trigger in 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 prodrug can be modulated by employing a Trigger T containing an amino group
capable of forming an ammomum cation under physiological conditions. In one

embodiment, a Trigger T containing & quaternary ammonium group can yield a prodrug
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) X4i X4N\112\1X4 R9O1PIL i OR9 2 Trigger (IX) wherein each R9

independently is hydrogen, methyl, ethyl, propyl, isopropyl, or cyclopropyl.
[0188] In one embodiment, the present invention provides the compound
of the formula 10(X): Rg R9 x4[X4 NN RiRi ol Trigger (X) wheiein each

Révindepengently is hydrogen, methyl, ethyl, propyl, isoprepyly&osnassss
cyclopropyl; and each R11 is independently hydrogen, methyl, ethyl,
propyl, isopropyl, benzyl, substituted 15methyl, cyclopropyl, methoxy, and
CORRIHERYI Bletigethet buont2 hitlforinrachétistitytien {018} dnibn@ossibie
ezﬁﬂﬂ&ﬁ@l m%tngﬁerpiﬁ&ﬁaiéﬂ&@élﬁﬁﬂtﬂ Qﬁ § T%&BHQB;%%%Q Pﬁemctionality
rmulas X-B nd X-C): 2 '
fﬁﬂa)fgrg{l )R}ébe(é_)gl)acgllular space outside of
HWH@@RSZ@%@N hzd MNOREODsIJeh2H0 B2 normal cell membrane. The lower pIl

in tumor extracettular space can convert the CO-() to the uncharged “CO,H” form allowing

the prodrug to pass through tumor cell membrane.

[6100] A phosphoramidate alkylator containing a hydroxyl, amino, mercapto, and/or a
carboxyl group can be transformed 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 alkylamine, a carbamate, or
an amide; a carboxyl group to an ester; and a mercapto group to a thioether or a thioacyl, as
described in greater detail in the Method of Synthesis and the Experimental sections below.
"These transformations can vield a prodrug which is less polar or more lipophilic than the
corresponding phosphoramidate alkylator. Non polar phosphoramidate alkylator prodrugs
may not be readily soluble in aqueous pharmaceutical carriers or dilzents. Solubility
enhancer groups like CO,H, amino, atkylamino, dialylamino, and hydroxyl can be employed
in the Trigger T to modulate the solubility of the prodrug and overcome any problems

encountered in preparing aqueous formulations of the phosphoramidate allcylator prodrugs.

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

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

reaction sequence below, the rate of alkylation can increase when the NR2R3 moiety is

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

phosphoramidate alkylator.
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\Il  wherein X2 and X4, are defined as in formula (I), and R10, and R11
~ are defined as in formulas (1V), (VI) and (VII).  [0190] In one
embodiment, the present invention provides the compounds of the formula
10 (XI) - (XV): WO 2007/002931PCT/US2006/1125881 (XI)
(xblanad%ky) 2 1 1\ NN X4 Ri 0z3 SH2 (XV) wherein eacBRA k- n06/025881
independently is hydrogen, methyl or substituted methyl, benzyl,
isopropyl, propyl, cyclopropyl, methoxy, and hydroxyl; and X1, X2, and Z3
are defiffed &s above; and X4#g CR.Br, aIkyIsquononF%(ay RWE) DT\I A
hete&oawlg&mtgpyioéy cycggaﬂk;gsu y, 10 PN
heteréeycloalkylsulfonyloxy, arylggl) loxy, or. hefferoa?yls fcmyloxy Tn
one embgdimeny, in compounds of formulas (XI1), (XIVE, @nd (XV), when
X4 |si%9ieor Br th R|| echLf\des isopropyl. In one embodiment, a
ound o g&%‘ %c%%des a compound wherein Z3.is WO
2%%‘%? éﬁé ?ﬁ@ti@%’fq?feone enfSHER, the
present invention prowdes a compSURY of formula (X11), (XIV), or (XV)

olprem S RILAesen FapER Al compauniagripiyla .

or XV include compounds

aﬁ’izéﬁcg@@h“&h%@wﬁgo%@@ﬁwéeﬁﬁ%@hwfﬂééwﬁmﬁb@‘fvﬁﬁ@%p@@%ﬂeblgh
hyphos aher@ﬂu@gauevaﬁgtlﬁmdamdﬁ@g@@hfgfmata&ﬁ Hihrovd, sor:XilMywherein
ox X B19PYL 0% S0BLoBML I OB STRR SR SDk. 1 1S RS e

cells than in normoxic cells in an anﬁ—pmhferatmn cytotoxicity assay with a ICs of 0.05 pM

in cells under hiypoxia. (See EXAMPLE section). Phosphoramidate alkylator prodrugs

containing ifosfamide mustard or ifosfarnide mustard analogs and having formulas;
Z3-CHz-O-P(=O)(NHCH:CHy X4}z, Za-CHa-O-P(=O}NHCH({R)CH, Xy ),, and
Z3-CH(Z2)-O-P(=0)(NHCH(R9)CH2 Xa)2;

wherein Z; 13 methyl; Ro is hydrogen, methyl, or isopropyl; Zs is 1-Nemethyl-2-
nitroimidazol-5-y1), 2-nitrothiophen-3-yi, or 2-nitrofuran-5-y1; and each X4 is Cl or Br were
unexpectedly more toxic in hypoxic cells compared to normoxic cells, and/or possessed
unexpectedly high HCR values, in anti-proliferation cell cytotoxicity assays, in contrast to the
HCR values of known phosphoramidate allcylator derivatives having 2-nitrothiophene-5-yl,
2-nitrofuran-5-vi, or 5-nitro imidazolyl, bioreductive groups (Z3), and N,N'(tetrakis-2-
choloroethyl) phosphoramidate mustard or eyclofosfamide mustard; or an indole quinonyl
group as Zz and ifosfamide mustard (see e.g., compounds P4, P14-17, P19, and P21-22, in
Borch et al., J. Med. Chem., andUS Patent No. 6,656,926 both supra).

{0103] In one aspect, the present invention provides phosphoramidate alkylators prodrugs
of formula (I):

| ﬁ |
N N
R5/ Sp \RZ

|

¥z
\R1

O]
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O\CI HN\I I NH [0192] In one embodiment the present invention provides
a phopsphoramidate alkylator prodrug wherein R11 is C3-C8 cycloalkyl. In
another embodiment, the cycloalkyl is 10 cyclopropyl. In general, a
cyclopropyl group can be more stable than an alkyl group to oxidatively
metabotizing proteins in the cell, particularly in the liver thepproelag 025581
compounds of the invention provide a phannacokinetically improved
phopsphoramidate alkylator prodrug compared to known
wipheisphoramidate alkylator prodrugs.  [0193] In one embodiment, the
present invention provides the compounds of the formula 15(XVI) (XVI)
[OWMErein IC0sSCRG ealyieRe re@ie shdtroalikyionedaniy Se-Smbodimert
heterd 8k (BI2 IR &bdAEH2(-X5-CH2CH2)s, or Cliz(-X6-0-1)c wherein e is
1-10, fis 0-3, and X6 1s 0, S, or 20 NR42 wherein each R12 is
[oindependeotly, dafineder abongo, WO 20071092931PCDUS2006/025881
[0194] In one embodiment, the present invention provides the compounds
[odfdhe dorimudlR; (RMHdegpOt) Divhedeipee, s Q-dkyX4nitnG,| QF@Blkyl,Ci-Cq

o O B T B i o

diglkyoming o DesrEYE MbGdmdHt thehpiecent iroahnd heeneds atfesether
angampet AR ftemuta Ofheer (XY, LOWREER RIS Ridheaneh T4 T T BT
W tlagrllsi;rlfone\(logZh_eteroalkylsulfonyloxy, a_rylsulfonyloxy, or _
eteroa sulﬁonyfbxy. In a related embodiment, the present invention

[oRFoyidesasqmpaund of formula (XIX) wherein e is | See EXAMPLE

section for examples of compounds of formulas described herein. [01961
It ehboERk-(HEpree ik fihtlon b stIEs Enbecftbound of
oA (X08)-OMR RADIA0293 L RCTAISROA6ARBHRL (XX) wherein Rg is
wilHEOSE.L1. 8, lUG0S50 gﬂ%&%ﬁe&%@ apel x4 1s Cl, Br, alkylsulfonyloxy,

, arylsu

heteroalkyfsulfonylox onyloxy, or’heteroarylsulfonyloxy. As used

[oReEpiny aiglicose ﬁﬁgméaﬁly&ﬁ%zmpﬂlaeﬁg@&qu%?%ga@ﬁ(}%ﬁ%lf.cﬁ

g8 ated embodiment, the present invention SIErow es a compound of

Rimy TraSRwharshte o6 PSR Erhbbamtent; thdprsin, Cr

Cidiaditioniproandesthreacdnthalindgt, (wkieteioeXd isdgl, Bijcafoaroyl;
alkylsulfonyloxy. 101981 In one embodiment, the present invention

[0h08Vide&s itHe. Somipdlndd=X47%4 0 N / P-N(Ri0)2 0

[0110]  each Z, independently is hydrogen, halogen, C;-Cs alkyl, C;-Cg heteroalkyl, aryl,

heteroaryl, C3-Cs cycloatkyl, heterocyelyl, C;-Cs acyl, Ci-Cgheteroacyl, aroyl, or heteroaroyl; -

[0111]  Z, is Cy-Cg alkylene, C;-Cg heteroallcylene,

VAR
AN
P e 8 Xy X4
Ky ¥y )(1/ - }\
/Wv< >A,W W / ) Xy /X1
\ / . \ Vi f)@
X=X, . ) K=y , 0T ;

[0112]  each X, is independently N or CRg wherein Rg is independently hydrogen, halogen,
OH, OP(=0)}OH)y, nitro, ¢yano, CO,H, C1-Csalkyl, C;-Cy heteroalkyl, C;-Cq cyeloalkyl, Cy-
Cs alkoxy, Ci-Cs alkylamino, C;-Cs diatkylamino, aryl, CON(R), , C;-Cs acyl, Ci-

Ceheteroacyl, aroyl, or heteroaroyl;

[0113] X;isNRy, S, or O; and
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wherein R9 and 7C4 are defined as in formula Vi. [0199] In one
embodiment, the present invention provides the compound of the formula
(XXI) NO Vi Trigger 5(XXI) wherein Y1is S
or 0; and Trigger T is defined as in formula (I). [0200] In another
emtbodiment; the present invention provides the oxime-phesphetamidsia
alkylator conjugate: Br. 10[02011 In one embodiment, such an ox
e-phosphoramidate alkylator conjugate can be hydrolyzed enzymatically
1014 roduice biwazOu7E00PISERE T 200610 2588119202] In another
aspect, the present invention provides the compounds of the forméjla
R3R4R4*R3* IVIIY1l RKNN-,", (Z01),-K-(Z0i), NI IN R2 Y2Y2 Rit of (XXII)
wherein 5[0203] R1- R5, YI, and Y2 are defined as in formxul ; [0204]
each 12.1-R5 and 124*-R5* independently is selected fronjthe §roup
cngFsting of hydrogen, hydroX§l, C1-05 alkyl, Cl-¢s alko Cl-p§1
« mino, Cl-EBsdhalkylamino, afyt *heteroa
Jform A'het cle; S anghR1 *R%* independently is a Trigger

-[C(Z02-Y3]v-[C(-0)-0],i4C(Zi)2-Z2-Y 4IS[G(Z1)2[z-*C(ZI)-C(ZIWZ3 and
-[C(Z02-¥3b,-(S(=0)2), FIC(&})2:%2-Y 4b-[C(ZIMSAC(Z1)=C(ZiAg-Z3-; with

thig?\viso\ hat in formula ¢XXI1): J0205] (i) at least twp of
f(--R5% are2-ha , 2-alkylsulfonyloxyalkyl, 1
“HeteroalRylsullonyloxyalkyl, R-arysulfonyloxyadiyt; or 2°x,

heteroalkylsulfonyloxyalkyl; or 15[0206] (ii) at least one of 1(1-R3and R1’
*R5* is 2-hatoallcyl, 2-C1-C6 alkylsulfonyloxyalkyl
2-heteroalkylsulfonyloxyalkyl,

2-heter>8%¥(|15u|fony|oxy§|kyri]and 1 i \>M
1 X4
OZN—<\ />—._._.—*“M E?,
Xq——X , 0 o >

with the proviso that in formula (1) :

{01151 (i) at Ieast two of Ry-R;5 are selected from the group consisting of 2-haloalkyl, 2-
alkylsulHonyloxyallyl, 2-heteroalkylsulfonyloxyalkyl, 2-arvisulfonyloxvalkyl, and 2-
heteroalkylsulfonyloxyalkyi;

[0116] (ii) at least one of Ry-R; 15 selected from the group consisting of 2-haloalkyl, 2-
atkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-

heteroalkylsulfonyloxyalkyl; and at least one of NRoR5 and NRyRsis w”ﬂ; or
[6117} (iif) each of NR2Rs and NR4R; are ‘W”ﬂ; and

[0118] anindividual isomer or a racemic or non-racemic mixiure of isomers, bioisosteres,

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

[6119] In one embodiment, z is 1.
[0120] In one embodiment, R*-R’ are not the same.

[0121] In one embodiment, any one of R%RC i3
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at least one of NR2R3 and NR2*R3* is ; or [02071 (iii) ach NR2R3 and
NR2*R3* both .2.2'PN , and an individual isomer or a racemic or
non-racemic mixture of isomers, bioisosteres, 20phannacophores, a
phannaceutically acceptable salt, solvate, hydrate, or a prodrug thereof
[0208heeachsZ independently is C, S, or P; [0209] each t indepere@nthsds: 1
or 2; WO 2007/002931PCT/US2006/025881 [0210] each r independently
is 0 or 1; [02111 K is selected from the group consisting of Ci-C6alkylene,
C1-0 heteroa(IchIene arylene, qr heteroarylene, (C(R9)2)n; and

Y5+ ))2)1/11 -Y4-(C( m/@;;whereln nis 1-8; [0212] each in
~mdependen; 1-4;55[0213]®agh R9 is mdependently Ci-C6 alkyl or
heteroalkyl; or to eth r when e@valently bonded to the same carbon atom
or adjacent carbon atoms are eyeloalkyl or heterocyclyl; and [0214] each

0¥ 530 LB IARARMAE RIS, Bl @&t&t@gn Lyt e proviso that

one of Y4,Y5, and Y6 hasto be 0 In another

Ph&@)ﬂ@étmt’ﬁfé*ib?@@ét‘i?‘iMW%%@WH&WWHM%%%@F& In one
endHHXEH); Mﬂ\dmﬂo&m&w\a@ﬂwﬁmﬂmg;edrs@ﬁxzmmb@@tpltggm

NI A Y2 R elned a5 oimule (1 0171 cach RS
e n ISSG|€C€ rom egroupco SIStin O%

bl%ﬁ%ﬁ@@ﬁ%gft@@xﬁ @ cobodiginiciherharbyy i Cehigamindug of the
présénGacialioylamings anyhiheteraandi-er 0osthenRant iR form a

heterocycle; or each RA-R5* independently is a Trigger T selected from
[othe]graupseentisting:of the present invention excludes the compounds:

-[C(Z02-13],-[C(---0)-0]c[C(Zi)2-Z2-Y4],x-[C(Z1)21z-[-C(Z))=C(Z1)1g-Z)
and - [c:(zoz i =0)2)94C(Z02-Z2-Y 4b-[C(Z1)2]z-[C(Zi)=C(Zi)]g-Za-;
CoHSRE %He\p

@ gtidrmula (OCIIN) [0218] (i) at least two of R2-R5
and R2*- Rs* re 2-haloalkyl, 2-alkylsulfonyloxyalkyl, 2
heteroalkyls fonyloxyalkyl 2ary|sdﬁ8ﬁ Gitkyaiky, ZNH2

heteroalkyl fonylox -NReO 20071002931PﬁT/USZO%/OZﬁsSl
[0219] (ii) at ng' of -R5 and R2*-R5* is 2-haloalkyl, 2-C NG,
alkylsulfonyloxyalkyl, eroalkylsuIfonyloxyalkyPi\ar I ony lkyl, -

or 2- heteroalkylsulfon){ﬂgxyalkyl and one of NR2R3 anﬁzNRZ*RB V'N.; .
or 102201NR2R3 and NR *R3* together are bothor NR4R5 and NReR5* 5 °

together are bothpwi-2N1 ; and P2
O o
(CtHZCHZC)QN\Ll N {BrHZCHC)QN\IPI M
0 S
(]) NO, l N
0
\CM \C/@/
H, i H, ,
P3 P4
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[0221] an individual isomer or a racemic or non-racemic mixture of
isomers, bioisosteres, phannacophores, a pharmaceutically acceptable
salt, solvate, hydrate, or a prodrug thereof [02221 L2 is 1.0 wherein Xis
defined as above. [0223] In another embodiment, the present invention
prayigessthescompound of the formula (X_X1V): R3R4 R4 -1 /us2006/025881
'(202)r-K-(Z02)rN R2* 1 O TriggerTrigger (XXIV) 15 wherein R2, R3, R4,
R2*, R3* R4* Z, K and Trigger are as defined in Formula (XXIlI). f0224] In
another embodiment, the pfes€nCinvention provides the compoungds:of,
formula (XXIV) havirfgrihe structure of formula (XXV) or ()éX\VI)/: WO
2007/02931PCOUSZOO!:ZWCH@@(XV)(XXVI) [0225] Irﬁﬂoth@(EHQCHzcl)z
embodiment, the presenginvention provides the compound of’the fannth

KMo ;

(XXVI) wherein X1,X2, X4, and e are
efined as imformula {XXV). [0226] In ai6the ct, thef present

Y1I\Y1 NNMN*' R

wherein R2-R5, r, k, Y1,/and Trigger T are defined as iriformgla (XXW)

N02 , ND2
P53 P6
MNCHCHoCl N{CH,CHAC,
o) o)
%P——__ QQ\"P
N{CH,CHLCl), T N{CHACHa
| | che
o O
MezNHQCHgg HaGHRCO
o} o
NG, NO, ,
P P8
N{CHCHa Ty [N
9}
= Oxp/ NEl,
l N{CHZCH; Gl T NCHCH Gl o /
S f .
S o] E _\“N(CHECHQCE)Q
H3CO—, 0
il HCO—.
9]
NO»
0
NO; NCQ y
Po P10 : P11
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102271 In one embodiment, the the present invention provides a
compound of Formula: WO 2007/002931PCT/US2006/025881 wherein T
is L-Z3; L1 is CH2, CHMe, C(Me)2, CH20CH2, (CH2)3, '
CH2S(CH2)2,CH2S(CH2)3, 7 055,,y 5[0228] In another embodiment, the
presentinrention provides a Z3 selected from the group cepsisting Rbsss
WO 2007/002931PCT/ U S21106/02588 1 \ NO2 s 02N 02N 02N s

[0229] In another embodiment, the present invention provides a moiety
having the formula: R4I7‘§CT@CF*NFN R5R2 selected from the grymj*l%q%qstlng

of: CIPhCI CI Pang
P\N(CHEC; Ol \?’\— N(CHCHCI),
P12 P13

Br

Ra

T\ e~
s \

P14 -P17

05N

wherein R” is H, Br (P14), NMe, (P15), CN (P16), or CONII, (P17,

Br
Ct

/&o\\\/ DVO ~/
LT

P13 P19
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CI1 CI 102301 In another embodiment, the present invention provides a T
selected from the group consisting of:  wherein each Z1, R7, and Rs is
defined as above. Within this embodiment, Z1 is hydrogen, methyl, or
ethyl; R7 is methyl, trifluoroethyl, ethyl, propyl, and cyclohexyl; and Rg is
GWQD(@%Q)(OH)Z Within this embodiment, WO PCT/US2006/025881
2007/002931PCT/US2006/025881 wherein each R9 is hydrogen or Ci-C6
alkyl and each X4 is halo or Rs",Se=0)20- . In another embodiment, R9 is
hydrogen, methyl, ethyl, isopropyl, or isobutyl*’and X4 is ehloro, bromo, or
methanesulfonyloxy. [0231] In another embodiment, the present invention
provides a compound of formula: wherein T isdefined as above or more
particularly T is L-Z3 wherein L CH2, CHMe,{\CMe2, HO WO
2007/002"1PCT/US200 881 102321 1In EW present
invention provides deu }érat phosphoraimjdate atkylators and deuterated
phosphoramidate tor of foftnula 5wherein X4 is halo or
IC,1S(=0)20. In @nother embodiment, X4 i3,Cl or Br. Such deuterated
phosphoramidate alkylators and their prodruﬁs are equally’cytotoxic with
respect to hypoxic tumor tissue as tlﬁ%’ non-deuterated or hydrogenated
analogs, such as compounds 25, 36 and the likes,. However, the
presence of such deyjerated analogs in vivo, for example in bigod plasma,
can be determined nEe efficiently compared to their correspoggiing 10

phosphoramidate alkylators and/or phosphoramidate alkylatorfrodrugs by
nuclear magnetic gesonan ethods and such_deuterated-analog
be us in der(gj;r(%’\inN@p}h";%acokinetic orp @ codyo ﬁﬁgbrt%gft%s
oofithe phosSpF ranﬁ\date alkylators and/oeptiosphpramidate alkylator
prodrugs. Pharrnact¥inetie and or phannacodynamic information of ’
phosphoramidate allcylators and/or phosphoramidate zljkj/l’:tor prodrugs is
used in 15determining dosage, frequency of dosing, a sim'ij,%
administration related parameters. The synthesis of a
octadeuterated-compgund 25 and octadeuterated isofosfamidg alkylator is
described in the EXAMPLE section. WO
2007/002931PCMIS§06/025881 [0233] In another group of a
embodiments, ther .;e‘:r;[/'ny ntion provides the individua} a dggec.tg{e
ng@g@mﬁ ds of the EXAMW@F’C pounds
cofithie ten incFI)\ude: WO 2007/002931 1{9S2006/025881 CI 02N-,
Cl 0", /02N NH Nj\ : Me N\
BrJ/ Br c;f C!



Nr.---NO /// OIMe//PCIOH 10 Me9 CI511 CI12 14 02N 10CIl 1516
WO 2007/002931PCTRIS2006/025881 CICI 1718 2122

WO 2007/4002931 PCTIUS2806/025881

C

8 [N}\/oi/N\/\CE
O B O,N \
/U\/O\\;’/N\/\ - and ’ me N\\
QoN
’ j Cl

\
Me N
JERs .

P25 P26

Hah (HZC)4
PNy O NH
: T W
8]
O\"‘/NH DQN 0 \
OQN/[;:\X\‘/ J

o .

Cl/'

P36 P37
wherein R is H, Me or allyl;

5 [0124] 3-(5—Methoxy— I-methyi-4,7-indolequinonyl)-methyi bis[N-methyl-N-(2-
bromoethy!)] phosphorodiamidate (P27),

[04125]  3-(5-Methoxy-1-methyl-4,7-indolequinonyl)methyl N,N-bis(2-bromoethyl)-
phosphorodiamidate (P28),

[0126] 2-(5-Methoxy-1-methyl-4,7-indolequinonylymethyl bis[N-methyl-N-(2-
10 bromoethyl)lphosphorediamidate (P29),

[0327]  2-(5-Methoxy-1-methyl-4,7-indolequinonylymethyl N,N-bis(2-chloroethyl)
phosphorediamidate (P30),

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

15 [0129]  3-(5-Methoxy-1-methyl-4,7-indolequin-onyl)methyl N,N-bis(2-bromoethyl)-
phosphorodiamidate (P32),
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// N 100H 2324 52728 2930 3132 333415 WO
2007/002931PCT/US2006/025881 Brci 3536 Cl 138 15139 .WO_ _
2007/002931PCT/US2006/025881

WO 2007002931 PCT/USIMNG/02588 1

[9130]  2-(5-Methoxy-1-methyl-4,7-indolequinonyljmethyl bis[N-methyl-N-(2-
bromoethyl}]phosphorodiamidate (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-indolequinonymethyl N,N-bis(2-bromoethyl)-
phosphorodiamidate (P35)

[0133] In arelated embodiment, the present invention provides a compound of formula (I}

with the proviso that

[0134] (i) at least one of Ry-R; are selected from the group consisting of 2-
alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, 2-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl and

[0135]  at least one of R{-Rs are selected from the group consisting of 2-haloalkyl, 2-

alkylsulfonyloxyalkyl, 2-heteroalkylsulfonyloxyalkyl, Z-arylsulfonyloxyalkyl, and 2-
heteroalkylsulfonyloxyalkyl ; or

[0136] (i) at least one of Ry-Rs is selected from the group consisting of 2-haloalkyl, 2-C;-
Cs alkylsulfonyloxalkyl, 2-heteroalkylsulfonyloxyalkyi, 2-arylsulfonyloxyalkyl, and 2-

heteroalkylsulfonyloxyalkyl; and at least one of NRyR; and NR4Rs is WW\IQ; or

[0137] (iii) each NRsRs and NR4R; are ‘“"“‘"“<]-

3

[0138] In another related embodiment, the present invention provides a compound of
formula (1) 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:

e o~

!

33
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Cl 143144 15145 146147 WO 2007/002931PCT/US2006/025881
148 oPNH2N zN \\ 149150 jci C1IHC 10Cl 151 HDP- \o CIN4c ,
152153 o ) o

WO 2087/662931 PCT/US2006/025881

wherein Z; is hydrogen or C;-Cy alkyi.

[0148]  In one embodiment, the present invention provides compounds wherein the Tri goer
T is:
[C(Z1)2- Y3 HC(=0)-0)-[C(Z1)2-Zo-Y 4] -[C(Z1)a)er [ C(Z0)=C(Z1)}-Zs;
{CZ0)a Y3 [HC(Z )2 Zo-Y o] {702~ [ CLZ1)=C(21)]-Zs;
[CEZ kY3 IO ) [CZ0)=C21))- Zs;
[CE1)rYa [CZr o] Zs;
[C(Z1)2- Y3 HC(=0)-0) -{C(Z1 )2l CZ1)=C(Z1))-Zs;
LC(Z1)2- Y3 ]H(C(=0)-OM{C(Z1 )21 Zs;
[C(Z1)2- Y3 HC(=0)-0) -[C(Z1)a]- [CZ1)=C{Z 1)} Z5;
[CEZ1)2Zar Y4} -{CZa )b [ C{Z1 )=CZy ) )-Zs;
CEZ ] C(Z)=C{Z1)]-25;

A S e

29 XXy o1
O,N
— g
\X
N

[6141} In an additional embodiment, 7 is:
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15154155 [0234] In one embodiment, the phosphoratnidate alkylator
prodrug contains as Z3 and shows hypoxic tumor specific toxicity Wh|Ie
being much less toxic to healthy, normoxic tisue. WO =~ -
2007/002931PCT/11S2006/025881 [0235] In one embodiment, the
prasentyaqtion provides a novel phosphoramidate alkylatorprodrid. ...
which upon bioreduction releases the corresponding novel or known
phosphoramidate alkylator Rg X4 0 NIIN(Rio)2 OH vR9 Rg IXIII X4NNxa
r"n' QH 5l albl C wihereln X4 is defined as in formyla (I) and R9, R10,

41 Nere 5oy -?\9“ t%rms thereof
relgted embodjme t X4 is Cl, ethanesulpnyloxy,

berx sulfonyloxy, of bara tolue esu nyloxy.
embodimént theRpresent inventien providés a neyel phosﬁhoram date
10alkylator prodrug which upon hjgreduction releases the correspondlng

O,N

OZN or OzN

[0142]  In one embodiment, each -C(Z1),- is: -CHy-, -CHMe-, -CH{CN)-, -CH(CO,H)-, -
CH{CONH:)-, -CH(CF3)-, -CH(CHF)-, -C(Me),-, -C{Et),~, -CH(CH;NMey)-, -
CH(CHNMe,)-, -C(CH,NMey )o-, or ~C{CHCOH);-.

[0143]  In one embodiment,-C(Z),-Y5- is: -CHz-O-, -CHy-8-, -CH,-NMe, -CHy-NH-,
CH(Me)-O-, CH(Me)-S-: -CH(Me)-NMe-, -CH(Me)-NH-; -CMey-NMe-, -CMea-NMe-, or -~
CMep-NMe-.

{0144]  In one embodiment -Z,-Y,- together is:

@ @

35
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/1\ BrN II NBr r'IRii OH Ig Br OH Ib HO Br/ II\ Br Br\Br / OHii WO
2007/002931PCT/US2006/025881 and ionized forms thereof; wherein
N(R]9)2 is selected from the group consisting of NH2, NHMe, NMe2,
NEt2, rTh N meNC\N- Ni, NHOMe and NI-101-1; each R11lis
independently hydrogen, Me, ethyl, cyclopropyl, isopropy! ppfiopysdaenzyk,
5substituted methyl, cyclopropyl, methoxy, and hydroxyl; or together two
1211 form a heterocycle. [02371 The anti-cancer agent

{904idloghosp hehiidieeeb tABGli zeS To)id i(RIGTs Bld ray EN) -t fosFaiichs)-, -

cefabalizesiale-(cagbRbiishyeieaenh Whendises in.cancer treatment.

&luf sfamide, which is_being evaluated in the clinic for cancer treatment,
¢ ng‘é‘é’g%’i’ﬁ’ﬁfﬁiﬂé’t&“&f%mﬁﬁl% Rt Yethyaro dens deatvmrbsyispied
fretahg KSR atniloing G220 8614 CI: aplititi Ot RoNUS 057038 Qaantitiael,
i i ies" . 3 ! titl - on
aERACETIBRIARIES Ry rahn ARRD NS g%%ﬁg“ RoimMe, and

"Glufosfamide Combination Therapy” and Attorneéy dockét No. 0
by pt et Boeyehaine dratiramll e in et st s
hefrecagy!). TeleytaTm which is being evaluated in the clinic for cancer

treatment, releases If (Rosen et al., C1/72 15Cancer Res. 2004,

{01661 1)I3689e8¥n{ORBBNKHdygerphosphoramidate alkylator prodrugs such
as ifosfamide and cyclophosphamide metabolize to produce cylotoxic by
zprofiticts such as acrolein and chloroacetaldehyde
esirab tient side-effects‘stch as hemorrhagic ¢
death{n on embodin‘ﬁf pres?rﬁﬁ@ention '
phospheramigate 20 a &/Ialor predrug which upen me QQQSm produces
less toxic by products per treatment as compared to those produced by

the metabolism of ifosfamide and/or cyclophosphamide. In one
AR YB i Sk RErh &g dPamidate alkylator prodrugs of the present

inv%qtion do not produce acrolein by in vivo metabolism. Examples of
“axjc by groducts resufting from metabolism of the prodrugs of the
i igh i “ehloro, Kylsuonyloxy,

y loxy, or
ulfonyloxy-acetald (for metabolic production of
- chlgroagetaldehyde from ifosfamide see the reference Hardman et al.,
ra, pa%?%g). In another émbodiment, the present invention provides

p horgpmii 5 ich upon oxidative metabolism
producks 5-85% as much chi§roacgtaldehyde or an equivalent as defined

above, per tP'eatment, as prod y 30 ifosfamide metabolism.

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

(01471  In another embodiment, Trigger is:

wherein each Z; is hydrogen or C;-Cs alkyl and Ry is H, OH, or ~OP(=O)(OH),.

[0148] In one embodiment, the present invention provides compounds of formulas (If) and
(11D '

36
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WO 2007/002931PCT/US2006/025881 102391 The phosphoramidate
alkylator derivative formed upon the reduction of Z3 can be different from
the phosphoramidate aficylator being protected and the phosphorarnidate
alkylator prodrug and is termed a modified phosphoramidate alkylator
prediugios.example, a phosphoramidate alkylator prodryg-£a8,)igld s,
modified phosphoramidate alkylator prodrug 5 Alk-Triggerniod upon
reduction of the bioreduetive group (Z3). When reduction of the
bioreductive grouprforms afmodified phosphofamidatealkylator prodrug,
the linker (L) bondged tjﬂhe phosphoramidate alkle torlcan undergo
degradation to yi ithe phosphoramigéat IE or some other
modified phd@%ﬁg\rﬁiﬁzﬂ;ﬁ?ﬁmor prd%isrﬁlcj}. [&%@zembodiment,
the present invention pfovides a compound which|demonstrates 10a
bystander effect upon é?s@ation in hypoxic tissy,e%y\incorporating a linker
(L) as described above. In ¢fgEmbodiméntidhe bystahéseieffect allows a
modified phosphoramidate alkylator of the present invention to diffuse or
penetrate into tumor zdAgs which are not hypoxiélenough to activate the
prodrug compounds of the invention but reside nearby the hypoxic tumor
W}%‘ﬁ‘éGWHWcﬁ#‘l&ﬁ‘é@%ﬁéﬂﬁé%@%?@ér@%ﬁ%&f@?ﬂEﬁ[’ftﬁiﬁ%‘?ﬁR—f BigAef the
hybiorgdugtivegsoup EHewithinihe Iriggeldlis mediied i, £3.CLARLR C;-C;
ield. a ified sphoramid Ikylator prodrug such as
AR T R T R e e B e G
Crthetrasisl e erstrdd Hormedlyds ¥ 31-Q20d-0pUiRge-2 3 defined as in formula
(1¥4C(Z021z4970---"Zi)i-Z3-moci; [C(Z1)2-Y3]-[C(Z1)2-22-Y 4]
-[C(Z21)21z-[C(Zi)=C(Z 1)}-Z3Thm;
[0RBC (ZR)2thY BiletRd 21 nlGpiiyaiel A0)eZtmori; [C(Z202-Y3l-1g2021z-Z23-mod;
[C(Z1)2.-Y3]-(C(-0)-0) 4C(Zi)2],-[C(2z0O-C(Z1)]-Z3.mod;
[0]6IZi) 7 Y:Blay 50)-0) RCRZ D tizs @ sciebllom the group consisting of 2-haloalkyl, 2-
GRS DC NI ISR, G 23,0100 @g@ Z2Y4]
490(202%( 4yé%igy?))C(Zi_)l-23?mod; zgizn‘%si[c@(i %%%%%):-c 71) hakis |
he\WWéP@ﬂ?‘%@f?ﬂW@%O‘?&duced or otherwise reduced or modified Z3.

42].1 other embodiment, the TM ig selected from: )
o T O T 25 P S B ST P2l
Caticy's0forAey2aiksh HctaodRilsnfondoambbotitenisTiigger Flintleadbs the
following linkers (L) having the formula: WO ﬂ
116261(3{@1@@9@&%@@@5;%@@@%&%%@ of NR;R3 and NR4R:is R sar
-[C(Z02-Y3MCV1)2-Z22-Y41-[C(42ir[C(Z)=C(Zi)i-; -{C(Z02-Y3]
-[C(Z02i7-[C(Zi)=C(Zi)i->-[C(Z02-Y 3]-[€[Z21)s]2-;
[HR2(Z 1) 243 (GRM): Qpd IR (Z 192iz-P Z)=C4ZON-[C(Z02.- Y 3]-(C(-0)-0)-C(Z
1)2-; 5 -[QZ02-Y3]-(g=0)-(3) -[C(Z1)2]4C(ZI)=CRO1-; and -[C(7,02-Z2-Y4]
[OIFS(Z B2 iwi jB1Z] JsB(& D)% @1 y2 frn(Zi)=ai(ilcsand of G(ZRR| Bio[024:Ads,

pﬂ&%ﬁe}@@,qim%ﬁgaaiegﬁ%me%g@@m Rioyid @hl;&aaighg%&%gi&@ma

upon bioreduction is modified to germod or TM and the

{Omsm%%%%lﬂgéﬁiﬁuﬂ!?ﬁt@@L@s@@@ﬁ%@ﬁﬁ@n@%{:ﬁ&:@ @loltgﬁaﬁaf%r Q&%(tzﬁgd-
N anqQther e (0] ent, ora a alor is, separated |
e Sl et i B s e o G

phagphoramidate alkylator is separated from TM in between 0.1 to 1.0
secpnd. In another embodimepjythe active phosphoramidate is separated
X M in betyeen 1.0t0 10.0's (_:g_r;gs. In another embodiment, the
hosphor%te a ylzﬂ ris separated from TM in between 10.0 to 100.0
sconds. 15[0R45]/ a refated e bodifient, upon activation or reduction,
a phosphoramidaté:alkylatd¥ prodiug ¥ields a prodrug with a modified
Trigger T (TM) which subsequently releases the phosphoramidate
wahdRpe 20 62600 pmufroiilthe site of activation or reduction; or 20 to 100
um from the site of activation or reduction. Bystander effect of a
phosphoramidate alkylator prodmg 03f7the present invention can be
measured using cellular spheroids and multilayer 20cellular assay (for

example of such assays see Kyle et al., Cancer Res. 2004, 64(17):6304-9
and West et al., Cancer Chemother. Phannacol., 1987, 20(2):109-14); and

as described in greater detail in Examples 35 and 37. Tumor cells can be
arown in ctilttire ace miilticelliilar enhernide to create an in vitro modal nf



10

15

20

divide and grow outward. After the viable rim reaches approximately 150
ttm in size, a hypoxic region develops, that drives the cells in this region
into a quiescent state and eventually to cell death. A necrotic core '
develops as a result of the dying cells. The spheroid 30 can be divided
int@ 4oatisting compartments for modeling the effectiveness of ahyipaxdss
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
{dyélind;4nantifa medieticitené eantiining deadtells and cellular debris.
The response of a drug will depend ona WO
(1667 MO8 PR PAIS2006 1025884 mumber ofifacters;-the/lability of
compound to penetrate into the deepest regions of the spheroid. The
[%Aetilatith BheyheaeHabatedronruarny by ritlorddidetsesyths C:-Cs
alkagtivity pfithRackly ated duigyiaihe Gell i navich it was, activatedhard 1ba,
maalpfé)l of the grcé[iYated drug to leave the site from where it was activated
ill near%y cells (bystander 5effect). The assessment of the
(AISCUYRBRoS Al B AUmNAL AL AN DEIRIDIR 06 SIS N B DRTR Tl
different levels. The effect of the compoullj"ng alone can be compare& 0
whEIRi Ao RS e 8756t drita®t spheroids. The HAP can used as a
monotherapy. The h)GBQXiC fraction of the spheroid can be modulated by
varying the concentration of 02 of the equilibragnlg gas and therefore
change the rati oﬁ&aerobic arEIthpoxic compartments. 10HAP's can
be combined wit othey@h(fe\énﬁoéﬁéfa eutic agents >&ither target only
the outer aerobic pr aré alle tg7 ar@?t?—th ire sp}feroid. The
expected cell kilf can be predictéd By knowirg the Kypoxic fraction and the
expected cell kill of each of the monotherapies. (0246] In one
wihniBodimesetthtienghesaht ivention provides a phosphoramidate allcylator
prodrug which upon activation such as bioreduction releases the
i"ﬂﬁ%lspf?a) paIpREt Q| Ro PrESwinticd fient life b lessnkising & decond;
alb@tmeaty0:911t910: 10isreondubeivesp L 1040366008 betvesn,1.0 to
h %Qrb%lﬁeﬁ% gns andlﬁ)qtgvn%en 10.0 to 100.0 seconds. [0247] Anti cancers
rugs tan u‘?%of(gatls ue surrounding the vasculature and/or have high
ongecHlateiahte that inpesie. difusion and ot feach Inieapeuticaly
effective concentrations hypoxic tumor zones that canbe up to =200
alb?&ﬂ“%@“ﬁ%ﬁfhé%@ﬂ@éﬁ/mlé?ﬂﬁwl%ﬁéyér%ia@dmﬁ@wi@ﬁéams@ﬁt}
hérwediitidm:prayidesiphiosphoramidate alkylator prodrugs that can reach
hypoxic cancer cells away from the vasculature. Some methods for
[0détérntining v doystahdBy effdetiaderdesttibpedingreater detaiinikyl, 2-¢-
chupmples.Asand 33 the phospigiamidale Alylalrused na iypeya
activated prodvrug plays an important role to efficiently kil Timor cells. For
example, for a hypoxia activated phosphoramidate alkylatos,25prodmg,
hepgrorlidsabporiniiyhseprormrrae AlkyfatiiandRsivate of celluar
alkylation, and the cell membrane permeability of the prodrug and the
spharamjdate alkylator impaotnthe@poxic selectivity and hypoxic
m@géto%@t??)}i‘ MHeribgoidRntidate alkyl-ator prodrug. 10248] In one
[G?Eg o%ng)egta, tgg\t Qﬂesen‘t irtwention provigies phosphoramidate alkylator
prodrugs that are sarertiTan tHE LoHEH SRRy IELpkaiariiater prodrugs of
forryliers formed in vivo (at 30least 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 hypoxic tissues by virtue of the activation or
reduction of the bioreductive group (Z3), resulting in its removal and the
concomitant or subsequent release or generation of the phosphoramidate
alkylator. [0249] In one embodimentgthe Trigger T is covalently bonded to
the phosphoramidate 5alkylator, in a manner that masks or reduces the
cytotoxic activity of the phosphoramidate alkylator. This masking effect
can vary and can depend on the cytotoxic activity of the phosphoramidate-

alkylator. Typically, the phosphoramidate allcylator prodrug will show at
laact abniit 10 fold lece evintavie activviityy than the correenondina
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LC10, IC90 or LC90, or IC99 or LC99. The ratio of cytotoxicity as
measured for example by IC50, 1C90, LC30, LC90, or LC99 determined in
nonnoxia and hypoxia is called hypoxia cytotoxicity ratio (HCR) and can
be a measure of the hypoxia selective cytotoxicity of the prodrugs of the
prasentiyention. The larger the HCR of the phosphoramigate alkylator, ;
30 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 FICR determined bas&e on IC89 or LC99 is larger than; that
determined based on TC90 or LE90.Y/W
2007/002931PCT/USZOOG/O.Z;BB;I\[(NZQZ]HQa related embodiment, the
phosphoramidate alkylatorprodrug df the preBent invention has a hypoxic
cytotoxicity of 0.1 nM to 50 p.M and a HCR of 10 to 100,000. In a related
embodiment, the phosphoramidate dfllz(:;(lator prodrug of the present
invention has a hypoxic cytotoxicity of 0.EnM to 50 p.M and a HCR of 25
to 100,000 (see EXAMPLE 5sectior)} In another related embodiment, the
- phosphoramidate alkylator prodrug of the present invention has a hypoxic
whggegtoxicity of 0.1 nM to 5 uM and a HCR of 50 to 10,000 such as, for
example, the compounds as described in Examples 29, 30 and 31. [0253]
Iﬂlﬁ"dne%eﬁ%ﬁd&ﬁ%hﬁ%e%&é@%%ﬁ@@ﬁ@@%@e% phosphoramidate
[y jator] PSR Vg, PUXic Aoxicite bich is D 104k QR RAGFIS 0 or 1;
2% 30he conesponding 10.nennoxic loxelty, In anoher smbodiment.
t e3pre§ent nvention pr%w esap osp‘horaml ate a?<y ator %Cr%sﬁrﬁoé”uga ©
offphosnborgipidsie abxieltysihtetibie 10 thy 10:000eBltssiporarth Al fhagent No.
5, 6orregponding normoxic toxicity. In another embodiment, the present
invention provides a phosphoramidate alkylator prodrug having hypoxic

[O¥@RiCity MiiaIR iSR2 Snte 2000 fo ld S yinBER L Naa e Carias pPoRdiNgkap i@xic
1oxic Tumpors have a gradient of oxygen concentration that
b e e e i
digigliedapein 1Bbbeimraway:-Snacidvierrhtissues! farthib by feom: thie
toy@BaUlaiurant NRarihenectylic-aoseyde; one embodiment, the present
invention provides phosphoramidate alkylator prodrugs that can generate
[Cpbdsphvahaimidate sl kydatiofesnbatb, 0R0,00; 10-10,00; and 25-5,000 folds
more toxic than the corresponding 20 prodrug, under a variety of oxygen
[0¢bTicentrations iy ohé-eimbisditiseiet, e fresenpinvention givvidedlyl, 2-
alRNegRRGidate alkyiatanpIdrgR aeneatephosrRhoamIdatCand 2-
b alkfi}/l tors, 5-&,000 010; 10-10,00; and 25-5,000 folds more toxic than the
i P&ﬁ%ﬂ&%ﬁ ‘Wg%g, under about 0.5-0.6% oxygen concentrations.
5],.The logP of a.phopsphramidate alkylator prodrug of resen
e e e R e o
CorétiudiomlenelbrhBoiivenk el orebentlindehtiohspliovidesdkyl, and 2-
phosphoramidate alkylator prodrug having a logP less than 0..8uch
neahosRhesaidele Alky atar.prodrvgs samhe hysrephilic, SUch-as g-prodrug
having formula XV wherein each R11 is H and can be easily formulated as
an aqueous formulation for i.v. or i.p. injféction. Another example of such
[0RBOFIrUgES) 3581 COMROLAFS A, 25 And 36.:39[0256] In one embodiment, the
present invention provides a phosphoramidate alkylator prodrug having a
(OO gieateithan Sodrrone eaviadinent ibepresent-dnmenianspraidas e,

.oh h id Ikyl d ' | b h
B S R R S by ebar B Ml
XY Xe8 ang XVwharsin each Rahis,mgthy! g&@ggkﬁa@& lvand

administered in a patient can pass the cell membrane to penetrate inside
cancer cells. Another example a prodrug having a logP between 0 and is
5, 6, 7, or 16. (for measured logP of phopsphramidate alkylator prodrugs
of the present invention see EXAMPLES section). 5 11b. Method of

synthesis [0257] The present inventigg arises in part out of the discovery
that compound 36, which could not be isolated by reacting CI 101-N-me
hy1-2-nitro midazole-5-methanol, and n-butyl lithium in a suitable solvent,
was readily synthesized by employing a Mitsunobwtype reaction wherein

1-N-methyl-2- nitroimidazole-5-methanol was activated by the addition of
trinhenvinhoenhine and HN O HOIL IN P



102581 Thus, in one aspect the present invention provides a method of
synthesizing a 15 phosphoramidate compound comprising reacting a
phosphoramidic or a phosphordiamid ¢ acid and an alcohol to yield a
phosphoramidate. In another aspect, the present invention provides
mathedsebsynthesizing the novel phosphoramidate alkylgies pEogiugsss;
compounds of the invention Or those that are known. In one embodiment,
the present invention provides a method of synthesizing a
phosphoramidate alkylator prodtsgreonipisiridrieaatindgzasnovel 200r
known phosphoramidate alkylator, a Trigger-OH, a trisubstitutgd
phosphine, ang a diglkyh azodicarboxylate to yield a nove} or wn
phosphoramidate\a ator prgdrug. In one embodiment of\theﬁethod,zgn
a first step the Trigger-OH is’reacted with the trisubstitute(gl phbsphi_r?/and
the dialkyl azodit r?o?é to yield an intermediate, and n\a “ond step,
the phosphorami a\ealkylator is added to the intermediate
the first step toNyéld 2007/002931PCT/1JS20Q
SQEW bu type feaction is particularw_s?'ﬁft})%% r synthésis o
novelsr known phosphoramidate alk-ylatofprodrugs orllierivati es,
Alk-Trigger, wherein Trigger is L-Z3 , wherein Z3 is: wherein R9 is
defined above, 10[0259J In one embodiment, the present invention
provides a metffod of synthesizing a phosphoramidate alkylator proétug
comprising reacting each of novel or known phosphoramidate alkylators:
WO 2007/0g931PC1731S2006/025881 X4 00 11R HO -P --N X41
\-—-KR9 1 X4\ \ X4R9 or /k 4 -FBGHE B9 with a Trigger-OH, a
Irisubstituted phosphine, and a diallcyl azodicarboxylate to yield
respectively, X4 0 Trigger \11iriii-- R9 O-P-NR9Trigger,,,,No -PH-N(Rio0)2
a -

o
. Rg 0
Ro._ é//o “ 5/;//
0 \N - Q \N -
N\ N
/’ \\NHz N/ \N-—R
X4\/_—‘N ><4_W_A/\JQ
X, %,

Phosphoramidate alkylator cytotoxins

[0£72]  In another embodiment, the present invention provides the cornpounds:

wherein X4 and Z; are defined as ahove.

[0173] In another embodiment, the present invention provides the compounds:

40



i\---"K X4I Ni..._,,, \\/, Or R9x
----LX4 94 R9 R9 5wherein X4, R5, R7, and R5 are as defined as in
formula (). f02601 In one embodiment, the present invention provides a -
method to synthesize a compound of formula: 0 RSR4NNR2R3 OTrigger
CRIBfiSINg.Esacting (a) a novel or known phosphoramldate(a]l}gg?o 19e) S
formula: 0 RSR4NNR2R3 10 OH wherein R2-R5 are defined as in formula
(I) with the proviso that (i) at least two of RI-R5 are selected from the
group consisting of 2-haloalkyl, Isulfonylexyalkyl,
2.. heteroalkylsulfonyloxya&& 2-arylsulf xyalkyl, and 2-
heteroalkylsulfonyloxyalky¥ W \(\3 2931 CT/US2006/025881
(i) at least one of Rj-R3 is selected from the group consisting of
2-haloalkyl, 2-C1-C6 alkylsulfonyloxyalkyl, 2-hgteroalkylsulfonyloxyalkyl,
2-arylsulfonyloxyalkyl, and 2- heteroalkylsulfonyloxyalkyI and at least one
mehDR4ARSa0d, NRIRNis i 1E or (i) NR2R3 and NR4R3 both
together are-NC 5(b) a Trigger-OH wherein Trigger is defined as in

[oFpIMUlal)tadasubstituiethpbasphinecans (g)addiaidazadiearboxylate

to yield the compound of foimula 0 R5R4NI INR2 R3 OTrigger
02611 In one embodiment, t m ound of formula. 0
R5R4NI R2R3 OH 10is se &ﬁ"h the g up consisting of: o R11
111 R9R P/ NR& P/Wﬁ

NR4R5 % <O< NR.Rs

N

/>* o e [

N , and

g

wherein R, - Rs are defined as in formula (11).

[0175} The following scheme exempiifies hypoxic reduction of the phosphoramidate

alkylator prodrug to yield the corresponding phosphoramidate alkylator.

O

\\?/NRQR;g \\p/ NR;Ry
o NR4Rs O NR4Rs
\\P ——NRzRs
o N\
hypoxic veduction MNR4Rj5

N N
( /: N0z E / NH active alkylator
g A

Phosphoramidate alkylator prodrug
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HO - P -N noX, NRi1 R9 R,ROR9 R9 x4 1l /-1- RO HO- 7- N NX4 X4 R9
| THO-P -N(RI'9)2 [0262] In another embodiment, the group of formula |s
selected from the group consisting of: WO
2007/002931PCT/US2006/025881 CI CINN NN PhN N.-/ |
'OJd ﬁb@MNﬁIO / _Cl O//Pee?NV‘\,,,e- POT/USIH06/025851

[0176] In another embodimen, the present invention provides the compounds:

o
i i
e
S OM_-“P N 2R3 O‘-__‘L{/NR‘ZRQ
NRgRS \NR4R5
S
O
s
Rs \ = , and
(o]
O\J,/NRzRa
NRRs
5
5]

wherein Rp - Rs are defined as m formula (1),

[61771 The following scheme exemplifies hypoxic reduction of the phosphoramidate
alkylator prodrug to yield the corresponding phosphoramidate alkylator.

I | ;
P/NRzRa ~ . G
hypoxic reduction o “ NELE “
NR4R5 e Oee Il _NRoR;
— e m“‘-P
— AN
NR4Rs NRJR
C{) s 4Rg
0 active ellcylator
Ry [ ¥
Phosphoramidate atkylator prodrug Ri

[0178] In one embodiment, the present invention provides the compounds of the formulas
vy - (vVih

)\r . )——‘ 5 %
\\Q - N(Rqg)z \ﬁ/ N X4
P e
O O
Tngger . Tngger
(Iv) (V)
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CIPhCl WO 2007/002931 BrCl Br001914-NOor CICI[0263]In
another embodiment, the reaction includes a solvent such as TEFF,
dioxane, a CICz alkyl acetate, chloroform, dichloromethane, acetonitrile
and the like. In another embodiment, each substituent in the trisubstituted
phesphingésindependently selected from a 5C1-C6 alkyl, £e3768,06/025551
heteroalkyl, C3-C8 cycloalkyl, heterocyclyl, aryl, heteroaryl, and C1-05
alkoxy substituent. In another embodiment, Trigger T- is wherein XI, X2,
Z1, and Z2 gye defined as;jn fgemula (1). 1F(3 [0264] In anothey embodiment,
the presenfggi"nm entj i aRgnethod to'synthesize a pgosphoramidate
alkylator proqdug omprising \ )9 2007/0());9QPC5T/U S20 6}(/025881
10265] (i) reactingiin & solent sélected froi TE [dioxane, ™
dichlorometh&ane, chi§rofornfirethyl acetat&;propylFacetate; butyl acetate,
or acetonitrile a compoumd of formula: wherein edch Rl is independently
hydrogen, cycloprpyl, methyl; ethyl, bengyl, or methoxyseach R9 is
independently hydrogen, methyl, ethyl, propyl, or cyclopropyl; and X4 is
halo, methylsulfqwyjoxy, phenylsulfonyloxy, 4-mgthylphenylsulfonyloxy,
and 4- halophenylsulfonyloxy; (i) a trisubstituted phosphine selected

whiEein saphe feis tifldiytphdsphine, trifdubglplvesphited adblyl, C;~Cs
heteroalkyl, Cs-Cy oycloalkyl, heterocyelyl, Ci-Cg acyl, C-Csheteroacyl, aroyl, heteroaroyl,

C1-Cs alkoxyearbonyl, C;-Cs alkylaminocarbonyl, di C1-Cs alkylaminocarbonyl, or C1-Cs
alkoxy; or together two Rg groups form a heterocycle; each Ryq is hydrogen, C-Cs alkyl, C;-
Cgheteroalkyl, Cs-Cjy cycloalkyl, heterocyelyl aroyl or heteroaroyl, or together two Ry

groups form a heterocycle;

{0179} R, is independently is hydrogen, deuterium, aryl, heteroaryl, C;-Cg alkyl, Ci-Cs
heteroatkyl, C3-Cg eycloalkyl, heterocyclyl, Ci-Ce acyl, C-Csheteroacyl, arovl, heteroaroyl,
C1-Cs alkoxyearbonyl, Cy-Cs alkylaminocarbonyl, di C;-Cs alkylaminocarbonyl, or Cy-Cs

alkoxy; or together two R groups form a heterocycle with the proviso that whea Ry; is Ci-Cs
Ro

alkyl or C;-Cg heteroalkyl then Ry, excludes SYé X4 ; or together two Ry groups form

a heterocycle;

[0180} X, is Cl, Br, alkylsulfonyloxy, heteroalkylsulfonyloxy, arylsulfonyloxy, or

heteroalkylsulfonyloxy; and
[0181] Trigger T is [C(Z)2- Y3 h-(CEOOY-[C(Z )2 Zo- Y s Ju- [ C(Z0 )2l [CIZ )= ClZ ) g Za.

[0182] In arelated embodiment, in formulas (IV) — (VII), each Ry is independently
hydrogen, deuterium, Cy-C; alkyl, Ci-Cs heteroalkyl, C3-Cq cycloalkyl, heterocyclyl, aryl or
heteroaryl. In another embodiment, each Ry is independently hydrogen, denterium, or C;-Ce
alkyl. In another related embodiment, each Ro is independently methyl, ethyl, propyl,
isopropyl, isobutyl, tertiary butyl, or cyclopropyl.

43



10(iii) diethyl or diisopropyl azodicarboxylate; to yield a product of formula:
[0266] In another embodiment, the present invention provides a method of
synthesizing a compound of foimula: comprising the steps of: WO
2007/002931PCT/US2006/025881 (i) reacting in an aprotic solvent, a
Twoges-falkwherein Trigger is defined as in FoilMa (1); a trisyhstiatedkes,
phosphine; and a dialkyl azodicarboxylate to yield an Intermediate 0);

(ii) reacting the Intermediate (i) obtained from step (i) with a compound of

[ofsnula onwheteitieachiRy Bl iaediXdds definecapdnkeimisaDato

ield the c Qu formula: O Trigger \IR1 0-P -N.NRiIR. X4 9 >9 R9
K S S S e w R Rosie s
heperar oy g hietisty emelRiiEntedalesalsiiv @l OB hidtieroadkyls«QauCs
cycloalkyl, heterocyclyl, aryl, or heteroaryl. In 10another embodiment, the
w&%ﬂlbéﬂlﬁﬂ%%ﬁg@ﬁﬁﬁé% HIBRmERERhse ey ifrsUbs semerphosphine.
In another embodiment, the trisubstituted phosphine is
triphenylphosphine, tributylphosphine, tripropylphbsphine,
triethylphosphine, or trime@@' os%hine. I ther embodiment, the
trisubstituted phosphin€4¢a englupgported triphenyl phosphine.
Polymer supported trisubstituted phosphinss are commercially available,
for example, from 15Varian Inc. of Rglo Alto, Cal %nia. In another
embodiment, the present invention provides a method of synthesizing the
whQGPRYBLsIWhereinrachiRALisihydrpgen. In another embodiment, the
present invention provides a method of synthesizing the compounds 83

[OV¥E) 200 74000SIREENHD2006/02588Bdention provides the compound:

Zy

Zy
Z3 %
7 1%/ 74 Zy

e
AR "
G Rio c \ Ry
and

{0186] In one embodiment, the present invention provides the compound of fornvula (VII1):

s
G
N‘\ﬂ _NRio,
e
X4 Re

(VIIT)
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[0268] In another embodiment, the present invention provides the method
of making a compound wherein the Trigger selected from the p-oup
consisting of: 5 and Z3iS [0269] In one embodiment, the present
invention provides a method to synthesize a phosphoramidate alkylator
predig@enmprising the steps of: 10[0270] (a) refluxing POGC B wWith:@25ss1
N-2-haloethyl-N-(R13)anunonium salt, wherein R13 is hydrogen, C1-C6
alkyl, C1-C6heteroalkyl, Cy-Ca cycloalkyl, heterocyclyl, aryl, heteroaryl, to

wivield adichlerpphesphoramnidatedntermediate; (0271 fdrsedcting theropyl;

dichlorophosphoramidate intermediate in step_(&) with a N-2-
haloethyl-N-(1213)ammonium salt, wherein @;@d@m-CG alkyl,
61025881 .C3-C8
cycloalkyl, heterocyclyl, ryI heteroaryl and a base in a solvent to yield a
monochlorophosphoraﬁ%ate intermediate; and 102721 (c) reacting the
/nngchIorophosphoraml ate intermediate obtained in step (b) with
Tng gna'\q\lb,as a solvent to yield the phosphoramidate alkylator
“orodmg. 5 02\23]/|n gne~emboudiments, ha sisliarophosphoramidate
mtermedlate of step (a) is separated from the rest of the reaction mixture
[0 1R rarsoigj ecthodimbda.the peactiomimBtepid)idhs dnothgroendbddiefontuthe
2paration is perfonned by first removing excess POC13 in vacuo and
then distilling the dichlorophosphoramidate under reduced pressure.
[0274] In one embodiment, the phosphoramidgte alkylator prodrug of step
(c) is separated 10from the r fther tQn mixture by flash column
chromatography on silica get. In onele bodlrﬁent the base employed in
step (b) is a tertiary amine.*guitapte ert@ry fines employed in step (b)
include trialkyl amines, such rletpyl aﬁﬁ; or diisopropylethylatinne. In
one embodiment, the solv temployegl inn step (b) is tetrahydrofuran
(TI-IF) or dioxane. 15[0275] In one embd&tifhent, the
monochlorophosphorarnidate intermediate of step (b) is separated from
the rest of the reaction mixture by fl & column chromatography on silica
eI befo e su ectl it tQ t%ydreactlon in st }Péé In one embodlment the
ase tsef Q‘(g’f) S TithITT S S SE Y AR S RS dE:

ase us i s ep
i %rnggt S, hylrides o !ghégt%nd'%%enges IS0 R formute
em ment the SOIVEnt ¢ foy in st imethc oxyet ane,
(}@Odlglyrne, diethylether, or THE [0276] In one embodiment, the present
invention provides a method to synthesize a phosphoramidate alkylator
prodrug comprising the steps of: [0277] (a) reacting in a solvent about 1
equivalent each of POC1 igger- OH_aDbease to yield a
dichlorophosphate intermeédiate; artgl 25[0278]tb) reacting the
dichlorophosphatc intermédiate; in ) with aN-2- haloethyl-N-
(R13)ammonium salt, wh@gefiﬁ Ri3- ydhg@ﬂ C1-05 alkyl,
C1-Ceheteroalkyl, Ca-Cs cycloalkyl, heterocyclyl, aryl, heteroaryl, and a
base in a solvent to yield the phosphoramidate alkylator prodrug. WO
2007/002931PC1'/US2006/025881 l\ﬂm@dngOOMe HO 1-1COOEt Y %
NailOEt EI+NH2CN H2N--/NN,-COOEt
(X)

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

[0189] In one embodiment, the present invention provides the compounds of the formulas

(X-A), (X-B) and (X-C):
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OH [02871 The 1-N-alkyl-2-aminoimidazole-5-carboxylates can be
reduced to yield various 1- N-alky1-2-amino-5-hydroxyrnethylitnidazole
derivatives employed in the present invention as bioreductive group Z3.
5102881 The synthetic methods are provided in further detail in the
EXAMELESssection below. [02891 Synthesis of bioreductivggfeupsaad,
phosphoramidate alkylator prodrugs, and methods of the present
invention can be adapted from the references Matteucci et al., PCT App!.
Pub. No. WO’@Z7p09967, and Hypoxia activated produgs US Pat. Appl.
entitled. 1OX"I-|prlxia ctivated anti-Cancer Agents"; deGroot etal., 2001,
Current Meg, €hefn. 8:1093R1122; Denny et al., US Rat. Nos. 5,750,782;

5,780,585; 5,872,129; and 6,25£933; Davis et al., P pRPub. Nos.
WO 04/85421 and W&) 04/85361; and/Line! at. App!. Pub. Nos.
2004/254103 and 2005 and Borch et al., (s Y.  [0290]

e

Examples of methods to syntheskze pﬁosphoramidate alkylator prodrugs
of the 15 present invention are provided in further detail in the
"EXAMPLES" section below. llia. Ni&thads of Treatment 102911 In one
embodiment, the present invention provides a method of treating cancer in

a patient,in, need of ther WA f by administering to the patient a
phosphc§r<"§1rr21id%ét%e2 all Jafa]c% Zg%t%‘ézrug of the presentggvention or one that
is known. Known ph%sphora i kylat

m;@a%x Qs are pr ided hy,the
references Borch et at, supra./In one odiment,-the pliosphoramidate
allcylator prodrug emp i \(eatin cancer accortingno the methods
provided by the present ifventioi has'the formula selected fromy(h -

(XXVII). In one embodiment, the phosphoramidate alkylator prodrug

employed in treating cancer accordiggto the methods 25provided by the
present invention is selected from the compounds exemplified in the  —

EXAMPLExsect}Lon. 102921 Cancer therapy with alky ating agents can
lead to de{/éhéﬁrﬁ@ﬁhfbtpaﬁcNé'?@)ﬂ‘lat are resistant to thege alkylating

agents. Alkylating agents can Kill,g r cells in the m rapi,qg\! \We
2007/002931PCT/LIS2006/025881 dividjpgor igher-Qxygen containing
cancer region as compares t cancef cells in'the s growing

5 hypoxic cancer region. The fatter C j_s@é?rvive the treatment by alkylators
and can produce cells resistant to such alkylators. Increased activity of
guanine-06- Alkyltransferase, glutatiighe, glutathione transferases, the
nucleotide excision repair 5 pathway, and/or the mismatch repair proteins,

wherdit éervdsed pedvivationivfactivekDirndsported dings dedirdss in formulas

ameettprgthamine and melphalan, are postulated to be responsible for
cancer resistance to alkylators (for example, see, Hardman et al., pages

(01868 anddkAddosupeay, 1293k Eheyvprack ygs kthe: RseRhiREMIORaEa

0 (£ fgc@{%:in treating cancers resistant to 10 other therapies. Slowly dividing
cancer cells in the hypoxic cancer zone act as a source of resistant cancer
cells and strains 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 15 phosphoramidate
alkylator prodrug of the invention is administered in combination with a
drug having substantially no nephrotoxicity. In one embodiment the
phosphoraniidate alkylators prodmg 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, 20present invention provides
phosphoramidate alkylators prodrugs which are not cross-resistant with
the alkylators cyclophosphamide, ifosfamide, glufosfamide,
mechlorethamine, melphalan, chlorampucil, daearbazine, temozolomide,
earmustine, streptozocin, bendamus busulfan, thiotepa, cisplatin,
carboplatin, and oxaliplatin. [0295] In one embodiment, the present
invention provides a method of treating cancer by 25administering as a

- first line therapy the compounds of the present invention alone or in
combinatinn with othear anti-cancer anente In another emhodiment the
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102961 In methods for treating cancer provided by the present invention,
an effective amount of phosphoramidate alkylator prodrugs is
administered to the subject. Generally, the 10 subject can be any human
or non-human mammal. The preferred subject is a human subject. Other
padieiadosskjects include but are not limited to non-humapRHMALE 23551
dogs, cats, farm animals and horses. In one version, the phosphoramidate
alkylator prodrug is administered alone. In one version the

osphoranidate alkylator pro;d“rﬁg‘l is %dm nistéred in combination - with

Xone br Mjore. additiénal anti-canceragents,,In one ¥ersion the

Xd{%@ﬁh ramidage’aliylator 15gredrug-is-administered in conjunction with a

therapelitic cancer fleatmeat, including but not limjted to ssirgery and
radiatiof-The phofamidate aIkyla@&r\prglugé\:vfi)llﬁ pically be
administered, in a p aceutical composifipn. Varieus pharmaceutical

compositions that can be used are described in the Formulations section
Wm. [@2§71 The phosphoramidate alkylatgigprodrug and their
pharmaceutical compositions can 20 be used to treat any type of cancer in
bject, particularly in a human ubj%ct. anceys that can be treated
xjnclyde put are not limited to mm bregst cander, skin cancer, bone
x.cantier,|ive¥®ancer, brain capger, caner ofthe larynx, gallbladder,
rei?, rectum, gérathyroid, thyroid,{ adrenal, netiral tisgile, head and
neck, s maMc ikidheys, basa@cgllgc&e%maigsquamous cell
carcinoma-gfboth Icefating and papillary&ype, m atic 25skin
carcinoma, '8steosarcoma, EBwing's sarcoma, veticulum %ell sarcoma,
myeloma, giant cell tumor, small-cell lung tumor, gallstones, islet cell
tumor,%”?ﬁary brain tumor, atiite akitf hronic lymphocytic and
locytic t hairy-cell tumor, adenoma, hyperplasia, medullary
Xgarci om@, pheochrompcytoma, mucosal netironms, intestinal
'%ﬁr.lromas, hypetplastic corneal nerve tumor, marfanoid habitus
Rtumor, r{s tﬁmp, seminoma, 30 leiomyomater tumor, cervical
dysplasialand in situ carcinoma, neuroblastoma, retinoblastoma, soft
tissue samqna, mglignant carcinoid, topical skin lesion, mycosis fungoide,
rhabdomyosagcoma, Kaposi's sarcoma, osteogenic and other sarcoma,
malignant hypércalcemia, renal cell tumor, polycythermia vera,
adenocarci&a,rga, glioblastoma multiforma, leukemias, lymphomas,
malignant melanomas, and epidermoid carcinomas. [0298]The

whbesRrheramidaie alkaas prediug campatticulary e used B isopropyt,

treatment of cancers containing significant areas of hypoxic tissue. Such

PR e SYS IR Y BURARE it Tiiese 67t AY Cantst Zedseleriny aoRRSHSalnd X

- 1selll hurrikghndery orgakt canbets c boylcsanceiphiegduinayhegk cancer,

h&X%@?&?ﬁﬁc@EﬁffoB%'&%%%ﬁ?&ﬁ%xﬁ%‘? l&ﬁgl%tﬁfsﬁﬂ&%%xEX%'E{??&%%B@diment,

. types of cancers that'can be treated with the phosphoramidate alkylator
IR O RIS, Afd Praoftietin Wherfioningtrerdhen Sesexcludes
istapersin eb atrB&Tnfead. Apphdied PCHIB2005/044R14 egonPRherein Z;
iSDecember 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. Rub. No. WO 2005/076888.
Several of these cajicers arg discussed for illustrative purposes below.
Those of skill in_t i preciate that cer chemotherapy often

1 admingstratign of a variety of
anti-cancer agets, and.as discussed fL& her b Iow,?ﬁﬁﬁsphoramidate
les as provided by the

containing hypoxic fégions amenable to treatment with a
phosphoramidate alkylator prodrug, examples of combination therapies
are also described. [0299]Lung cance 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 lung cancer involve the integration of

chemotherapy with or without radiotherapy or surgery. A phosphoramidate
allev/latar nrodriio can he 1iced ac a cindle acent or in ecomhbhination with



[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 "antibody-directed enzyme.prodrug
therapy" (ADEPT), "virus-directed enzyme prodrug therapy (VDEPT),

" -dj d enzyme prodrug therapy" (GDEPT), and "q,ath ia-di 2d
e%\%{;%ﬂ,%%tﬁrodrug therapy" (BDEPT). The general uses 0 aﬁﬂ%ﬂ%/@%ﬁ
phosphorarnidate alkylator prodrug are not limited to the foregoing

[oregtmenimaineds.cW Q208600223 R I HURL00610208% A0304 -0,

the ect, the ent jnvention provides a method, of treatment o
O R Pt e, B o Al L FOBRP B S B GFta 1T X1V,

ohyPenphaliferationn@.g. 7ah abfotmaly ifctedsedaate of, amountobcellulate
cRFOHIRERHAR o 1B:00 %%HQ&%@MES%QMB%BE&’A&%%&%%%?&%& t&?ﬁ}ggulas

5 X ccording to the present method is selected from the group 5consisting of
HETgicAng it Siid GrartioHaiseR (eHimysHalesnybenaayodiases bsis,
prasthimeeaiicephidugasthitisyenigh prostatic hyperplasia, bullous

pemphigoid, coeliac disease, chronic bronchitis and chronic obstructive
airway disease, chronj¢/sinysitis, ¢rohn's disease, demyelinating
neuropathies, dermatomymmlti\su;mzema i‘ﬂcluding atopic dermatitis,
eustachean tube diseases, giafit cell arteritig, graft rejection,
hypersensitivity pneumonitis, 10 hyperg ' vasculitis
(Henoch-Schonlein purpura), irri ant-de s, inflammatory hemolytic
anemia, inflammatory neutropenia,‘inflanimatory bowel disease,

asaki's di e Iltiple sclerosis, myocarditis, myositis, pas
e DL B AL TG B A
PioepFifug Blgns-Brielpplibnie anohesmitislipsoridsis;cpeiiotontal
10 cfiseR1. PRIYEYSHE KiJoRY:H52 8RR RAVAIIRIIS BOHeSR. RO m? to
o;%a%ﬂ;% !558%%%(}rome,£r|mar% sgle osrlng‘chola,n%s, rheumatoid arthritis,
LT UnT SIBHRSLA LG R LIPS HhBS s PEEHIERY B hsdten gy gradig frgnpounds
oSdlenvermaprstidt andsoidsitiictd] ystriptevebpfabehioderidar, dhghliobowel,
pRO SOl SHiasisanshaiher fasms afionerpoaaRosis, type | diabetes,
ulcerative colitis, ulcerative proctitis, vasculitis associated with connective
[(igsye Hisaedaisodasstlitis assaciateshvwithcanaanitabdeficiendies afthe.,
15 ofP plement system, 20 vasculitis of the central nervous system, and
Wegener's granulomatosis. 103051 In some embodiments of the
invention, a compound of the present inventiorkjs administered to treat a
layperproliferative disease selected from mup consisting of psoriasis,
multiple sclerosis, rheumatoid arthritis crestenogis, and benign prostatic
hyperplasia. In one embodimerg,the\hﬂ/ priliferative disease treated is
psoriasis, a disease charact&ffzed 25 hy the cellular hyperproliferation of
keratinocytes which builds up on the skin-t6 form elevated, scaly lesions.
In another embodiment, the hyperprgliferative disease treated is multiple
sclerosis, a disease characterized byyrogressive demyelination in the
brain. In another embodiment, the hy erpri(iliferative diseases treated is
rheumatoid arthritis, a multisystem chronic, relapsing, inflammatory
disease that can lead to destruction_and 30 ankyiosis of joints affected. In
another embodiment, the compour@i’sV the present invention are
dministe oprevent erproliferative disease resulting from cellular
e S, B e e g BBt e
CHrb3iHeSisGhthRsonfpagitorCtbhtalrirng a sonipolind-of thé Frésens, or
20 Nigvention, Banothen imeabeihe hypgrrroliferative disease WO
2007/002931PCT/US2006/025881 treated is benign prostatic hyperplasia,
a disease in which prostate epithelial cells grow abnormally and thereby
block urine flow. lllb. Formulations modes of administration, dosages
5[0306] A phosphoramidate alkylator prodrug will typically be formulated
as pharmaceutical fornmlations for administration to a subject. Described
in this section are modes of administ %tion, formulations, and dosages that
can be used when treating cancers using a phosphoramidate alkylator
prodrug described herein. [0307] Administration of a phosphoramidate

alkylator prodrug for the treatment of cancer 10 can be effected by any
maethod that eanahlec delivvearyy of the nrodriinae to the cite nf actinn the
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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
(RI&SaiHRgland portable intravenous bag and pump. 10 [0310L0@05s:
embodiment, the effective dose of a compound of the present invention for
treatement of cancer and other hyperproliferative diseases is in the range

(02400l L BR01ES TMAKEIaYARAY: A R0 RO 2 Ak G{dRYmu1a
about 0.5 to about 15 mg/kg/day; about 0.5 to about 10 mg/kg/day; about

(08 T 485 8 mg/kg/day; and about | to about 5 mg/kg/day in single or

divided doses. |n one embodiment, the effggtive dose of a compound of
the present 15in\7enﬁa% for treatement of canc&\@wd other
hyperproliferative dise;]%b;sjis in the range of abou‘g 2 t% about 8
mg/kg/day; about 2 to

P4 mg/kg/day; and abgut?2 mg/kg/day in single
or divided dose§:terie ent, the/effegt eabﬁe/off compound of
the present inyention for treptement of cancer gnd ?;lgfar hyperproliferativc
diseases is in the raa\qgﬁjomo.%, to about-x.5 mglkg/day; about 0.25

to about 1 mg/kg/day; about 0.25 to affout 2065 mg/kg/day in single
or divided doses. In one embodiment, the dose is administered i.v. daily,
either as a monothéfdpy (compound of the presefX¥iBntion alone) or in
conjunction (combination) with standard of care therapies. In one
whtitHbeliffe it he efraciivelidsdfroyivaathsiembntantayiany swedfonyloxy,
ofpespraliferative: fiseases ISINNRE, FAngeas, Jrserhat:eMlies.
administered once a week. 25103111 In one embodiment, a larger dose is
[Gaglshinistete dunteinitienty (lesstfhequanilyydddo se nihevangdohabqiui):
to about 20 mg/kg; about 6 to about 10 mg/kg; or 8 mg/kg is administered
on once every three days for twoiiveeks. In another embodiment, a dose
in the range of about 5 to abéaf30\rog/kg; about 10 to about 15 mg/kg; or
12.5 mg/kg of the phosphoramidate a\llyl@tor prodrug is administered once
a week for four weeks. In one, 30 epbﬂ@me t, a dose in the range of
about 0.5 to about 8 mg/kg/day iSfadminidtered for 5 days over two weekly
cycles. [0312] In another embodiment, for treatment of human patients,
the maximum daily dose of a‘ghosp idate alkylator prodrug is not
greater than 500 mg/kg patient weight and, WO
2007/002931PCT/US2006/025881g¢gordingly, a phosphoramidate
alkylator prodrug is administered in a daily dose in the range of about 1

whgeof aiphasphioxamidate, allkylaith procnaékgoalipatisnt weaig ht-fambaubxy,

oPLY0f 3D %Ph‘iraar?é%?ég l '(%‘?&-I.E,rfl?,%“{%s{'é& of patient wejaht. In.
one em%oalme}'nt, g pPlosp oramidate alky atBr prodrug Is administered in

cErpanyddderneXangd ariont 5 ShEgkY - Betiosdo mamdcePthe

cheghuwveightahine patienide-beitreated. In another embodiment, the
therapeutically effective dose is a daily dose of a phosphoramidate

[tabs)lator @rodnbgdsanomit Jo-mg/ky daiabpttv2RE tngikgrolide trodyweighl:
of the patient to be treated. In another embodiment, the therapeutically
effective dose of a phosphoramf@at@ alkylator prodrug is about 25 mg/kg
to about 150 mg/kg of the body weight of the patient to be treated. 10hi
another embodiment, the therapeutic Il)/lxé*ffective dose of a
phosphoramidate alkylator pr, rug/is':ébb\out mg/kg to about 50 mg/kg
of body weight of the patienf to b& treated’ In apother embodiment, the
therapeutically effective dose of & phosphora 4idate alkylator prodrug is
about 1.25 mg/kg to about 1 .45 m body weight of the patient to be
treated. 103131 Guidance concerning dministration can also be provided
by and from studies in 15 humans and other mammalian animals. A
therapeutically effective dose determined for an animal can be converted
to the corresponding human equivalent dose (RED) as described in the
table below: Animal i-luman Equivaleﬁt Dose (HED) conversion facto?
Mouse 12.3 Hamster 7.4 Rat 6.2 Ferret 5.3 Guinea pig 4.6 Micro-pig 1.4




Mini Big 1.1 Rabbit 3.1 Dog 1.8 Monkeys' 3.1 Marmoset 6.2 Squirrel
monkey 5.3 Baboon 1.8 a To convert animal dose in mg/kgto RED
(assumes a 60 kg human) ing, divide animal dose by HED convertion
factor. For species not listed or for weights outside the 20 standard
rangesyman equivalent dose (RED) can be calculated fgpmy the, fonnula:
IIED = animal dose in mg/kg x (animal weight in kg,/human weight in
kg)33. For example, cynomolgus, rhesus, or stumptail. WO
2007/002931PCT/11S2006/025880314] To achieve therapeutic
effectiveness, the therapeutically effective daily dose of a

wiphasphorainisiater aliylator yrbdrugd9-dsuellf.ad diirisieledsmhivitipletimes
hctt%)gﬂ%}?s% 18040 %?151@8%%}9”}h@t&@ﬁ?@l}%ﬁ%@eA@Lﬁ'{f‘ﬁ%feH{%dgf&%'s%

stere dall for a perio tlme Typically, daily administration for at

W@%m.@@%ﬁ inBEdsn ;Stw@&ffﬂ% sphpdis i risauRRHRy cotion
5 prédmsinistiabemdsofatatdeasksvaenseeltive days, at least 7 consecutive
days, or at least 10 consecutive days. Depending on the dose,
[0fB7inulabon sahddioete Gieadstini stvatidom pelectedirythe@naititioner and
the convenience of the patient, the entire daily dose can be administered
once daily, or th€ daily dose can be administered in multiple smaller doses
rough thy rse ofa (including by |nfu5|o with a pump or
“int epous 10 adminiStra an). For example, ose divicked into
two gmé\ler dgses ahd admipidtered Mlce’&ally, cPr ded into three
smaller ed and administéredithrice daily. It will arent to one of
skill in the art\of cancer treatment th?t as used hereln “daty"
administration\s-ngt limited to one a igtration per day batcan include
multiple administrations. 15[0315] Administration schedules other tha;g
consecutive dafly administration can also be used. Admlnlstratlo once
ry other day.-€god) is tlcularly C |§n§
/g\jgry thﬂi day} or once a Oeek appropiate i sgmé instakces, but
in an vent, a phoramiga{e alkyl prodrug is E\atedly X, Xs
adnﬁ’l nistered pver a period Fér example, whetheradmipistrati
daily (including, as noted, adw@e%ﬁdose) every otherfay, or'fess
frequently, in ne embodlment a phogphoramidate alkylator prodrug.jis
administered at least?2 days per week for 4t least two, three, four, fivé or’
at least six con ecutlve weeks, or, alternatlve ﬁ)?\at least two, three,
four, five or at od®or, alternatively,
ZSforoat legst two th?eg Your, five of at Ie;ast six\weeks within a twelve-month
period.An one ediment, a phos ramld “alRylator 25prodrug is
adn‘ﬁnis%ed t least 3 days per week #or at le st\t\lgyo three, four, five or
at least six cgns 5(@ weeks, or, alternatl lyofoy at feast two, three,
four, five or a Iea%t/sm%%%{(s within a six-mqnth period, or, alternatively,
for at least two, three, four, five or at least six weeks within a twelve-month

10 nggg@{ In, @@%{er&bggymﬁfgn ;mpsphoratnldate alkylator prodrug is

administered at least 10 days per month, optionally at least 20 days per
[orenthifer30atdeast:one.pRMA afalieastdiwasstieaniomimdive or at least
six consecutive months, or, alternatively, at least one, two, three, four, five
or at least s% months in a 6-month Period. >L03161 In one embodimént, th
admlnlstrau({g of the therapeutically ff/zﬁvé dose is continued for // 4
f

multiple day typmal%for at least thvee congecutive days, and ofteR foy at
leas O NH == RgRg QN = Rs Re O\ N
N .-& / = o!
o
\< ; NOs %, »and NGy

NO,

50



WO 2007/002931PCT/US2006/025881 five to ten consecutive days, or for
a week, or for several weeks or more. Thus, a patient can be administered
a phosphorarnidate alkylator prodrug in accordance with the present
methods for several days, a week, a month, two months, three months, six
MeHHas: k& year or longer. [0317] Consistent with adminigaﬂggnwmsm
regimens of other anticancer agents, a 5. phosphoramidate alkylator '
prodrug can be administered in multiple "rounds" of administration. For
wRxampleaniusome amhpdiments s posphoramidate alkylator prodrug can
be administered once daily for at least three to ten, or at least five to ten
[srosetusivesclaysinand siaghdhreatendion prlveitendayiieatmeniscan
O&el)repeated once, twice, or three or more times, sometimes with a
no-treatment (with a phosphoramidate alkylator prodrug) 10 period
ranging from one to several weeks bgfween each multiple-day treatment.

Similarly, in some embodiments, a pnosphoramidate alkylator prodrug is
three to ten administrations N tq te inistrations, and such two,
three or five to ten administratigns gad canbg repeated once, twice, or
prodrug) 15 period ranging from one to $&¥%&ral weeks between each
multiple-day treatment. Other multiple-round schedules for administration
n one.aspect, 'administeri therapeutically effective dose or regimen
) rgrbeﬁbgﬁ%rrgﬁ%g% ! ﬁ%§la Sidﬁgrgﬁﬂsgmré%réi?ﬁi) administering a
m@hﬂsPHPA@AHJQ%E%%'M@E‘P,rﬂ?&ppé&ﬁmgéxﬂiEg%lf&%&%%%%%}&nqe %@gf %%%ié%te
BAFPEEE150 mg of a phosphoramidate alkylator prodmg per kg of
patient weight) for a specified minimum number @f days within a specified
prodrug has a therapeuti t on the cancer inthe patient. lllustrative
therapeutically effective dose rggimens for a 25phosphoramidate alkylator
prodrug include thegg-destr| in, suiich as administration of a
phosphoramidate alkylator grodrug for 3 cotsedlitive days, 5 consecutive
at least 3 days per week for one month, 8t least {10 days per month, and at
least 20 days per month. [0319] In optimizing a p horamidate alkylator
and frequency of a phosphoramidate alkylator prodrugsadministration can
be selected to achieve a maximal sustained area under the plasma
hpipbinral dosing1YMQ 2087d0R2931PCT/11S2006/025881 regimen will
result in a maximal exposure of the tumor cells to a phosphoramidate
plasma concentration (Cm".) for any single administration. A higher C. will
contribute to toxicity while the AIX wilf'determine efficacy. As is
phosphoramidate alkylator prodrl\‘g ) catt! be suspended temporarily if
toxicity is observed, or for the con¥enience of the patient, without
one embodiment, the pharmacolcinetics of the phosphoramidatc alkylator
prodrug of the present invention employedor the treatment of cancer can
cancer that is treated with the phosphoramidBéte alkylator prodrug. In one
embodiment, the phosphoramidate alkylator prodrug of the present
embodiment, the compounds of the Qresent invention can have a in vivo
half life of between 3 to 10 minutes. IH one embodiment, the compounds
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

administered every other day for tworto ten administrations, more often
three or more times with a no-freatmeit (with a phosphoramidate alkyrator
will be apparent to the skilled pract SidHer guided by this disclosure. [0318]
al%yg]of a phosphoramidate alkylator prodrug per kg of patient
time period, wherein the administration of a phosphoramidate alkylator
days, 7 consecutive days, 10 consectitive days, at least 3 days per week,
prodrug treatment regimen according to 30 the present invention, the dose
10 1028Hk e MranforrBatiRAuEs] suar e euiPheryn Hasfeitor e trasretbtly
alkylator prodrug, as measured by AUE, while minimizing the maximal
understood in the art for other capceritherapeutic dings, treatment 5with a
departing from the scope of t mvenlgt:ﬁsn, and then resumed. 103201 In
determine the dose, the 10method of adminisbation, and the kind of
invention can have a in vivo half life of between 1 to 300 minutes. In one
of the present invention can have a in vivo half life of 15 between 10 to 30
nhaenharamidatae alkvliatar nradriin havinAa a lonaar half life A chart half
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[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
1Padministsgtion (drug holiday) can be ended at the time when the first..
organ of toxicity no longer contains significant concentrations of a
phosphoramidate alkylator prodrug or a phosphoramidate alkylator
[2eipaseddheceftam: (whicheanemeasuiad o delerminedndiresthnly
_cessation of symptoms). Therefore, an intermittent dosing period can be
(X&Lfned not only by specific days but individualized by drug holidays that
are based on 15F§$ymptom§4and normal organ clearance:gf a
phosphoramidat? alk)@atorlprodrug ora phosphPramjdaie alkylators
released therefrgm. [0324 A formulation of a phpi;r:]!hga{@ate alkylator
prodrug caﬁ{fﬁ ex e, b%{gggrmsujﬁajg;é fororal admiristration as a
tablet, capsule, pill powder, sustained release formL{Iation, solution, and
suspension; for parengeral injection as a sterile squYmQ, suspension 20or
emulsion; for topical administration as an ointment or cr&m; and for rectal
administration as a suppository. A formulation of a phosphoramidate
alkylator prodrug can be in unit dosaggXanms suitable for single
administration of precise dosages and will typically include a conventional
wigh@mmaceutical carrier or excipient. [0325] Suitable pharmaceutical
carriers include inert diluents or fillers, water and various 25organic
25 edts —Fhe'phamacsudeinacomposiions @an, if desired, contain

additional ingredients such as flavorings, binders, excipients, and the like.

10384hs forlRarBiistraom s Lot Vb i sxpritisec as
hyaisiemaitiaanibe, epployed, togainal Vatyaliolisthsintegranlsy Butbasyl,
neRRIE: AIOUIG,AC, AN seHA cRMBle pliGales, RRWIIhBInGIng agents
Such"as suc ose, gelatin and acacia. A itionally, lubricating agénts such
indppagspigiasiigrdteapiec S saryP SOMAtE SAM talc can be used to
{grepare the tablet folios of folumlations of a phosphoramidate alkylator

(Gtpute b SEFBEH Werdfn 2Ssdbonio stion<d 6P 3 <imilar tiBe can be

lo In soft.a rd fil latin.c es. ferred materials, WO

_[gg%%éé?@@f&é’ﬁ@%@é%f@f&%ﬁ%gf@%@ﬁﬁ%‘ué@%&tose or milk sugar
wighthhighvimoled utdpwveighigdlyethylene glycols. When aqueous

suspensions or elixirs are desired for oral administration, the prodru
10305Fei) B8 CBrabibedt il kdriBab by or Ayt dgerby. -
het@tningsMatas andyes andibdesied;-enusifying.agentsarisuspending

agents, together with diluents such as water, 5ethanol, propylene glycol,
[0gygerith) or lcambinafiv R thedef:-{R326] hxienlip R Haiealiedah] fonylox yalkyl,
2—3&@%‘3&?@6‘9&;@&@&2& Elﬁ‘gﬁ/ﬁ%%{gﬂﬁ(?ﬁaﬂ?&%ﬁé@é}g’agjy%ulfonyloxyalkyl; and

phosphoramidate alkylator prodrug:@r! Sterile aqueous solutions, for
example, agueous polyethylene-g Is, propylene glycol or dextrose
3t§‘6??ftﬂ5ﬁﬁ&%ﬁ@8é§8§%ﬁﬁ§ can be stfitably buffered, if desired. 10
[0327] Methods of preparing various pham; ceutical compositions with a
ific.amo actiye drug are | HOWP@?M be apparent, to those
@Eﬁéd EI% th?gﬂg\r}tr%fl{ i/%{ew??)f %ﬁ% dr?sc osure. Fbrnexamples, see Remington's

o« HAFRRGENGGR! Reences. Magk Bublishing ompan:E hiladgslohia, Pa.,
17th Edition (1984). [0328] The methods of cancer treatment emplo&ggo?

PISHERHFRbAR AR AIRSTAEGR rOEhT Bl £5 g fHesBIt SR fidrodres
effective in killing the most difficult to kill cancer cells growing in the

[RI8bxiEFadidH GEAYor Brie€rEieased in the hypoxic region a

{0%8 pfgg&awﬂ ete prodrug lc(%nzdiffuse .frpm f[he hyp_oxic cells a.nd kill the
éancer cells A jacerﬁ 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 a%jacent normoxic cancer cells 20
leading to a higher concentration of th phosphoramidate allcylator 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 normal cell toxicity. After cancer cell in the
normoviec reainn of the fiimor are dectrovved a hvnovie redion can become
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sensitivity of cancer cells to the anticancer agent, allowing lower doses of
the anticancer agent to be adminstered to the patient or allowing an
anticancer agent to be used for treatment of cells otherwisé resistent to
the anticancer agent or otherwise refractory to treatment. While the known
aplireansei,apents in general targets the rapidly dividing cells iniie 1 <eq,
normoxic 15region, the phosphoramidate alkylator prodrugs of the
invention target the hypoxic cells in the regions of tumors that are not
[0efifigientyhkilletdaydhietwiaticaricer agent alone. [03311 As used herein, a
phosphoramidate alkylator prodrug is "co-administered" with another
[bdhicafcersagent (aischeferrpdacibngin 85;CAFeR, Whentateroalkylene,
=HRAEPRHARISR IS IVRION PLRATHY. AIR ARRL AR BAMINSIIRG A2 DA 9

the same course of t erapy. In one mbodiment,"a phosphoramidate

[oatkylatecRradkug és kst administered prior to administration of the Agent,
(i.e., the initiation of the other cancer therapy), and treatment with a

[opaksphataraidata aladaioy Orairigiscaatinueditoughoutihe counse:f
e lay el ion of the Agent (i.e.. the course of the other therapy). In
e B e TSR oty and

[@Qﬂ?inﬁa{%,ﬁﬁ%ﬁﬁﬂ% R3LeRAL,GOmRIelan of e ﬁ?ﬁ%ec%%%é that one

therapy. In othér embodiments, a phosphoramidate alkylator prodrug is
ok ar Gl P SeMénBdiRneously with the initiation of the other cancer
wtgﬁapéfe? for example combination therapies as described in
MPLE SEEHSRr To 33 BT T b AEBRIB SRS FREPRGT Rl drraula
(P8¥#Aator prodrug is first administered prior to administration of the Agent,
and treatment with a phosphoramidate alkylator prodrug is 30continued
after the cessation of a@iministrifion of the Agent. Irkgne embodiment, a
phosphoratnidate alky?gtoroProq\,ug is first admi ste}ed prior to
administration ofF;L]e/Age and treatmen imp/pH\bsphgratnidate
alkylator prodrug is continued durifg paftof thefwo
2007/002931PCOU82006/§25881 period of adginistration of the Agent.
For certain drugs, such as c@ta’migpoi rase inhibitors, a
phospboramidate alkylator prodrug agministration can be initiated and
completed prior to the administrationﬂfgtge second drug. 103331 In the
presence of oxygen, the radical anion formed upon the reduction of Z3
reacts Swith oxygen to yield supergXigighand Z3. Superoxide is a cytotoxin
and the production of superoxide in normoxic tissues can lead to
whiffianted side effects. In one embodiment, the present invention provides
a phosphoramidate allcylator prodrug administered in combination with a
3!%%0%6@@%9 Aenttt Elendpréteetirt):chemoprotective agents
G%%ée(:t h%altr_]%%tissue from the toxic effects of anticancer drugs. In one
ek odifiAe THEEHemBpr HETRRE TIE GRS tHivt Br AerBURRRSIREGhe
hahigedimentith€ chienioproietiatibearCietiutie/buperoxide, dialayiethies, aryl,
h&gﬁ;ﬁ%y@%%emﬁ- EQ%H*&{Q oRIR taeﬁ‘é?e%cgéﬁ, r&%%%i\(%lhﬁpgmﬁgmdenﬂ

"Michael-receptor" %enerated from a phosphoramidate tor pro%lrsu%

T’éﬁ%?’b?é\?@ﬁf%%‘é RSB T8 reacting with proteins and nucleic
— Aol s el bl ovo)- DI O 767 T HNE@HIA)-RiHOFK Iz KAk [0334]

_RAnticancer drug.therapy. t ypicallyi S iple rounds, or
E@c%?égg %f(gafdr%ﬁg%%gﬁ g%%ﬁﬁ?&%ﬁl@%%%; A the context of

WHH RmeEITAGhAl phissphiearti#ate alkylator prodrug, each cycle of
administration Ssas well as a complete set of cycles) can be viewed as

1024 hinidtaddenstdva YdtoRaraidly, ARshugsimartiviafeadndsmiforprariiglcan

hbeadminidterackinlany 0i-albafdmemulipleocydes efiteatmentwishithe
other Agent; in general, 20 a phosphorarnidaie alkylator prodmg 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 Agent acg rding to a schedule repeated at
each round. [0335] In one version of the method of treating cancer using
the a phosphoramidate allcylator prodrug, a phosphoramidate alkylator
prodrug is administered in combination with 25 an effective amount of one

or more chemotherapeutic agents, an effective amount of radiotherapy, an
annronriate criraaryy nrocediire or any combinatinn of crich additional



5agent, the two agents can be administered simultaneously or can be
administered sequentially with some time between administrations. One of
skill in the art will understand methods of administering the agents
simultaneously and sequentially and possible time periods between
agmmistsation. See for example combination therapies asJqsgsibgdisdhe
EXAMPLE section. 10[0337] The Agents can be administered as the
same or different formulations and can be administered via the same or

[exiifﬁqarem)rﬁw&eﬁ @@388&-%@&@1‘1@3{3@wﬂﬁlagemgibﬁlt}gaﬂymmﬁ@ﬂ)ﬂ%lky]
2__%0{‘[1 ﬂ(a tllsuli]fo tbo g'llk éﬁ' dm'ﬁs "chgateflrc? er"’}t roa%tugu?{ k@fgﬁcy}l%gd

|ncu but are prosu an pi OsUlT:
rﬁ%cfi ¢ g Qne«fﬁn e x -D-glucose, lonidamine and 15ana|ogs
“théreo ?fé%?g %’ps‘)S glufosfa nide, gemcitibine, erlotinib, meturedepa,
uredepa, altretamine, imatinib, triethylenemel
[quhy@m@ﬂagém@@@ﬁ@ﬁ%@&hﬁé&%@ﬁ@l@p‘?ﬁ%‘gﬂ%ﬁm@m and NRg*Rs*
trimethylolomelamine, chlorambucil, chlomaphazine, estramustine,

5 tdé@&f&%}'@'@gtgéw -echlorethamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine,

[dﬁ@i@SfaﬂiHiﬁ%&ﬁﬁ%omb&&é%qa%@}ﬁ%m&ﬂ%eﬁm%H%F&QEQ@ﬂ%ﬁ%ﬁnﬁﬁﬁ%&s
imustine, ranimustine arbazin nnomustine, mitobro
SR e A e R
{@égfeime bleomycin, cactinomycin, carubicin, carzinophilin,

momycin, dactinomycin, daunorubicin, daunomycin, 6-diazo-5-oxo- 1
-norleucine, mycophenolic acjg,nnogalamycm 0|IVOmyj\I,[]v peplomycin,

plicamycin, porfiromycin, pufomycin, streptonigrin, st¥eptozocin,
25tuberC|d|n ubenlmex zingstatin, zorublcm denoptnn pteropterln

etoglucid, flutamide, gallium nitrate, hydroxyurea, interferon-alpha,
10 wintesfexon-hetadintiederan-gamma, interleukin-2, lentinan, mitoguazone,
mitoxantrone, mopidamol, nitracrine, pentostatin, phenamet, pirarubicin,
[§338p phy Hinit:acictp2dethyihyidrazicte procarbazindssrazoxaneysi adfirarmuia
(ﬁ_&if jennanium, paclitaxel, tanioxifen, WO
2007/002931PC171.1S2006/025881 erlotonib, teniposide, tenuazonic
acid, triaziquone, 2J2t,2"-trichlorotriethylamine, l,,lrethargQ vinblastine,
cyclophosphamide, landcvlnchstlne Other che otlg,era eutic agents that
can be used inclu @Qﬁﬁn derivatives, inclydin buinot limited to cis
platinum, carb@pl/gtln an oxoﬁ%ﬁiﬂﬁ *%T%%%QT ersiom, a
phosphoramidate alkylator prodmg described herein can be used in
combination with an antfangeogenisis inhibitor incfiding but not limited to
Avastin and similar therapeutizssin one version of tﬁe%gpination
treatment methods, a subject is treated with an antiangeogenisis inhibitor
and subsequently treated with a ph@sghigramidate alkylator prodtug. In
one version of the combination treatment methods, a subject is treated 10
15 whithiaR.aRtidhg&atjenisi8 dhbondid gibsequestiyetr @afecaniiixaxX1T).
phosphoramidate alkylator prodmg with another chemotherapeutic agent,
a2l didg otheottinidadets, Qispleting aneh¢erpoplatintbncongouedsiefofmula
$hess cambinRlion MAIBPRE AT eaen! eiRg)an antiangeogenisis
inhibitor, the method is used to treat breast cancer. [0340] In another
embodiment, a phosphoramidate alkylator prodmg is administered with
15an anti-cancer agent that acts, either directly or indirectly, to inhibit the
epidermal growth factor or EGFR recgptor. EGER inhibitors suitable for
coadministration with a phosphoramidate alkylator prodrug of the
invention include gefitinib and erlotonib, [0341] In another version, a
phosphoramidate alkylator prodmg is administered with an anti-cancer

agent.that acts,.either directly or indirectly, to inhibit hypoxia-inducible
facctor | 20alnha (HIP a) or t0 inhibit 2 nrotein or enzvme c<iich ac a



[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 VEGF,
batinasiat, captopril, cartilage derived inhibitor, genistein, ggg& %iﬁnm <81
interleukin, lavendustin A, medroxypregesterone acetate, recombinant
human platelet factor 4, Taxol, tecogalan, thalidomide, thrombospondin,
TNP-470, and Avastin. Other uyseful angiegenesis inhibitors for purp
f the combination ther@pieis/pur@vided By th prgser_}t methods and *
co oﬁitio@ih&d&seﬁ%@]@em in inglude Cox-2.in plkersﬂﬁ(ertéle\db/ym\
x, (Celebrex), diclofenac (Voltaren), etodolac Lo ne), fenoprofen (Nalfon)?
ihdomethacin (Indocin), Retoprofen (Orudis, Gruvail), ketoralac (Toradol),

O, . . .
oxaprozin (Daypro), nabumetone (Relafen), sulindac (Clinoril), tolmetin
(Tolectizr\:},ﬂq@fecoxib (Viox*Buprafen (Advil), naprexen (Aleve, 19
Naprosyn), aspirin, and acetaminophen (Tylenol). [0343]In addition,
because py#iA0 acid plays an important role in @¥iigenesis, pyruvate
mimics and glycolytic inhibitors like halopyruvates, including

[OBtemopyitarateceaiicriste weemibinationpwitidentmmbangiodefiic formula
(oompound and a phosphoramidate alkylator prodrug to treat cancer. In
another version, a phosphoramidate alkylator prodrug is administered with
an anti-angiogen ent and another anti-ca agent, including but not
limited to a cytofoxic|agent selected frpm$he rouﬂﬁonsisting of
alkylators, Cisplatin,“@@*bomaéﬁg);ﬁrﬂ"inhg ,izoff'sxqf/mlcrotubule assembly,
to treat cancerXaLR';%éh]lnPadditi n46 the cokpbination of a phosphoramidate
alkylator prodrug With the Agents describedi@bove, the present methods

and compositions descrihed hefein g\ggzvides a varigty of synergistic
combinations of a phosph idajg alkylator progrugantCether
anticancer drugs. Those of skill inxthe art can readily_getermine the

anti-cancer drugs that act "synergistically" with a phosphoramidate
alkylator prodrug as described heggigy/for example, the reference
Vendetti, "Relevance of Transplantable Animal-Tumor Systems to the
whetscho/xef NemdgentsfacClinicakhtrl (XRiarmacological Basis of
Cancer Chemotherapy, Williams and Wilkins, Baltimore, 1975, and
[0S psbrtddreemsicalhdi88% ! bvatuiatipmefis Mivahponod Moddls:forla
cBredicting Clinical Activity for Anticancer Drugs,” Proc Am, Assoc, Cancer
Res, 26: 330, describe methods to aid in the determination of whether two
drugs act synergistically. [0845]WIfHersynergyris not required for
therapeutic benefit in accorggn e ith\tliheY ethods of described herein, in
one embodiment, the presentipvention prevides g method of cancer
treatment, wherein there is synbrgbegfweén a phosphoramidate alkylator
prodrug and another anqggaggce?’gggm(sa;wfb\d%gg can be said to possess
therapeutic synergy if a combination dose regimen of the two drugs
produces a significantly better tun@;&%ﬂ kill than the sum of the single
Agents at optimal or maximum tolerated doses. The "degree of synergy"
whaeiRe definad a5 nef-log Qf HMOsEILKIL hy: 6. oPHmYR combination
regimen minus net log or tumor cell kill by the optimal dose of the most
[oagtive singleAganhRifisencasdncaldilafgreatarthanisndoldpra o)
are considered conclusively indicative of therapeutic synergy.
[03461When 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
throughout 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 dgse, and optionally for longer
periods, than would be the case in the absence of a phosphoramidate
alkylator prodrug administration. Such "low dose" 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
annrovved doce and for a2 lonaear narind of time tnaethear with a



5ifosfamide, glufosfamide, 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
Wi atheranti cancer or chemoprotective agents are descrjpeddor ...
example in the reference Hardman et al., (supra). 10[0353] In one
embodiment, the present invention provides a method of treating cancer
by coadministering a phosphorarjidate alkylator prodrug with at least the
alkylator Cyclophosphamide, in the t[eatni]ent of Stages Ill and IV
malignant lymphomas, muItiEpI}m;Qlﬁm Nleukemia, mycosis fungoides,
neuroblastoma, ovarian adegiocarcinema, retirpblastoma, and carcinoma
of the breast. Cyclophospharnide is aldministered for 15induction therapy
in doses of 1500-1800 mg/n2 that ar@ administered intravenously in
divided doses over a period of three to fiye days; for maintenance therapy,
350-550 mg/m2 are administered every 7-10 days, or 110-185 mg/m2 are

wadeniskered intravenously twice weekly. In accordance with the methods
described herein, a phosphoramidate alkylator prodrug is co-administered

Lt dyclbBphcdphamidéadnirnisteied HrHath bl 68&8 (6ith); ower 20doses
and/or for a longer duration than normal for administration of

Cyglgsphosphamide al8f3, [03541 In one e’ﬁ‘?dime% the preseonl(o .
“rivemt p?bvides ?ip)e @ l;%ating cange @- iNisteringa  \_/#™

phosphoramidate alkylatorprod i together with a cé\ncer

of the‘inventio
tregtﬂwent regimen using at least the ‘alkylator Meghlorethamine. For J
exaFn Z%Meehloggangne is used in the bination chemotherapy

girten MAPP (me anriing; Oncovin (Vi tine), proearba

\gmd prenisdﬁe)’in patierrg{s with Hodgkin'§ﬁ|£%e andfadn?ﬁjigfér e
intravenous bolus administration is doses 6mg/m2 on days 1 and 8 of the

[28Yaylcyoidsofmashcourie pitratmeniof@855dein dnelembodiment sty

PHESERLpvention provides a method of treating cancer by 30administering
a phosphoramidate allcylator produg of the invention with a cancer
treat regimen usin least the alkylator Ifosfamide. Ifosfamide is
y&gd%?&%ﬁ\pediatric éndﬂ&j It sarc'omgﬂs_, éfiﬂ\omas of cervix and lung,
and in ¢om inatiea With~qtliee drugs fof germ cell, stesticular cancer.
Ifosfamide is used as palft of the ICE (Ifosfarﬁjide, Carbdplatin, and
Etoposide) ans RICE (Rituxan and ICE) regimens for treating lymphomas
(see Hardman et al., supra). [0356]In one embodiment, the present

Oifp_y_e{fﬁioﬂ provides a methogof tkeating cancer by administering a
phos S‘h idate alkylto @o oftfieinvention with a cancer
treatment’regimen using at [&a he 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 at, 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 methylmelamines. In another embodiment, the
ethylenimine is Triethylenemelamine or Thiotepa. [0358]Thiotepa can be
used to treat adenocarcinomas of the breast, ovary, and bladder,
malignant lymphomas, bronchiogenic_carcinomas, and Wilms tumor.
Thiotepa was used at high doses in cOmbination chemotherapy with
cyclophosphamide in patients with refractory malignancies treated with
autologous bone transplantation and to treat a variety of cancers including

bladder, ovarian, breast, lung, brain, and lymphomas (see, International
Anency for Recearch on Cancer Monoaranhe on the Evaliiatinn nf




alkylator is Cannustine. Carmustine can be used to treat Hodgkin's
disease, lymphomas, 15 myeloinas, malignant astrocytomas, metastatic
tumors of the brain, melanoma, and gastrointestinal tumors. In another
embodiment, the nitrosourea is Streptozocin which is used to treat
paoereatieisiet cell carcinoma. [0362] In one embodimentptheRies8Rkss:
invention provides a method of treating cancer by administering a
phosphoramidate alkylator produg of the invention with a cancer treatment
20Negimen using at least a triazene glkylator. In ong_embodiment, the
@ ene alkyl%téir' [—)%arbagr}g. a;)@tbazing L? R%Et%g treat malignant
anoma, Ho8gkin® disease?and &dult sarcoma. I ahother |
embodiment, the triazene alkylator is Temozolomide. Temozolonaide can
be used to treat malignant gliontas. [03§3] In one embodimer?\}, the
geg&nt invention p&@@&g method of treating cancer téy 2/54_& :
d;Qinistering a p%s%]zramidate algy ug of the't venT;Lo with a
cancepreatment regipaen using at least a%latinum’ coordinatio mplex
alkylator. In one embodiment, the platinum coordination complex a?kylator
is Cisplatin. Cisplatin can be used to treat cancer of bladder, head and
gek, endometrium, sthall cell carcinoma of We ng, and some
s of childhood//Cisplatin alone or)gltﬁ\c clophosphamideé\s used
Oy Trea ggivanced RN ianso cander. CMbin tic% chematherap
Cisplatin with Bleomycin, Etoposide, and Vinblastine is used t&'tfeats
advanced testicular cancer; and with one of Paclitaxel,
[0239tlophospiramitedvreDioshsrpigheit iy ot ovaites camamvhwainye formula:
2007/002931PCT/1182006/0258R81 [O36é] Antluacyclines useful in the
practice of the methods describ h%rein hclude but are not limited to,
doxorubicin (Adriamycin, Doxil, Rubey), mitoxantrone (Novantrone),
idarubicin (Idamycin), valruieifi (Valstaf), angd epirubicin (Ellence). In
accordance with the methods descried herein a phosphoramidate
alkylator prodrug is co-administered w\it an 5 anthracycline to treat
cancer. In one version, the cancer is atyte nonlymphocytic leukemia,
Kaposi's sarcoma, prostate cancer, bladder cancer, metastatic carcinoma
setihictovatly; andphreastieancer. [0365] As one example the compound
(8S,10S)-10-[(3-Amino-2,3,6-trideoxy-alpha.-Llyxo-hexopyranosyl)oxy]-8-g
lycoloy1-7,8,9,10-tetrahydro-6,8,11-trihydroxy-l-methoxy-5,12- 10
naphthacenedione, more commonly known as doxombicin, is a cytotoxic
anthracycline antibiotic isolated from cultures of Streptomyces peucetius
var. caesius. Doxorubicin 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 carcinoma, transitional cell bladder 15 carcinoma, thyroid
carcinoma, lymphomas of both Hodgkin and non-Hodgkin types,
bronchogenic carcinoma, and gastric carcinoma. Doxonibicin is typically
administered in a dose in the range of 30-75 mg/m2 as a single
intravenous injection administered at 21-day intervals; weekly intravenous
injection at doses of 20 mg/m2; or 30 mg/m2 doses on each of three
successive days repeated every four weeks. In accordance with the
methods of the 20methods 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 Matteuci et al., PCT
Patent Aplication No. US05/008161. 25[0366] Antibiotics useful in the
practice of the methods described herein include but arenot limited to
dactinomycin, actinomycin D (Cosmegen), bleomycin (Blenoxane),
daunorubiein, 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 30
h/mnhoeviie larikemia othar letikemiae and Kannci'e ecarcoma [ORA71




10 include but are not limited to celecoxib (Celebrex). In accordance with
the methods described herein a phosphoramidate alkylator prodrug is
co-administered with a cycleoxygenase inhibitor to tredt cancer. In'one
version, the cancer is colon cancer or a pre-cancerous condition known as
fapailigladeapmatous polyposis. [0370] Estrogen receptor gpodulators ..,
useful in the practice of the methods described herein 15include but are
not limited to tamoxifen (Nolvadex) and fulvestrant (Faslodex), hi
acensrdance with the methods described herein a phosphoramidate
alky(li%r prodrug is c admlnlstered with an estrogen receptor modulator
to treat.caficey, In on verg,lon he cancer is byeast cancer or the
treatmenti-administe ed_ b/pf vent the occurence or reoccurrence of
breast can er 20[03%1] F ate antagonlsts usefut-in the practice of the
ds d cribed herein | clude but ail‘*evn\o{p mited to methotrexate and
tremetrexéﬁef In,aceorda Wlth the. metho jt Scribed herein a
hosphoramldate alkylator’prodrug is co-administered with a folate
tagonlst to treat cancer. If\one version, the cancer is osteosarcoma.
s on ample, the compound N-[4-[[(2.4-diam
no 6 -pt yOmethyl 25 m hylamlno]benzo R-gfuta ic acid,
qum nly known as methotr xate an antifolate trug-that has been
usegfi’n\the/tr\eawﬁent st |ona orioca mogﬁa aid in the treatment
of patienfs with thorloga'e destruepsiand/hyda for'%wj’ole It is also
usefulir the treatmént of advanged stages o mallg ant lymphoma and in
the treatment of advanced casé'of mycosis fungoides. Methotrexate is
admihistered as follows. For chotiocarcinoma, 30 intr&muscular injections
of doses of 15 to 30 mg are admlnlstered daily for a five-day course, such
courses répéeated as needed with,rest period of one or more weeks
mterpos d between courses of therapy. For lgukemias, twice weekly

us Iar injections are adfinistered in
%B}P@SZO 6/0258 ses of 30 m /m2{@ycosis
fung A eekly intra us%ulg’f injections qf dosggsoo“f‘%ﬁ or
alternatively, of 25 mg are ad;ﬁh\rstﬁ&i\wﬁce weekly. in ﬁcordance with

the methods described hereif, a dﬂ;);phoramldate alkylator prodrug is
co-administered with methotrexat ministered at such doses (or at

lower doses), 5-Methyl-6-[[( 5
trimethoxyphenyl)-aminoimethyll-2,4- qumazollnedlamlne (commonly
knawn ag trimetrexate) is aiij antifolate dr (ghat/ an be
co-a nlftﬁ/tmd/fvlthﬁ—qfrhos’phoramldate alkylator pr?)dng 0373]
%;orga]nlc rsenates usefyf i Trme’\raetrce of the methods degcribed herein
clude butare not,limited to airsenlc trioxide (Tr@x) In accordance
with the m}hods described 1 rein a phosphoramidate alkylator
prodrug is’co-administered wim inorganic arsenate to treat cancer. In
one version, the cancer is refractéry 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 but are not limited to vincristine (Oncovin), vinblastine 15(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 prodings thereof which
can be used in the practice of the methods of the present invention are
provided in the reference Matteucci et al., PCT Patent Application No.
PCT/US2005/042095; US Patent Applications entitled "Tubulin Binding 20
Anti Cancer Agents and Prodrugs Thereof' (Attorney Ref Nos.
021305-008500US, 021305- 008400US and 021305-004520US). 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, 25 the compound
279 _nvo-vvincalarikobhlactine alen commonhvy known ac vinericetine ic an




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), cladribine (Leustatin,
27 epmeitabine (Gemzar), and capecitabine (Xeloda),dp,acqordance
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,
a\enoc rcin@gma of the pancreas, WO 2007)002931PCT/US2006/025881
me@aﬂgic b cancer, non-smalf cell lung cancer, or metastatic
coloreptar arcinoma. As one example, the compound
-2,4(iH,3H)-pyrimidingdione "lso commonly known as
5ffluoroyracil, i an antimetakolite fuclegside analog effective in the
palliative management of carcingfﬁa the cofon, fectum, breast,
stomach;, pd pancreas in patients who are 5considered incurable by
surgical or other means. ®<Fluorouracil is administered in initial therapy in
doses\of 12 mg/m2 given intravenously onge\dofilm4 successive days
with the daily dose not exceeding 800 mg. If no-foxicity'is observed at any
time dyring the course of the , 6 mg/kg arg,given intrgvenously on
the 6th) 8th. 10th, and 12t dgys. Noytherapy is Jiveryon-ihe 5th, 7th, oth,
e lith d;ay?s.lb poor risklp{atie S or those who are not in an 10adequate
nutritional S te, a daily dosg’ of 6 mg/kg is administered-for three days,
with tife dajly dose not exceeding 400 mg. If no toxicity is observed at any
time during the treaLnient, 3'mg/kg can he given on the 5th, 7th, and 9th
days. Np therapy is given gh the 4th, 6th, or 8th days. A sequence of
injectiofys on either schedule constitutes a course of therapy. In
accordance with the methods described herein, a phosphoramidate
foabyjlater prassugrisenchbadipioisterechwith BrkdadMiniRiesedah StiChoup
. (g%%%%gorfwith the prodrug form Xcloda with correspondingly adjusted
0ses As another example, the compound
2-aLrjn|no-1,7-d|hydro@lj-purlne-6-th|one also commonly kpown as

%16t |oguanin%bis clea ideza] alé 2Ffedftive iréth& rap 7facHg-5\
AepymphGCytic JEuReiasy6-Thiogtanide isorafly aliming téTin
doses out 2 mg/kg dy weight pe . The total dajly dose capy

be givep-at.one 20time. If after four weeks of dosage at this level there is
‘ gge dosage can be cautiously increased to 3 mg/kg/day.
- e with the methods described herein, a phosphoramidate
aIkyTator prodrug is co-administered with 6-TO administered at suich doses
(or at lower djtﬁses). [0378] Osteoclast inhibitors useful in the practice of
he meth escribed herein include 25byt are not limited to, pamidronate
R b A S S T o TSR PG e & RioroEen
meHasphcrarhibaterstitylatof prodtig. isied. admihisié rd shithyhrmoskecelator
oppibitenin treahcARCRmbBQneyYersion, the cancer is osteolytic bone
metastases of breast cancer, and one or more additional anti-cancer
agents are also co-administered with a phosphoramidate alkylator
prodrug. 30[0350] Platinum c ¢gs useful in the practice of the
methods described herein include Nut are not imited to cisplatin (Platinol)
and carboplatin (Paraplatin)agiﬁg:ord ce with the methods described

herein a phosphoramidate alkylator prodgrug is co-administered with a
platinum compound to treat capeer. In one version, the cancer is
metastatic testicular cancer, WO 2007/002931PC/US2006/025881
metastatic ovarian cancer, ovarian carcinoma, and transitional cell bladder
cancer. As one example, the compound cis-Diaminedichloroplatinum (l1),
commonly known as cisplatin, is useful in the palliative treatment of
metastatic testicular and ovarian tum%rs, and for the treatment of
transitional cell bladder cancer which’is not amenable to surgery or
radiotherapy. 5 Cisplatin, when used for advanced bladder cancer, is

- administered in intravenous injections of doses of 50-70 mg/m2 once

every three to four weeks. In accordance with the methods described
haraein 2 nhonenhoramidate allkexv/lator nrodriia ie co-adminictarad with



administration of a phosphoramidate alkylator prodrug either precedes or
follows, or both, administration of a topoisomerase 2 inhibitor but is not
administered concurrently therewith. 5[0354] Tyrosine kinase inhibitors
useful in the practice of the methods described herein include but are not
limied,tajmatinib (Gleevec). In accordance with the m_et_h%‘?ﬁ';g?ﬁ)ﬁg/?%g&
herein a phosphoramidate alkylator prodrug is co-administered with a
tyrosine kinase inhibitor to treat cancer. In one version, the cancer is CML

LA RIRRAUG A esesallg malignant gastigintestinal sypmakiumar;.,
10[03551 Lonidamine an%!%gs useful in the practice of the present

CHROSHSH Brd® DROVREEY Thethe: fiatteticeBY af (F8uish ol giplisnigro, bromo,

or hi#B46682:1604%64,427; 60/764,438; and applications entitled
"Heterocyclic Lonidamine Analogs" (Attorney Docket No.

(6331 305-00722 06U DR4NBUE-DOTAO DS and POk ubligation i 6smnO
2006/015191, WO 2006/015263 and WO 2006/01007 A2. . 15[0356]
Thus, described herein are"@eth&pls of treating cancer in which a
phosphoramidate alkylator prodrug-eriia pharmaceutically acceptable salt
thereof and one or more addition ll\jant?g:\%e%agents are administered to
a patient. Specific versionszgk_sgz oth ganti-cancer agents include
without limitation 5-methyl-6[[(3,4,5-trimethoxyphenyl)aminol-methyl]-2,4-
quinazolinediamine or a phar}r(n Ceutically acceptable salt thereof,
(8S,10S)-10-(3-amino- ¢

whg CdRaARha: L xe: DEXoRyY %%g%%;é@ﬁyfeﬁy b OAqde

trahydro-6,8,11- trihydroxy-I-methoxy-5,12- acenedioné or a

pgar ace/létically acceptable salt thereof;men o
~§5¢ E@o- : (111,3H)-8ﬁ@mﬂedione or ag@%ﬁ}é’wtically@@e@ta
salt t Qfof-,,Z-amfné- 1, ihyéro-6limouri -thione or a Nyf\

pharmaceutically acceptable salt thereof; 22-og(ovincaleukoblasti eora

phafh aceufically acceptaple salt thereof; 2 RPZ- .
256 -@- y f)amia&]@ﬁ?wdm 2H-1,3,2-oxazaphosphorine, 2-pxide, or a
‘phar ceuﬁf‘:aHy acceptable salt'thereof:°"\_/ < OE;JD ~

N44-[[(2,4-diamino-6-pteridinyemethy ThmethylaminoThenzoyll-L-
ar@lutamie acid, or a pharmaceutically acceptable salt thereof; or
cisdiamminedichloroplatinum (Il). 30 IV. EXAMPLES WO
2007/002931PCT/1JS20061025881 [0357] In the followitig examples, any
refer %a compogndidesignated by ris a refereree to the
ucture’s wnogle)etzfé) -above that: r in\the coasrres ¥action
schem?s. Synthesis 5[(358] MetHods to sy ize the p

oramidate
alkylator prodrugs of the present inventigp,are, provided in section Rh.
Starting materials used in the synthesis of the phosphoramidate alkylator

pimmiithe pres ention were bought when available, from "
°fsommertial mantifacturers) ; for example, the Sigma-Aldrigh GO.
1-N-Methyt- 2-nitroim ole-5-methanol was purchased from Syngene,
India. Non-commercially 10available starting materials can be synthesized
in via standard literature procedures. Such procedures can be identified
via 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,
POC13 and PC13, and their mono and dichloro derivatives were
performed employing anhydrous solvents 15and 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 determined by reading this disclosure and/or by
determining the 121 of the compound by thin layer chromatography 20 and
choosing a solvent which allows sepg(?ation of the desired compound from
undesired compounds. The choice of a particular eluent can depend,
among other factors, on thepolar nature of the compound, existence of

other closely eluting compounds, type of stationary phase such as silica
nel or aliimina riced and the amoniint of nreccrire r1iced tn eliite the ecnlhvvent

alNa/
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WO 2007/002931PCT/US2006/025881 10361] To a solution of

~ 5-nihofurfuryl alcohol (200 mg, 1.4 mmol) in THF (10 ml) at - 78C POC13

was added in one portion followed by a dropwise addition of triethylamine
(TEA, 0.22 ml, 1.54 mmol). Temperature was increased to -30C in one
hewrandiihen 2- 5 chloroethylamine hydrochloride was adgeg follaneskay
TEA (1 ml, 7 mmol). After the temperature was raised to room
temperature (rt), the reaction was continued for one more hour, the
rea(srﬂen mixture was quenched with water and the grganic layer was
rated The aqguéoys layer wa /e r?cted with nd the combined
aénlc solutidWassdried anfdbncentrated. €dhnpaind 23 was
separated by flash column chromatography and analyzed 10 by LC/MS
and NMR spectroscopxbo be pure. Example 2 Synthesis of Compound 5

G}Hgf G — OClaCl-P-N'CLN----N. CI 51 HCI)o} H CI-P-N
511 DIEA, ﬂ#&; L|N(T|vbsr)1 1X 2\ N---NCEP NOE 0

NC NG Br

N A\
\
02;\5@5& O2N /s\ =i, OzN/Q,? ¥

’ and OoN /S\éf“‘

[0232] In one aspect the present invention provides deuterated phosphoramidate alkylators

and denterated phosphoramidate alkylator prodrugs of formula

D D
D D D
H H H
NN X SN /%x RO N
P P P
D n) e D
Ho’/ ! o/ T o S
e e D
S ]
D
; N AV T N S, o
! o / D
3]
X 0N B Y O, o Y

wherein X, is halo or RaS(=0),0. In another embediiment, X4 is Cl or Br. Such deuterated
phosphoramidate alkylators and their prodrugs are equally cytotoxic with respect to hypoxic .
tumor tissue as their non-deuterated or hydrogenated analogs, such as compounds 25, 36 and
the likes,. However, the presence of such deuterated analogs in vive, for example in blood
plasma, can be determined more efficiently compared to their corresponding
phosphoramidate alkylators and/or phosphoramidate alkylator prodrugs by nuclear magnetic
resonance methods and such deuterated analogs can be useful in determining
pharmacokinetic or pharmacodynamic properties of the phosphoramidate alkylators and/or
phosphoramidate alkylator prodrugs. Pharmacokinetic and or pharmacodynamic information
of phesphoramidate alkylators and/or phosphoramidate alkylator prodrugs is used in
determining dosage, frequency of dosing, and similar administration related parameters, The
synthesis of a octadeuterated-compound 25 and octadeuterated isofosfamide alkylator is

described in the EXAMPLE section.
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O-P-N 02N NCI CI 5115 15 [0362] A
suspension of N-Methy1-2-chloroethylammonium chloride (10 gm) in
P0OC13 (40 ml) was refluxed (135C) over night. After removing excess
POC13 under vacuum product Si was distilled out under vacuum as light
yaltoweoiiand analyzed by and 3113 NMR spectroscopy tQ.8eRug: A4
2007/002931PCT/1JS20061025881 [0363] To solution of Si (1 gm, 4.75
mmol) and N-Methyl-2-chloroethylammonium chloride (0.62 gm, 4.75

[oﬂgpoh}qianldﬂ% éﬁfeuz%%edgﬁmf@wleﬁlammmmaﬁ% pl@@c%lmlh&ﬁfiﬂﬁml)and

was slowly a and the r armed to rt. After stirring

S GO P ich P e TE  T  AC s Sh T Esihs

inwsgshedcvith brine. The 5 organic layer was dried over Mg804 and
concentrated to yield a residue which was separated by flé;}sh
chromatography yielding compound 5ii as oil. [0364] To a selutian of

-methyl 2-nitroimidazole-5-methanol (0.5 g, 3 2 mmol) in Z
cdirnetidxyethane (DME) lithium bis(trimethylsilyl)amide (3.2 nmo}, 3.2 ml,
cx{dl\éjf\]m “HF)*was added at -78C. After 5 mm,j@jzs.g mmol, 7Y0 mg) was
p

ed and theweactlon mixture 10was warmed/u -20C,dh Wlth
ethyl agetate ant-w&Shed with brine. The“eYganitiayer Was dried over
MgSathmrated Purification by flash chrbmatog’haphy with 6-12%
5 methanol in DCM yielded 5. 103651 Compounds of &and 16 were
synthesized employing the procedure used for the preparation of
compound5. WO 2007/002931 PCT/U82006/025881 Example 3
;m

Synthesis of Compound 35 T CO3TsTs H2N----,,‘,,OH +Br
35a 35bBr.--35¢ . Br O// NNfl + 02N N OHL|

tq\]rt 02N NNY\Br L
OZN/&

\}\/o\

i
/N\ 2 NH{ j\ O
o 4 \ e
OZN,<NJ\/O\ /N

cl

/ O//p\ N K‘
10 [ i

5 6

cl
2 cl
/N
02N¢-< \ o /N—Q | / 2
/ //P\ N/\/u O,N \ N—
0 o Oy ol
I -
7 g

15
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10

0-P -N --- Br 35c Br 35 [0366] To a solution of ethanolamine (6.03 mL,

- 100 mmol) and K2CO3 (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 120C (bath temperature).
K2C8(2n6 19, 200 nunol) was added to the reaction mixtyges falilawedy
dropwise addition of 1,3- dibromopropane (10 g, 50 mmol). After heating
for two more hours, the reaction was cooled to rt, poured into water (250
mL), and extracted with ethyl acetate. The organic layer was 10 dried with
Na2S04 and concentrated to yield compound_35a as yellow'oil which
was € yed in the next reaction. [0367] A solution of compound235a (5

O?@Jn@ ous HBr (48%, 50 ml) was distilled to remgqve the aqueous
(ﬂmu;ﬂlmr)

portio , and the reaction mixtu as feiluxed fokgO0 h.
Additidisal aqueoug\p(pﬁif)h\@/f%b was removed ISt ?orlpénd the
reaction mixture Was 15ref|uxed (4 ). The reaction mixtureOWa\ch/oo\Fed/to
rt, diluted with water (20 mL), and filtered through a celite pad. Tme filtrate
was concentrated to dryness to yield a residue which was coevaporated
with ethanol thrice, a owing addition of a large volume of ne a

white,80li@ product 3%b was filtered and washed with acetoneéwice>and
Odfviplayediin the@h(?ii orylation provideqjggméﬁgw N
2007/09293 T QZO/O@QZ;&S [0368] A susp gipound_35h

(1 g) in POC13 (14/mL}¥was heated at 130C for about 14 h gnttgxcess”
POC13 removed undertvacuum at 130C (bath temperature?. Thé residue
was purified by column chromatography on silica gel employing 10~80%
ETOAc/hexane to yield preduct 35¢ which was convereted to compound
35 of the prasent 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 pre ec@{nploying
N-cyclopropy1-2-chisroethylammonium cHitide asytrovidéd belgw //
NaOHCI ii) HCl/dioxane iii)7i SOC12 P003/reflux / jr—’>"" 1&%+)C}\H\

CI 7iQW7ii_._/ C\2-NH2(+)gle) /CI N,/ r"," 1-1.2--N, 0 A F
o~ L v >/N
N Ol
Me )?P\N/\/CE
O l\ Cl
o]
14

Ph

: | NGNS
L j cl N N/j
N/>_‘ om?m-w/ ~ OgN%}VO\g}\N
A |

O,N N
2 \ &

15 16
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L.----N, o P-CIDIEA / THFCI).- N CI 7iiCl 7iii CI P- C1 CI D-N"p A 02N-4
Cl 7 LIN(TME)2 .[03701 To a solution of cyclopropylamine (25g) in dry
THE (30 ml) a solution of 2-  bromoethanol (17.6g, 0.141 moll in 30 ml
TI-IF was added dropwise over 35 minutes. The 15reaction mixture was
stipedofandhour at rt, and heated at 50C for 75 minutes. Aftgrcealingsdhe
reaction mixture was concentrated to yield an orange oil to which was
added a solution of sodium hydroxide (7g) in water (50 m1). The reaction
mixture was stirred for 1*minutes, and extracted 4 times with ethyl
acetate (75 ml). The combﬁ?zd organic layer was dried (MgSO4) and
eva ohated to give anforan Ncﬂy residue. The residue was distilled in
éa%@ t 53 Pa (3. mm Hg) to yield an intermediate alcohol (5.94
Oaig, yield) as a clear, colqﬁ'Te s liquid whic S b LQMS
and IH NMR te’bepure. 108711To a sollition of the interme iatd#algohol

(3.7 g, 36.6 mmol) in dry THE (30 ml) a solution of H(f\l in dioxane (4.0M,
18.3 ml, 73.2 mmol) was added: The reaction mixture was cooled ta 0C
and SOClE’(G.SOg, 54.9 mmol) was added by syringel.gThe reaction
Mmixty as refluxed (6 h), cooled, and concentrated to yield a residue.
The/fesitue was triturated with dry ether (100 ml), filtered, and residual

ovSlatiigs Tempved jn vacuo to yield 7i (5.42g, 95% yieldl) which was
analyzed by I\M\/IR;&b\e pure. [0372]7i (3/00¥:-19.2lm was added
to POCT (15 mI)/Panda refluxed under nitro or L(;S(]ﬁours. The reaction

mixture wa entfated and the resulting oil distitfed in vacuo through a

N

short path distillatipn apparatus to yﬁéﬁ?\\%_as\aﬁq ar, pale yellow oil (3.69,
79% yield) which {vas analyzed by 'H torhe pure. 10373]7ii (0.50 g,
2.11 mmol) and N-¢yclopropyl-2-chloroethylamine hydrochloride (0.33 g,
2.11 mmol}&vere combined in dry THF under arg®n. The reaction mixture
was cooled to 78C 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

0N . .

a nge olly residue. The residue was separated by flash

ch 0 apﬁ’y over silica using 0-50% of hexane in ethyl acetate to give

315 mg (47% GftReoretical) of pale yellow oil which was analyzgd to be

7iii by MS. [0 N-methyl-2-nitroimidazole-5-methanol (76.8 mg;»0.489

mmah was, part% dissolved,in dry THF (2 ml) under &rgon. The?eeﬁon
mixture va cooled ip -78C and a soluti lithium >

bis(trimethylsilylamide jin THE (1.6My:0: -0.489 mmol) w,

N
s.gdded.
After 15 minutes, a $olution 6f 7iii (172 mgj 0.538 mm 2l THF Was
. O . . Q
added. Aften 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“ied over

MgS0O4 and concenttated to give a yellow oily residue. The jesidue was

separated by flash chromatography in 0-10%_methanol in PCM to yield
compgung 7 (110 mg, 51% yield) as a yellgtv oillwhich was\analyzed by
02931PC

OPE=MS and Tjj V\#]MR be pure. W&?200 Ugs;ﬁba/ozsssl
Exampie 5 thesis of Compognds 6 and 25 P B
o] H O H
23 ) 24
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[0375] To a suspension of bis(2-chloroethypammonium chloride (1.43 g,
801 mmol) in 5 dichloromethane (DCM) phosphorus trichloride (0.32 ml,
3.64 nunol) was added at rt followed by addition of TEA (3.05 ml, 21.84
mmol). The reaction mixture was stirred at rt for 30 minutes and then
Nvineshybidsmitroimidazolyl methanol (0.474 g, 3.31 mmol}irrRMWass
added. After stirring for 0.5 hour, the reaction mixture was cooled to -20C
and ten-butyl hydroperoxide (0.7 ml, 3.82 mmol, 5.5 M in Decane) was
added. The reaction mixture 10 was warmed to rt ovei\a period of one
hour, and pbured%:o 10% aqueous HC1. The organic Jayer was

sep d and the aqueous layer was ext d with CM. The combined
o.organic quti%n was dried with 1\4 d cgncentrategkto yield a residue
whichiwa nﬁaﬁ(byf sh ghromatograptsy wi Cf’L\Z% methanokin DCM

yielding 6. [Qﬁ76ﬂg Conmpound 15 was synthesizeg/ugng the"'method

described f&ir the synthesis of 15 Compound 6 at®ove. N-LOH O3N-C.N
TEA HNHC] CIDCM 0 \CPOHOZN N- PCI3 +

B 1 I\ e/
Ozﬁ/&?\/ FQ\/O“‘({;’LNH OQN/& /P\
f 4

G

oqN/zA}\/O\Q\/O ZM ﬂ\/o\ //O
k T P \ z?;? OaN 0 QN/P\NW

29 30

N O
N 7 Cl . // /\/
o/ ol
OZN/(}\/O\/ /P\ﬁ/\/ o / N}\/ /P 5§
f HN, . 4
o \,\

cl Cl
31 32

Br
: e
1 HMN

/N \ o N /@\/ O~ P/\_
OQN/&‘[‘I:}\/ FQ\/O;P/ F{\:j 0N (4/ NH
CEH Br

33 34
15
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15 Example 6 Synthesis of Compounds 23.26 and 36 WO
2007/002931PCTIUS2006/025881 103771 To a solution of
N-methyl-2-nitroimidazole-5-methanol (180 mg, 1.14 rnmol),
triphenylphosphine (300 mg, 1.14 mmol), and isophosphoramide mustard
(ter0128i77g930.57 mmol) in THE (10 ml) diisopropy! azodicaaopydais.sss
(DIAD, 0.22m1, 1.14 mmol) was added dropwise at rt. After two hours
reaction mixture was concentrated and the residue separated 5 by flash
chromatography with-30- acetone in tﬁluene yielding compound_36.

103781 Compounds 23'and 26 were synthesizgd employing the <
procexiur fExamgLQqDExam le P'Synthesisiof Compo 103791
N-in )fhyl- nitroimidazpTe-5-methanol (50Mmrg, O: mraol) was

o g7 0 ﬂ; dry THE (gpml) nder nitrogen./The solutionﬁva\smooled to
278C and
ml, 0.35

a solution of lithium bis(trimethylsilyHamide (19\/I in toluene, 0.35

r¥1mol) was added by syringe. After 5 minutes a splttion of
bis(chloroethyl) phosphgramidic dichloride (91 mg, 0.35 ninol) in THE
15(2 ml) was added. AftBr stirring at 78C for 30 minutes, tHe temperature
was reduced to - 20C employing a NaCl/ice bath"and anhydrous ammonia
was bubbled through the reaction mixture for 5 minutes. The reaction

mixture was purged with nitrogen, warmed to rt, poured into 25 ml water
ar%xtracted with ethyl acetate4 ﬁe. The combined organic layers
dto

were dried (MgSO4) and cor&erL give pale yellow oil which was
sﬁppam{gd»by Tlash 0 atoglrap ver silica gel using 0-10%
miethanol in dichlg hane yielding compound 1 (32 mg, 28 % yield) of

an (ﬁh\%hich soldified on stan 'r%g and was analyzed by LC/MS and 1H
NMR 16 be pure. Example 8 Synthesis of Compounds 25, 26

L=}

s

N

T by~

| N/ AN

o o

136 137

Gt

U&N/Q\\)\/‘J\!!;,N'

Iy

©

2 e

138

139

66




25 103801 To a solution of 2-bromoethylannumonium bromide (19.4 g) in
DCM (90 mL) at - 10C was added a solution of POC13 (2.3 inL) in DCM (4
inL) followed by addition of a solution of TEA (14.1 mL) in DCM (25 mL).
The reaction mixture was filtered, the filtrate concentrated to ca. 30% of
thecaniginatwsolume and filtered. The residue was washed with 26 M 43%2p
mL) and the combined DCM portions concentrated to yield a solid to
which a WO 200711102931PCT/11S2006/0258%21 mixture of THF (6 mL)
and water (8 inL) was added. THE was removed in a rotary evaporator,
th 7 ulting solution chilled overnight,in a frid ( he preC|p|tate obtained
W’gsriﬁe\)i wéshed with water (10 miy)&nd-sthef (30'mL), and dryed in
vacuo to |elﬁﬁuf\ef§H/NHN\Bp’Brl 811 Isophosphoramlde
mustardOH HO F1)-N, A NHCI a can be hesized employing the
method pravided in Example 8, substituting 2- bronmethylanunmonium
148romide with 2-chloroethylammmonium chloride. Synthesis of
Isophosphoramide mustard has been described (see for example
Wiessler et al., supra). 1 1:}821 The phosphoramidate alkylator toxin: O

Oz

i HHO-P-N \\,\NHBr Br was fransformed into compounds 24 and 25,

8 pld ingt od proyided in Example 6 and the appropriate

Trlg er-OH. E ° Sypthesis of Compounds 37- 105 103831 The

following compounds 37 2105 were synthesized employing the Mitsunobu
14ype coupling described for the synthesis of 25 or 36 above, and upon

appropriate substitution of the Trigger-OH and the ifosfamide mustard

analog employed. For e égp]:e for the synthesis of compounds 40, 81,

83, 87, 89, 95, 96, 100, an the ifosfamide mustard analog 20
@2@ ed was (=0)(1\ H2CH2C1)2 in compounds 50, 53, 55,
@% 7:5;/7 80, 82" 84 - 86, 88, 90 - 92, 94, 97 - 99,
101 { 108, and the/ foﬂfaﬁ‘hde mustard analog employed is
1HDF(--O)(NHCH2CHZBr)2 in compounds 37, 39, 52, 54, and WO

10 2007/002931PCTIU82006/025881 93, the ifosfamide mustard analog
employed isthe R enan jomer of HOR(=-0)(NHCHMeCH2C1)2; in

com ds 38 nd 57 the ifosfamide mustard analog employed is
0ol en ntlon}er o] it4 13(- 0)(NH CH 2; in compounds 43 - 45
and 49 the’ifosfa Qe sta e ploye “Wa\s the R enantiomer of

5 HOP(=0)(NHGH(C Me2)CH2C1)2 ‘and in co ofMmpounds 46 - 48, the
ifosfamide mustard ahalog employed was the°S ehantiomer of
HOP(=0)(NHCH(GHMe2)CH2C1)2. [0384] Theg%;rlous Trigger-OH
compounds emplayed in the synthesis of Compounds 37 - 105, included
1fde following Trigger-OH compound$44-N-methy1-2-nitroimidazole-5-
methangl, 1-N-methyl-5-nitroimidazole-2-methanol,

5-pi ofuhmZ;ryethanol 5- 10nitrothiophene-2-methanot; [0385] The
“‘fﬁgp -compounds were according to the method described in Example

6. ®2NNd N-1/"H
A
"\

1

.
15 145 '
/ <~/_ i \/\F
ORNJ< l/o\p/ g o °f"/£>\/\/ ?\"/
/ O/ \H S @ 2
146 ’ 147
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i5

HN CI 3738 _I'oRy\ 14,,,m4a/ 0, 11 r------ 1\-.fl, H1 HO2NFIN FIN\-\ ClI,

3940 --",,,----_,-CI09VOOPN,,-C111i\i HI HO2N1.1 1-102NHN FINCICI
---\:Cl HO0-P-NO2N-J’'N 02N H Or'H HN CI 4849

WO 2007/002931

POCT/US2006/025881
- 2_/-
o O\P/
4y
148
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’>J I % | . LA
AT /
149 150
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\/ i /
OQN/QX ‘& —_— HGene [FE ''''' N/ / Y /Irﬂ j
b f N
SN e, sz
/ T
=l /,\ N i\Ci N =]
151 152 153
L\/\.N)/ 3
T °
/i - o /**«{q N_f(:l
O
/ 0// \N/\\’/m
R
\N/ Ci
154 155

{0234] In one embodiment, the phosphoramidate alkylztor prodrug contains

as Zs and shows hypoxic tumor specific toxicity while being much less toxic to healthy,

normoxic fsue.
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F NON NIf Br"_4". ,,EIO ~~-Cl -P-N 'H'H FINI \-\HN,,i,----,CI Br, 5051 WO
207012931PCT/US2006/025881 52 MeO Loj 0 02N 02NN H 53 2-"_,

O-P-NBr HN H Br,

WO 2007/002931

[0235]

5657 Br 02N 02NO-B-N t H HN 0 HNBr 0-P-N

PCT/US2006/025881

In one embodiment, the present invention provides a novel phosphoramidate

alkylator prodrug which upon bioreduction releases the corresponding novel or known

phosphoramidate alkylator

Rg
/H o
\;I:I/N Ric)2
|
/[ OH *

X4 Rg

5 fa

R Rg
I |
X4 N N X4
SOH TS
Riy”~ F" Rij
OH
b

Rg RQ
S
X4 N N X4
X4 ™~ P'/ ]
and (I)H
R Rg
lc

wherein X, is defined as in formula (1), and Rg, Ry, and Ry, are defined as in formulas (IV)-

(V1I), and ionized forms thereof. In a related embodiment, X, is Cl, Br, methanesulfonyloxy.

benzenesulfonyloxy, or para-toluenesulfonyloxy.

[0236]
10

phosphoramidate alkylators

o ! Ct
NP

P(iDH K/Cl

(Ryg)2N

o

N
N
Rq4

0
]
P

|
0

le

AN

H

){O
N

2

In one embodiment, the present invention provides a novel phosphoramidate

alkylator prodrug which upon bioreduction releases the corresponding novel or known
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H Br,Br5859 BrBr, 6263 Br 0 D2 r ,CBr 0 --P-N" C 02N HNH D2
D2\0-092 Br 00 3 HO2N N H HN FIN Br ~ 15BBr, WO
21107/0112931PCT/US2006/025881 6768 02N\ 0 NOPN HN H Br

WQ 2607/002931 PCT/US2006/025881

and jonized forms thereof;

wherein N(Rjo)z is selected from the group consisting of NH;, NHMe, NMe,, NEt,

O O O O of
, N AU , NHOMe and NHOH;

each Ry, is independently hydrogen, Me, ethyl, cyclopropyl, isopropyl, propyl, benzyl,
substituted methyl, cyclopropyl, methoxy, and hydroxyl; or together two Ry; form a

heterocycle.

[0237} The anti-cancer agent Cyclophosphamide metabolizes to 1d (Ryois 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
atkylator of formula le (each Ry, is hydrogen, see Wiessler ef af., 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 1f (Rosen et al., Clin

Cancer Res. 2004, 10(111:3638-98).

[0238] Known phosphoramidate alkylator prodrugs such as ifosfamide and
cyclophosphamide metabolize to produce cytotoxic by products such as acrolein and
chioroacetaldehyde 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 trealinent as
compared to those produced by the metabolism of ifosfamide and/or cyclophosphamide. In
one embodiment, the phosphoramidate alkylator prodrugs 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, arvisulfonyloxy, or heteroarylsulfonyloxy-acetaldehyde, (for
metabolic production of chloroacetaldehyde 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

ifostamide metabolism.
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Br, 69 02N 02NF-40,,0-A 70 0' HN H Br, 02N 57172 737475
N-1INi-N 9 ,NOp_ 9 _ ri.---- ,C1 02N /LN LF-N 02:,EiN7L--- H14 H \-\ CIBr
"02N7N t HN o s o - T S :

WO 2007/602931 PCT/US2606/025881

102391 The phosphoramidate allylator derivative formed upon the reduction of 75 can be
different from the phosphoramidate alkylator being protected and the phosphoramidate
alkylator prodrug and is termed a modified phosphoramidate alkylator prodrug. For example,
a phosphoramidate alkylator prodrug can yield a modified phosphoramidate alkylator prodrug
Alk-Triggermoq upon reduction of the bioreductive group (Z3). When reduction of the
bioreductive group forms a modified phosphoramidate alkylator prodrug, the Hoker (1)
bonded to the phosphoralﬁidate 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 into 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] Upon reduction of the bioreductive group (Zs) within the Trigger T is modified to
Za.mod» 10 yield a modified phosphoramidate allcylator prodrug such as phosphoramidate

aikylator- Ty or Alk- Ty conjugate. In one embodiment the Ty is selected from:

[CZ1)- Y3 CEOFON-[CZ0 ) Z0-Y 4] -{C(Z 0] [ CLZ)=CUZ )2 mod

[CEZDa- YO ) Za-Ya] [ CO (S PO D 2 mmoa;

[CZ)2- Y3 [C ] [ CZ=Cl) ] 2 mods

[CE Y5 HC(Z 2] Zaomed;

[C(Z1)2-Y5]-(CE0)-0) - C(Z1)2 - IC(Z0)=CZ) ] Zamods
[CZ1)-Y3]-{C(=0)-0)-[C(Zn)2) - Zamod;

L[C(Z1)2- Y5 HC(=0)-0) -[ClZ1)2 ) [CE )= CZn )L mods

[CZ)2Lo-Y 4] -[CL2) {CZ1)=CL)]- L3 imoa; AN

HCEZ) 1A CZN=C(Z1)]- 23 mee Wherein Z3.m0q 15 bloreduced or otherwise reduced or
maodified Z.

[0242] In another embodiment, the Ty 18 selected from:

LC(Z1)o-Y3]-(CEOY-OX[C(Z)e-Za-Ya )1, [C{Z1)a-Y51-[C{Z1)o-Zn-Y4}-H; and
[C(Z1)2-Y3]-H;
[0243] In one embodiment, Trigger T includes the following linkers (L) having the

formula:
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Br O 'Hft\ FINO2N-L,-N \-\ Cl 828384 15858687 WO 2007/0 0 293
1PCT/US2006/025881 8889 0 Br ns -Br RN 1-1N H\ BrBr 9192 969798
199100101 NO2 NO o_pliNBr 0 B HO-P-N--r --- 2N NHNHN 1 H --Th

WO 2067/002931 PCT/US2606/025881

L2 Y 3 HC(EOROCZi ) Zo-Y s [ ClZ - CZ )=C(Z0))

LCEZ) YO ) Zo- Y 4 HC(Za o 1 [CZ)=C(Z20) )

[CEZ Y 3] HC(Z1)o)ACEZFC(Z0) i3 [C(Z1 ) Y3 CE )
-[CEZ1)o-Y3[-(C=0)-0)-[C(Z )] CLZ=CZ -5+ [C(Za)2- Y s ] C(=0)-0)-ClZy )
~[CZ1)2-Y3]AC(=0)-0) ~[CZa ] [C(Z1)=C(Z1)}-; and

[CE)oLomY s} -[CLZ1 o] [CZa y=CL) ] ~[ClZa)2 ] [C(Z0)=C(Z1}]- and -[C(Zy o],

[0244] Inone embodiment, the present invention provides a Trigger T which upon
bioreduction is modified to Triggenos o Ty and the phosphoramidate atkylator is separated
from Ty in less than 0.1 second. In another embodiment, the phosphoramidate alkylator is
separated from Ty in between 0.01 to 0.10 second. In another embodiment, the
phosphoramidate alkylator is separated from Ty in between 0.1 to 1.0 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, vpon activation or reduction, a phosphoramidate alkylator
prodrug yields 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
pm from the site of activation or reduction. Bystander effect of a phosphoramidate alkytator
prodrug of the present imvention can be measured vsing cellular spheroids and mmitilayer
celiular assay (for example of such assays see Kyle ef al., Cancer Res. 2004, 64(17):6304-9
and West ef al., Cancer Chemother. Pharmacel., 1987, 20(2):109-14); and as described in
greater detail in Examples 35 and 37. Tumor cells can be grown in culture as multicellular
spheroids {o create an in vifro model of the fumor microenvironment in solid tumors
containing a hypoxic region and a quiescent cell population responding to the environmental
stresses of lunited nuirients and increased waste production. These spheroids have the unique
property of developing gradients of oxygen and nutrients 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 quiescent state and
eventually to 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
mtermediate 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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BrBr 102103 " 104105 15 Examples 10 -26 describes the synthesis of
various Trigger-OH compounds employed in the synthesis of
phosphoramidate alkylator prodrugs of the invention. Example 10 -
Synthesis of Compound 52i WO 2007/002931PCT/US2006/025881

52i59d:kh2sk {03861 A solution of compound 521i (100 m L
52111 (73 mg, 0.48 mmol), and KOAc (190 mg, 1.92 mm%ﬁ%afﬁ%m@?ﬁﬁl)

was degassed thrice and PdC12(dppf) (36 mg, 0.048 mmol) added to it at

nur]gibumi%@&@tgﬁbawgsih@fﬁﬁh@g@@ﬁﬁ@ﬁdﬂ@i&m @e@/?srbgaﬁ@gmé 6r?C
ort ours, diluted with. et cetate (E washed, with brine. The
YT S O Sk LA S 1SS Seh ey
reacoviiny Shrontatod raphin 8e sifica yelbipleyingvasélushbEibue (e
actRAM) &&gl@ 221 JORBHL L OMPOHRAS 28183 an@li B BdaBNELASE WaFRer

repared in a similar manner as described schematically below:
SHRAlis eSS BB EXEHBISTESWO SO0 55 TBE S 88 EYs
nnhB388 Hiffeoraidolutiotof dbwtpditindG8iioltdCimng, @3k nompedjedhalcells in

mo%z{%gég 39)%8%%%9 Q&Y. 6A.0¥NANCIR THE £2,5000uRE4 1462

ml, 0.93 mmol) was added at rt. The reaction mixture was stirred overnight

hypie SoRiehtdte s Ao PestatRiaAibn \Wadigdparered beb it of the
eqailirmaioasaphhanfsiiciaget employ iighasedbenind Arbtexc(-8p%ihtats
nAP.SarRoUnd.¢ %‘zﬁ{aoéﬁe%h%%m e?)%g%%ﬂ%%g\évrﬁg (P48, MR APhe outer
epicted in the scheme below. DIE

aerobic cells or are able to target the entire spheroid. The expected cell kill can be predicted
by knowing the hypoxic fraction and the expected cell kill of each of the monotherapies.
[0246] In one embodiment, the present invention provides a phosphoramidate atkylator
prodrug which upon activation such as bioreduction releases the phosphoramidate alkylator

with a half life of less than 0.1 second; between 0.01 to 0.10 second, between 0.1 to 1.0

second, between 1.0 to 10.0 seconds, and between 10.0 to 100.0 seconds.

{02471 Anti cancers drugs can bind to fissue swrounding the vasculature and/or have high
molecular weights that impede diffusion and not reach in therapeutically effective
concentrations hypoxic tumor zones that can be up to 150 - 200 uM away from the
vasculature. In one embodiment, the present invention provides phosphoramidate alkylator
prodrugs that can reach hypoxic cancer cells away from the vasculature. Some methods for
determining the bystander effect are described in greater detail in Examples 35 and 37, The
phosphoramidate allcylator used in a hypoxia activated prodrug plays an important role {o
efficiently kill tumor cells. For example, for 2 hypoxia activated phosphoramidate alkylator
prodrug, the cytoxicity of the phosphoramidate alkylator and its rate of cellular alkylation,
and the cell membrane permeability of the prodiug and the phosphoramidate alkylator impact

the hypoxie 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 atkylators 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 attachient of the Trigger T (activation of the
phosphoramidate atkylator prodiug releases the alkylator/cytotoxic agent). In either event,

the phosphoramidate alkylator prodrugs are converted into the corresponding alkylator in
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O2NNOyNOH TIIFO NO2 69i Example 12 1070ii70iii70i 103901 To a
solution of compound 70ii (100 mg, 0.87 mmol) and compound 70iii (112
mg, 0.87 mmol) in acetone (8 ml), was added K2CO3 (78.6 mg, 0.87
mtnol) at rt. The reaction mixture was heated at 60C with stirring for 1 h,

fi oncentrated to yield a residue which was separated
cgﬁjﬁ%qr‘\j?ﬁr%ﬁnatography on silica gel employin (EA \Hex) 0-66% %‘"%5"’881
yield compound 70i. [0391] Compound 51i was madc similarly as

nﬂﬁ@iﬁﬁ&@dﬁ mmmmi(m%%t&ﬁﬂ@@ﬂ HOBIRLLisqlut g&!n&}:f (Z 1)
ound 59 n‘m% CO 96 mmol and 59iii (127 mg, 0,96 mmo

rei 1(réltr§1f§ was degassed tncay d“&&@f‘:i R %ﬁ‘bﬁiﬁ%‘?o#{ﬁ%l)

me%@e@%ﬂiﬁﬂm 2007/002931PCT/U S2006/025881 followed by Cul
8.5 mg, 0.043 nunol) and TEA (0.27 ml, 1.92 mmol), at rt, under argon

[0, ﬁ%sﬁm ke dieere Aetidriasmduiccarakbatentod BOIE forswiorhodns:

alﬁﬁedeacaammwﬂﬁﬁema&@meﬁbw% BAesiashes withe bringo the,arganic
aﬂg;{e(r)fseﬁjaratesqﬁnd nd concegtrﬁ%d to ﬁlleld a residue which was

i Féln v 34 5 SHRISTO i 8 8 ShGent

separate hromat grap y O
P@mﬂ@%%mmwm y’émleﬁmgmmiwaepr&mmmmm [0:363% Fidl show at

1cBUSPERSIOnf ﬁys%zamg@tamm@cm éﬁ&o MESAMAEhEAaior,

rg‘h )éLdlchIorop ospha 34 nunol at -2 followed by the
rOpWISe addition S X ?%‘ ﬁ’TI 55 SHOITHE RN st "Fﬁé”i‘e@&tlon
cyieivturesasWwhim euoaphwarm@icrekiyam fordtulipauwied dotibringdihe 0,000
fo%%@ 'tﬁa{ﬁ%?é’ SenRsRedra9dibe AFHERH e%l)a(ﬁroaf&n%gawltﬂ% M- _F%hone

com d organic layers were dried with MgS0O4 and concentr

SHERR %E@WF%%@&WH%’MWW&W%%{M%@W Hrssfifdangbithe TCso, ICoo,
owdphplofihgas elpentifyyhepbneniii:1B30000 hicdyigleheompound Eited 0 a
solution of compound 67ii (42 mg) in EtOH (5 ml) was added

L3 Fin U engYostidie. (o) dherredediberani kiolel degasssidyanid akglicgasty

px‘éﬂfﬁ@daﬁﬁ Q%SBNQEQH@QJ kag}aﬁcl? ) é‘aﬁ%@ﬂ%ﬂ@%ﬁgg@% m'yﬁ?%%}tﬂat
M OH, f ed th %"I a syringe filter, the filtrate concentrated under

S AT OB LRI R  SiEi Eot o AR 10000
fﬂﬁomé@mmmmwas@teamwmmmMmuﬁawgﬂmﬁl&@m@ﬂa&ml

cRRempla X : inthesis of
mgd:i{mung 6?95‘“33%’%@%@%’%9;@&%23@3? o e B RS

86%@3%0/‘1 fﬁéﬁ/@%&concﬁmenb

[0251] To determine if a phogphoramidate alkylator prodrug is selectively active under
anoxic or hypoxic conditions, cells are exposed to the drug either with air {(normoxic) or
without oxygen (anoxia) or with very little oxygen (hypoxia). One of skill in the art will
recognize that cytotoxicity of a phosphoramidate alkylator prodrug as measured in an anti-
proliferation assay is expressed by the ICsy; and the cytotoxicity of a phosphoramidate
alkylator prodrug as measured in a clonogenic survival experiment is expressed as [Cyy or
LCiq, ICeq or LCop, or ICqs or LCq. The ratio of cytotoxicity as measured for example by
1Cs0, 1Css, LCso, LCsy, or LCoe determined in normoxia and hypoxiais called hypoxia
cytotexicity ratio (HCR) and can be a measure of the hypoxia selective eytotoxicity of the
prodrugs of the present invention. The larger the HCR of the phosphoramidate allcylator
prodrug the higher s its hypoxic cell selective toxicity and greater the hypoxic temor killing
ability of the prodrug relative to healthy normexic cells. The HCR determined based on 1Coe

or LCys is larger than; that determined based on ICy or LCqq.
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- 10C tort 9 0-p-N HN H 0 0-s 1060 [03941 To a solution of 5-nitrofurfaryl
alcohol (200 mg, 1.4 nunol) in THE (10 ml) was added POC13 (0.13 ml,
1.4 mmol) at -78C, followed by the dropwise addition of TEA (0.216 nit,
1.54 mmol). The reaction temperature was warmed up to -10C in 1 h, 2-

Sthenyisusignyl)ethylamine hydrochloride (832 mg, 3 5 mg@ql%ggg(gglﬁ

followed by the addition of TEA (1 ml, 7 nunol). The reaction was warmed
to rt, stirred for | h, quenched with water and the organic layer separated.

(0258 agqeagt%dwowamm@%@pmmn@@{w IigR. e eQmbined,REganic
layers were dried, concentrat residye which Was ?@&arated by
e

T e AT R AR AR YRR o S U (A

rel {80 &0bodlDO% )tophiesichproddete 106/ Gamprpduwgd 1107 pABOF dhatiorchls a
y@%\ﬁfo‘r&% §9f% 944 t%%%ﬂ%ﬁ@é[@f@ﬁ%%%t&%@@@ﬂ%‘s@'ﬁmw
secfigph 39

Compounds 108-112, shown below: Br 0-P-N Br 0 -P-N
wothsy iskefed ;@W(bm Hipphosphoramidate alkylator prodrug of the

present invention has a hypoxic cytotoxicity of 0.1 nM to 5 pM and a HCR of 50 to 10,000

such as, for example, the compounds as described in Examples 29, 30 and 31.

[0253] In one embodiment, the present invention provides a phosphoramidate alkylator
prodrug having hypoxic toxicity which is 5 to 1,000,000 folds more than the corresponding
normoxic toxicity. In another embodiment, the present invention provides a
phosphoramidate allcylator prodrug having hypoxic toxicity which is 16 to 10,000 folds more
than the corresponding normoxic toxicity. In another embodiment, the present invention
provides a phosphoramidate alkylator prodrog having hypoxie toxicity which is 25 to 5,000

folds more than the corresponding normoxic toxicity.

[0254] Tumors have a gradient of oxygen concentration that can vary from 10%, in tissues
adjacent to the vasculature, to 0.5% in tissues about 150 uM away, and lower in tissues
further away from the vasculature and near the necrotic core. In one embodiment, the present
invention provides phosphoramidate allcylator prodrugs that can generate phosphoramidate
allcylators, 5-1,000,00; 10-10,00; and 25-5,000 folds more toxic than the corresponding
prodrug, under a variety of oxygen concentrations. In one embodiment, the present invention
provides phosphoramidate alkylator prodrugs generaie phosphoramidate alkylators, 5-
1,800,00; 10-10,00; and 25-5,000 folds more toxic than the corresponding prodrug, under

about 0.5-0.6% oxygen concentrations.

{02551 The logP of a phopsphramidate alkylator prodrug of the present invention can
measure the lipophilicity or the hydrophilicity of the prodrug. In one embodiment, the
present invention provides a phosphoramidate alkylator prodrug having a logP less than 0.
Such phosphoramidate alkylator prodrugs can be hydrophilic, such as a prodrug having
formula XV wherein each Ry, i3 H and can be easily formulated as an aqueous formulation
for i.v. or i.p. injection. Another example of such prodrugs are compounds 24, 25 and 36.
[06256] Inone embodiment, the present invention provides a phosphoramidate atkylator
prodrug having a logP greater than 0. In one embodiment, the present invention provides a

phosphoeramidate alkylator prodiug having a logP between 0 and 4 such as those exemplified
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P---7 Br5Br,5 WO 2007/002931PCT/US2006/025881 112 5 were
synthesized employing the procedure described for the synthesis of
compound 35 in Isls Example 3 and substituting HONNOHwith ISTs
HOOH. Example 16 Synthesis of Compounds 113 - 117 [0396]
Cempoundsil3 was synthesized following a procedure deserilRehidnrsss:
Example 7 as described here. To a solution of 113ii (181 mg, 1.16 mmol)
in THE (8 nalL) was added dropwise LIN(TMS)2 (1.2 inL, 1 M THF
bgsioagas XY mimendat Vrshg cho lewdd By tivéadditior o lip Ehe dedotiostered
i RSt mm&&me&lm&ﬁ%&(&q@aﬁe@ﬁ@m&%m@w hWthenlo LeRGion

xtu e for 5 #es Wgter 20 mr,) was added to the reaction mixture

pm Vr‘@%g FIHGFR RRRFRE R thritie Gt BRSSO E e HePhariHa date

aleMmItaly%qK/é@mﬂad anchtomeertitdtédrtohfeldtaresidue which was
separated by column cluomatography on silica gel employing acetone
\toluene (30-100%) to yield compound 113. [0397] Compounds 114-117
were synthesized according to the method described for 0CI

aoMethedgl) 2Cl, 02N 0CI 0-P-N NH2CI 114115 WO

CT/US2006/025881
EO%?%Y/ %%?e]ég)nt m/vexﬁf%n arises n part out of the discovery that compound 36, which

could not be isolated by reacting

9 H
<l N
~ H s \/\Ci
HN

I8

ol

k]

1-N-methyl-2-nitroimidazole-5-methanol, and n-butyl lithium in a suitable solvent, was
readily synthesized by employing a Mitsunobu-type reaction wherein 1-N-methyl-2-
nitroimidazole-5-methanof was activated by the addition of triphenylphosphine and
O
H
HO N
\%i/ \/\C‘

HM

ditsopropyt azodicarboxylate, and reacted with Ics to yield compound 36.

[02538]  Thus, in one aspect the present invention provides a method of synthesizing a
phosphoramidate compound comprising reacting a phosphoramidic or a phosphordiamidic
acid and an alcohol to yield a phosphoramidate. In another aspect, the present invention
provides methods of synthesizing the novel phosphoramidate alkylator prodrug compounds
of the invention or those that are known. In one embodiment, the present invention provides
amethod of synthesizing a phosphoramidate alkylator prodrug comprising reacting, a novel
or known phosphoramidate alkylator, a Trigger-OH, a trisubstituted phosphine, and a diaikyl
azodicarboxylate to yield a novel or known phosphoramidate alkylator prodrug, In one
embodiment of the method, in a first step the Trigger—OH is reacted with the trisubstituted
phosphine and the dialkyl azodicarboxyiate to yield an intermediate, and in a second step, the

phosphoramidate alkylator is added to the intermediate obtained from the first step to yield

76



10

116117 Example 17 5Synthesis of octadeutereated ifosfamide and
Compound 64 (octadeuterated-Compound 25) N-Pt0,/H2 MeOH 02N.4
3,..8."70HO0 D '44 HO-22 -/ HN H8, /CD2 DIAD, PP83 D2D", Br [0398]
48% HBr (60 mL) was added dropwise to A-ethanolam ne at OC. The
reactianmixiure was stirred for thr at rt and then gently rellpxegantisss:
slowly distilled, 16 nit liquid being collected in 21ns until 155C (oil bath).
This was replaced twice with 60 mL of 48% 10EIBr and the distillation
thepmtintiedfor aitiditioiap & tac8® inbdigoithasicdlleétet nTiesiyebuitahtr
kM PRRWesReRIeHalA00k ik A0 ARG SYARONAteH YRR VACHUM » Jh &,
residue was recrystalled from an absolute ethol (10 mL)-ethyl acetate (30
L-mL JxieeAdn 3g ©f d4-2- bromoethamine hydrobromide (compound 64i).
Compound 64i (19.5 mmol, 1.0 eq.) was added dropwise to a suspension
of d4-2-bronioethamine hydrobromide (40.0 mmal, 2.05 eq.) 15 &dry
DCM (100 mL) under argon,at -20C, followed by the dropwise addition of
TEA (81.9 mmol, 4.2 eq.) at -20C. The reaction mixture
-200:for 0.5 h, and at rt for 2 hyypoured into water and exiracte >¢1WIC€

)&%)CM (30 ml.—.}j{he comblne ganic layers
Xzdrie ressure to yield a

gver Naﬁ ated'wpder r duced

ue which eparated by Qluf'nn chr atog/aghy on silica gel
employlng as eluent 20 Hexane/EA (100 (viv >tp/y|eld 7.0 g of
compgiind;B4ii. Pt02 (0.7 g) wasa dded to a solution of compound 64ii
(7.0 g} OH (160 ml.), e reaction mixture degassed and exchanged
Wipi?;thn H2 fo}’ﬁwmnd diluted with Me014 until

Oi#he whi SO|Id in the reactign mkture dissolved. The diluteed reaction

mixture was filtered, the filtrate cohcentrated’under reduced pressure to

yield axresidue ehich was washed with*&ffijtrous ether twice to yield 2.9
g of cgmpotynd 64iii. To a suspgnsion of co iHin(1.92 g 1.0 eq),
1-N<m h <2- nitroimidazolemethano! (1.0%/g, 1.1 eq) and PPh3 (2.39 g,

45 eq.)’t THF (20 mL) wa¥ added DI%D‘(i(‘76 ml, 5 1.5 eg¥<dunder

%gon at 0C. The reaction mixture was stirred for 2 hours while being
armed up from OC to rt, following which volatiles were removed under

vacuum to yield a residue. The rgsidue was separated by flash
chromatography on silica gel employing as eluent Acetone/Toluene
(100:70(v/v)) to yield 1.35 g &t compt) Example 18 10Synthesis of
Compound 2i 2ii2iii2i 10399]The winy!l erlvatlvé 2iii, was synthesized
according to the reference lleri et™l., Het Chem., 1972, 9: 979, and
oxymercurated as follows. Hg(0Ac)2 (208 mg, 0.653 mmol) was dissolved
in water (0.7 mL) and THE (G;7 mL), followed by the addition of compound
2iii (100 mg, 0.653 mmol). The reaction mixture was

wherein Ry is as defined above.

[0259] In one embodiment, the present invention provides a method of synthesizing a

phosphoramidate alkylator prodrug comprising reacting each of novel or knowsn

phosphoramidate alkylators:
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15 stirred at rt for 1.5 h, NaBH4 (25 mg) added to it in portions, and after
stirring for 15 mm the reaction poured into water, extracted with EA, the
EA layer dried and concentrated to yield a residue which was separated
by silica gel column chromatography employing as eluent EA/llexane
(AvdQOPHYdeyield compound 2i (16 mg). Example 19 Synthgesis, &%06/8%881
Compound 94i 20 94iii94ii94i 104001A solution of 94iii (7.1 g) in Ac20 (9.7
mL) was added dropwise into a solution of Fuming nitric acid (1.5 mL) was
added into &cOH (12 mL) at 0 C. Tgre reactiofismixture was warmed up to
rt, stirrgg 1ﬁ ﬁﬂwng itric acid (1mL) ﬂgd dropwrse nto it and

stirred for 1/5 h. tron riixtue s poured into w@terPZSQ cted
with EA, thé/BA Iayer driéd and coﬁ% yreId a residle which was

separated by silica gel column ¢ tography employlng Iuent
EA/Hexa 100%) to yield compound 94ii. Compound 94ii (6 0 mg,
1.77 miol) was suspehded i in met anoj, %@) mL) at 6€ follove by 'the
addition of NaBH4 (141 mg) in portﬁ?ns |nto the reaction mi‘xfwe ver 5
whtin: NRBEDH. MY WAS-F gg% Qnce every hour thrlce the reaction
LIt re, was stirred for 3. 5ehgpo FiATS tlindsy fidistewletetoyiche EA

fyer déd and concentrated to yield a 5reS|due WhICh was separated by
silica gel ¢column chromatography employing as eluent EA/Hexane

Ties700%) fio yigld co 94| (289gng) as aFellow solid. Example 20
SynthBsisof-8om nd 5 %ﬁ@&l 96 |i96| 0401]Asmixturgoet A (1.4 g),
CuCN (0. {:‘éﬁ ) and DM¥ (25 ml. )W&S!Stl C for 35 mifi Rigde

300 mLof crushed ice and stirred for.Q mm. Théexgaction mixturgwas
then filtexed and the residue was separated by column chromato%ap y

ihg aBscluent Hexane:EA ( 1:Q to 2‘3)Xto yield c&mpound il ag—x,
yeIIow oil (617 mg). Compound 96 wgs dnverted to alcohol 9@( nd g,

5 Wit arated g?column chromatography, following a 15similar method as
er 3§¢e8‘5f ’c"é’rdnﬁoﬁrﬁésgiﬁnmrﬂamduﬁ&mgﬁ' HIE instead of MeOH as
qnln the reaction. Example 21 Synthesis of Compound 99i

99| 99ingaF f fﬁ'ﬁi% RSOGO wwighs RaEh(FRPRANZ(208 mQ),

COBRENCUP (B8 mMuy) 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 r§in, and the reaction continued under
a propyne atmosphere at 5@@?5&&1\ r 21R-Rhe reaction mixture was
poured into EA, filtered, the filtrate concentrated to yield a residue which
was separated by WO 2007/002931KT/ US2006/025881 silica gel column
chromatography employing as eluem'E#&#Hexane (0-100%) to yield

corl 22 5Synthesis of 1-N-methyl-2-amino
|r1§:;§§ggr£eg é%o%la(gjég)%ﬁ?c‘? acﬁlo}’hrg??é%sféroﬁ@@iﬁl‘:'ﬁu@l@l@ pf ©fnkla: HC/,
Et011 ONall N / NOMe

RstrN\]J __NRzRg

|

OH

wherein R,-R; are defined as in formula (I) with the proviso that

(i) at least two of Ry~

R are selected from the group consisting of 2-haloalkyl, 2-
aikylsuifony}oxyalkyl 2.

-]1eteroalky§sulfonyloxyafkyl 2-arylsulfonyloxyalkyl, and 2-
hete1oaikylsuifonyloxyaikyl
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OMel2. NCNI-12, AcONa \ ONa [0403] Ethyl formate (500 inL) was
added to sarcosin methyl ester hydrochloride (82 g, 585.7 mmol,
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
outieimennested 10 with the flask, NaH (60% oil suspensiqiyad SodoaRs:
mol) added slowly during a period of 2 h, and stirred at rt for about 14 h.
Volatiles were removed using a rotary evaporator to yield a residue which
was (iiituratetoiwicERwith hexaried(500 il jrtonyieidsatsgcki2 ightabrowiaC-Cs
AIRARIMIIGD.Y 1 slissalyad,in.athanl 4490 sl rad.sane, HiGh (3R mL) and

stirred &t 110C for 1,5 h. Aiter the reaction mixture cooled down, the white
hepﬂreelﬂ@itatbmdgw&rﬁda@ﬁ%MW%@@%@W%&H With 2 %25 mL of

ethanol. The filtrate was evaporated to yield a thick brown oil to which was

addéidi1SBs adue Sl QNGO BIEN (. géeg 1.07 mol), and sodium

acetate (88 g, 1.07 mol). The reaction mixture was stirred at 90-100C for
(Y a Fsgry it et LS ShORHIRh AL RN he BIvReied ahesahingingd

(croBeaniraiet kitdand:the 1es it ngngolitis’ éanadntrated to 1/5 its original
volume using a rotary evaporator at a temperature not 20 more than 45C.

The concentrated reaction mixture Was carefully neutralized by addition of
K2CO3 to a pH of 8-9 and ifaltted with'BAY5 x 200 mL followed by 3 x
50 al). The combined ethyl acetate I‘?yers were dried over MgS0O4,
filtered, and volatiles removed to yield 48 g of 1-N-methy1-2-amino
imidazole-5-carboxylic acid ethyl estef'¥8Example 23 Synthesis of |
-N-methyl-2-amino imidazole-5-carboxylic acid ethyl ester WO
Wé@ﬁ?@@@?@ﬁ?‘@mg%%%‘@%fﬁ@@?Et/CHOHCOZEVCHO 00
OK2CO3/EtOHNaH Ys.N sN \ OOMe OMeMe ONa 1. HC!, EtOE1H2S1 2.
~ NCNH,. AcONa 002Et 104%;‘ l,f,thy ‘forq;]gt% (850 mL) was added to
sarcosine methyl ester HC1 salt ( 1.4 mot grounded into powder
prior to use), potassium carbonate ( 5 g, 1.48 mol), and EtOH (800 mL,),
stirred overnight at rt, and filtered. Thefiltrate was concentrated in a rotary
5evaporator during which the residue separated into two layers. The
isupiparddyen wagisepasatedrand: the lower layer was extracted with EA.
Combined EA layers and the upper layer was drled over Mg804, filtered,
and @ongentratgd to qu:ld 1859 @1%) of Nyfonnyl §ércosme methyl ester

B|c whs tsgd forither %gqu reactjon. Nak (6096 il sugge@log& =16.0
9:0.4 careﬂ;fgl ddedin several po\ﬁtmé ih 1 h to a/mixture of

n'ijfl sarcbsine m yI 10ester (50 g, oI) and ethyl fofimate (160
L)\¢ooled in an ice- el bath. The rea |§ture Wagngtlrré:d thex,
ﬁaﬁﬁure raised 1@ rt, and the stirring K;o tlnaeé overnight. X/h;e rection
mlxture was triturated twice with hexane (100 mL each time), the residue
(ﬁ@ﬁoﬂ}{%’olﬂeﬁ@ghﬂ%@@e%ﬁ%ﬁ@f‘%ﬁfl@ted HC1 (60 mL), and the
reaction mixture stirred at 110C.  After 1 It, the reaction mixture was
cooled down, filtered, the re&dueRwashe with Et011 and 15the filtrate
concentrated to yield a thick brovx}n 0 e oil was added to 10% TIOACc in

water (200 inL), NH2CN (3‘) g /aHd\s )u‘rh\cetate (90 ), stirred at 95C.
After lh the reaction

l
N

H

is selected from the group consisting of:
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"~ mixture was concentrated to 1/3 its original volume in a rotary evaporator
and its pH adjusted to about 9 by addition of sodium carbonate. The

“reaction mixture was then extracted with - -EA (8 x 100 mL), the
combined EA layers dried, filtered, and concentrated to yield a residue

purified by recrystallization to yield 1-N-methyl-2-am
fr\gl)%lgdzﬁé)le- -carboxyllc acid ethyl ester ("amino ester"). Exg ézﬁ%m”sg]
Synthesis of 1-N-methyl-2-nitroimidazole-5-carboxylis acid ethyl ester
WHQ 2007/002931PCT/US2006/1125881 [0405] A solution of the amino
es&taez% 94 g, 0.218/mol) in 200 ml of acetic acid was added drop wise to
a solution sodlum |trit%(10}a g, 1.449 mol),and water (300 ml) cooled in
an iceAwater bath, an tif f/ch The temperatute of the reaction mixture,
whlzg si5 measured to‘ge around -5 - %OC as-raised to rt and and the
reaction m ture stirred oveérnight. The féactigh mixture was extracted with
DCM (3 0 mL)yThe cofbined DCM Iaxé(rs\\fe}ne/d and evaporated
to yield a reddish residue which was separated by column
hromatography on silica employing as eluent EA/hexane (30%) to
R@o“l\ﬁNgnﬁe}hy-l 2-nitroimidazole-5-carboxylic,acid ethy| ester ("nitro
ester") light brown solid’10(27 g, yield 6 )(o [ 40(?1@; method
%sr,r, edin Example 24 an empI ing aqueo acid is an
mprﬁ?emﬂofﬁhe Jmo\d srng ut 7% sulfufic adld (v/v) for the

diaZonium ion formatio he/am@of@ster Usi us sulfuric
acid, reaction vblume ecoges large ¢ausing difficulty in stirring the

reaclion mixture effectively. Fop.example, a reactiom15invoivihg 150 g of
the @mino ester required a re n mixture volume of‘about 12 L. The
sticky nitro ester formed as product in aqueous sulfuric acid and disrupted
the stirring ofthe reaction mixture. Example 25 20 Synthesis of
1-N-methyl-2- roimoid2amN z,role-5-carboxylis aC|d 02Nyig N

OZEtCO2N [0407] A suspen |on ofrthe nitro 196.9 mmol)
in I\\Q)B\OH 0 mtt) a d watek. mL) was stlrred pt rt f i about 20 h
to give a clear Ilg t brow *”§oh.r,ti/on The pH pof the. r“é%atc fxture was

extracted with EA (5 x 150 niL). The combined ethyl acetate layers were
dried over 25i1g804 and concentr to yield o
1 N methylo’z -nitroimidazole=5=¢arboxylis acid ("nitro acid") as a light
n sofid (32.2 g, 95%).{WO 2 07/002931PCTIU82006/025881 [0410]
pou ds 13440 155 were_synthesized by _e;rnploy;;'\g the corresponding
sub ed pho phomnamldete and hydroxy substitited JLrigger

Trlgg r-O ) accordlng t/o p‘r“eedcires descrlbad in Examples 1-27
~&bove Ex;mple 29A 51(9411]cl The solubility of thie following compounds is

adjusted ta.about 1 by addltlng\OfN onc: and the r %on mixture

as listed below Compound S ility (in saline at Tedom temperature) 0
IOmglimL 25

Gl
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15 mg/mL 73 10 mg/m 155 <ImglmL Example 2913 Antiproliferation
Assay [04121 To determine the effect of phosphoramidate alkylator
prodrugs on cell proliferation, 10the antiproliferative activity of these
compounds was tested in a multi-well Alamar Blue- based assay. Cell
gw%me%g presence and absence of the test compoun%gg}%sggm 2@,{;%9’
as measured] by a fluorescence plate reader at excitation nmand
emission 590nm (see Biosource International Inc., Tech Application
\ﬁré tes, Um of /llama]. Blue in the nfeasurement of Cell Viability and

(());gicity tDetermining IC50). The following cell lines were 15 tested with
20,000 Lells/ 5001iL medium: NCI-H460 cells (ATCC HTB-177, RPMI

ediurh (Gtbco Products, Invitrogen,Corporation, Carlsbad, CA)), ITT29
S?f_( JCCHTB38, RPMI m&i&um @ibco)), MES-SA cells (ATCC
CRL-1976, McCoy's 5a medi CC)),.MES-3A/Dx5 cells ((ATCC
CRL-1977), McGpy's 5a medium @\T ), N ¢ells (ATCC CRL-1611,
Minimumressential medium, Eagi)e (ATCCQC)), PC3 cells (ATCC 20
CRL-1435, Ham's FI2K ntedium (ATCC)). The cells were seeded in glass
insert placed in each well of a 24-well platg, in the density and medium as
specified above one day prigr to compound testirig. Aftef 22~hours, these
platesiwere divided into two - anoxia grouQ)_a_Qéi air group. A test

compo hrpgifigls added to %achjg\)/vell (200uL voluthg) ir}/Fi‘he

ryps At congcentratio varymg from 100, 30, 10, 331, O.N , 0.1, 0.03, to
0.01 W est WO 2007/80298TPCPUS2006/025881 €ompounds were
serially dilyted in complete medium with final DMSO cbncentrations less
than or egual to 1% in each/@.LThe cells in the anoxja treatment group
were incubated for 2 hours.in a Bactron Il anaerobic chamber. The cells in
the air tfeatment gyoup were incubated for 2 hours in standard
tissue-culture incubators, Following the 2 hour treatment 5 with a test
[0¢6hpdartetiise tebedompotind-wasoamousd ormeach welkrsells were -

Cyvasheckwith-5004medivm..Andiingubated for 3 days jn 500pi fresh
orpedium, After 3 days, Qeﬁﬂsev%%gg%%gineﬁ%ﬁﬁﬁﬁﬁ%%‘?&%fﬂ@?&? 2
ours after Which tHEE ARGty b emicto et as meaburde (@son o
> Crhenfiondd abbve)aind, (e 0YegimwthiniiRifary, sRNGRANAION (G150

Ikaisowsiened, 9, 56 herain)), of test compounds was calculatéd and”
tabulated in Table X below. 1}61'?%%@115@5?6 0 Values (RM) Compound

H460 quhog@ HT29 .Anoxia/AiiES-SA Anoxia/ Air MES- SA/Dx5
\

Anoxia/Al CHM?ASO/X%%‘A" PC3 Anaxia/Air P2 XX
2 T rf A
X :

/ s “ 21 \Xf-x/i 1 “ \ / i

XTWX" ’ Z1 Xj'—_X1

i a
X N\ X *
I X ? A
Xﬁ ot )L# N>ANV
o] i A

wherein X, Xy, Z;, and Z, are defined as in formula (1).

>

10 10264] In another embodiment, the present invention provides a method to synthesize a

phosphoramidate allylator prodrug comprising
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[0265] (i) reacting in a solvent selected from THE, dioxane, dichloromethane, chloroform,

ethyl acetate, propy! acetate, butyl acetate, or acetonitrile a compoumd of formula:

O
R
o Ry ¢
HO*ITWN\/(
X
NR 44 4
S\RQ

Xq

wherein each Ry, is independently hydrogen, cycloprpyl, methyl, ethyl, benzyl, or methoxy;

5  each Ry is independently hydrogen, methyl, ethyl, propyl, or cyclopropyl; and Xy is halo,
methylsulfonyloxy, phenylsulfonyloxy, 4-methylphenylsulfonyloxy, and 4-
halophenylsulfonyloxy,

(ii) a trisubstituted phosphine selected from iriphenylphosphine, tributylphosphine,
tributylphgsphite; and

10 (iii) diethyl or diisopropyl azodicarboxylate;

to yield a product of formula:

Trigger Ry

)
AN I Ry
0—P-—N

1
! X
NR 4 )

Ry
X

[0266] In another embodiment, the present invention provides a method of synthesizing a

compound of formula:

R O
Trzgger\ TR Ra
o——;;——N
X
A A 4
9 8 R
Rg ®
Rg
i5 x4 RQ

comprising the steps of:

82



1405165 28/>100 50.05/6101>100 220.7/16 3>20/
>100

WO 2087/002931 PCT/US2006/623881

(i) reacting in an aprotic solvent, a Trigger-OI, wherein Trigger is defined as in
Formula (I); a trisubstituted phosphine; and a dialkyl azodicarboxylate to yield an
Intermediate (1),

(i) reacting the Intermediate (1) obtained from step (i) with a compound of formula

O Ry
I\ Re
Ho~Fr+Nj8<
Rg Xq
R NR’H Rg
9 Rg Rg
Rg
5 X4

wherein each Re, Ry, and X, is defined as in Formula (1), to yield the compound of formula:

. 0
Tragger\ I Ry Rq
O—P-—N
— Xe
NRy4 Re
Ry = Ry Rg
Rg
R
X, Ro

[0267] In another embodiment, the trisubstifuted phosphine is P(Ri;); wherein each Rz 1s
H, C;-Cg alkyl, C;-Cg heteroalkyl, C3-Cy oyeloalkyl, heterocyelyl, aryl, or heteroaryl. In

10 another ernbodiment, the trisubstituted phosphine is a polymer supported trisubstituted
phosphine. In another embodiment, the trisubstituted phosphine is triphenylphosphine,
tributylphosphine, tripropylphosphine, triethylphosphine, or trimethylphosphine. In another
embodiment, the trisubstituted phosphine is a polymer supported triphenyl phosphine.
Polymer supported trisubstituted phosphines are commercially available, for example, from

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 ﬁ
.
O—P—NH
| 7/\><4
NH
Rg Rg
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 Z4
Z4 f o Z4 ! 8 Zy I;;
% NG, N—j/ NO, \r NO,
NV A N N
24 £ FN{T
N NG
\ ]
N

5 andZsis
SN NG R
T /(l)m oL el

HO(O=}00

PR 5 VR 5 R
/ e
Mﬁ\ OsN { \5* OZN{:)’%” OZN/Q;\&} (/:N
8 , s =
5 ’ ! NOQ ?
N
\ N
T
J 0N ¢ NL; om-L 4 »
r, s, ér, 0 28 ON" g T

[0269] In one embodiment, the present invention provides a method to synthesize a

phosphoramidate alkylator prodrug comprising the steps of!

10 [0270] (a) refluxing POCI; with a N-2-haloethyl-N-(R3)ammonium salt, wherein Ry3 is
hydrogen, C1-Cs alkyl, Cy-Csheteroalkyl, C3-Cy cycloalkyl, heterocyelyl, aryl, heteroaryl, to

yield a dichlorophosphoramidate intermediate;

{02711 (b) reacting the dichlorophosphoramidate intermediate in step (a) with a N-2-
haloethyl-N-(R 3)ammonium salt, wherein Ry; is hydrogen, C3-Cg alkyl, Ci-Cs heteroalkyl,
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4-Cy cycloalkyl, heterocyclyl, aryi, heteroaryl, and a base in a solvent to yield a

monochlorophosphoramidate 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 prodrug.

[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 POCl3 in vacuo

and then distilling the dichlorophosphoramidate under reduced pressure.

[6274] In one embodiment, the phosphoramidate alkylator prodrug of step (c) is separated
from the rest of the reaction mixture by flash column 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, tricthyl amine or
diisopropylethylamine. In one embodiment, the solvent employed in step (b) is
tetrahydrofuran (THY) 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 l“eaction in step (c). In one embodiment, the base usefu! in step ()
is lithium, sodium, or potassium hexaallyldisilazide; sodium or potassium hydride; or lithinm
ditsopropylamide. In one embodiment, the solvent employed in step (c) is dimethoxyethane,

dipglyme, diethylether, or THF.

[0276] In one embodiment, the present invention provides a method to synthesize a

phosphoramidate alkylator prodimg comprising the steps of:

[0277] (a) reacting in a solvent about ] equivalent each of POCls, a Trigger-OH, and a base

to yield a dichlorophosphate intermediate; and

[0278] (b) reacting the dichlorophosphate intermediate in step (a) with a N-2-haloethyl-N-
(R 2)ammonium salt, wherein Rys is hydrogen, C,-Cq alkyl, Ci-Cs heteroalkyl, C5-Cs
cycloalkyl, heterocyclyl, aryl, heteroaryl, and a base in a solvent to yield the

phosphoramidate alkylator predrug.

85



10

15

20

25

9>10/>100. 80.013/0.6 36 0.88/>100 557>100 57>100
7.57>100 4950/>100 150.08/1 16

WO 2607/002931

PCT/US2006/025881
H (9]
= :
HCOOEL o H+ NHQCN LN TE\l
RCH,COOMe ——% .~ . 2 COOEL
NHRC o e NaH ] OFt P UUTUIOR \i]

OH

[0287] The 1-N-alkyl-2-aminoimidazole-5-carboxylates can be reduced i0 vield 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 Matteucci 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 detatl in the “EXAMPLES” gection below.

a. Methods of Treatment

[6291] In one embodiment, the present invention provides a method of treating cancer ina
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 ef al., 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). Inone 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 confaining cancer region as compared to the cancer cells in the
slower growing hypoxic cancer region. The latter cells survive the treatment by alkylators
and ean produce cells resistant to such alkylators. Increased activity of guanine-0°-
Alkyltransferase, glutathione, ghutathione transferases, the nucleotide excision repair
pathway, and/or the mismatch repair proteins, and decreased permeation of actively
transported drugs such as mechlorethamine and melphalan, are postulated to be responsible

for cancer resistance to alkylators (for example, see, Hardman et al., pages 1393 and 1433,

supra).

[0293] The prodrugs of the present invention are effective in treating cancers resistant to
other therapies, Slowly dividing cancer cells in the hypoxic cancer zone act as a source of
resistant cancer cells and strains and are killed by the prodrugs of the present invention. In
one embodiment, the present invention provides a method of treating a cancer resjstant 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

atkylators 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 crogs-resistant
with the alkylators cyclophosphamide, ifosfamide, glufosfamide, mechlorethamine,
melphalan, chlorambucil, dacarbazine, temozolomide, carmustine, streptozocin, bendamustin,

busulfan, thiotepa, cisplatin, carboplatin, and oxaliplatin.

[0295] 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 metastatic cancer by administering as a first line therapy the
compounnds 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 manmmal. 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
alonie. In one version the phosphoramidate alkylator prodrug is administered in combination
with one or more additional anti-cancer agents. In one version the phosphoramidate alkylator
prodrug is administered in conjunction with a therapeutic cancer treatment, mcluding but not
limited 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 infi-a.

[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 inciude but are not limited fo leukemia, breast cancer, skin cancer, bone
cancer, liver cancer, brain cancer, cancer of the larynx, gallbladder, pancreas, recfuum,
parathyroid, thyroid, adrenal, neural tissue, head and neck, stomach, bronchi, kidneys, basal
cell carcinoma, squamous celi carcinoma of both ulcerating and papillary type, metastatic
skin carcinoma, osteosarcoma, Ewing's sarcoma, veticulum cell sarcoma, myeloma, giant cell
tumor, small-cell Jung tumor, gallstones, islet cell tamor, primary brain tumor, acute and
chronic lymphocytic and granulocytic tumors, hairy-cell tumor, adenoma, hyperplasia,
medullary carcinoma, pheochromocytoma, mucosal neurenms, intestinal ganglioneuromas,
hyperplastic comeal nerve tumor, marfanoid habitus tumor, Wilm's tumor, seminomna,
leiomyomater tumor, cervical dysplasia and in situ carcinoma, neuroblastoma,
retinoblastoma, sof} tissue sarcoma, malignant carcinoid, fopical skin lesion, mycosis

fingoide, rhabdomyosarcoma, Kaposi's sarcoma, osteogenic and other sarcoma, malignant
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hypercalcemia, renal cell tumor, polycythermia vera, adenocarcinoma, glioblastoma

multiforma, Jeukemias, 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 cancers include but are not

limited to lung cancer, especially non-small cell lung cancer, breast cancer; colon cancer, head and
neck cancer, 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 ef af, 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 lung 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 vineristine (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 combinatien with cyclophosphamide at 3~ to 4-week ntervals 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 to the agent(s) currently used.

[0301] Cancer of the prostate is the most common malignancy in men in the United States
and is 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 disease following relapse after hormonal treatment.
Agents for the treatment of prostate cancer include the alkylators estramustine phospbate,
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 such combinations, either to replace an agent or in addition to the

ageni(s) currently used.

[0302] Cancer of the large bowel is the second most common 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 nseful
alone or in combination with other drugs, but is associated with only a 15 to 20 percent
fikelihood of reducing measurable tumor masses by 50 percent or more. Using 5-FU m
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 treatment methods for this disease.

[0303] In one version of the treatment methods, a phosphoramidate alkylator prodmg 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

Hmited to the foregoing treatment methods.
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[0304] = 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 cellular proliferation). ITn one embodiment, the
hyperproliferative disease treated according to the present method is selected from the group
congisting 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, graft rejection, hypersensitivity pneumonitis,
hypersensitivity vasculitis (Fenoch-Schonlein purpura), irritant dermatitis, inflammatory
hemolytic anemia, inﬂarmﬁatory neutropenia, inflammatory bowel disease, Kawasaki's

disease, multiple sclerosis, myocarditis, myositis, nasal polyps, nasolacrimal duct diseases,

" neoplastic vasculitis, pancreatitis, pemphigus vulgars, primary glomerulonephritis, psoriasis,

periodontal disease, polycystic kidney disease, polyarteritis nodosa, polyangitis overlap
gyndrome, primary sclerosing cholangitis, theumatoid arthritis, serum sickness, surgical
adhesions, stenosis or restenosis, scleritis, sclerodernma, strictures of bile ducts, striciures (of
duodenuin, small bowel, and colon), silicosts and other forms of pneumoconiosis, type 1
diabetes, ulcerative colitis, ulcerative proctitis, vasculitis associated with connective tissue
disorders, vasculitis associated with congenital deficiencies of the complement system,

vasculitis of the central nervous system, and Wegener's granulomatosis.

{03051 In some embodiments of the invention, a compound of the present invention is
adminigtered to treat a hyperproliferative disease selected from the group consisting of
psortasis, multiple sclerosts, rheumatoid arthritis, restenosis, and benign prostatic hyperplasia.
In one embodiment, the hyperpriliferative disease treated is psoriasis, a disease characterized
by the cellular hyperproliferation of keratinocytes which builds up on the skin to form
elevated, scaly lesions. In another embodiment, the hyperproliferative disease treated is
muliiple sclerosis, a discase 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 joinis affected. In another embodiment, the compounds of the present invention
are administered to prevent a hyperproliferative disease resulting from cellular proliferation
on a prosthesis implanted in a subject by coating the prosthesis with a composition containing

a compound of the present invention. In another embodiment, the hyperproliferative disease
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treated is benign prosiatic hyperplasia, a disease in which prostate epithelial cells grow

abnormally and thereby block urine flow.

[{Ib. Formulations, modes of administration, dosages

[0306] A phosphoramidate alkylator prodrug will typically be formulated as
pharmaceutical formulations for administration to a subject, Described in this section are
modes of adminisiration, formulations, and dosages that can be nsed when treating cancers

using a phosphoramidate alkylator prodrug described herein.

[0307] Administration of a phosphoramidate alkylator 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 temor. Many cancer drugs are administered by intravenous injection, and
a phosphoramidate alkylator prodrug can be formulated for such administration, including not
onty ready-for-injection formulations but also lyophilized or concentrated formulations that
must be rehydrated or dituted, 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 (including intravenous, subcutaneous,
intramuscular, intravascular or infusion), topical, and rectal routes. Those of skill in the art
wilt 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
prodrug prior to its entry into the large intestine or colon. The actual route of administration
and corresponding formulation of the phosphoramidate alkylator prodrug wiil depend on the
type of cancer being treated, the phosphoramidate alkylator 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 alkylator prodrug, and the discretion of the preseribing

physician.
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[6309] Tn 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 meg/kg/day in single or divided doses. For a 70 ke
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 fox 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 mvention 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 mg/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 to about 5 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 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 0.25 to about
0.5 mg/kg/day in single or divided doses. In one embodiment, the dose is administered Z.v.
daily, either as a monotherapy (compound of the present invention alone) or in conjunction
(combination) with standard of care therapies. in one embodiment, the effective dose for
treatement of cancer and other hyperproliferative diseases is in the range as described carlier

administered once a week.

[0311] In one embodiment, a larger dose is administered intermittently (fess frequently); a
dose in the range of about 3 to about 20 mg/kg; about 6 to about 10 mg/kg; or 8 mg/kg 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 atkylator 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 cycies.

[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 alkylator prodrug/kg of patient weight. In one embodiment, a
phosphoramidate alkylator prodrug is administered in a daily dose in the range of about 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.
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 to 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/kg of body weight of the patient to be treated,

[{)3131 Guidance concerning administration can also be provided by and from studies in
humans 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
Gaines 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, dwzde
animal dose by HED convertion factor. For species not Hsted or for weights outside the
standard ranges, human equivalent dose (HED) can be calculated from the tormula
HED = animal dose in mg/kg x (animal weight in kg/buman weight in kg)"+

b For example, cynomolgus, rhesus, or stumptail.
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[0314] To achieve therapeutic effectiveness, the therapeutically effective daily dose of a
phosphoramidate alkylator prodrug is usvally administered multiple times to the patient. In
one embodiment, a phosphoramidate alkylator prodrug is administered daily for a period of
time. Typically, daily administration for at least 3 consecutive days will be employed. In
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 multiple
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 art of cancer treatment that, as used herein, “daily”
administration is not limited to one administration per day but can include multiple

administrations. -

[0315] Administration schedules other than consecutive daily administration can also be
used. Administration once every other day (qod) is particularly convenient, and
adminjstration 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 allcylator
prodrug is administered at least 2 days per week for af least two, three, four, five or at least
six consecutive weeks, or, alternatively, for at least two, three, four, five or at least six weeks
within a six-month period, or, alteratively, for at least two, three, four, five or at least six
weeks within a twelve-month period. In one embodiment, a phosphoramidate alkylator
prodrag is administered at least 3 days per week for at least two, three, four, five or at least
six consecutive weeks, or, alternatively, for at least two, three, four, five or at 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 atkylator
prodrug is administered at least 10 days per month, optionally af least 20 days per month, for
at least one monih 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 G-month period.

[0316] In one embodiment, the administration of the therapeuticaly effective dose is

continued for nuultiple days, typically for at least three consecutive days, and often for at least
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fve 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 tonger.

[0317] Consistent with administration regimens of other anticancer agenis, a
phosphoramidate alkylator prodrug can be administered in multiple “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 conseoutive days,
and such three to ten or five to ten day treatments can be repeated once, twice, or three or
morte times, sometimes with a no-treatment (with a phosphoramidate alkylator prodrug)
period ranging from one fo several weeks between each multiple-day treatment. Similarly, in
some embodiments, a phosphoramidate alkylator prodrug is administered every other day for
two to ten administrations, more often three to ten administrations, or five to ten
administrations, and such two, three or five to ten administrations qod can be repeated once,
twice, or three or more times with a no-treatment (with a phosphoramidate alkylator prodrug)
period ranging from one to several weeks between cach multiple-day treatment. Other
multiple-round schedules for adminisiration 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 gofa phosphoramidate alkylator prodiug 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,
wherein the administration of a phosphoramidate alkylator prodrug has a therapeutic effect on
the cancer in the patient, Hlustrative therapeutically effective dose regimens fora
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 weel, at least 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 atkylator 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 a maximal exposure of the tumor cells to a phosphoramidate alkvlator
prodrug, as measured by AUC, while minimizing the maximal plasma concentration {Cupax)
for any single administration. A higher Cpy, will contribute to 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

invention, and then resumed.

[0320] In one embodiment, the pharmacokinetics of the phosphoramidate allcylator 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
invention can have a in vivo half life of between 1 to 300 minutes. Tn one embodiment, the
compounds of the present invention can have a in vivo half life of between 3 to 10 minutes.
In one embodiment, the compotnds of the present invention can have a in vivo half life of
between 10 to 30 minutes. A short half life of the phosphoramidate alkylator prodrug can
require an infusion time in treaiment that is longer than that required for a phosphoramidate
alkylator predrug having a longer half life. A short half life of the phosphoramidate allkylator

prodrug can increase the maximum tolerated dose (MTD) for that prodrug.

[6321] In another embodiment, the present invention provides phosphoramidate alkylator
prodrugs that remain up to 20% unchanged when incubated with mouse liver microsomal
{update with human example and data if available) protein for 30 minutes. In another
embodiment, the present invention provides phosphoramidate alkylater prodrugs that remain
20-80% unchanged when incubated with mouse liver microsomal protein 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 mirmtes
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] Tn arelated 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- T 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 (M1M stability),
plasma stability, and Cygx of phosphoramidate alkylaior 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. n 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 ended at the time when the first organ of toxicity no
longer contains significant concentrations of a phosphoramidate afkylator 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 released therefrom.

[0324] A formulation of a phosphoramidate alkylator prodrug can, for example, beina
form suitable 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 snitable for single adminisiration of precise dosages and will typically include a

conventional pharmaceutical carrier or excipient.

[0325] Suitable pharmaceutical carriers include inert diluents or fillers, water and varous
organic sofvents. The pharmaceutical compositions can, if desired, contain additional
ingredients such as flavorings, binders, excipients, and the like. Thus for oral administration,
tablets containing various excipients, such as citric acid can be employed together with
various disintegrants, such as starch, alginic acid, and certain complex silicates, and with
binding agents such as sucrose, gelatin and acacia. Additionally, lubricating agents such as
magnesium stearate, sodium lauryl suifate, and talc can be used to prepare the tablet forms of
formulations of a phosphoramidate alkylator prodrug described herein. Solid compositions of

a similar type can be employed in soft and hard fifled gelatin capsules. Preferred materals,

99



10

15

20

25

56 0.5/10 123 100/>100 57 14/100 12440 1254100 12640

WO 2007/002931 PCT/US2806/025881

therefore, include lactose or milk sugar and high molecular weight polyethylene glycols.
When agueous 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, ermulsifying 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 ofa
phosphoramidate alkylator prodrug in sterile aqueous solutions, for example, aqueous
polyethylene glycols, 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, Philadelphia, Pa., 17" Edition (1984).

[0328] The methods of cancer 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 tumor. 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 ceils. The hypoxic region acts as a
drug-factory to produce within a tumor an alkylator for killing adjacent normoxic cancer cells
leading to a higher concentration of the phosphoramidate atkylator within the tumor, relative
to normal tissues. The use of the prodfug to generate the phosphoramidate alkylator within
the tumor can reduce toxic side~-effects arising due to normal cell toxicity. After cancer cell
in the normoxic region of the tumor are destroyed, a hypoxic region can become normoxic
and start to divide. At this point, such cells can be killed by the phosphoramidate alkylators -
generated from a phosphoramidate alkylator prodrug of this invention ot those known, or by
other anticancer agents or cytoxins administered in combination with the phosphoramidate

alkylator prodrug, as described in the following section.

ille. Combination therapies

[0329] In accordance with the methods of the invention, a phosphoramidate atkylator

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, ¢.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 to be adminstered to the patient or allowing an anticancer agent to be used for Ireatment
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 tamors that are not efficiently killed by the anticancer agent alone.

[0331] 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
adminisiration of the Agent, (i.e., the initiation of the other cancer therapy), and freatment
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 alkylator prodrug is administered after the initiation or completion of the
other cancer therapy. In other embodiments, a phosphoramidate alkylator prodrag is first
administered contemporaneousty with the initiation of the other cancer therapy. See for

example combination therapies as described in EXAMPLE section.

[0332] In one embodiment, a phosphoramidate alkylator prodrug is first administered prior
to administration of the Agent, and treatment with a phosphoramidate atkylator prodrug is
contimued 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 patt of the
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period of administration of the Agent. For certain drugs, such as certain topoisomerase
inhibitors, a phosphoramidate alkylator prodiug 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 prodig 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. Tn another embodiment, the the chemoprotectant can react with the “Michael-
receptor” generated from a phosphoramidate alkylator prodrug and prevent “Michael-

receptor” from reacting with proteins and nucleic acid (see below).
NHOH(+)

Xz

)‘ //Xa (x< >=NHOH(+) L
X1 or

N

[0334] Anticancer drug therapy today typically involves multiple rounds, or “cycles,” of

thiol

administration of the anti-cancer agent(s). In the context of administering a phosphoramidate
alkylator prodrug, each cycle of administration (as well as a complete set of cycles) can be
viewed as administration of a second drug. A phosphoramidate alkylator prodrug can be
administered in any or all of the multiple cycles of treatment with the other Agent; in general,
a phosphoramidate 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 Agent 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 prodiug 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 additionai

therapies.
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10336] 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, if a
phosphoramidate alkylator prodrug 1s administered with an additional chemotherapeutic
agent, the two agents can be administered simultaneously or can be administered sequentially
with some time between adminisirations. One of skill in the art will understand methods of
administering the agents simuitaneously and sequentially and possible time periods between
administration. See for example combination therapies 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 routes.

{0338] Chemotherapeutic agents that can be used in combination with the a
phosphoramidate alkylator prodrug of the invention include, but are not limited to, busulfan,
improsuifan, piposulfan, benzodepa, cartboquone, 2-deoxy-D- glucose, lonidamine and
analogs thereof (refrence apps), glufosfamide, gemcitibine, erlotinib, meturedepa, uredepa,
altretamine, imatinib, triethylenemelamine, tristhylenephosphoramide,
triethylenethiophosphoramide, trimethylolomelamine, chlorambucil, chlornaphazine,
estramustine, ifosfamide, gefitinib, mechlorethamine, mechlorethamine oxide hydrochloride,
melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard,
carmustine, chlorozotocin, foternustine, nimustine, ranimustine, dacarbazine, mannomustine,
mitobronitol, mitolactol, pipobroman, aclacinomyeins, actinomycin F(1), anthramycin,
azaserine, bleomnycin, cactinomyein, carubicin, carzinophilin, chromomyecin, dactinomycin,
daunorubicin, daunomyein, 6-diazo-5-oxo-1-norlevcine, mycophenolic acid, nogalamyein,
olivomyein, peplomycin, plicamycin, porfiromycin, puromyein, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin, denopterin, pteropterin, trimetrexate, fludarabine,
6-mercaptopurine, thiamiprine, thioguanine, ancitabine, azacitidine, 6-azauridine, carmolur,
oytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine, 5-fluorouracil, tegafur, L-
asparaginase, pulmozyme, aceglatone, aldophosphamide glycoside, aminolevulinic acid,
amsacrine, bestrabucil, bisantrene, carboplatin, defofamide, demecolcine, diaziquone,
elfornithine, elliptinium acetate, etoghucid, flutamide, gallium nitrate, hydroxyurea,
interferon-alpha, interferon-beta, interferon-gamma, interlevkin-2, lentinan, mitoguazone,
mitoxantrone, mopidamol, nitracrine, pentostatin, phenamet, pirarubicin, podophyllinic acid,

2-ethythydrazide, procarbazine, razoxane, sizofiran, spirogermanium, paclitaxel, tamoxifen,
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erlotonib, 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
treated with an antiangeogenisis inhibitor and subsequently treated with a phosphoramidate
alkylator prodrug. In one version of the combination treatment methods, a subject is freated
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 treat breast cancer.

[0340}] In another embodiment, a phosphoramidate alkylator prodrug is administered with
an anti-cancer agent that acts, either divectly or indirectly, to fnhibit the epidermal growth
factor or EGFR receptor. EGFR inhibitors suitable for coadministration with a

phosphoramidate alkylator prodrug of the invention include gefitinib and erfotonib,

[0341] In another version, a phosphoramidate alkylator predrug is administered with an
anti-cancer agent that acts, either directly or indirectly, to inhibit hypoxia-inducible factor 1
alpha (HIF 1a) 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; LY294002; rapamycin; histone deacetylase inhibitors such as [(¥)-
(18,48,108,21R)-7-[(Z)-ethylidene]-4,2 1 -diisopropyl-2-0%a-~12,1 3-dithia-5,8,20,23~
tetraazabicyclo-[8,7,6]-tricos-16-ene-3,0,9,19,22-pentanone (FR301228, depsipeptide); heat
shock protein 90 (Hsp90) inhibitors such as geldanamycin, 17-aliylamino-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
PDI8059 (2'-amino-3"-methoxyflavone); PX-12 (1-methyipropyl 2-imidazolyl disulfide);
pleurotin PX-478; quinoxaline 1 4-dioxides; sodium butyrate (NaB); sodium nitropurruside
(SNP) and other NO donors; microtubule inhibitors such as novobiocin, panzem (2-

methoxyestradiol or 2-ME2), vincristines, taxanes, epothilones, discodermolide, and
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derivatives of any of the foregoing; coumarins; barbituric and thiobarbituric acid analogs;
camptothecins; and YC-1, a compound described in Biockem. Pharmacol., 15 Apr 2001, 61(8):

047-954, and its derivatives,

[03421] 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 VEGF,
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 role 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 Transplantable Animal-Tumor Systems to the Selection of New Agents for Clinical
Trial," Pharmacological Basis of Cancer Chemotherapy, Williams and Wilkins, Baltimore, 1973,
and Simpson Herren et @l., 1985, "Evaluation of In Vivo Tumor Models for Predicting Clinical

Activity for Anticancer Drugs."
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Antiproliferation Assay - Oxygen Dependence 104131 To determine the
oxygen dependence of phosphoramidate alkylator prodrugs, the 5
antiproliferative activity of these compounds was tested in a multi-well
Alamar Blue-based assay as previously described (see Example 29).
NCI-H460 cells (ATCC HTB-177, RPMI medium (Gibco)) or HT29 (ATCC

Proc WHB13% REMERedinm (B ea)ityeraisme ded dihn26: Q0R:6asinedy S0 er
medium in%SSS f’pserts in 24-well plates one day prior to testing. The cells
e

two d\li\L/1 ?eaclthS Ul For 2 hours in a Bactron Il anaerobic chamber flushed with

{034%?5‘%’%9?&5%& RIIPELYDaD-SRRESIRUONS Y ANYLOG HHAM 8RN  methods of

( , 0.3%; 0.6%, 1%, 10% oxygen, and air. The calculated IC50 values
describpdefrdndb Opstetetirasietheriastnisn Eatiey srotidsic Pstiproieaeps freatment,

wherB@l®te is synergy between a phosphoramidate alkylator prodrug and another anticancer
agent. Two drugs can be said to possess therapeutic synergy if a combination dose regimen of the
two drugs produces a significantly better tumor cell kill than the sum of the single Agents at
optimal or maximum tolerated doses. The "d@gree 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 of 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 throughout 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 dose" 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 deseribed 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,

[03491 Specific dose regimens for known and approved chemotherapeutic agents or
antineoplastic agents (i.e., the recommended effective dose) are known to physicians and are
given, 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. HHustrative dosage regimens for

certain anti-cancer drugs are also provided below.

[0356] 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,
retinoids, 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., treatuent with interferons, interleukins, colony stimulating factors and
monoclonal antibodies). Biologics used for treatment of cancer are known in the art and

include, for example, frastuzumab (Herceptin), tositumomab and Y Tositumomab (Bexxar),

rituximab (Rituxan).

[0351] Alkylators useful in the practice of the methods described herein include but are not
limited to busulfan (Myleran, Busulfex), chlorambucil {(Leukeran), ifosfamide (with or
without MESNA), cyclophosphamide (Cytoxan, Neosar), glufosfamide, melphalan, L-PAM
(Alkeran), dacarbazine (DTIC-Dome), and temozolamide (Temodar). In accordance with the
methods described herein a phosphoramidate alkylator prodrug is co-administered with an
alkylator to treat cancer. In one version, the cancer is chronic myelogenous leukemia,

nultiple 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 alose or in combination with at least another
alkylator or a prodrug thereof. Alkylators, such as, for example, cyclophosphamide,
ifosfamide, glufosfamide, mechlorethamine, melphalan, chlorambucil, dacarbazine,
temozolomide, carmustine, streptozocin, bendamustin, buselfan, 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 IIT and IV malignant lymphomas, multiple
myeloma, leukemia, mycosis fungoides, neuroblastoma, ovarian adenocarcinoma,
fétinoblastoma, and carcinoma of the breast. Cyclophosphamide is administered for
induction therapy in doses of 1500-1800 mg/m” that are administered intravenocusly in

divided doses over a period of three to five days; for maintenance therapy, 350-550 mg/m”

are administered every 7-10 days, or 110-185 mg/m” are administered intravenously 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 metkod of treating cancer by
administering a phosphoramidate allylator produg of the invention together with a cancer
ireatment regimen using at least the alkylator Mechlorethamine. For example,
Mechlorethamine is used in the combination chernotherapy 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 trealment
regimen using at least the alkylator Hosfamide. Ifosfamide is used to treat pediatric and adult

sarcomas, carcinomas of cervix and lung, and in combination with other drugs for germ cell
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testicular cancer. [fosfamide is used as part of the ICE (Ifosfamide, Carboplatin, and Etoposide) ans

RICE (Rituxan 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 PC'T Pat Pub. No. WO 2005/076888).

[6357] 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

methylmelamines. In another embodiment, the ethylenimine is Triethylenemelamine or Thiotepa.

[0358] Thiotepa can be used to treat adenocarcinomas of the breast, ovary, and bladder,
malignant lymphomas, bronchiogenic carcinomas, and Wilms' tumor. Thiotepa was used at high
doses i combination chemotherapy with cvelophosphamide m patients with refractory
malignancies treated with autologous bone transplantation and to treat a variety of cancers
including bladder, ovarian, breast, lung, brain, and lymphomas (see, fnternational Agency for
Research on Cancer Monographs on the Evaluation of Carcinogenic Risk of Chemicals to
Humans, 1975, 9 1286, 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 afier 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 freatment

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. Chiorambugcil is used to
treal chronic lyphocytic leukemia and primary macroblobulinemia. Bendamustine,
developed by Salmedix Inc. can be used to treat hematological malignancies, guch as, for

example, non-FHodgkin’s lymphoma, chronis Iymphoeytic leukemia, and multiple myeloma.

[0360] 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 teast the alkylator Busulfan. Busulfan is used to treat chronic granulocytic
leukemia and chronic myelogenous leukemia. 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 using at least a nitrosourea alkylator. In another emﬁodiment, the nitrosourea
alkylator is Carmustine. Carmustine can be used to treat Hodgkin’s disease, tymphomas,
myelomas, malignant astrocytomas, metastatic tumors of the brain, melancma, and
gastrointesiinal 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 vsing at least a triazenc alkylator. In one embodiment, the triazene alkylator is
Dacarbazine. Dacarbazine is used to treat malignant melanoma, Hodgkin’s disease, and adult
sarcorna. In another embodiment, the triazene atkylator is Temozolomide. Temozolomide

can be used to treat malignant gliomas.

[0363] In one embodiment, the present invention provides 2 method of reating cancer by
administering a phosphoramidate alkylator produg of the invention with a cancer treatment
regimen using at least a platinum coordination complex alkylator. In one embodiment, the
platinum coordination complex alkylator is Cisplatin. Cisplatin can be used to treat cancer of
biadder, head and neck, endometrium, small cell carcinoma of the ung, and some neoplasms
of childhood. Cisplatin alone or with cyclophosphamide is used to treat advanced ovarian
cancer. Combination chemotherapy of Cisplatin with Bleomycin, Etoposide, and Vinblastine
is used to treat advanced testicular cancer; and with one of Paclitaxel, Cyclophosphamide, or

Doxorubicin to treat ovarian carcinoma.
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[0364]  Anthracyclines useful in the practice of the methods described berein include but
are not limited to, doxorabicin (Adriamyein, Doxil, Rubex), mitoxantrone (Novantrone),
idarubicin (Idamycin), vatrubicin (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

breasti cancer.

[0365] Asone example the compound (88,108)-10-[(3-Amino-2,3,6-trideoxy-alpha.-L-
lyxo-hexopyranosyljoxy]-8-glycoloyl-7,8,9,10-tetrahydro-6,8,1 i-trihydroxy-1 ~methoxy-5,12~
naphthacenedione, more commonly known as doxorubicin, is a cytotoxic anthracycline
antibiotic isolated from cultures of Streptomyces peucetius var. caesius. Doxorubicin 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, ovaﬁaﬁgcarcinomag transitional cell bladder
carcinoma, thyroid carcinoma, lymphomas 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./m2 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 Anthracyeline cytotoxin prodrugs useful in the practice of the methods
described herein are provided by the reference Matteuci et al., PCT Patent Aplication No.
US05/008161.

[0366] Antibiotics useful in the practice of the methods described herein include but are not
limited to dactinomycin, actinomycin D {Cosmegen}, bleomycin (Blenoxane), daunorubicin,
and daunomycin (Cerubidine, DanuoXome). In accordance with the methods described
herein a phosphoramidate alkylator prodrug is co-administered with an antibiotic to ireat
cancer, In one version, the cancer is a cancer selected from the group consisting of acute

Iymphoeytic leukemia, other leukemias, and Kapost’s sarcoma.

[0367] Aromatase inhibitors useful in the practice of the methods described herein include

but are not limited to anastrozole (Arfmidex) and letroazole {(Femara). In accordance with the
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methods described herein a phosphoramidate atkylator prodrug is co-administered with an

aromatase inhibitor to treat cancer. In 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 Hmited 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-

cancerous condition known as familial adenomatous polyposis.

[0370] Estrogen receptor modulators useful in the practice of the methods described herein
include but are pot limited to tamoxifen (Nolvadex) and fulvestrant (Faslodex). In
accordance with the methods described herein a phosphoramidate alkylator prodrug s co-
administered with an estrogen receptor modulator to treat cancer. In one version, the cancer
is breast cancer or the treatment is administered to prevent the occurrence or reoceurrence of

breast cancer.

[0371] Folate antagonists useful in the practice of the methods described herein include but
are not Hinited to methotrexate and tremetrexate. In accordance with the methods described
herein a phosphoramidate alkylator prodrug is 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-diamine-6-pteridinyl)methyl
methylaminoTbenzoyl]-L-glutamic acid, commeonly 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 hydatifonn mole. Tt is also useftd in the
treatment of advanced stages of malignant lymphoma and in the treatment of advanced cases
of mycosis fimgoides. Methotrexate is administered as follows. For choriocarcinoma,
intramuscular 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 intramuscular injections are administered in

112



10

15

20

25

30

05 51 7 752ME 10 2053 5 1099 05

W 2007/002931 PCT/US2006/025881

doses of 30 mg/m”. For mycosis fimgoides, weekly intramuscular injections of doses of 50
mg or, alternatively, of 25 mg are administered twice weeldy. In accordance with the
methods described herein, a phosphoramidate alkylator prodrug is co-administered with
methotrexate adminigiered at such doses {or at lower doses). 5-Methyi-6-[[(3,4,5-
trimethoxyphenyl)-aminoImethyl]-2,4-quinazolinediamine (commonly known as
{rimetrexate) is another antifolate drug that can be co-administered with a phosphoramidate

alleylator prodrug,

{0373] Inorganic arsenates useful in the practice of the methods described herein include
but are not limited to arsenic trioxide (Trisenox). In accordance with the methods deseribed
herein a phosphoramidate 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 but are not limited to vineristine (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 Matteucci ef al., PCT Patent
Application No. PCT/US2005/042095; US Patent Applications entitled “Tubulin Binding
Anti Cancer Agents and Prodrugs Thereof” (Attorney Ref Nos. 021305-008500U5, 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 ceil lung
cancer, Kaposi’s sarcoma, and metastatic cancer of breast or ovary origin. As one example,
the compound 22-oxo-vincaleukoblastine, also commonly known as vincristine, 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. Vincristine is administered
in weekly intravenous doses of 2 mg/m” for children and 1.4 mg/m” for adults. In accordance
with the methods described 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 freatment 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 ef al,, 1999, Cancer Letters /4/: 85), and administration of N-hydroxyurea at levels
reported to increase 2-deoxyglucose uptake or to treat leukemia together with administration of
2-deoxyglucose and a phosphoramidate afkylator 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

spermineNONOate, to treat cancer, as the latter compounds stimulate the uptake of glucose.

[0376] Nitrosourcas useful in the practice 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), ;:Iadribille {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 celi leukemia,

adenocarcinoma of the pancreas,
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metastatic breast cancer, non-small cell lung cancer, or metastatic colorectal carcinoma. As
one example, the compound 5-fluoro-2,4(1H,3H)-pyrimidinedione, also commonly known as
5-fluorcuracil, is an antimetabotite 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 daity 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 nutritional state, a daily dose of 6 mg/kg is administered for three days, with the
daily dose not exceeding 400 mg. If o taxicity is observed at any time during the treatment,
3 mg/kg can be given on the 5th, 7th, and 9th days. No therapy is given on the 4th, 6th, or
8th days. A sequence of injections on either schedule constitutes a course of therapy. In
accordance with the methods described herein, a phosphoramidaie alkylator prodrug is co-
administered with 5-FU administered at such doses or with the prodrug form Xeloda with
correspondingly adjusted doses. As another example, the compound 2-amino-1,7-dihydro-
6H-purine-6-thione, also commonty known as 6-thiognanine, is a nucleoside analog effective
in the therapy of acute non-pymphocytic leukemias. 6-Thioguanine is orally administered in
doses of about 2 mg/ke 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 alkylator prodrug is co-administered with 6-TG administered at such doses

{or at lower doses).

[0378] Osteoclast inhibitors useful in the practice of the methods described herein include
but are not Jimited to pamidronate (Aredia). In accordance with the methods described herein
a phosphoramidate alkylator prodrug is co-administered with an osteoclast inhibitor to treat
cancer. In one version, the cancer is osteolytic bone metastases of breast cancer, and one or

more additional anti-cancer agents are also co-administered with a phosphoramidate alkylator

prodrug,

[0350] Platimum compounds useful in the practice of the methods described herein include
but are not limited to cisplatin (Platinol) and carboplatin (Paraplatin). In accordance with the
methods described herein a phosphoramidate alkylator prodrug is co-administered with a

platinum compound to treat cancer. In one version, the cancer is metastatic iesticular cancer,
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metastatic ovarian cancer, ovarian carcinoma, and transitional cell bladder cancer. As one
example, the compound cis-Diaminedichloroplatinum (i), commonly known as cisplatin, 18
useful in the palliative treatment of metastatic testicular and ovarian tumors, and for the
treatment of transitional cell biadder cancer which is not amenable to surgery or radiotherapy.
Cisplatin, when used for advanced bladder cancer, is administered 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-administered with cisplatin
administered at these doses (or at lower doses). One or more additional anti-cancer agents
can be co-administered with the platinum compound and a phosphoramidate alkylator
prodrug. As one example, Platinol, Blenoxane, and Velbam can be co-administered with a
phosphoramidate alkylator prodrug. As another example, Platinol and Adriamycin can be co-

administered with a phosphoramidate alkylator prodrug.

[0351] Retinoids useful in the practice of the methods described herein include but are not
[imited to tretinoin, ATRA (\} esanoid), alitretinoin (Panretin), and bexarotene (Targretin). In
accordance with the methods described herein a phosphoramidate alkylator prodrug 18 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 useful in the practice of the methods described herein
include but are not limited to topotecan (Hycamtin) and irinotecan {Camptostar). In
accordance with the methods described herein a phosphoramidate alkylator prodrug 1s co-
administered with a topoisomerase 1 inhibitor to treat cancer. Topoisomerase inhibjtors and
prodrugs thereof useful in the practice of the methods of the present invention are provided in
the reference Matteucci et al., PCT Patent Application No. PCT/US2005/041959. In one
version, the cancer is metastatic carcinoma of the ovary, colon, or rectum, or small cell hang
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.

[6353] Topoisomerase 2 inhibitors useful in the practice of the methods described herein
include but are not limited to etoposide, VP-16 (Vepesid), teniposide, VM-26 (Vumon), and
etoposide phosphate (Efopophos). In accordance with the methods described herein a
phosphoramidate alkylator prodrug is co-administered with a topoisomerase 2 inhibitor {o

treat cancer. In one version, the cancer is a cancer selected from the group consisting of
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65 Table Y2: 1C20 values (pM) in 1-1T29 cells Compound N2 0.1% 02
0.3% 02 0.6% 02 1% 02 10% 02 Air252 25 >100 5Example 31
Clonogenic Assay - Oxygen Dependence [04141 To determine the
oxygen dependence of phosphoramidate alkylator prodrugs, a clonogenic

sMpviy@ assay was performed. Cells were plated in 60 nun,glass glist
(5x105 cells per dish in 5mL of medium) 2 days prior to compound(?g{:t%]ig.
The following cell lines 10 were tested: NCI-H460 cells (ATCC HTB-177,

refr&%wltmmﬁ%cﬁﬁa&ﬂ& %%&1@ |§n%ﬁ@@s|ﬂa_ BoB8niR @ML‘)“QQ‘ Wikl cell
(Gibco)), PC3 cells (ATCC CRL-1435, Ha hFlZ n& g @'{ })
langginesn of méeféééf’&%ﬁ?\%ﬂ’ﬁa LS %’%r? cor?n%"‘ AR i madiately

adnbiefore: the faghasdaadetidirdothyorpaltes itk voterirs)oApibyia, of both,
ads 8%!&&'%&5%@0%%%@@&1%%}9@%@9%&/@%%ﬁé@@@@ﬁu&m&@aﬁéewnh

es in a Bactron Il anaerobic chamber or
[0354] Tyrosine kinase inhibitors useful in the practice of the methods described herein

include but are not limited to imatinib (Gleevec). In accordance with the methods described
herein a phosphoramidate alkylator prodrug is co-administered with a tyrosine kinase
inhibitor to treat cancer. In one version, the cancer is CML or & metastatic or unresectable

malignant gastrointestinal stromal tumor.

[0355] Lonidamine analogs vseful in the practice of the present invention are provided in the
Matteucci et al. U.S. Pat. Appl. Nos. 11/346632; 60/764,427; 60/764,438; and applications
entitled “Heterocyclic Lonidamine Analogs” (Attorney Docket No. 021305-007220U5;
021305-007900US) and PCT Publication Nos. WO 2006/015191, WO 2006/015263 and WO
2006/01007 A2. .

[0356] Thus, described herein are methods of treating cancer in which a phosphoramidate
alkylator prodrug or a pharmaceutically accepiable salt thereof and one or more additional
anti-cancer agents are administered to a patient. Specific versions of such other anti-cancer
agents include without limitation 5-methyi-6-{[(3 ,4,5~t1imethoxyphenyl)aminoj—methyl]—2,4-
quinazolinediamine or a pharmaceutically acceptable salt thereof, (85,105)-10-(3-amino-

2.3 6-trideoxy-alpha-L-lyxo-hexopyranosyloxyl-8-glycoloyl-7.8,9,10-tetrahydro-6,8,11~
trikydroxy-1-methoxy-5,12-naphthacenedione or a pharmaceutically acceptable salt thereof;
5-fluoro-2,4(1H,3H)-pyrimidinedione or a pharmmnaceutically acceptable salt thereof; 2-amino-
1,7-dihydro-6H-purine-6-thione or a pharmaceutically acceptable salt thereof; 22-oxo-
vincaleukoblastine or a pharmaceutically acceptable salt thereof; 2-bis[(2-
chloroethyl)amino]tetrahydro-2H-1,3,2-oxazaphosphorine, 2-oxide, or a pharmaceutically
acceptable salt thereof] N- [4-[[{2,4-diamino-6-pteridinytymethyl }-methylamino [benzoyl]-L-
ghitamic acid, or a pharmaceutically acceptable salt thereof; or cisdiamminedichloro-

platinum (i)

IV. EXAMPLES
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15 in aluminum vessels (see Example 33) for 2 hours. For the anaerobic
chamber, desired levels of oxygenation between 200ppm and air were
“achieved by flushing the anaerobic chamber with pre-calibrated gasses

prior to experimentation. For the aluminum vessels, anoxia or WO

2007%Q92934PCT/US2006/025881 hypoxia was achieved Ry gxpasingdhe
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

1" bRl ap & shaking, plaHormeONLRls Arg idsbed-as welcAfier
[Osshﬁc fi?’%ﬁié%vacua%io% aﬁ%%lu’s%i%%ﬁe platform (with Wategfcgg%h ‘Zl\ér?dﬁtl%;%)
ing

refeganeRARe RS RIS ot it RN Th Ot e VRt G B e it

schatase 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

Symkygenation between 200 ppm and air were achieved by varying the
degree and number of evacuations. The oxygen concentrations in the

(035 didvstherts yasshraisedhraheseheeridrisaitrylantaxgdes sldbepigest
iﬂ%ﬁ!ﬁﬁ'?fﬁ%%%@%ﬂ'k_@a%%l? @t%ﬂﬁ@@%}{ﬁm%ﬁéi&i i Ghalkymirsigbfighehat
allowed for monjtorin oth gas and liqui ases. Following the.
POERORHAS AR T S O L e R T D S e,
fropiienmimumiviesselfengtheudiug, a s waslsethof e -dddichy sinSiNgMeh -
2-Medium, hbe.celis e iheninpsnized,apshplated. faslonegeriaisurvival
in plastic Petri dishes. Ten to 14 days later, t e?'she were stained wi{jh
T GO 1 G 8 A P IO LR RS o Y
prd@eitrcalis waretiBiedted {BesuExamplie®B)sithesdBibigtowtailalibitorythe

ARG AR (K590, 0% HIlNg . 10 RURIVART (eslepmpounds was
calculated and tabulated in Table Y3 below. Table Y3: 1C90 values (p,M)

[059MPRURHAG Sk inek N2 BdHR2O:H%.08, Al (H4601013, 1085 2k
Péﬂ,é‘ragg)th%ig' ng)éﬁOSat:}ngd%%lS%Teé:?&g[igesswﬁ% ngr Pmcug Qni%loying anhydrous solvents
and under nitrogen or argon. Separation of a product from the reaction mixture was
performed employing a work-up whete 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 determined by reading
this disclosure and/or by determining the Rr of the compound by thin layer chromatography
and choosing a solvent which allows separation of the desired compound from undesired
compovnds. The choice of a particular efuent can depend, among other factors, on the polar
nature of the compound, existence of other closely eluting compounds, type of stationary
phase such as silica gel or alumina used, and the amount of pressure used to elute the solvent
through the stationary phase. In practice, different compositions of solvents can be used to

separate the same compound.

[0360] Separated compounds were analyzed for their purity by standard analytical
techniques, such as, TLC, NMR spectroscopy, and LC-MS, and stored in a freezor or a
fridge, aveiding moisture, light, or air. Stock sotutions of phosphoramidate alkylator prodrug

compounds were prepared in DMSO and stored in a freezer.

Example |
Synthesis of Compound 23
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(H460) 2 8 20 20Example 32 Electrochemistry WO
2007/002931PCPUS2006/025881 [0415] To determine the
electrochemical properties and reduction potentials of phosphoramidate
%5%% qggrugs, cyclic voltammograms of these compoyeg@ﬂ%rﬁ%zsggl
generate Ey Bioanalytical Systems, Inc. All experiments were conducted
with glassy carbon (3.0nun diameter) working electrodes, Ag/AgC1
reference electrodes, and platinum wire Sauxiliary electrodes. Compounds
were dissolved in ImL methanot-@(midke-finaFdrug contentratioms N~ ¢
OM&;@%B% ahd 2o%m e-aditior mL%MNosjshate Bufféred
Saline (PBS). The solution was added’to an electrochemical cellvial and
sparged with Argon for 5 minutes to remove most of the oxygengCyclic
voltammetry was performed at 100 mV/sec and at 10,000 mV/sec scan

[336%}?31@ %&@Waé%ﬁéﬁemwnﬂﬁﬁmgmeé% n&.ﬂa é@&bmm m(lo)mzigo“
erformed at _ mercury.eleciroae - um
B iR b e S ST

(TEResQ B G Gtase)) cArbpervolarmmiogieid e o3 the imersdrretatiise
5 Vst rsed uihes,ibe singlesiacien vy multipleciesiron. reduction

potentials of compounds were generated at each scan rate and are
R AT AL BLIBT T PRI PO Bt Al (o ™
ho@QRRAeANTEn AR Y feecuenched 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

10 by LC/MS and NMR spectroscopy to be pure.

Example 2
Synthesis of Compound 5

23
f 3] /
H Q HN-—_~"CI HCI C-P-N,__
N + POCl; —— Cl—P—N - N Cl
~ \/\C; HCH 3 ('3| \//\Ci DIEA, THF ( “
5 al Sit
8]
N LINCTMS), o
/ELOH + C*_ZWN\/\CI OZN/&N <7 T e
OoN™ Sy ~ DIE E ~
| §
Ci
g 5

15  [0362] A suspension of N-Methyl-2-chloroethylammonivm chloride (10 gm) in POCL; (40
mi) was refluxed (135°C) over night. After removing excess POCI; under vacuum product 5i
was distilled out under vacuum as Hght vellow oil and analyzed by 'H and *'P NMR

spectroscopy to be pure.
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10,000 mV/sec 1 -596 -638 5 -606 -634 36 -609 -634 25 -594 -626 24
-568 -636 34 -584 -663 78 -704 -746 82 -428, -610 -414, -769 88 -559
~ -629 08 -614 -593 03 -638,-769,-875 -756 2-NO2-Idazole -634 -693
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[0363] To solution of 5i (1 gm, 4.75 mmol) and N-Methyl-2-chloroethylammonium
chloride (0.62 gny, 4.75 mmol) in THF at -78°C diisopropylethylamine (DIEA, 1.65mi, 9.5
mmol) was slowly added and the reaction mixture was warmed to rt. After stirring at rt for
one hour, the reaction mixture was diluted with ethyl acetate and washed with brine. The
organic layer was dried over MgSO; and concentrated to vield a residue which was separated

by flash chromatography yielding compound 5ii as oil.

[0364] To a solution of N-methyl 2-nitroimidazole-5-methanol (0.5 g, 3.2 mmol} in
dimethoxyethane (DME) lithium bis(trimethylsilyl)amide (3.2 mmol, 3.2 mi, 1 M in THF)
was added at -78°C. After 5 min, 5ii (2.9 mumol, 770 mg) was added and the reaction mixture
was warmed up to 20°C, diluted with ethy! acetate and washed with brine. The organic layer
was dried over MgSOy and concentrated. Purification by flash chromato graphy with 6-12%
methanol in DCM yielded 5.

[6365] Compounds of 8 and 16 were synthesized employing the procedure used for the

preparation of compound 5.

g v . 9
M\ on CI—P-N__ LiN(TMS); /@-B\/o—w;—as\/\
: - 0N
ON™ ™7 ¥ S ~ c DME ? O SN\ =
ci cl
8
cl
cl 0
N Q o~ LIN(TMS) N—y
/& ) OH -, CiMF!’-N ? o N”Q—ﬁ“‘”/o P N

O N N - DME 25 N N\_j
\ ~ ! 5
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5-NO2-Furan -487 -638 4-NO2-Benzene -712, -1106 -735, -1268
Example 33 WO 2047/002931PCT/US2006/025881 Clonogcnic Survival
"Assay [0416] The phosphoramidate allcylator prodrugs of the invention
were tested in the assay as follows. Exponentially growing human H460
C\?'&z&?‘%%@%d from the ATCC) were seeded into 60mm n%clrfl[esd @I(%%‘?ggl
plates at a cf'ensity of between 2.5 and 5 x105 cells per plate and 5 gown
in RPMI medium supplemented with 10 % fetal bovine serum for 2 days
prior to initiating drug treatment.&gngﬁ&day of the test, drug stocks of
known concentrations were prepared in complete medium, and 2 ml of the
desired stock added to eagBssiceiFoERBIRGA complete equilibration
between the surrounding gas phaserafidsthe liquid phase, the [ig of the
Hglass-pfdfe was m@@% 8ndthe plate sHakeni€sr Sindtes on an ofbital
shaker. The plates 10 were recovered and stored inside azglove-box. The
glove-box was evacuated and gassed with either a certified anoxic gas
mixture (95% nitrogen and 5% carbon dioxide) or with an aerobic
(nomioxie) gas mixture (95% air and 5% carbon dioxide). Cellg,were fen
inc%(?tg&with the drug fot 2 hour§ at 37C. [0417bAt the epg-gf-pfodrug
treatment,.plates wefe rehiovetfromn eash vessetamd the 15 rb\[cﬁnig was
pronipttg removed from the cells. Plates were Wé%thé:d Wig;gﬁosphate
buffered saline and a solution ggirypsin-EDTA and then sinizeskfor 5
minutes at 37C. Detached cells were neutralized with medium plus serum
and collected by centrifugation for 5 min at 100xg. Cells were
resuspended at approximately Ix106 cells/m1 and diluted 10 fold to yield
stogk congéntrations for plating. The concentration of each stock was B
getprngined by 20 geunting with a Coulter Z2 particle o@gtﬁe/romﬂo n
nurdber of,cells wérdiplated, a S we%"bl/goedl an iculbator
fﬁf b&tween 7 and 1'@ days. Colonies"were fixed and sthinth a
olutioszof 95% ethanol and 0.25% crystal violet. Colonies mfgreater than
50 cells were counted, and the surviving fraction was deternined.
[0418] HT 29 and cell based clonogenic assays were perfonned in the
[0366he Tvaysab 25 déstribadnabo(cidmlii ExamplasiKion1 9] Cyrotolicingod
in@hGe %@»Q}%dasnglﬁglr?51%%@&@&@%’1%@%@%‘@%gim} Wﬂ&)}@@@%@ drop
nonnaxia by clonogenic assay employing H460 ar%d‘HT29 cell l'ﬂeéga 7 6
WisFob T HERATH IR A S RS ARt b reSse P48 FERBH TR, 4 gy -
o antipraliferationi assayperfommed-yeniotifyirda dnypliwelidgsay! 1.3
di%%%%{)lgg C!thi)Ey { hﬁag & @ikncﬂ). M@Qr Qéaﬁm_'fog Q03 AR: %@8@?&@@&%‘ %@&oled
H460, Hpr29, EICT116, and DX-5 cell Tines and expressed as 1050 in EtM

to(eRd XA & 29) Crlenaki s erTt B e G e st i etsFiinAGR REHHEXA 4#d
aypexians,callegihypoxia i@ 200700293 BETIL $H2606/02588vas

e {gtgﬁ(igitxerati geg%&g:R) and can be a measure of the hypoxia selective
C‘é otoxici y of the procﬁ'ugs of the present invention. Table IA Cpd #logP

(369 P2 EYRRX eNQEMQLa HER & i afucous HBr (48%, 50 ml) was distilled to

remove the aqueous portion (about 20 ml), and the reaction mixture was refluxed for 40 h.

Br

Additional aqueous portion (5 ml) was removed by distillation and the reaction mixture was
refluxed (4 1). The reaction mixture was cooled to rt, 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 wes filtered and washed with acetone twice and employed in the

phosphorylation provided below.
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10368] A suspension of compound 35b (1 g) in POCl; (14 mL) was heated at 130°C for
about 14 h and excess POCI; removed under vacuum at 130°C (bath temperature). The
residue was purified by column chromatography on silica gel employing 10-80%
ETOAc/hexane to vield 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
Svnthesis of Compound 7

10 [0369] Compound 7 was prepared by employing N-cyclopropyl-2-chloroethylammonium

chloride as provided below

i) Br/\/OH / THF / NzOH

Cl
,..NH N
[>—NH, > Ha(+)CI)

i1} HCl/dioxane iii) il
S0OCH,
cl POCly/reflux f\/Cl
[NHy(#)oK) DN o
P—-cl
7i Cl c T
-/

[ al
/cz WNHz(ﬂCI(-) /_/

a —N O
i 0 g A
Bl DIBA / THE of
/
cl H
7 Tiii

Gt Cl

s A D*N?/ S

~N
o N LIN(TMS), N~
OoN—4 |
N
G
;

7iii

[0370] To a solution of cyclopropylamine (25g) in dry THF (30 ml) a solution of 2-
bromoethanol (17.6g, 0.141 mol) in 30 m1 THF was added dropwise over 35 minutes. The
15 reaction mixture was stirred for 1 hour at tt, 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 sadium hydroxide (7g) in water (50 ml). The reaction mixture was stirred for 10
minutes, and extracted 4 times with ethyl acetate (75 ml). The combined organic layer was

dried (MgSQO,) and evaporated to give an orange oily residue. The residue was distiiled in

vacuo at 33-56°C 133 Pa (1 mum Hg) to vield an intermediate alcohol (5.94 g, 42% vield)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
solation 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 mi), filtered, and residual volatiles removed in vacuo to vield 7i (5.42g, 95% yield)
which was analyzed by 'H NMR to be pure.

[0372] 7i (3.00g, 19.2 mimol) was added to POCl; (15 ml) and refluxed under nitrogen for 7.5
hours. The reaction mixture was concentrated and the resulting oil distilled i 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.

[#373] 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 yellow oil which was analyzed to be 7iii by MS.

[0374] N-methyl-2-nitroimidazole-5-methanol (76.8 mg, 0.489 mmol) was partially dissolved
in dry THF (2 ml) under argon. The reaction mixture was cocled to -78°C and a solution of
fithium bis(trimethylsilyDamide in THF (1.6M, 0.306 ml, 0.489 mmol) was added. After 15
minutes, a solution of 7iii (172 mg, 0.538 mmol) m 2 ml THF was added. After 15 minutes the
reaction mixture was slowly warmed to 1t, 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
N o e
i ) oH 4 N o—PN
Cl OsN ;
e TEA 2t N ——ocH  ONT Ty N \/\Cl
PCls + MN HO SN NUS—— |
\/\CI DCM
Cl Cl
6

[0375] To a suspension of bis(2-chloroethyl}ammonium chioride (1.43 g, 8.01 mmol) in
5  dichloromethane (DCM) phosphorus trichloride (0.32 ml, 3.64 mmol) was added at rt

followed by addition of TEA (3.05 ml, 21.84 mmol). The reaction mixture was stirred at rt
for 30 minutes and then N-methyl 2-nitroimidazolyl methanol (0.474 g, 3.31 mmol} in DME
was added. After stirring for 0.5 hour, the reaction mixture was cooled to -20°C and tert-
buty! hydroperoxide (0.7 ml, 3.82 mmol, 5.5 M in Decane) was added. The reaction mixture

10 was warmed to 1t 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 MgSO. and concentrated to yield a residue which was purified by

flash chromatography with 6-12% methano! in DCM yielding 6.

[0376] Compound 15 was synthesized using the method described for the synthesis of
15 Compound 6 above.

0
N N TN
oL ~OH o Aok N
o TEA 2NN ——00H 2NN N i
PCi3 + HN HCl | S ! 7
\/‘\Ci DCM
¢l
15
Example 6
Svnthesis of Compounds 23. 26 and 36
o)
N 7 oH
. h\ O0—P—N
N it H /Q RN
Y W on  HO-P-N o OeNT Ty NH ct
OQN’J!;;&\‘/ * W T o PPhe v DD T !
!
Gt
20 Gl 36
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[0377] To asolution of N-methyl-2-nitroimidazole-5-methanol (180 mg, 1.14 mmol),

triphenylphosphine (300 mg, 1.14 mmol), and isophosphoramide mustard (¢, 127 mg, 0.57
mmol) in THF (10 ml) diisopropyl azodicarboxylate (DIAD, 0.22ml, 1.14 mmol) was added
dropwise at rt. After two hours reaction mixfure was concenirated 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
Syrihesis of Compound 1

i) LIN(TMS)5 i} NH3 Ct

0
Q
Ho__ [T ’;{\Non;m INI e ELOT—N\\\

3

0NN N

1 _
10379] 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(trimethylsilyDamide (1M in toluene, 0.35 ml, 0.35 mmol) was added by syiinge. 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 minules, the temperature was reduced to -
20°C employing a NaClVice bath and anhydrous ammonia was bubbled through the reaction
mixture for 5 minntes. The reaction mixture was purged with nitrogen, warmed to rt, poured
into 25 mi water and exiracted with ethyl acetate (4 x 25 ml). The combined organic layers
were dried (MgSQO,) and concentrated fo give pale yellow oil which was separated by tlash
chromatography over silica gel using 0-10% methanol in: dichloromethane vielding

compound 1 (32 mg, 28 % yield) of an il which soldified on standing and was analyzed by
LC/MS and TH NMR to be pure.

Example §
Synthesis of Compounds 25, 26
{03807 To a solution of 2nbromoethylz—ummnonium bromide (19.4 g) in DCM (90 mL) at -
10°C was added a solution of POCI; (2.3 mL) in DCM (4 mL) followed by addition of a
solution of TEA (14.1 mL) in DCM (25 mL). The reaction mixture was filtered, the filtrate

concentrated to ca. 30% of the original volume and filtered. The residue was washed with

DCM (3x25 mL) and the combined DCM portions concentrated to yield a solid to which a

125



10

15

20

008112 0516021003560 17 9 9 18 34 9 3 20 MI 8

WO 2007/002931 PCT/US2006/025881

mixtare of THF (6 mL) and waler (8 mL) was added. TIHF was removed in a rotary
evaporator, the resulting solution 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:

0

HO-PN
\ \/\Qr
NH

$

Br
[0381] Isophosphoramide mustard

n H
HO—}?WN\/\G
NH

§

Ci

can be synthesized employing the method provided in Example 8, substituting 2-
bromoethylammmonitm bromide with 2-chloroethylammmonium chioride. Synthesis of

Isophosphoramide mustard has been described (see for example Wiessler et al., supra).
[0382] The phosphoramidate alkylator toxin:

i !
HO=P-N_
F\QH Br

f

Br

2

was transformed into compounds 24 and 25, employing the method provided in Example 6

and the appropriate Trigger-OH.

Example 9

Synithesis of Compounds 37 - 103

[0383] The following compounds 37 - 105 were synthesized employing the Mitsunobu type
coupling described for the synthesis of 25 or 36 above, and upon appropriate substitution of
the Trigger-OH and the ifosfamide mustard analog employed. For ex:ample, for the synthesis
of compounds 40, 81, 83, 87, 89, 95, 96, 100, and 104, the ifostamide mustard analog
emplayed was HOP(=0)(NHCH,CHCl)z; in compounds 50, 53, 55, 56, 58 — 65, 68 ~ 71, 73
~ 75,77 - 80, 82,, 84 — 86, 88, 90 - 92, 94, 97~ 99, 101 - 103, and 105, the ifosfamide
mustard anatog employed is HOP(=0)}NHCHCH;Br); in compounds 37, 39, 52, 54, and
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93, 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(FOYNHCHMeCH,Cl)y; in compounds 43 — 45
and 49 the ifosfamide mustard analog employed was the R enantiomer of
HOP(=0)NHCH(CHMe)CH,Cl); and in compounds 46 — 48, the ifosfamide mustard
analog eraployed was the S enantiomer of HOP(=O)INHCH{CHMe,}CHCh),.

[0384] The various Trigger-OH compounds employed in the synthesis of Compounds 37 —
105, included the following Trigger-OH compounds: 1-N-methyl-2-nitroimidazole-5-
methanol, 1-N-methyl-5-nitroimidazole-2-methanol, 5-nitrofuran-2-methanol, 5-

pitrothiophene-2-methanol;

£ MeQ)
N N -
O v
\
D “oH; 0N -5 OH OzN C 0

O
O-
OZN/Q} J < >__{OH OZN/L-l"\/ _..< HOH OEN/Q?\/ Q__/\&OH
i .

f (i > Q?N/QAS'—.—\ 02[\;/(—3\/0 N\/\/OH

)

OMe

)L j
>:T\ OENANLO O Q DWQ‘{(}H

OH OeN
’@\ OR, OzNIQ/\ @ /@i OH, OzND/\
r N OH N\ oH
o ’0\/ ok o
Ngkmo OZN/EQLOH H H o N)\{ U\/OH
2 ; ;

; ; i ;S ;
N
OH
H OQNJ{NX/
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[0385] The following compounds were according to the method deseribed in Example 6.

37 38

> , o, F :
39 40 41
S \‘:/
f N\ 0P NJ\/C‘ ﬂ\/omﬁwN;\/u ﬂ\/O“F’ O
N ) H OpN H
0N o Hn_ 0N o HNI\CJ ©s HNI\CI
Ct
Ed N R
42 43 44
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; AN , P ,
10 4 46 47
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N I /E]\ O‘Qﬁ O o
[ L o vy
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50 51
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15 Examples 10— 26 describes the synthesis of varfous Trigger-OH compounds employed in the

synthesis of phosphoramidate allylator prodrugs of the invention

Example 10
Synthesis of Compound 521

131



>2 >50) EMI 0.6 >100 83 >20 140 7 7( 00) 36 55(35) >100 >2
7.5>100 >13 5 >100 >20 25

WO 2007/062931 PCT/US2606/025881

= /@\OH PACL{dppl) D_@
OZN’Q\Br + RO P ea——— !s =/ on

" KOAc, DMF OzN

52ii 52iit 52i
{0386] A solution of compound 52ii (100 mg, 0.48 mmeol), 52iii (73 mg, 0.48 mmol), and
KOAec (190 mg, 1.92 mmol) in DMF (5 mi) was degassed thrice and PACly{dppf) (36 mg,
0.048 mmol} added to it at rt under an argon atmosphere. The reaction mixture was heated at
60°C for two hours, diluted with ethyl acetate (FA) aud washed with brine. The organic layer
was dried, concentrated, and the residue separated by column chromatography on silica gel
employing as eluent EA/Hex (0 - 80%%) to yield 52i.

[0387] Compounds 55i, 631, 591, 65i, and 68i were prepared in a similar manner as described

schematically below:
Q OH  Paciy(appp) YA
+ HO g L 4
KOAc, DMF OoN B
5511 521t 551
A 'i\ g O PdCLy(dppf) /[“\%@ﬁ
ON"Ng” B+ HO s =/ OH
i KOAc, DMF OzN
OF4 .
63i1 521iii 631
i KOAe, DMF OzN
591 OH S04 501

Br
SURNE S T
a | PACL(dppt) w
O:;_N/&[? Br + HO A e )LN on

. KOAc, DME ~ OaN™ %
OH

651 521 651

Example 11

’ -
o\ O_ 0 DIEA
]

NO,
0811 681
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of Compound 25 on Cell Cycle Distribution [04201 Cells (1160, PC3 and
11T29) were seeded at a density of 1.0 x 106 cells/3m1lmedium per 60nun
diahn 2 ftRRS4 h attachment, cells were exposed to Compaich 25aldes,
indicated concentrations for 2 h under either normoxia, (air) or anoxia
(nitrogen). Cells were washed 5 twice, and incubated for additional 22 h in

jo3bgsh madmﬁﬂoml&wgrmtmasinia@ﬁb,gp@mriﬁmﬁamm@d [Gaeran

o FIRn0 81 SaRh o aA S m%?%?%ev %‘%ﬁ'é%%}h%w%saggésw%

using uava ycle reagent (Guava, Hayward ) by flow cytometry

e@mvamﬁgwww@Ayemr@@aﬁaca@%ﬁéq?éwﬁé@ef@}%oﬁ%%aﬁnduces

sepRRHAYS e AFFESLIRAXMGRLaRE GRRCRNYATRRteRANEeN ERBNRREDN-BU%) to
yw[gultl ple h r&gn cancer cell lines. 10 H460 cells uM GO0O/G1 S

COIMPOUn

[0389] Compound 691 was made similarly as depicted in the scheme below.

N
o\ DIEA
DZNAAI?}\/DYO\@\ + HZN/\\/\/OH p—— OQN,‘&F}\/ N\/\/\OH
O

NO, O
091
Example 12
O
NP k
N O -
e D o W R o N
| HO \j>——<A Acetone 92N T OH
706 703 70i

10390] To a solution of compound 70ii (100 mg, 0.87 nmol) and compound 7011 (112 mg,
0.87 mmel) in acetone (8 ml), was added K,CO; (78.6 mg, 0.87 mmoi) at rt. The reaction
mixture was heated at 60°C with stirring for 1 b, filtered, and concentrated to yield a residue
which was separated by column chromatography on silica gel employin (EA\Hex} 0-60% to
yield compound 70i.

[0391] Compound 511 was made similarly as depicted in the scheme below.

N =
0 N/QL(” e — K‘QCOE» 1 “@ﬂ
? rl\] HO N/ oH Acetone i?? OH
704 51i1 L3H
Example 13

(HAP triggers ~ check #s)

OH ’
PAClL{dppf R
OQNQ& + //©/\ 2(dppD) | S o
= OQN

KOAc, DMF _
59i 58iii 81

[0392] A solution of compound 59ii (200 mg, 0.96 mmol) and 59iii (127 mg, 0.96 mmol) in
DMF (3 ml) was degassed thrice and PACL{dppf) (50 mg, 0.07 nunol) was added to it,
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followed by Cul (8.5 mg, 0.043 mmol) and TEA (0.27 ml, 1.92 mmo}), at ¢, under argon
atmosphere and the reaction mixture was heated at 60 °C for two hours. The reaction mixiure
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
cluent EA\Hex (0-70%) to yield compound 58i.

Example 14
o 0 ol
TEA, DCM P-NTTTRTT PO, H
PhO—-i%—CI + ~—§~o/\/NHzHCI o Phom{, H o i
cl o 20°Ctoxt . o EtOH
1 1
671 O*E""z)“
0~ -—Sw N Q QO g
e 1 ——
Ho R ﬁ ol LOH PPhy, DIAD N,QLO~F;-N”\/ X
HN + ozw/ﬁ N mg P
0 THE, 0°C to rt ! o
0—8~— 8
(g 67 13
67t 0

[0393]  To a suspension of 671 (472 mg, 2.69 mmol) in DCM (20 ml) was added
phenyldichlorophosphate (0.2 ml, 1.34 mmol} at -20°C, followed by the dropwise addition of
TEA (0.75 ml, 5.38 mmol) and stirring. The reaction mixture was warmed up to rt, stirred at
rt for 1 b, 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 67i1. To a solution of compound 671 (42 mg) in BtOH (5 ml) was
added platimam(TV)oxide (20 mg), the reaction mixture degassed, and vigorously stirred
under Rydrogen for 0.5 h. The reaction mixture was diluted with MeOH, filtered through a
syringe filter, the filirate concentrated under vacuum and coevaperated with tofuene to yield
compound 67iii. Compound 671 was reacted with 1-N-methyl2-nitroimidazole-5-methano}

employing a Mitsunobu type reaction as described for the synthesis of Compound 36.

Bxample 15
Svnthesis of Compounds106 and 107
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106 e
[6394] To asolution of 5-nitrofurfury! alcohol (200 mg, 1.4 numol) in THF (10 m1) was
added POCH; (0.13 ml, 1.4 mmol) at —78°C, followed by the dropwise addition of TEA (0.216
iml, 1.54 mmol). The reaction temperature was warmed up to -10°C in 1 h, 2-
(phenylsulfonyhethylamine hydrochioride (832 mg, 3.5 mmol}) added to it, followed by the
addition of TEA (1 ml, 7 mmol). The reaction was warmed fo tt, stirred for 1 b, quenched
with water and the organic layer separated. The aqueous layer was extracted with DCM
twice, the combined organic layers were dried, concentrated to yield a residue which was
separated by column chromatography on silica gel employing as eluent acetone\toluene (30
to 100%) to yield product 106. Compound 107:

0
(8] it
. MO“S“@‘CI
R A L
o)
\ﬂ\o—n% 7 Mgy
107 ©

was synthesized using a similar method,

[0395] Compounds 108-112, shown below:
Br 0 Br

G
N A _ i
R VT
i

N

5o )

Br , Br ,
108 109
O Br ) Br
A X _o—bn oI )-o—b-n
OzN s SN\) 2 S ,N\)
Bl' ij L)
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110 111

N O O Br
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N

$

Br
112

5  were synthesized employing the procedure described for the synthesis of compound 35 in

Ts Ts
. N N .
Example 3 and substituting HO™ e T N0 with

g‘!s '[Els
Example 16

Synthesis of Compounds 113 - 117
1, LIN(TMS),

cl
OaNOAAJI[WOH Jghepey Y THE T8 TC OEN‘@_%‘WOW?AN\/\
& YNy 2 NH,, -20°C ' NH, ¢l
10 1131 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 LiIN(TMS), (1.2 mL, 1 M THF solution, 1.2 mmol) at -78 °C, followed by the
addition of 1i. The reaction mixture was warmed up to —20°C and NH; bubbled through the
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 {ayers were dried
and concentrated to yield a residue which was separated by colunmn chromatography on silica

gel employing acetoneMoluene (30-100%) to yield compound 113,

[0397] Compounds 114-117 were synthesized according to the method described for

20 Compound 13 and substituting 5 with the appropriate Trigger-OH as

starting material.
(“) /\JCI
P OM?WN\//\
I/\! { O /\_\/C' X, NH, Cl

o4 O—P—N \

[\ 1 S S

| NH, Ci, OpN : J

114 115
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Example 17
Synthesis of octadeutereated ifosfamide and Compound 64 {octadeuterated-Compound 25)
D Q
HO 2 48% Hpr ioop
\C”C‘Nmz i < PhOPCl, O=po —Co B
B S/ \NHZ Har -——J—»‘* HN\ H 8?
16600 2 TEA os :
54} 64ii By
PIOWH,
5%— MeOH
N O OEN{N&\/OH I,O
/ i ! D
OZN/</ LO%/P{"N’Q?\ Br { D HO\/P\N”C%‘C/ B
] HN 5, B BN H 5,
DQC/CDZ DIAD, PPhy DQC/CDZ
\Br Br
B4 S4iii

[0398]  48% HBr (60 mL) was added dropwise to d;-ethanclamine at 0°C. The reaction
mixture was stirred for 1hr 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 continued for an additional 5 hr, 90 mL liquid 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 641). Compound 64i (19.5 mmol, 1.0 eq.) was
added dropwise to a suspension of dy-2-bromoethamine hydrobromide (40.0 mmol, 2.05 eq.)
i 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 mixiure was stirred at -20°C for 0.5 h, and at f for 2 h,
poured into water, and extracted twice with DCM (30 mL). The combined organic layers
were washed with brine, dried over Na,SQq and concentrated 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)) to vield 7.0 g of compound 64ii, PtO; (0.7 g) was added to a
solution of compound 6411 (7.0 g) in MeOR (160 mL), the reaction mixture degassed and
exchanged with Hy thrice, stirred under Hy for 3 h at ¢, and diluted with MeOH until the
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white solid in the reaction mixture dissolved. The difuteed reaction mixture was filtered, the filtrate
concentrated under reduced pressure to yield a residue ehich was washed with anhydrous ether twice to yield 2.9
g of compound 641i1. To a suspension of compounds 64iii (1.92 g 1.0 eq), 1-N-methy}-2-
nitroimidazolemethanol (1.01 g, 1.1 eq), and PPhy (2.39 g, 1.5 eq.) in THF (20 mL) was added DIAD (1.76 mi,
1.5 eq.), under argon, at 0°C. The reaction mixture was stirred for 2 hours while being warmed up from 0°C to
rt, following which volatiles were removed under vacuum to yield a residue. The residue was separated by flash

chromatography on silica gel employing as eluent Acetone/Toluene (100:70(v/v)) to vield 1.35 g of compound
64,

Example 18

Synthesis of Compound 2i

2H 2iii 2i

[6399] The vinyl derivative, 2iii, was synthesized according to the reference Cavalleri et al., J. Het. Chem.,
1972, 9: 979, and oxymercurated as follows. Hg(OAc), (208 g, 0.653 mmol) was dissolved in watet (0.7 mL)
and THF (0.7 mL}, followed by the addition of compound 2iii (100 mg, ¢.653 mmol). The reaction mixture was
stirred at 1t for 1.5 h, NaBH, (25 mg) added to it in portions, and after stirring for 15 min the reaction poured
into water, extracted with EA, the EA layer dried and concentrated to yield a residue which was separated by

silica gei column chromatography employing as eluent EA/Hexane (0-100%) to yield compound 2i (16 mg).

Example 19

Svynthesis of Compound 941

94iii 94ii 944

104007 A solution of 94iii (7.1 g) in Ac;O (9.7 mL) was added dropwise into a solution of Fuming nitric acid
(1.5 mL) was added into AcOH {12 mL) at 0 °C. The reaction mixture was; warmed up to rt, stitred | hr, fuming
nitric acid {1 mL) was added dropwise into it and stirred for 1.5 h. The reaction mixture was poured fnio water,
extracted with EA, the EA layer dried and concentrated to yield a residue which was separated by silica gel

column
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human cancer eell lines were used in these spheroid studies to determine
the 5 efficacy of the hypoxic activated phophoramidate alkylator prodtugs.
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177 lﬁﬁ@@u‘.’fﬁﬁ @ﬁ@fﬁﬂém%@wﬁﬂ %@%@@%@M%ﬁﬁﬁiﬁtﬁéévﬁ%w&lﬁ mg) in portions
into tigh wieleidy thieyradhesadtoNeath(Dihes)and ok edspheroidshied 460 dusrigh mixture
was sgﬁng@@apm %W%%%?Q%é&@v@tﬁl@ﬁktﬁp@@QyWﬁheﬁ mr&oage%g{%@% yields
e T o SLH 50 5 GRe e AT A Ghpge -1000
yie dé‘é&&@d‘%‘ﬂh@%‘%ﬁé%”&ﬁd%ﬁen 10,000 ceIIs per flask were added and

allowed to grow in RPMI medium }s::uppllerznented with 10% PBS and

antibiotics for 3 to 5 days before sE&dRGhto spinner cultures. For both

cell lines, growth medium was, ghanged every. day after the spheroids

became visible to the eye. 1 §i02122| In orger t0 determine the morphology

and the location of hypoxic regions within an intact spheroid, whole

spheroids were prepared for histology. For frozen sections, intact
96ii spheroids were washed in phesphate buffered saline (PBS) andosi

embedded in OCT and rapidly frozen in a dry ice/2-methylbutane solution
[040Theforenpringostbibd gt 80T (IRorpaddiin’ é1hbéddedigeetiin ) Afacts min and on 300
mL oSphakQids aveta-tixed 10 mifteshiypirpaned-solutinm 0fidd 2Q the residue was separated
by LGFE%@E%E@J%‘?QM? %ul&@ﬁ a@E‘l@eﬁHQ&%{i’e%eﬁE'Y @!@9?9&! %1@@&&%&&%‘%@'% vellow ol

23] To assess the ability of a p g) oramidate alkylator prodrug to
(617 Bgh StP ARt ' Wﬁse?oﬂif&%?( ¢ ?%&?%’8&? CBIES PRSI %&W&%&%P@%@tﬁ%mmg 2
similphergpkoramitbate atkghatomditidikilktdosedAhEncant ef els ahrelvent in the reaction.
donogenic survival of spheroids exgosed to drug for 2 h was measured.
WO 20 7/042931PCT/US2006/02 241 Spheroids were placed in
a new growth medium and ||gcupated;fcor at Iegﬁé 1 h before beginning
experiments. Spheroids bet were isolated by
filtering the spheroid culture through a series of sterile mesh filters of
defined size. Between 10 and 20 spheroids were placed on a siliconized
notchegl 60 mm Pyrex dish in 3 int, obsmedium 5 with the desired 99;
concentration of the test compound. The dishes were placed in sealed
(0402l uminmixvesSEls (hthexgasti’th:a Sesies) o Vat (tions) andsgassinbs TEA (15
mL), With-cedified@ases conlainingpde SRR andiadeline s prunt ¥ Ad-00iugh e

% 02 heroids were mcubated |n sh ter
reacedytitro b KOS 00 é)f S R SRS WO MR o, 1ne

reactiph gy tg&ed’faﬁw@%iﬁrf@%%ﬁ <EututioR el L peTEfee v EhIApoie Wit 16 Separated by
removed and the spheroids were washed before being completely
digested with trypsin. Since the necrotic core contains cellular debris a
treatment with DNase | was required to yield a uniform single
cell-suspension. Cells were resuspended at 106/mL and plated for
clonogenic survival. 104251 Initial dose response experiments were
performed in monolayer cells under nitrogen, 150.6% 02, or air to
establish the appropriate dose range and the oxygen dependence of
phosphorarnidate alkylator release from a phosphoramidate alkylator
prodrug. Clonogenic survival was the end point and the data are
summarized by the IC90 or C90 values (the 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
20employed to kill the outer aerobic cancer cells of the spheroid.
Daunorubicin was used to penetrate the outer layers of a multicellular
spheroid due to its high affinity toward cells and cisplatin was used at
doses appropriate kill only the outer aerobic cancer cells. As a control for
a biorecluctive 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 25 uséd’both in monolayer based
expennents and in spheroids as tabulated below for H460 cells exposed
for2h.
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IC90 values for H460 cells exposed as monolayers or spheroids Drug
Monolayer Spheroid 10% 02 N2 0.6% 02 Air Ci_splatin 4.24.1M 7.7)tM
7.3 p.M '8.0nM 19RM Daurorubicin 0.1611M  Tirapazamine IthtM 27RM
>100nM >200nM WO 2007/002931PCT/US2006/025881 [04261 A series
ofyhRshhsgmidate alkylator prodntgs were tested in spheroids JO.. vosss:
determine their ability to penetrate into the inner lying hypoxic cancer
cells, become activated, and kill the hypoxic cells. The results are
si}ﬁabgelaatﬁdnbﬁM;ﬂ@@@é@fyHﬁ@&ﬁQﬁ&@mﬁﬁm&ﬂaﬁﬁwﬂ%%)@cﬁ sheroids

idate prodrugs for 2 h. Compound Monolayer Spheroid 10%
BT RER,

Exatnple 22

Synthesig of 1-N-methvl-2-amino imidazole-5-carboxylic acid ethvl ester

HCO,RY  GHO

e _‘ 1. HCY, BtOH \[/
/ \/‘\ / OMe

{ 2. NCNH,, AcONa

ONa CO,Et

[0403]  Ethyl formate (500 mL) was added to sarcosin methyl ester hydrochloride (82 g,
585.7 mmol, 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 h,
and stirred at rt for about 14 h. Volatiles were removed using a rotary evaporator to vield a
residue which was triturated twice with hexane (500 mL) to yield a sticky light brown paste
which was dissolved in ethanol (400 mL) and conc HCI (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 filirate 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 mixture was stirred at 90-100°C for 1.5 b 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 mixture was carefully neutralized by addition of
K2COs to apH of 8-0 and exiracted with BA (5 x 200 mL followed by 3 x 50 mL). The
combined ethyl acetate layers were dried over MgS0Q,, filtered, and volatiles removed to

yield 48 g of 1-N-methyl-2-amino imidazole-5-carboxylic acid ethyl ester.

Example 23

Synthesis of 1-N-methyl-2-amino imidazole-5-carboxvlic acid ethyl ester
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250.1 LIM 0.6 pM 20 nM 15 pM 24 0.07 p,M 0.25 pM 4 nM 3 WI 13 nM
97 701.25pM 25.5plA10.35pM 75 tIM >>100 p,M 36 1 ),IM 100
ttM >>100 nM 35 22 1AM~ "

WO 2007/082931

PCTAS2006/025881
HCG.EY 7 cHo HCO,EY CHO
& O I Q
" 0 K,00,/E10H | Nai |
._____...4;.. N ——
N \/u\ \/u\ /
- OMe ~ OMe 1 OMe
OiNa

gerEor N
1. HCI, Bt =
/

2. NCNH,, AcONa /N

GO,EL

[0404] 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 BtOH
(800 mL,), stirred overnight at rt, and filtered. The filtrate 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 EA layers and the upper layer was
dried over MgSO,, 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, 16.0g, 04
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 ethy! formate (160 mL) cooled in an ice-water bath. The reaction
mixtare was stirred, the temperature raised fo ri, and the stirring continued overnight. The
reaction mixture was triturated twice with hexane (100 mL each time), the residue dissolved
in BtOH (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 filirate concentrated o vield 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 1k the reaction
mixture was concentrated to 173 its original volume in a rotary evaporator and its pH adjusted
to about ¢ by addition of sodium carbonate. The reaction mixture was then extracted with
EA (8 x 100 mL), the combined EA layers dried, filtered, and concentrated to yield a residue
which was purified by recrystallization to yield 1-N-methyl-2-amino imidazole-5-carboxylic

acid ethyl ester (“amino ester”).

Example 24

Synthesis of 1-N-methyl-2-nitroimidazole-5-carboxylis acid ethvl ester
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5104271 Similar results for the efficacy of Compound 25 were
demonstrated in the HT29 spheroids as tabulated below: Compound
Monolayer Spheroid 10% 02 N2 0.6% 02 Air 25 0.2nM 3p.M 40pM 29ttM
104281 The phosphoramidate alkylator prodrug was combined
sitangaysly with 10cisplatin or datmorubicin and the sprefQids,£xpased
for 2 h to the combination, followed by measurement of clonogenic
survival, The results are tabulated below: Compound IC50 (pM)

Daunorubiciail? Compound 25 9 Daunorubicit'+ Compound 25 2.3
Compound IC50 {pM)1C99 (fiM) Cisplatin 14 Cbﬁu 2512
v g !
S /

CO,Et CO,E

{0405] A solution of the amino ester (36.94 g, 0.218 mol) in 200 ml of acetic acid was
added drop wise to a solution of sodium nitrite (100 g, 1.449 mol} and water (300 ml) cooled
in an ice-water bath, and stirred. The temperature of the reaction mixture, which was
measured to be around -5 — 10°C was raised to rt and and the reaction mixture stirred
overnight. The reaction mixture was extracted with DCM (3 x 150 mL). The combined
DCM layers were dried and evaporated to yield a reddish residue which was separated by
column chromatography on silica gel employing as eluent EA/hexane (30%) to yield 1-N-
methyl-2-nitroimidazole-5-carboxylic acid ethyl ester (“nitro ester”) as a light brown solid
(27 g, yield 62%).

[0406] This method deseribed in Example 24 and employing aqueous acetic acid is an
improvement of the method using about 7% sulfuric acid (v/v) for the diazoniuvm ion
formation from the amino ester. Using aqueous sulfuric acid, the reaction volume becomes
large causing difficulty in stirring the reaction mixture effectively. For example, a reaction
involving 150 g of the amino ester required a reaction mixture volume of about 12 1. The
sticky nitro ester formed as product in aqueous sulfuric acid and disrupted the stirring of the

reaction mixture.

Example 25

Synthesis of 1-N-methvl-2-nitroimidazole-5-carboxylis acid

. Ol
N\% . N%
Vd e
CO,EL CO,H

[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 Hight brown sclution. The pH
of the reaction mixture was adjusted to about 1 by addition-of conc. HCI and the reaction
mixture extracted with BEA (5 x 150 mL). The combined ethyl acetate layers were dried over
Mg804 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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Cisplatin + Compound 25 2.3 5.4 [0429] Phosphoramidate alkylator
prodrugs demonstrate the ability to penetrate into the inner 15lying cells in
‘tlie spheroid and kill hypoxic cancer cells alone and in combination with =

another agent that targets aerobic cancer cells. Example 36
ARtipreliferation Assay - DNA Mutant Repair Cells WO ;1 usanosinassss
2007/002931PCTRUS2006/025881 104301 Chinese hamster ovary cells
mutant to specific DNA repair pathways were obtained from ATCC. The

[feiowing-qalhlines werestestedswith- 220053, Q0. calls el /30

. %&!Q&%cql'gs odifiedfaga]edMedium (Cii_bc_c&)# supplemented with 10% fetal
Hovine sarum and Anfioteey KRy e perdeer (Digss OB My cafise to

theATETER He188LY, iudinpsls B{AFGC CRL-1860), UV135 cells (ATCC
CAL-1867), 1RS1SF cells. All cell lines were initially screened with an
anti-proliferation assay and thos&agensddstrating sensitivity were retested

[0 ith the clono%%r)}ic assay (as previously described) to confirm the

SliterARSH YELNST Balidining expaceds selited ddvses of

W}Qgr prodrugs-of the present invention for 2 h under
\WPOXIC or aerobic conditions, the tes tseéiﬁ’r‘é;‘(%ﬂ’él Sl YOorsHdRBRETEhY the

elis-assayed-—The-follewing-table-lists-the cell lines,-the pathway mutated

and the specific gene defect: Cell ling ]l\ﬂﬁ‘fﬁ/l’ﬁfpathway Gene defect AA8
ase-excision-repait- XRCGC1I XPG. U135

2§\iUHE (‘\I“\Illi(.lI typc) (NUPIE) E,\vqg Buoc 7T\S|o|u lfnl}:v
Nucleotide excision repair UV41 Nu :Ieo’f?&é excision repair and

73iomotogous recombination XPH1rs1 Sk Ho;}g“logous recembination———-
XRCC3 [0431] The following table lists tlﬁ%/e ect of exposure of various

An it

1Ll iNeés 16 Compounds 25and 36 @Hn Mib or-aerobic-conditions-an
assayed by proliferation as measured by IC50. Compound

Example 29B

Antiproliferation Assay

{0412] To determine the effect of phosphoramidate alkylator prodrugs on cell proliferation,
the aptiproliferative activity of these compounds was tested in 2 multi-weil Alamar Blue-
based assay. Cell growth in the presence and absence of the test compound was compared, as
measured by a fluorescence plate reader at excitation 550nm and emission 590nm (see
Biosource International Inc., Tech Application Notes, Use of Alamar Blue in the
measurement of Cell Viability and Toxicity, Determining ICso). The following cell lines were
tested with 20,000 cells/well/500uL medium: NCI-H460 cells {(ATCCHTB-177, RPMI
medium (Gibco Products, Invitrogen Corporation, Carlsbad, CA})), HT29 cells (ATCC HTB-
38, RPMI medium (Gibco}), MES-SA cells (ATCC CRL-1976, McCoy’s 5a medium
(ATCC)), MES-SA/DXS cells ((ATCC CRL-1977), McCoy’s Sa medium (ATCCY), ACHN
cells (ATCC CRL-1611, Minimum essential medium, Eagle (ATCC)), PC3 cells (ATCC
CRL-1435, Ham’s F12K medium (ATCC)). The cells were seeded in glass inserts placed in
each well of'a 24-well plate in the density and medium as specified above one day prior to
compound testing.  After 24 hours, these plates were divided ingo two groups — anoxia group
and air group. A test compound was added to each well {20011 volume) in the treatment

groups at concentrations varying from 100, 30, 10, 3,1, 0.3, 0.1, 0.03, to 0.01 oM. All test
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AA8 (Anoxia / Air) EM9 (Anoxia / Air) UV41 (Anoxia / Air) UV135 (Anoxia /

Air) IRSTSF (Anoxia / Air) 36 2 />100 4 / >100 0.03/20 2/>100 0.3/59 25
'81>1007/>1000.2 /956 />100 2/ >100 15 [0432] The following table

lists the 1C90 values for clonogenic survival for selected cells exposed to

Gamepwea 25 under anoxic or aerobic conditions. Cell Liqu{g;g%gab\gggsl}lz
Air AA8 0.85

compounds were serially diluted in complete medim with final DMSO concentrations less
than or equal to 1% in cach well. The cells in the anoxia ireatment group were incubated for
2 hours in a Bactron 11 anaerobic chamber. The cells in the air freatment group were
incubated for 2 hours in standard tissue-culture incubators, Following the 2 hour treatment
with a test componnd, the test compound was removed from each well, celis were washed
with S00pL medium, and incubated for 3 days in 500pL fresh medium, After 3 days, cells
were stained with 10% Alamar Blue for 2 hours after which the capacity of cells to proliferate
was measured (as mentioned above), and the 50% growth inhibitory concentration {Glsp (also

referred to ICs, herein)) of test compounds was caleulated and tabulated in Table X below.

Table X: ICs; values (uh)

Compound HA60 HT29 MES-SA MES- ACHN PC3
Anoxia/Alr | Anoxia/Alr | Anoxia/ SA/DRS Anoxia/ | Anoxia/Air
Air Anoxia/Air Asr
P2 44 /=100 -
1 D.4/772 50/>100 1/>160 .
23 0.04/5 7.5/ -
23 0.1/14 |
154 090/2 B
139 16/ 100
140 5/65
2 8/>100
5 0.05/6 1 10/>100
2 | 07/16 |
3 | >20/>100
142 >40 7/ >100
4 40/ >100
143 45/35 .
6 0.7/>100 | 22/>100 5/>100
144 7 /=100
145 >100/
=106
147 =100/
>100 o
7 0.14/25 7/>100 0.59 /83
i1 5.2/>=100
12 1.7/ =100
9 >10/>100
8 0.013/0.6
36 0.88/ 557100 1 5/7>100 | 7.5/=100
=100
149 50/>3100
15 0.08/1
i6 1.6/>100
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>300 UV41 0.0217rs 1 SF0.0220 [0433] Only cell lines defective in
homologous recombination were sensitive to Compound 20 25 under
‘hypoxia. Since UV41 participates in both the nucleotide excision repair
pathway as well as with the homologous recombination repair pathway,
CORRYRY,2p possibly also WO 2007/002931PCTRISZOQ@@@%}W 81
produced a significant amount of monoadducts. However, U which is
also involved in nucleotide excision repair was not sensitive to Compound

25 The-predonginant tesions produced iy Compoung 25 wer¢ DNA™

interstrand grpsglinks. Theseresults were confiimed in 15V41iand irs1SI

cglis with {e/cigppgenic assay. The exposure under|aerobic ¢onditions 3

prggiuce( thejsame|spectrum of sensitivities as seen/under hypoxia,

ingicating that fhe aenabic taxigity svas alsocaused by BINAIn{edstrarido
crosslink formation.. Compound 36 Bxhibjted a similar pattern of sensitivit

inkhe mutatt ¢élf lines, indicating that Compound 36:also produced DN

inté@rstrand @roslivks. 10Exambple 37 Multilayered Cell Culture Assay

[03B4] Thisexalhple demonstrates the effect of Compound 25.0n-tissue.|
trationQ¥ing multilayered cefl-tdkure (MEHEnd to-asse

n\.
HYy

0
J

o L
N

a2
Aoz

74

q

~
[03) N

t
L

S
by’tander efédluv SCs were ificl ibated with-oxygenated-media
& 2% 02) db-hptic media (apfxv@m‘azg?\' 0% 02)-ane-the-15ite

r‘rrqt?:pnur d MQQ‘Q‘Q DS tfoxic-side)
A\AL +

\I\Iﬁﬁﬁ th ;f!r‘ngq.cGlrln

whHe-the rsidetwas:ten p% hy d-off-(far-sitte; hypoxic-side):
\vAvI%l%n M 3(? gé%%ﬁ # D m‘;ggéa—a‘r 0%0: 6 02agradrentin

U)(é/?cll C\(ﬁb\gvgslunig %?Hbfc CEeXHPS o0 to the media towards the far

surface qf-the ggriture Theforthest 50 T1TTT of tissug becomes depleted
of oxygen. Theggxtent of 02 depletion is greater with $% than the 20% 02

gagsed medig] 2P ncubation with 5% 02 freflects the in vivo situation mos

clogely. Thcubating MCCs with media at 0% 02 models perfusion limited

hypoxia, whiese $umor blood vessels became completely depleted of

oxygen and a8t compound must penetrate extensiveidistances to reach
all cells. Thisd#dation thereforeg poses a greater barrier to dru

peddtration3if bihéling of activated drug aets to limit it%pgqe_(;aﬁi@gf
25[0435] Mééoﬁéng experiments were garried out with media; gassed

withoﬂ, 50r 2§,u 02-for- 45-minutesprierto-and-duringiincubatian-with-the
test compouh}% CT116 cells were grown to a thickness of 1501m on a

ot s

sol‘qfJ SUPPOLtANY One side of the-culture-was cltamped off to deyelop
iffistorrlinyitgd fypoxia: Cultures were exposed to test compound for Th

AQL-AD

unger 0%9°Q2; p%pg2 or 20% 0Zjand efficacy assessed by measuring the
imhigition o BE@Ws30]incorporatipn. The cliltures were lincubated for a

segand houp iy fresh media at 20% 02 and removed from the apparatus

andgeturnedite asnormal growth chambern, where media flows gver both
sidgs of theyMCG o€ ultures were incubated for 24 hours prior td BrdUrd

labgting and sulssequent eryosegtioning. BrdUrd labeling on the exposed
and far sides ofthe MCC WO 20071002931PCT/US2006/0258/11.were
andyzed usihdik¥hynohistoehemical staining, microscope-imagin
COI‘ﬁ@)UteI’ ik .yQiq to.asseéss. the effect of Com

o LM}
nl’nii?(ﬁmﬁ(mo-fadl’ﬁﬁﬁ \When gu!tu_rfg,w@p%xpgged to-aHladed-doses
Coftboun Qﬁﬂrﬂ;@r 20% 02,5 fold-less-compoeund :\/13 f
far %ﬁrypo ic) gig%/cornpared to tl%e exposed (noinioxic) 5 side ta produce
H%&F&@Ci’ggy%, demenstrati 10 pcllctl itluiﬂl and ily OXiC oELTJVHI‘ﬂUn’OT_
Oild}?Gunj ﬁﬂﬁ‘\f\gfl WICT S were exposad to-testcompouna updera
no ggphy: ujugg.mby .cic.val it-condition of 59602; ouna2Z5was 10
fold gore effgetivg atrinhibiting BrdU hcorporation on the hypoxic side as
CompaTeditohg fprrmoxic side. Nonnoxic isides of cultires at 5% & 20%
02 were equally affected by exposuré to Compound 25. 10 [0437]
Compound 25 is more effective on the hypoxic side of cultures under 5%
02 than with 0% 02. Comparison of A6Anoxic versus hypoxic sides of
cultures under 5% 02 demonstrated that Compound 25 penetrates
effectively through relatively well oxygenated tissue. Compound 25 is

capable of killing hypoxic cells located about 150um from functional blood
vaccale Annrovimatalvy 2-fnld rediictinn in evnoelire to Comnoiind 28 10

E
o




Hypoxic -1.1 0.7 2.6 Noimoxic -1.7 8.0 >10 20 Example 38 Metabolism of

Compound 25 By Human and Mouse Microsomal Protein [04391 An in
vitro assessment of metabolic stability of a phosphoramidate alkylator 25
prodrug (Compound 25) was performed using human (HLM), rat (RLM)
2R NPURSHMEM) liver microsomal proteins containing cyfpchrgme P450
enzymes. A solution of Compound 25 (500uL, 51iM) was prepared b
diluting a DMSO stock solution 100 fold in a water:methanol bridge

147

sohgtion, addirg micfosomal prdtein (I mghnL)in PBESY]VI“QCIZ"a"ﬁﬂ—‘“j
engymatic reéetiens initiated by,adding an NADPH sqlution. 50 ul of the
red@étion mixtuf® 30 was withdrgwn at 0, 10, 20, and 30 minutes after
addition of the!SADPH solution| the WO
2067/1)02931PTDUIS2006/025881 proteins were precipitated with
acifonitrile dk¥/e dlear supermatant wa$ analyzed for the amount of
Cothpound 25 S eversed phage | C-MS/MS. Nifedigine and testosteroné
"V\,"ﬁi—‘ use ag-%‘-?cmue pnnfrnl: The first study compared RL Mita ML M
.t 553 1) ar\;l/?%- ond-studyicompared-HLM-to RLIM (Tables 2A and
2_r§g-rn|ﬂ|, 40 ,Zm;l. trd-Metabalie-stability IOA at-30-min) - RLMIMLM. 25
D| aulg J.{)\3 f.Sld)JUL MU VI T YIS~ Staid i) A=t
“82%‘89%*?\@%@“' 6%4%Ttestosterone "% 6% T ble-2A-Compound
122 0.04/13
43 2/60
44 37100
45 6/>100
46 5/=100
47 4/>=100
48 -/ =100
o7 0.01/0.1
49 -/ >100
50 0.1/3
a8 0.1/2
51 377
52 15/20
53 3710
99 0.1/1
100 0.5/35
54 1/60
55 5/12
56 0.5/10
12 106/ >100
57 14 /100 |
124 -0
125 -/ 100
126 -/0 i}
T 50/ 100
58 5/10
59 2/6
60 15715
61 0.3/4
62 2/45
63 178 B
127 0.02/5
128 0.02710
112 70/ >100
103 0.02/2
113 17100




Metabolic stability (% at 30 min) RLM FILM 25 127% 137% Nifedipine
22% 2% Testosterone 65% 33% Table 2B CornpNo. Metabolic stablllty
ali (% at 30 mm) stability (% at 30 min) IvITD Ong/mil Intravenous

administration in mice Intraperitoneal administration in mice t 1/2 /hid

?m@g,é@@{ﬁﬁ) AUG (g/ml x hr) Vss (1/kg) CL OnlAnin /kg)pk-3/d<thi & max
0gAn

65 25775 |
114 1/80
129 17100
115 05/5
116 05715
130 0.7720
66 037100
67 48 />100
68 100/ >100
69 717>100
70 2765
117 8/70
71 0.1/0.1
72 05/12
131 >100/
=100
132 3/3
133 527 >100
104 04712
105 <0171

Example 30

Antiproliferation Assay - Oxygen Dependence

[0413] To determine the oxygen dependence of phosphoramidate atkylator prodrugs, the
antiproliferative activity of these compounds was tested in a multi-well Alamar Blue-based
assay as previously described (see Example 29). NCI-H460 cells (ATCC HTB-177, RPMI
medium (Gibeo)) or HT29 (ATCC HTB-38, RPMI medium (Gibeo)) were seeded at 20,000
cells/well/500pL medium in glass inserts in 24-well plates one day prior to testing. The ceils
were incubated for 2 hours in a Bactron 11 anaerobic chamber flushed with gasses of the
desired oxvgen concentrations varying from anoxia, 0.1%, 0.3%, 0.6%, 1%, 10% oxygen,
and air. The calculated ICsg values (M) are tabulated in Table Y1 (F460 cells) or Table Y2
{HT29 celis) below.

Table Y1: ICsp values (uM) in H460 cells

Compound Ny 0.1% 0r | 03% 0 | 06%0: 1 1% 0y | 16% O Alr
1 0.3 10 7 50 100
23 0.05 5 6 5 5
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AUG (tig/m/ x hr) 90 100 0.26 3512.51.48 4.0 0.2529.9 55 (20) 100
(85) 0,08 16.94,51.25185 3 1.0 060 250

WO 2007/602931 PCT/US2006/025881
5 0.03 1 t 10 5 40
36 1 30 60 60 >100 | >100 |
16 0.3 10 10 100 >100
25 0.1 1 3 5 10 25 55
26 03 3 6 5 10 40
10 >100 >100 >100 >100 >100
24 0.007 0.85 >1
34 0.01 i 5
35 0.05 6 5 40 50
84 0 3 40
119 0.3 >100 >100
37 0.5 25 >100
88 0.03 05 0.2 0.5
38 0.4 45 >100
106 0.1 0.7 4
108 1 >100 >100
109 0.3 10 15
110 0.3 3 25
44 45 >100
46 50 100
47 60 100 |
97 0.006 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 0.5 10 35
54 1 30 60
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55 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 80
66 0.3 20 100
70 2 30 63
Table Y2: 1Csp values (uM) in HT29 cells
| Compound N, 0.1% 02 | 03% 0y | 0.6% 05 | 1% 0, | 10%0, | A
25 2 25 >100

Example 31

Clonogenic Assay - Oxvyeen Dependence

[0414] To determine the oxygen dependence of phosphoramidate alkylator prodrugs, a
clonogenic survival assay was performed. Cells were plated in 60 min glass dishes (5x10°
cells per dish in SmL of medium) 2 days prior to compound testing. The following cell lines
were tested: NCI-H460 cells (ATCC HTB-177, RPMI medium (Gibeo)), HT29 cells (ATCC
HTB-38, RPMI medium (Gibeo)), PC3 cells (ATCC CRL-1435, Ham’s F12K medium
(ATCC)). A solution of the test compound was made in complete mediom immediately
before the test and added directly to cells (2mlL, volume). Anoxia or hypoxia {less than
200ppm Oy) was achieved by exposing the glass dishes in a Bactron II anaerobic chamber or
in aluminum vessels (see Example 33) for 2 hours. For the anaerobic chamber, desired levels
of oxygenation between 200ppm and air were achieved by flushing the anaerobic chamber

with pre-calibrated gasses prior to experimentation. For the aluminum vessels, anoxia or

150



10

15

20

2592 102 (at 20 mm) 0.11 (6.7 min) 27.5 0.13 (11 min) 22.9 26 56 85
34 28 85 (at 20

WO 2007/062931 PCT/GS2006/02588 ]

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% vitrogen 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 o 2 hour drug exposure,
Levels of oxygenation between 200 ppm and air were achieved by varying the degree and
number of evacuations. The oxygen concentrations in the medium and gas phases were
checked using an oxygen electrode (Anima, Phoenixville, PA) in a specialty 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 alominum 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 Petri dishes. Ten to 14 days lafer, the dishes
were stained with crystal violet {0.25% in 95% ethanol), and colonies containing more than
50 cells were counted (see Example 33). The 90% growth inhibitory concentration (ICoo,

90% killing, 10% survival) of test compounds was calculated and tabulated in Table Y3

below.
Table Y3: ICq values (uhi)

Compound N2 0.1% 02 0.6% 02 Air
(Cell Line)

23 (H460) 0.3 0.6 5
25 (H460) 0.1 0.4 5 30
25 (HT29) 0.2 ' 3 40

25 (PC3) 0.3 ' 50
24 (H460) 0.07 0.25 14
35 (H460) 0.5 3 30
37 (H460) 0.2 . 5 90
70 (H460) 2 8 20

Example 32

Electrochemistry
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[0415] To determine the electrochemical properties and reduction potentials of
phosphoramidate alkylator prodrugs, cyclic voltammograms of these compounds were
generated by Bioaralytical Systems, Inc. All experiments were conducted with glassy carbon
(3.0mm diameter) working electrodes, Ag/AgCl reference electrodes, and platinum wire
auxifiary electrodes. Compounds were dissolved in ImL methano}l to make final drug
concentrations between 0.5 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 nun was
performed at a CGME mercury electrode (CGME in SMDE mode, 150ism bore capillary,
size § drop), but litile difference was observed between mercury and glassy carbon
voltarnmograms, so the mercury electrode was not used further. The single electron or
multiple electron reduction potentials of compounds were generated at each scan rate and are
fabulated in the table below.

Table: Reduction Potentials (mV)

Compound 100 mV/sec 10,000 mV/sec
1 -596 -038
5 -606 634
36 -609 -634
25 -594 -626
24 -568 -636
34 -384 663
78 ~704 746
82 -428, -610 -414, -769
38 -559 -629
108 -614 -593
103 -638, -769 , -875 756
2-NOs-Imidazole -634 -693
5-NOy-Furan 487 -638
4-NO-Benzene | =712, -1106 =735, -1268

Example 33
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0.18 44 26.1 Example 39 Iv Vivo Phannacokinetics of Phosphoramidate
Alkylator Prodings  [0440] Various plasma pharmacokinetic parameters
of phosphoratnidate alkylator prodrugs 5 were determined in CD-1 mice
except where noted as listed below in Table 3. Table 3 Drug (mg/kg) Dose
(We/ke) Radte Formulation Trnax (mm) C. (gg/mL) 8.50 7I38§g®$%5((/ -
himL) 210 136 Half life (min) 9.60 8.87 23 50 i.p. i.v. 25% ap i
25%PEG/75% Saline 5.00 5.00 2350

Clonogenic Swrvival Assay

[0416] The phosphoramidate alkylator prodrags of the invention were fested 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 5 x10° cells per plate and
grown in RPMI medium supplemented with 10 % fetal bovine serum for 2 days prior to
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
aerobic (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 prompily 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
100xp. 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. Colonies were fixed and
stained with a solution of 95% ethanol and 0.25% crystal violet. Colonies of greater than 50

cells were counted, and the surviving fraction was determined.

[0418] HT 29 and cell based clonogenic assays were performed in the same way as

described above and in Example 31.

[0419] Cytotoxicity of compounds (Tables 1A and 1B) were determined in hypoxia and in
normoxia by clonogenic assay employing H460 and HT29 cell lines as provided in Examples
31 and 33 and expressed as ICo in uM, 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 ICso or ICyq determined in normoxia and hypoxia is called hypoxia
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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 o225 T10 ' 40
P2 44.0 >100.0 >3
S1 >40 >100 >3
52 7 >100 >14
1 04 1035 |720 75.0 [ 180 200
2 8 >100 >12
3 20 =100 >5
4 40 >100 >2
5 1 45 35 1
6 0.9 |07 >100 >140
P22 4.5 3.5 ca, 1
7 14 |014 25 180
8 0.01 0.6 160
0 >10 >100 >10
10 100 >100 >1 ]
11 52 >100 >20 1
12 1.7 >100 >50
14 8.5 =100 >12
15 0.08 1 12
16 05 |16 0.2 100 35 60 175
17 1 9 9
18 34 9 3 |
20 1 8.5 8
21 025 7.8 26
22 0.7 16 23
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25%PEG/75% Saline 5.00 3.00 57.4 2.56 5 50 LA/. 25%PEG/75% Saline
5.00 16.9 270 4.67 37 20 i.p. Cremophore:Ethanol:Saline (1:2:7) 2.00 12.6
196 23.2 37 20 iv. Cremophore:Ethanol:Saline (1:2:7) 2.0015.0 172 9.00
85 25 i.p.

WO 2607/062931

PCT/US2606/025881
23 1004 jo02 5 10 125 50
24 0.01 4 400
25 0.05 50 1000
26 0.1 35 350
27 25 100 40
31 83 >100 >1
32 50 100 2
34 <0,01 1.8 >180
35 0.075 50 625
36 0.1 (088 lo02 >100 | >100 |>110 >500

St 52
5 Tabie 1B
Comp | HT29 DX-5 HCT116
No.
P C HCR P HCR | P HCR
H N H |N P » H |IN H N
i 50 100 104100 |>2 >100 1 >100 | >100
23 7.5 2 '
5 10 >100 >10
6 55 >100 > 5 >100 | »20
7 T(00) | >100 >5(1) 0.6 | 83 140
36 55(35) | >100 3 >32 T5 1 >100 >3 |5 >1G0 | =20
25 16 >100 >0 1 >100 | >100 0.9 | >100 | >100
34 0.8 57 70 0.13 110 77

P = Proliferation; C = Clonogenic; H = Hypoxia; N = Normoxic

Example 34
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10% PEG 5.00 3.93 89.1 10.0 128 25 i.p. 10% PEG 5.00 3.85 102 8.31 24
50 1.p. Saline 5.00 7.60 64.0 4.10 a ¢ mice Example 40 iv Vivo
Phannacokinetics of Compound 25 10 [0441] Various plasma or tumor
phannacokinetie parameters of Compound 25 were determined in CD-1

MiGE.83GRRwhere noted as listed below in Table 4. Tablepq@p@b%ogi,@gggg)
Route Formulation Tmax (mm) Cmax (gg/mL) AUC (gg-13./mL) Half-life

Effect of Compound 25 on Cell Cyele Distribution
10420]  Cells (H60, PC3 and HT29) were seeded 2t a density of 1.0 x 10° cells/3ml medium

per 60mm 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
twice, and incubated for additional 22 h in fresh medium. Cells were trypsinized,
centrifuged, and fixed in 75% ethanol at least for 24 h at -20°C. Cell cycle distibution was
determined using Guava Cell Cycle reagent (Guava, Hayward, CA) by flow cytometry
(Guava, Hayward, CA). The data demonstrate that Compound 25 induces cell cycle arrest in

oxygen- and concentration-dependent manner in multiple human cancer cell lines.

H460 cells
uM Go/Gy 5 Gy/M
0 Air 56 12 30 ]
Nitrogen 59 11 26
0.005 Air 138 18 42
Nitrogen 50 12 38
.05 Adr 58 11 28
Nitrogen 30 7 39
0.5 Adr 58 il 28
Nitrogen 23 31 40
5 Alr 42 6 59
| Nitregen 47 15 17
50 Adr 114 19 65
Nitrogen 33 14 11
PC3 cells
uM Go/Gy S Ga/M
0 Alr 54 13 33
Nitrogen 60 12 28
 0.0005 | Air 35 12 32
Nifrogen 59 10 3t
0.005 Air 52 13 34
Nitrogen 56 11 32
0.05 Air 55 12 33
Nitrogen 43 12 44
0.5 Aidr 55 13 32 o
Nitrogen 21 33 46
5 Air 55 12 32
Nitrogen 35 33 26
HT29 cells
GG S  [GM ]
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0 Adr 50 14 36
Nitrogen 47 13 39
0.005 Air 52 12 35
Nitrogen 46 14 40
(.05 Alr 50 15 35
Nitrogen 37 11 52
0.5 Alr 48 14 37
Nitrogen 8 3 84
5 Air 47 13 39
Nitrogen 14 50 36
5 Alr
Nitrogen
Example 35
Spheroid Model

[0421] 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 direcily 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 into a flask coated with a non-adherent surface to form smail
halls of cells that can be seeded into a spinner flask. To initiate H460 cell seeds, 150 em”
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 for 3 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, intact
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 prodrag to pencirate to the
inner hypoxic cancer cells, become activated, release the phosphoramidate alkylator, and lall
those inner cancer cells, the clonogenic survival of spheroids exposed to drug for 2 h was

measured,
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[0424]  Spheroids were placed In a new growth medium and incubated for at least 1 h

before beginning experiments. Spheroids between 500 and 600 wm were isolated by fittering
the spheroid culture through a series of sterile mesh filters of defined size. Between 10 and
20 spheroids were placed on a siliconized notched 60 mm Pyrex dish in 3 L of medium
with the desired concentration of the test compound. The dishes were placed in sealed
aluminum vessels and exposed to a series of evacuations and gassings with certified gases
containing 5% CO, and a defined amount of Oy (0% Oz, 3% 02, 10% O, or air). Spheroids
were incubated in a shaking water bath to ensure both the equilibrium of the dissolved O; in
solution and the integrity of the spheroids in solution for 2 h. The test compound was
removed and the spheroids were washed before being completely digested with trypsin.
Since the necrotic core contains cellular debris a treatment with DNase I was required to

yield a uniform single cell-suspension. Ceils were resuspended at 10%/mL and plated for

clonogenic survival.

[0425] Initial dose response experiments were performed i monolayer cells under nitrogen,
0.6% O,, or air to establish the appropriate dose range and the oxygen dependence of
phosphoramidate alkylator release from a phosphoramidate alkylator prodrug. Clonogenic
survival was the end point and the data are summarized by the ICgs or Cyo values (the
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 aerobic cancer cells of the spheroid. Daunorubicin was used fo
penetrate the outer layers of a multicellular spheroid due to its high affinity toward cells and
cisplatin was used at doses appropriate kill only the outer aerobic cancer cells. As a control
for a bioreductive drug that killed cells under hypoxia in monolayer cultures, but not in
multicellular cell culture due to its high reactivity and poor penetration, Tirapazamine was
used both in monclayer based experments and in spheroids as tabulated below for HA60 cells

exposed for 2 h.

1Csq values for H460 cells exposed as monolayers or spheroids

Drug Monolayer Spheroid
N2 0.6% 02 | dir 10% 02
Cisplatin 4.2uM 7.7uM 7.3uM 8.0pM
Daunorubicin | 0.16uM 19uM
| Tirapazamine | 14uM 27uM >100uM | >200uM
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[0426] A series of phosphoramidate alkylator prodrugs were tested in spheroids to
determine their ability to penetrate into the inner lying hypoxic cancer cells, become

activated, and kil! the hypoxic cells. The results are tabulated below.

1Coy for HA60 cells exposed as monolayers or spheroids to phosporamidate prodrags for 2 h.

Compound Monolayer Spheroid
Nz 0.6% 02 Ail' 10% 02

25 0.1 pM 0.6 pM 20 pM 15 uM

24 0.07uM [ 025uM | 4uM 3 uM

97 13 pM

70 1.25uM 25.5 uM

1 0.35 uM 75 uM >>100 M

36 1 uM ' 100 M 1 >>100 uM

35 22 uM

[04277] Similar results for the efficacy of Compound 25 were demonstrated in the HT29

spheroids as tabulated below:

Compound Monolayer Sphefgid
N2 0.6% 02 Air 10% O2
25 02uM | 3uM 40pM 20uM l

[0428] The phosphoramidate alkylator prodrug was combined simultaneously with
10 cisplatin or daunorubicin and the spreroids exposed for 2 h to the combination, followed by

measurement of clonogenic survival, The results are tabulated below:

Compound 1C50 (uM)
Daunorubicin 17
Compound 25 9
- Daunorubicin + Compound 25 | 2.3
Compound 1C50 (pM) | IC99 (uM)
Cigplatin 14
Compound 25 12
Cisplatin + Compound 25 1 2.3 5.4

{0429] Phosphoramidate alkylator prodrugs demonstrate the ability to penetrate into the inner
15  lying cells in tife spheroid and kill hypoxic cancer cells alone and in combination with

another agent that targets aerobic cancer cells.

Example 36
Antiproliferation Assay — DNA Muiant Repair Cells
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Cytochrome P450 Inhibition of the Metabolism of Compound 25 [0442]

- Eight reaction wells with 100 ,uL of a solution containing 50 niM potassium"
phosphate, pH 7.4, 2.6 mM NADP-1, 6.6 mM glucose-6-phosphate, 0.8
UWLkopf@lugpse-6- phosphate dehydrogenase, andl :3 sefjal di %[%;i%]
the test compound (such as Compound 1025) were prepared along wit
eight wells of-1:3 serial dilutions of a suitable positive control inhibitor

[04 f&%ﬁéfﬁa{@%@ér f@v@j} CYBAAZSY HMI&?MQ@%@MMEWGW obtainfd
N-benzylnirvanol for CYPC219, quinidine far CYP ang ket ole

ToRa A PR BRI BT L e dra GRS Kot Bboo

DuRMctos206d1Add EngersiadtionSibers suititsechisd sty 166!, bevekaerum and

ant%fwém%dcaﬁzémeése‘%ﬁ.rﬁéﬁ)ﬁ%ml@@qr@@imq;p@iﬂt)pgwaaL:eggction
e ad of 10% formic acid (400 r

was 15 prepared b ding 50 mL (4 n@ of
(NEEBGRAIST0r DELS) SHINAVAF fo o0 L b ROTALEH ol IGH IRk Rate
inith@yenzpmesyithen adding o0 athsfendyinetsidostuatetsgleisitivAycontrol
i th no inhibit : - : ;
e o T =

restifm fceleivens wvansed BOB Rtivb ot RS RRpTRDF RS0 PR v aedRRs A
pré2EgPavestenth2Ranalikaddandhe ametabaliléiionmnmeidheqphadubstrate

hepacetin for. CYP |A2, diclafenac f YP2C9 -mephenytoi
re S T o B DS et LR ROBINON) e,
and f¢ sifetfipigraddeie¥P3A4) using HPLC/MS/MS. Each assay was :

perforined; i@ %%.Mmary of the T0%R \vakdgstare listed below.
Table 54 WO 200v/RPRP3d REHAIS2006/02588%0:2096 0.21|>50 3A4
Midazoktm0.04B R0 xaAbNitpdipine 0.03 NIX8AACTestosterone 0.10 >50
NI - No sigrificantualsthifioex detectgaiE xampl&¥Q Determination
of the Potetitial MeidbolitescofsCompaound 25 BFormed in Mouse, Rat, Dog
and Human Hepa&tooytes (94487 Gmatwaund 25 is incubated with mouse,
rat, doﬁrﬁ%ﬁkey}mﬁﬂﬁ?ﬁfﬁ@ﬁ\ﬂ?wmvpd R@?ﬁg%ytpq ata
concentration of 10 RM. The reactions are stopped at O (pre-incubation),
[036x] 6. and b0 niny tesshy-gurenciiagwitk aceianitrielipriot to Compounds 25
angjggt@g&a&h%}'z@@%%@éféﬁlat;xoh apeiainis S@;,ggli&yg&&b 9 MelagiaRixc,,

In_conjunction with tandem mas trometry

Gootantid] hetabdlites are iddvfified by peVibrminlg fliscans | IRSISF
{Anoxia/ {Anoxia/ {(Anoxia/ (Anoxia/ {Anoxia/
Air) Alr) Air) Alr) Al
36 27 >100 4/ =140 0.03/20 27100 0.3/59
25 §/>100 | 7/>100 0.2/95 6/>100 2/>100

[0432] The following table lists the ICq values for clonogenic survival for selected cells

exposed to Comopund 25 under anoxic or aerobic conditions.

Cell Line 1Cs (0M)
N, Adr
AASB 0.85 >300
Uv4l 0.02 17
Irs1SF (.02 20

[0433] Only cell lines defective in homologous recombination were sensitive to Compound
25 under hypoxia. Since UV41 participates in both the nucleotide excision repair pathway as

well as with the homologous recombination repair pathway, Compound 25 possibly also
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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 to determine whether each potential metabolite is
related to Compound 25. The disappearance of the parent compound
(Gempeung25) and the appearance of potential metabolitgsQyshfimaale
15monitored by comparing the peak heights at each time point acquired.
Example 43 Determination of the In Vivo Phannacokinetics of Compound
prodBcand dighMetahpliter(s)findiailMog. afidvMenkey26[0444 jRharnnatok in
B At el O O M QLIRS & AR MG RO O3 HRIAGH o
awley rats are determined following single intravenous administration of
pr@luod, IB0Camt 00 Aayke BbhipeuHassorHEbhattatBRrRINE @ gpnfimed
in @@dﬁlﬂ RAy HQ@;? and %am%aiafﬁlilgeﬁﬁ;) dééﬂyaffﬁgt&ﬂﬁtﬂé@ﬂﬂ@@éfpﬁe a@@iﬂ@%S
n nomologus monkeys following single intravenous.administration of.
P R O e B B A U i L B b
toxvetabolite(e)asel Ay Alotdstenhirseliny BElwS/Snendd afdpited a

siEARRRADPACRIIREG R AMSIEr SIS ouRIied R ARt A Mass
Balance Study in Rats WO 2007/002931PCT/US2006/025881 [0445]

Progarr A pretrRad AoRstsk sprague-Dawley rats are administered
'"4C-Compound 25 as a single intravenous dose. Blood plasma, urine,
feces and are collected at speciﬁgtgn?@% and concentrations of total
radioactivity are determined by liquid scintillation counting (LSC). 5
Example 45 QuantitativiéWiIe B 6&) autsradisaraphy (04461

[0 BrIagiesDawleydataaracadmsistese danpingle Ihravienopsrdpadoising

AC-Comppund 25. At specified fi ‘ ' INLIS, 51 cubated

e e L e Fisaad

withesasnared apiip A8 0B ice R A6 DS Kl h RO RSN $ 4 O) and the

teQMLASSAT He epheddes ith % GMosbiozemdislaniockidadsaectionatat
.40 pm in a Leica.CM, 3600 cryomicrotome..C Iectggc%ections € .1:

S”FFeeazset?a1 8&%%’0%%%%0 g%? re%:)%égg on %ﬁ%s&]:%??m aglnsgafﬁallrtlg%sﬂgﬁlnlg with

mgdi CraRitBr QuliogTepic statisrird s foesulsselgue v edlis raticer sremedrinde

mealysissoflwareuExReyesk SereRNSTREGSERANTRA SINg stubilesalieplcted
namics 15Storm.82Q or 860. The concenjration of ipactivity in select

o RS ARG S oL LA PR o e, AT 1 Bt

intobrgbronith c&séhetifients the dutiay Honbobone perdowcsbuingdndCs with

@RS, G ididymisesaphagusn ayehall fieakiiach AGUEeHS RUMOT,
lens), Harderian {glqnd, heart, kidney Qt: rex, medu!la, Qagilladartld entire

CUBRitSH) RGeS RHRE" SRA E M A TR Ty R Ao “1tenees o

regeibatiaxiliaryh panereashepitoiarysglantc28rastate dlempkrsaliveryi glande s

oBRMInak YeRIcles SkelgtRl maukecig,skin, stomach (and contents), small

Intestine (and contents), spleen, spinal cord, trachea, t?/roi,d and urinag/

(RN deV FnbreghisRE St Psastired By TiAgednarysrd Wit 0, 5 or 20% O,
fAusaradielusiinag mﬁmra@dr@igﬁabﬂmelseam progucet] 10CERchelsimalk
e 1%3193&%%%anﬁ’ggtgg@h%mmt%@&{@daegaﬁtﬁéc{l%é7d,;lgnﬁmped off

protein binding in mouse, rat, d?}?’ monkey and human plasma of
5}

tas BRSO Nd s imtst-u SR GHPATR EARE AU RPEtRS IS for I hr under
opertosmed, by Rliqunting glasmaspikad attbree conceinstions\widL

.Compound.25 intp a CentrifreeQ device in triplicate. All plasma :
¥ % b2 [ 00 021 d
R TR TS B T e e S 6 2 an
rgeviifligedia @D fos 301 minmesat 2800 hepwhrbabalighoranihe dows

vitrafilitcale israpikgdwith thed-Seddesiterated, GOMRRUN 2R)RRG:d labeling
analysed using LC/MS/MS. The ultrafiltrates are analyzed ar&%\%%ntﬂgg
B TGP AR SHIORIRS - SEIRTIS S AR CARBPARSHEH & ©
2007/002931PCT/US2006/025N81 Example 47 [0448] Example 47
demonstrates the usefulness of a compound of this invention in treating
cancer employing a HT-29 human c%qn carcinoma xenograft mouse
model. [04491 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
Ciriltiire Collection The call linece were ciiltiired in RPMI 1AA0 meaedia
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in the peritoneal subcutaneous space. When the tumors grew to an
average volume of 100 min3 (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

RBShaLAMaily dose of 20, 60, or 200 mg/kg (Groups 2, 3?%@%%290&0 <881
respectively), and 15Compound 36 at a daily dose of 20, 60, and 20
mg/kg given 2-3 hours after a dose of 10 mg/kg of 5FU (in saline) (Group

wer ’aﬁamgdlfsﬁ?gsﬁ%ﬂ}{&kys)t&éﬂgnﬁemR@F@dgt%ragaﬂﬁ FREEMNGA IR at

g (Group 8) as tabulated below. [04 ody weight of each
1m“‘r$?oﬁ§§‘%’§i\?é§ ?%??6’?3@03’?@%8 fempeg ?érod\/\?\%?éf ga%: A hogrgft was "

monitored by externall asurl tumors.in two d|
04304 o Rtlise P ERT R 8? g%#ﬁ(s)ers\%ﬁomg( Vwas (?(S%rbr{ﬁig)gdg e
testhenfoltowings eguetidrmVhe (udWRKIO) sidhspaparsdifetiemgmnsad ﬁlwqumb

31d¥\@9£b09£& ¥6R0arAt THROGVAIIISEY SEa-MeRs taf@dlm% %Q:Khén §0451]

Administration of Comp ound 36 at 20, 60, and /da
Copaaifd druMRFgHSubtis E’SFﬁﬁéi?%%ﬂé"é&%ﬁ?ﬁéRPéﬁ Hﬂof’ Fgc]ie o Ogmﬁy
relAdmbsistiatiost 6¥aCsoMiipatio26H@s mmm-mﬁ&maﬁmmawﬁeﬂﬁ n

inc rg&ﬁ%&@ E%Qtﬁﬁ'e'mgfﬂx%eﬁft&%%I%QXY%SQWE%%MMQM*G

ition combinations of 60 and 200 mg/kg of Compound 36 reduced

cultpreror GrodthOle Qxgrester gty b tdRsrEersitie CCrBIp Y reatment
jo4mp/kad:Spdntibiionese Brotne briGiobp 2034 6:13160ubel 5% ROCE0.2

B R b o i 0
demonstrated that Compound 25 penetrates effectively through relatively well oxygenated
fissue. Compound 25 is capable of killing hypoxic cells located about 150pm from functional
blood vessels. Approximately 3-fold reduction in exposure to Compound 25 to the hypoxic
side was observed under 0% O, relative to the exposure under 5% O, conditions. Bystander

effect was observed only at the highest conceniration.

[0438] The following table lists the effect of e exposed to graded doses of Compound 25 as
measured by ICs (concentration to inhibit BrdU incorporation by 50%).

Side 0% O (uM) | 5% Oa (UMY | 20% O, (pM)
Hypoxic ~1.1 0.7 2.6
“Normoxic ~1.7 8.0 >10

Example 38

Metabolism of Compound 25
By Human and Mouse Microsomal Protein
[0439] An in vitro assessment of metabolie stability of a phosphoramidate alkylator
prodrug (Compound 25) was performed using human (HLM), rat (RLM) and mouse (MILM)

liver microsomal proteins containing cytochrome P450 enzymes. A solution of Compound

25 (500pL, 5uM) was prepared by diluting a DMSO stock solution 100 fold ina
water:methanol bridge solution, adding microsomat 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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58.2 23 5F13 38.7 - [0452] Associated with these anti-tumor effects,
there was some degree of weight loss and occasional mortality,
particularly in the group treated with the high dose of Compound 36 but in
other groups as well. Overall, Compound 36 showed varying rates of
tyRop@iawEl Sinhibition. Example 48 [0453] Example 48 dempnsiraies.,
the usefulness of a compound of this invention in treating cancer
employing a NCI H460, human colon carcinoma xenograft mouse model.

0044 frethaledd BLTSEIR micadnw chasag from e harles BIVekor the

i A),,Z-8 weeks.of age, owed fo.acclimatize for at
e B e MG e
usg RSP RsaicTrenie te T inEmN ch 40 weas! B neliidrilti: Anetitan chype
stdylturg&allachion The @g{l,[igg%vyg({ggpltured and harvested according to

the procedure described in Example 47 and inoculated at 1 x 106 cells/
animal in the 15 peritoneal subcutanggns space. When the tumors grew to

an average yolume-of-106:mind-(day-8).each-group-of-mice-was
admin steregjzégﬂr%)mjpge weeks;-as M .értlgé%’f‘.f?ﬁ)é%r@@&r #h-Compound
25 (2.57gimiin 10% PEG; ddmimg”%duu route—=+p-) "ré?.faxcl 4 mg/nil
in 5% ip orand-9¢y5 saline;administt Ion tv—2 h after
admin(stesieeidohLompound 25). Thg, body wejght-and-tgmor-vottmes
were measured as described in 20 Example 47 above. Treatmentprotocol
Group (n= 10) Treatment Dose (mg/k%1 Regimen le Not Applicable (NA)
NA NA Ib* Saline NA (qld x 5)/week X 2Wékks 2 Vehicle NA (gl d x 5)

=
1

Iweek [x 2 wéekeS:Gompound 25\Safmlit xtB)iliyaekax B waeks 4
HiM RIM
25 127% 137%
Nifedipine 22% 2%
Testosterone 65% 33%
Table 2B
C()Hlp, Metabolic | Plasma | MTD Intravenous adminisiration in mice Intraperitoneal administration
N stability stability | (sng/mb) in mice
0. MLM) | @hat 11z [ Cmax | AUC | Vss ] L (172 | Cmax | AUC
(%% a1 30 30 min} (hr) (pg/mi) | {pp/mi | (Vi) (mifmin | (hr) (ng/md) | {pg/mi
min} 7 * by kgl x hr}
i 90 100 026 135 [12.5 | 148 140 | 025 (209 |
5 5¢20) 1100 0.08 | 169 |45 1.25 1 185 3 1.0
(85)
6 0 {66 | 250
7 0 35 250
16 40
23 71 84 0315178 2.3 33 368 | 0.16 | 8.5 3.5
25 97 102 0.11 {275 0.18 }22.9
(at 20 (6.7 (11
min) min) mirny}
26 56 85
34 28 85
{at 20
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Compound 25 50 (g2d x 3)/week x 2 weeks 5 Compound 25 100 NA (q7d
x 1)/week x 2 weeks (g2d x 3)/week x 2 weeks 6 Taxol 7 Compound 25
25 10 (gld x 5) /week x 2 weeks (q2d x 3) /week x 2 weeks Taxol 8
Compound 25 50 (g2d x 3) /week x 2 weeks Taxol 10 (q2dweek x 2

Wegks9o9sppound 25 100 (q7d x 1)/week x 2 weeks WQcr/us2006/025881
20071002931PCT/US2006/025881 Taxol10(g2d x 3) /week x 2 weeks

min} T T
35 56 85 |
34 I+90 60 4G0 024 1277 1108 (127 1774 1018 | 44 26.1

Example 39
Iv Vivo Pharmacokinetics of Phosphoramidate Alkylator Prodrugs
[0440]  Various plasma pharmacokinetic parameters of phosphoramidate alkylator prodrugs

5  were determined in CD-1 mice except where noted as listed below in Table 3.

) Table 3
Drug Dose | Route Formulation Trax Crax AUC | Half
(mg/kg) | (mglkg) (min) § (ne/ml) | (pg- | life
b/mL) | (min)
23 | 50 ip. 25%PEG/75% Saline 5.00 8.50 210 | 9.60
23 50 iv. 25%PEG/75% Saline 5.00 7.80 13¢ | 8.87
36 50 i.p. 25%PEG/75% Saline 15.0 44.0 1439 | 11.0
36 50 Ly, 25%PEG/75% Saline 5.00 27.7 646 | 14.1
1* 50 ip. 25%PEG/75% Saline 15.0 29.9 - -
1° 50 1V, 25%PEG/75% Saline 5.00 35.0 125 1 153
5 50 1.p. 25%PEG/75% Saline 5.00 3.00 574 | 2.56
5 50 iv. 25%PEG/75% Saline 5.00 16.9 270 | 4.67
37 20 1p. | Cremophore:Ethanol:Saline | 2.00 12.6 196 1 23.2
(1:2:7)
37 20 i.v. | Cremophore:Ethanok:Saline | 2.00 15.0 172 1 9.00
(1:2:7) )

85 25 ip. 10% PEG 5,00 3,93 89.1 1 10.0
128 25 ip. 10% PEG 5.00 3.85 102 1 831
24 50 1p. Saline 5.00 7.60 64.0 | 410

" "Balb/c mice '

Cxample 40

Iv Vivo Pharmacokinetics of Compound 25
10 [6441] Various plasma or tumor pharmacokinetic parameters of Compound 25 were

determined in CD-1 mice except where noted as listed below in Table 4.

Table 4
Dose [ Route; Formulation Tinax Crrax AUC Half-life | F°
(mg/kg) (min) | (pg/mby | {(pe-/ml) {rnin} (%)

1807 Lp. Saline 5.00 90.1 1239 58.7 -
150 | ip. Saline 15.0 3.38 307 ND -

100 p.0, Saline - 15.0 158 784 952 -

50 ip. 30% PEG/70% 5.00 229 438 11.0 -

Saline
50 iv. | 30% PEG/70% 2.0 27.5 325 6.7 -
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Groups la and Ib, n = 5; gl d/qd = every day; g2d = every second day; q7d
= every seventh day. [0455] Results are presented in Table X2 based on
tumor volume measurement on day 29 when vehicle treated mice had
reached a volume of 946 nam3. Groups of 5 mice receiving 5 saline or no
treatmeniysere added in order to indicate any vehicle effegis;hubare,nak;
used for comparisons in this analysis. Group % Inhibition vs Group 2
Group 6 50.1 452 546.7 765.938.8863.131.7 52.612.5 46 [0456]

The rdsults demorssitate thak all three regimehs for dosing Compound-25-

provided 20sjnilas BiRGfEEs of timor growth inhibition and that -
combihation therap§liarticularly with every day dosing pfovided

atititionalbendfi¥e EREH 8¥mbiration thekapy \was #ssocigted with some
dearee-of m@gméggem nat large_énough tq cause any mortality./Overal

tRe-resultl-ingicate 1t Compadid 5 18-effidaciofEsin this nidtlel of lung
o0 T o L Sy zgm,t,cmilg,gmﬁtqg%hm provitiéd byl thaSstanHaldl6

o2 1 I S 7 e e O s b g-thé¥housk tHAED
Cﬂenmggmw&%% Il. L? Or—=2O1 IJ.\J :
conv—Wpoun can be adminlstered at a therapeutically

effeciierddsstiof about 2 to about 8 mg/kg/day, for thg tregtment of
cancer, particularly lung cancer, alone or in combination with Taxolrm,
wherein the dally dose can be a%%lﬁteﬁd with a decreasing frequency

f dosin for higher doses compare 50 lower doses.
© g Cytochrome P450 Inhibition of the Metabolism of Compound 23

{0442] Fight reaction wells with 100 4L of a solution containing 50 mM potassium
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 furafyliine for CYP1A2, sulfaphenazote for CYP2C9, N-benzylnirvanol for
CYPC219, quinidine for CYP2D6 and ketoconazole for CYP3A4). The concentrations of
test compound ranges from 0.0229 uM to 200 4M. The reactions were initiated by adding
100 gL of a pre-warmed enzyme/substrate solution. A zero time-point control reaction was
prepared by adding 50 mL of 10% formic acid (400 mL of acstonitrile for 2C19) in water to
100 mL of cofactor solution to inactivate the enzymes, then adding 100 mL of
enzyme/substrate solution. A control reaction with no inhibitor was also prepared. Aftera
suitable incubation at 37 °C, the reactions were terminated by the addition of 50 mL of 10%
formic acid in water (400 mL of acetonitrile for 2C19). The reactions were prepared and
analyzed for the metabolite forms of the probe substrate (phenacetin for CYP1A2, diclofenac
for CYP2C9, (S)-mephenytoin for CYPC21 9, dextromethorphan for CYP2D6 and
midazolam, testosterone and nifedipine for CYP3A4) using HPLC/MS/MS. Fach assay was

performed in duplicate. A summary of the IC50 values are listed below.

Table 5
IC50 (mM)
Compound
Isoform Conirol 25
1A2 8.6 NI
2C9 0.20 ~10
2C18 6.0 NI
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20 Example 49 [0458] Example 49 describes the usefulness of a
compound of this invention in treating cancer as demonstrated employing
a 1-1460, non-small lung carcinoma xenograft mouse model. Female
CB17/SC1D mice (purchased from Charles River, Cambridge, MA), 7-8
2p3veeks ok age, were allowed to acclimatize for at least thrge days, and
handled under WO 2007/002931PCT/US2006/025881 pathogen-free
conditions. Human non-small lung carcinoma cell line NCI 14460 was
obtained from the Amerigan Type Culiyre Collectiegy The cell lines were
cultured and harvestedigsdgescribedimdxample 4-6@bove, and inoculated
at 3 x 106 cellg/ animalifedipieepefiton@alisubcutanedus space. When the
tumors grew tq aihavisstgeevalume of2 100 mm3 5¢ddy 8).leach group of
mice (ten per grobpNwascdtminibicred dorcthdee weeks, as tabulated in the
table below: Compound 25 (2.5mg/m1 in 10% PEG; administration route -
Compound 24 (0.3, 0. 1me1 xdQ¢PEG, administration route - i.p.) and
Taxol (1 mgiplin, 5% %%té? e%{%{‘iﬁ% 7800, A0 S3linSs

administration - 1-v administration of the test compound).

10Treatment p?@t@éélﬂ@&mﬁsl\l@? FrEcedHeann EReIRISETIMg/kg)

110 Vehicle* NA (q id x 5d)/week x 3week 2 8 Taxol 10 (q
R Sk TR 1 3 (8 A GRS ved

hei@onypouwhd @fcentration of 10 uM. The reactmns are stopped at O (pre-incubation), 30,

60 and 120 minutes by quenching with acetonitrile prior to centrifigation and analysis by
high-performance liquid chromatography (HPLC) in conjunction with tandem mass
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 to de:;ermine
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 heighis 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. Concenirations of Compound 25 and its
metabolite(s) in plasma are determined by a LC/MS/MS method and mean pharmacokinetic

parameters are computed.

Example 44
Mass Balance Study in Rats
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1 (gld x 5d)/week x 3week Taxol 10 (gq2d x3)/week x 2week 5 8
-Compound 24 3 (gld x 5d)/week x 3week Taxol 10 (g2d x3)/week x
2week 6 8 Compound 25 25 (glclx 5d)/week x 3week Taxol 10 ( 2d
x3)/week x 2week - U70.VEU [0459] The body weight and Minor volume
was getermined as described in Example 47 above. Resulis{ortmeisss
growth inhibition measured on day 27 are as tabulated below.
Comparisons were made on day 27 because that was the last day of
[0#dehsdfemeltrdfoiteirent Bishitie grollynd tose aninmswels Saurifiosd.

255U Y IRIRLIRAME < S ORI (#fAHRIZne, feces and are collected at specified
times and concentrations of total radioactivity are determined by liquid scintillation counting
(L8,

Example 45

Quantitative Whole Body Autoradiography
[0446] Sprague-Dawley rats are administered a single intravenous dose of 14C-Compound
25. At specified times, one rat per time point is euthanized. Blood is centriﬁlged to obtain
plasma, and the blood and plasma are analyzed for concentration of radicactivity. Frozen rat
carcasses are embedded in 2% CMC, frozen into a block and sectioned at 40 pm in a Leica
CM 3600 cryomicrotomne. Collected sections are freeze-dried, mounted and exposed on
phosphorimaging plates along with "*C autoradiographic standards for subsequent calibration
of the image analysis software. Exposed screens are scanned using a Molecular Dynamics
Storm 820 or §60. The concentration of radioactivity in select tissues including adipose
(brown and white), adrenal gland, blood, brain (cerebrum, cerebellum, medulla) bone, bone
marrow, cecum and contents, epididymis, esophagus, eyeball (Uveal tract, agueous humor,
lens), Harderian gland, heart, kidney (cortex, medulla, papilla and entire section), large
intestine and contents, liver, lung, lymph node submaxillary), pancreas, pituitary gland,
prostate gland, salivary gland, seminal vesicles, skeletal muscle, skin, stomach (and
contents), small intestine (and contents), spleen, spinal cord, trachea, 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. Ulirafiltration is performed by aliquoting plasma spiked at
three concentrations with Compound 25 into a Centrifree® 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 ultrafilitrate is spiked with the 1.S. (deuterated
Compound 25) and analysed using LC/MS/MS. The ultrafiltrates are analyzed and quantified

using human uitrafilirate standards for the calibration curve.
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39.9 416-32.7551.523.3656.831.7236.7- 10460] These results
demonstrate that daily doses of 3 mg/kg of Compound 24 and 25 mg/kg of
Compound 25 inhibited tumor growth and that Compound 25 had a
slightly greater benefit both as monotherapy and in combination with taxol.
Thesewefigsets were accompanied 20by mild weight reductjQns, pagticilanly
in the Compound 25 + taxol group. WO

2007/00293IPCT/US2006/025881 [0461] Using the mouse to HED
conversion, Compound 25 can be administered at a therapeutically

effective dose of 2 mg/kg/day, for the trgaiment of cancer, particularly lung
cancer, alone or in combination with Taxoirm, and Compound 24 can be

[048iniFsrende‘drdstverapetticaryfeesiie cRigeeBrbos S dyiRyienlp sr'ine
caléGatmentel sances. RarticelrilybdungcancehBlengandddombination
with TaxolTm. Example 50 [04621 Example 50 describes the usefulness
[0abp compRUIEH oRhib inlentiechind datindhedncBivas Gemoidgtrated, 7-3
wegema '”gé ?g%%?lg WmAR GRS ENoMAXeRRIIAIRRYRAAAde!. 10

mice (purchased from Charles River, Cambridge

Pafinaynee: wadidonT. dgenHeRoaIfevEaTd SEdi éﬁ%@%‘faéf’\’é%?dtﬁ}%%%ys
Axﬁé}iidﬂaﬂ@@dm&&ﬁﬂ@ﬁem}fieﬁmﬁﬁdﬁ@ﬂﬁuﬂtwm&nmun@mm&ﬁma cell

e HT?2 tai from the A rican T ure e

LS W A G P R ok L S aat s et D
styaﬁ@;m@b@Ié’fezapap@sms@@@@ﬁ@%ﬁmmwwném@ﬂ@s@ gtﬁbédpaﬁ@&ﬁaémmal
in %Q%ﬁta%%ﬁbﬁa%@om%@ gieWn e SAYRIAER NOMmMReELAMmIS (day

ach group of mice (ten er oups)t % dgiunlste ﬁ%cg%&gv(eaqmd
m‘ﬁs( 2R 8laFRH TR Sabd RS SR EEMRBSINd S AR T65PEGY:
and@Rihistraltita radile Giopp, ﬁdﬂmea@éf@ Ainpelorel G-y B eispleditrin in

Pé%@%%aﬁ}ﬁ@é@@ﬁ”&‘%%ﬁﬁ@ﬁ jRatiantharanysasissheduled;
U alone (in saline), or CDDP alagne. ﬁ%&ﬁ:%%ér’giﬁt proto oI G ouprﬂ’glce

C@F@?PA%?&@%S@M@R&%%%@E %988? é’Tﬁq iV °G3d’X 4 8

mpAHEE SFU (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.

[0450] The body weight of each mouse was recorded twice per week. Growth of each

xenograft was monitored by externally measuring tumors in twe 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 weekly.

{0451} Adminisiration of Compound 36 at 20, 60, and 200 mg/kg/day each reduced tumor
growth compared to administration of vehicle alone. Administration of a combination of
Compound 36 and 5FU resulted in greater and dose related inhibition of tumor growth
compared to vehicle. In addition combinations of 60 and 200 mg/kg of Compound 36
reduced tumor growth to a greater degree than SFU alone,

Group Treatment (mg/kg) % Inhibition vs
Group 1 Group §
2 20 34.6 -
3 60 16.1 -
4 200 20.2 -
5 20+ 5FU 35.7 3.3
6 60 + 5FU 46.9 i3.3
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50 iv, q3d x 4 4 No treatment N/A N/A 4**9 Vehicle (saline) 10 mi/kg i,
(gld x 5)/week x 3week Eiall Ea 7** 9 5-FU 50 iv, q3d x4 9 9 CDDP 5 v,
once Compound 24 3 ip, (gld x 5)/week x 3week ip, (gld x 5)/week x
3week 8**9 Compound 24 6 9**9 Compound 24 5-FU 6 50 ip, (gld x

S)werkosdyyeek iv, 3d x 4 PCT/US2006/025881

7 200 + 5FU 58.2 23
|8 5FU 38.7 -

[0452] Associated with these anti-tumor effects, there was some degree of weight loss and
occasional mortality, particularly in the group treated with the high dose of Compound 36 but

in other groups as well. ‘Overall, Compound 36 showed varying rates of tumor growth
inhibition.

Example 48
[0453] FExample 48 demonstrates the usefulness of a compound of this invention in treating

cancer employing a NCI H460, human colon carcinoma xenograft mmouse model.

[0454] 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. Fuman colon carcinoma cell line NCI H460 was obtained from the
American Type Culture Collection. The cell lines were cultured and harvesied according to
the procedure described in Example 47 and inoculated at [ x 10° cells/ animal in the
peritoneal subecutaneous space. When the tumors grew to an average volume of 100 mm®
(day 8), each group of mice was administered for three weeks, as tabulated in the table below:
Compound 25 (2.5 mg/ml in 10% PEG; administration route —.p.) and Taxol (1 mg/ml in
5% BtOH, 5% Cremophor and 90% saline; administration — 2.v. 2 h after administration of
Compound 25). The body weight and tumor velumes were measured as described in

Example 47 above.

Treatment protocol
Group Treatment Dose Regimen o
(n=10) (mg/kg)
la* i Not Applicable (NA) NA NA
1b* Saline NA (gld x 5)/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 (g2d x 3¥week x 2 weeks
5 Compound 25 100 (q7d x 1)/week x 2 weeks
6 Taxol NA (q2d x 3)/week x 2 weeks
7 Compound 25 25 (qld x 5) /week x 2 weeks
Taxol 10 (q2d x 3} fweek x 2 weels
8 Compound 25 50 (g2d x 3) /week x 2 weeks
Taxol 10 (q2d x 3) /week x 2 weeks
9 Compound 25 100 (q7d x 1)Y/week x 2 weeks
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10**9 Compound 24 CDDP 3 5 ip, (gld x 5)/week x 3week iv, once 11** 9
Compound 24 CDDP 6 5 ip, (gld x 5)/week x 3week iv, once 12** 8 No
treatment N/A N/A *- tumor location flank; ** - tumor location peritoneum:;
3d = every third day WO 2007/002931PCT/US2006/025881 [0463) In
cathad-greups, tumors were implanted in two locations as Rar:efsepakate
study of effect of location on control group tumor growth. These results
had no impact on the interpretation of the study and all treatments were

compared tothejyehicle group witly tumaors or(qhe;sameeaztezgfvtm:sbo@
i volume were sured as described 51n

Exarﬁ?ﬁI "47. Tumor éro’v_\_/th inhibition measured on day 25 when vehicle
tumeHY #hd FeaEHRE Re ket AhimaE Ty 8lp were
[04s8Frificediis sepulatecibe o Eranpsd tnhibittonolenGreusd Grot 6 1449 -

Whgn%%h%cié %‘eg'ég' mice had reached a volume of 946 mm®. Groups of 5 mice receiving

saline or no treatment were added in order to indicate any vehicle effects but are not used for

comparisons in this analysis.

Group %% Inhibition vs
Group 2 Group 6

3 50.1 -

4 52 -

5 46.7 -

7 65.9 38.8

8 63.1 31.7

9 52.6 12.5
L 6 46 -

[0456] The results demonstrate that all three regimens for dosing Compound 25 provided
similar degrees of tumor growth inhibition and that combination therapy, particularly with
every day dosing provided additional benefit. Each combination therapy was associated with
some degree of weight loss but not large enough to cause any mortality. Overall the resuits
indicate that Compound 25 is efficacious in this model of lung cancer and provides additional

benefit to that provided by the standard chemotherapeutic agent, taxol.

[0457] Using the mouse to HED conversion, Compound 25 can be administered at a
therapeuticaliy effective dose of about 2 to about 8 mg/kg/day, for the treatment of cancer,
particularly lung cancer, alone or in combination with Taxel™ wherein the daily dose can be
administered with a decreasing frequency of dosing for higher doses compared to lower

doses.

Example 49

[0458] Example 49 describes the usefulness of a compound of this invention in treating
cancer as demonstrated employing a H460, non-small lung carcinoma xenograft mouse
model. Female CB17/SCID mice (purchased from Charles River, Cambridge, MA), 7-8

weeks of age, were allowed to acclimatize for at least three days, and handled under
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28.91053.224.8 ,1150.720.9559.3 - 6 37.4 - [0464] The results
demonstrate that Compound 24 as monotherapy resulted in tumor 10
growth inhibition of slightly more than 40% whereas combining Compound
24 administered in combination with CDDP or 5FU provided about
507 % growith inhibition. According to this Example, the mgskiszonsn2sssi
therapeutically effective combination was that of Compound 24 and 5FU.
The effects on tumor growth were associated with minor decreases in
PokdghtsTof theditive. ddving: treatmelinthoweyerthednige racoNered,the lost
meat@sﬁeghmﬁm&ff@@m&t - 43104051 bising fhe mouse fo HED,
conversion, Compound 24 can be administered a erapeuti Ay

N BS&?@%%%%%F@S@?HWR@M&W I@rQHé’/taewmﬁentlmf
pedinger, pacticulary gaten wancer; alane gei oMb With SR ahm?

I 20[0466 E m le 51.descri e usefulness of a
: (Cgc?rg ounag Hﬁ?h?ﬁﬁ\ee%ﬁo i t??lpg cgnce‘cr’te %Wgt‘iyﬁ%ﬂ Ehhdpiadin
the fabis el %‘fﬁlﬁﬁﬂ%é%ér@ﬁ%ﬁiaﬂx]é}%@%h aﬂm&mded)ut%emﬂl}z
CﬁBﬂdﬂﬁQ@UﬂlQﬁl(ﬂyfﬁhﬁ%%ﬁm ﬁhﬁﬁk@:%t%?{%m@aﬁﬂ 088V £l in

§ o;of’l S ¢ eorallo to accllmatlze for at least three days, an
er p oanen %&%ﬁﬂ%‘ﬁgs EitiRRart- Pio?nhﬁ?ﬁ%{lla@@}ﬂﬁﬁfémn of the
teéb?%%m?ﬁbell line NCI H46O was 25 obtained from the American Type
Culture Collection. The cell lines were cultured and harvested as
10 described in Example 47 abové&ngimdatated at 3 x 106 cells/ animal in
the WQ, 2007]/00£931PCT/US2006/02 peritonealsubcutaneous
space. WhEh thatumors RPN clvé?ga%g)volume ofeF¥mM3,

treatmentywas! inijigted in wg;ghegroups % AO mﬁ) de \/\?ge1¥ rycle
(GFOLID_IZ;"C‘D‘D'PE&‘FS or6 Lfr%ﬁ)[g \UI 2-ane-3;respective Y nn‘E
[ Iln O':. tin

time) \,Gmpound""’Sz O-hgikg-in-salin eeks
(Groyip4¥-€o ..pcgim Om iy %ﬁ:%@'\' g e@ery WS ag¥rsee s tinskd

(Group 5¥or the combinatt 05? %%h dosk of CEHhBARH s widvesther 3

or 6 myfkg of EBBP-¢ C’oﬁlﬁ a1 raﬁoénr\f \fféﬁ\?i RRE }I‘n?rWr?ﬁ[ﬁ s

receilingB0 mg/k§ of Compau oun % 5 are ffgustra %9\ g,!l %) dTé“fLee}fl jure

2 shows similar results {gr 1 AH‘QSK of ¢ompo

resulc{s pérformedg\/vith a satipg,fonmlated yersjo d}gﬂéﬁﬁpﬂg{i
demdnsitat@s@nificant dose related decréase in tumor voiume and
JRrpase in rowth delay with a d dose of 50 mg/kg, and 100

[ ﬁ with | gﬁ,}? r q{uagé?u %%lr%/gy\::%%“égés% %Bntﬁ%?t‘grﬁ?ff&g tibFiruRnt?

ﬁiﬂ@’fkg’ﬁaﬂy fapsEncor Heselvatabdiso Wemuonbtratethatbothidosing veigimens

cadﬂmahexﬂﬁeﬁizsi%&?&agbﬁ m&%m&@%d%@m&&sg}gﬂ@%m%ﬁggg HED
15 V&?t& ersmnahg:%mspo 5 can b dministered at a 15 therapeutically
ec

(1%

=}

Ou%oses or 114185806 %?%g/kg/day, for the treatment of

cancer; p . tion with 5FU or

A Lonws.
CDDP, wheréin the d aity “3"65?5 admtnisteredith a decreasing
fregueney %f dosingifor-higher doses rnmnar(}\) to lower doses.
20Example-52-104691-E Exaiple 52 describes the u efulness of a
COlllpuunﬁlrng this-inyention R treating cancéf-As demonstrated employing
a HT=29; h%mau colon \,ansiggma Xe *:cgra.jitﬁouse model. Female
CB17/SCiDymice (pprehasggh-from-Cpartes-River;-Cambridge, MA), 7-8
we€eksof

[0460]  These results demonstrate that daily doses of 3 mg/kg of Compound 24 and 25
mg/kg of Compound 25 inhibited tumor growth and that Compound 25 had a slightly greater
benefit both as monotherapy and in combination with taxol. These effects were accompanied

20 by mild weight reductions, particularly in the Compound 25 + faxol group.
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age, were allowed to acclimatize for at least three days, and handled
under pathogen-free 25 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 and inoculated
alvd xd:Q0-0eils/ animal in the peritoneal subcutaneous spaeg, \Mhenhe,
tumors grew to an average volume of 100 mm3 (day 8), each group of
mice (ten per group) was administered for three weeks, as tabulated in the
[o4tatple belpwheGanieou HEER S dnveaiine C30pdmitiStrationarbuitéstergd. at a
administrat h before,C inati I '
B e A e
canpeR T 29 31 PeriETooBI0EE8E 1 G PR 8Y Tashaatipiaitsrby o
helipaikedAdminist aion Regimens 1.5 alned Deaifgt (Fdan &} waekakarly
| ngaen%lérzagQDE‘s Once t%omﬂg%@gcg& 50 (qd x 5)/week x 2we-e-It
U‘néompo’undl?g fbf)ef%] X él)mvee X 2week Compound 25 100 Q3dx 5
Compound 25 100 Q7dx 2

Example 50
[0462] Example 50 describes the usefulness of a compound of this invention in treating

cancer as demonstrated employing a HT-29, human 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
Cuiture Collection. The cell lines were cultured and harvested as described in Example 47
above, and inoculated at 3 x 10° ceils/ anima!l 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 route — . 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 protocol
Group | # mice | Test Article Dose Routes, Regimens
(mg/kg)
1% 8 Saline 10mldg 1iv,g3dx4
2% 8 5-FU 50 v, g3dx 4
3% 4 No treatment N/A N/A
4k 9 Vehicle (saline) | 10ml/kg | ip, (qld x 5)/week x 3week
Sk 9 5-FU 50 v, g3d x 4
6¥* 9 ChDP 5 iv, once
kil 9 Compound 24 | 3 ip, {gld x Syweek x Iweek
Jak 9 Compound 24 6 ip, {qld x 5)/week x 3week
Ok 9 Compound 24 6 ip, (q1d x 5)/week x 2week
- 5-FU 50 iv, g3d x4
10%% 19 Compound 24 |3 ip, (qld x 5)/week x 3week
CDDP ) iv, once
11¥F 18 Compound 24 | 6 ip, (qid x 5)/week x 3week
CDhDP 5 iv, once
12%*% 18 No treatment NA I N/A

*. tumor location flank; ** - turmor location peritoneum; Q3d = every third day
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Compound 25 50 (qd x 5)/week x 2week CDDP 5 Once 8 Compound 25
100 (g2dx3)/week x 2week CDDP 5 Once 9 Compound 25 100 g3d x 5

CDDP 5 Once 10 Compound 25 100 q7d x 2 CDDP S Once [0470] The
body weight and tumor volume was determined as described in Example

4¥oRataane based on tumor volumes at day 25 when tumQrs i thieorsss:

vehicle group had reached sufficient size to require that the mice be

sacrificed. The results of inhibition of tumor 5growth are tabulated below.
&ty posdvibitiorpydumors were implanted in two locations as part of separate study

of effect of location on control group tamor growth. These results had no impact on the
interpretation of the study and all treatments were compared to the vehicle group with tumors
on the same are of the body. The body weight and tumor volume were measured as described
in Example 47. Tumor growth iahibition measured on day 25 when vehicle tumors had

reached the maximal size and animals in that group were sacrificed is tabulated below

Group % Inhibition vs
Group 4 Group 6

7 44.1 -
8 421 -
9 71.1 28.9
10 53.2 24.8
11 50.7 20.9
5 593 -
6 37.4 -

{0464] The resalts demonstrate that Compound 24 as maonotherapy 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 ighibition. According to
this Exampte, the most therapeutically effective combination was that of Compound 24 and
SEU. The effects on tumor growth were associated with minor decreases in weights of the

mice during treatment; however the mice recovered the lost wei ght after the end of treatment.

[0465] Using the mouse to HED conversion, Compound 24 can be administered at a
therapeutically effective dose of about 0.25 to about 0.50 mg/kg/day, for the treatment of

cancer, particularly colon cancer, alone or in combination with SFU or CDDP.

Fxample 51
[0466] Example 51 describes the usefulness of a compound of this invention in treating

cancer as demonstrated employing a H460, non-small lung carcinoma xenograft mouse
model. Female CB17/SCID mice (purchased from Charles River, Cambridge, MA), 7-8
weeks of age, were allowed to acolimatize for at least three days, and handled under
pathogen-free conditions, Husnan non-small cell lung carcinoma cell line NCT H460 was
obtained from the American Type Culture Collection. The cell lines were cultured and

harvested as described in Example 47 above, and inoculated at 3 x 10° cells/ animal in the
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Group | Group 2 28.2- 30.1 531.3 648.1-750.730.8844.227.59
36.221.511051.8 33.2 L2 24.2 - [0471] The results demonstrate that
‘monotherapy administering Compound 25, formulated in saline, at '
50mg/kg/day and 100 mg/kg/day with a variety of dose regimens results in

InbitieReeftumor growth in this model of colon cancer, aqumt,_&(,%;g@@pt
combination of 10 Compound 25 and CDDP enhanced the effectiveness

of Compound 25 for treatment of colon cancer in this mod.el. These effects
pevereshetempaniediy nodestibodiveighl l0ss, MRS IMIPS! 100 mm’,

e he
e B R S R T
6 mg'kg (Groups 2 and 3, respectively, /¥ one time), Compound 25 at 50 mg'ke in saline 3
times per week for two weeks (Group 4), Compound 25 at 100 mg/kg every three days for 5
times (Group 5) or the combination of each dose of Compound 25 with either 3 or 6 m gkgof
CDDP (Groups 6 and 7, respectively). Results for groups receiving 50 mg/kg of Compound

25 are illustrated in the Figure 1. Figure 2 shows similar results for 100 mg/kg of Compound
25.

[0467] These results performed with a saline formulated version of Compound 25
demonstrate significant dose related decrease in tumor volume and increase in tumor growth
delay with a dailly dose of 50 mg/kg, and 100 mg/kg with less frequent dosing compared to
that employed for the 50 mg/kg daily dose. These data also demonstrate that both dosing
regimens add to the effects of CDDP in this model.

[0468]  Using the mouse to HED conversion, Compound 25 can be administered at a
therapeutically effective doses of about 4 to about § mg/kg/day, for the treatment of cancer,
particularly lung cancer, alone or in combination with 3FU or CDDP, wherein the daily dose
can be administered with a decreasing frequency of dosing for higher doses compared to

lower doses.

Example 52
[0469]  Example 52 describes the usefuiness of a compound of this invention in ireating
cancer as demonstrated employing a HT-29, human 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 EBxample 47
and inoculated at 3 x 10° cells/ animal in the peritoneal subcutaneous space. When the
tumors grew to an average volume of 100 mm3 (day R), each group of mice (ten per group)
was administered for three weeks, as tabulated in the table below: Compound 25 in saline,
administration route — i.p., administrated 2 h before CDDP on the days the combination

therapy is scheduled and CDDP (in saline, IV).

Treatment protocol
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[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
agmmnisterssh with a decreasing frequency of dosing for higherndeses:3ss1
compared to lower doses. Example 53 [0473] Example 53 describes the
usefulness of a compound of this invention in treating cancer as

Ersrmonstreagdisiviployingl2o#d460, nddsimstabimgRearaiaemal xenograft
(Biotse 10 model. Fermnadm@¥®17/SCID mice (purchased from Charles

! River,|(Cafbridge, MA}I7o8kgeckgbt Aljecdiaravadtbwed to acclimatize for

atleast4h s,-ahd_handled @8ger pathagen-free conditions. Human
LS PRI, weJ,L_@g,Nm HASO R AT Bk iRAH el m the American Type

Culturvmﬁ%tgﬁ The Xl line vested as

ad 2y 1300 103 xS o i
uUDbll LU |JI S arto—H1 t\,Ur At KL mal N the
6 Copipomad 25" 1 100 ﬁff orS.arew ﬂ

7 peritoneq RUIEHiRNenHS space: en {Vae t-'mu S-gt 0 an average
volumacqj]ﬁoo mm3, freatment w n:faY{e in wvﬁlg groupc, of 10 mice

g receivedoyglaiclg 15T ), CODP q%x@)/%éﬁ%@%e re-time;-Group 2),
Comppap25 at 150;mg/kg in sglipg, once a week for two weeks (i.p.,

9 Group 8hugfotivd zomMbination of fedwe agents (Group 2).{0474] The
results SBORN in Figuré 3 demonsisate that 150 mg/kg per week of

1Compptiedp2and3provided greatey7dedriction in tumor growth than CDDP
alone fat the comibhination ofte two agents resulted in added

benefit. These results also indicate that during the two week period of

{odtmlngfmea@ﬂytwmgft\Aﬁ&kﬂiﬁﬁ%ﬂ%%%ﬁﬂﬂﬁf&%@&&%@%%QJ%;BQ'EP
ftu or rowth Thefe dataéndlcat that Compound 25 administered at

Sr a7°1<g/°o11ay 2 MonBthatapy  oneerdasKnibesiibsrenaleashahe
“@%@ﬁ’i@sré@i@n@flwﬂé@umdmn the=@%ipeécBtiingseiani pleb{bxamples
oréth 2) litle.ehangs,in body weight was observed suggesting reduced

toxicity with this dosing regimen. [0475] Using the mouse to HED
conversioG:egmpound 25 Canibigadministerad at a therapeutically
effective dose of 'M“* 12 m"”/ fday.-for the freatment of cancer,
optionally adminlsteredra'f frequen%')?%?%nce every week, particularly
non-small_cell lung cang&? 30 dlone or in combination with CDDP.

Example 54 W0 2007/802931PCPUS211116/025881 [0476] Example 54
describ s efﬁmm of Cétpound 25 via an ip Bolus injection or ip infusion
alone o ,atinn‘*&filrh Cigplatin in H460 xenografts mouse model.
Female-Nu-Texnahu hoh.f’?zygouc r"l/?ﬁkf”rnu;;ep(pur(:hased from Charles
River, Cambridge !\/I/—\),5 5 e 5-of age)were allowed to acclimatize for at

least thre g n-free conditions. Human
colon Céébillgllld gelt iiug;L T29-was-obtained-from the American Type
Culture Cottection—Thecelttines-were cultured and harvested as

0descrlbed in Example 47 and inoculated at 3 x 106 cells/ animal in the
[0 e onBarshibt drRARYiate s cemphrarpiréminites ngrSantran Afefagelated
inyaiomet 66AORyiyi eﬁdﬂM)S)ng@gfalegmMﬁ @tﬁi&@?&f%@%@ﬁ@%ﬂ% in

.nﬁgﬂq&i%%g thre eeks, as ulated |n table below: compound
™0 Cllomgsgunrd 5 ormufat o e?séc g @;f A& Lt combination of

Comennmars M?@!ﬁ@n%éﬁh%%fﬁam@algsh@Mc@mﬁ fontthendaysitheon
caﬁ&ﬂblﬂlﬁllﬁﬂd&e@@%@fﬁﬁ%%@éiéﬂ%&ggﬁ INRlngalMed, FAINCN e o

in 1ré)tcc{)nc l(grlglgljgg est Article Dose m%h imens Dose Concentration:
6se Volime SSahfd tF3e 874 bodyyrighkyr e DbPrerovrel x 2
enged mg/mL : 10 mL/kg
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Compound 25 150 Q7d x 2 15 ing/mL :0 riLikg Compound 25 150 q7d x 2
15 mg/mL : 10 mL/kg CDDP 6 q7d x 2 0.6 mg/mL : 10 mL/k: 5 Compound
25 150 Q7d x 2 10 Ing/mL : 15 mL/kg 6 Saline 0.2 ml 200 pi, - 1 week x2*
0 mg/mL :1 pL/lar 7 Compound 25 "- - 15 mg,/m1 1 200 pl- - | week x2*

18iNgiMbezeditL/hr -, 2W pl.. br | week x re-implant new ppyap &4, ths.end
of one week). 15 [0477] The body weight and tumor volume was e
determined as described in Example 47. The results are indicated in

[o47igu f%n% he ﬁ@lﬁ%imm&haérs\zwhile&m&&a@@asﬁmlmmi@t@fed at a

. Compou 5 alone or in combination with P js efficacious, .
TN CEcH AC BBt el 5 RO o cancer
pattenlefiy imthenabatihieng ofcertalnnean cersnseichias WHntSPREN chitimige

daf%%%&ﬁ%&/&q)gm%?eéé Giempreund2s Andeameiahinecapmbinatian

compared to lower doses.

Example 53
[0473] Example 53 describes the usefulness of a compound of this invention in ireating

cancer as demonstrated 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 to acclimatize for at least three days, and handled under
pathogen-free conditions. Human colon carcinoma cell line NCI H460 was obtained from the
American Type Culture Collection. The celi lines were cultured and harvested as described
in Example 47 and inocuiated at 3 x 10° cells/ animal in the peritoneal subcutaneous space.
When the tumors grew to an average volume of 100 mm’, treatment was initiated in which
groups of 10 mice received vehicle (Group 1), CDDP at 6 mg/kg {1V one time, Group 2),
Compound 25 at 150 mg/kg in saline, once a weelk 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 admimstered 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). Little change in body weight was observed

suggesting reduced toxicity with this dosing regimen.

[6475] 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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[0478] A combination of Compound 25 and gemcitabine was administered
to nude mice that were carrying tumors derived from type MlPacaZ human
pancreatic cancer cells. 25MiaPaca-2 tumor is a highly invasive, rapidly

growing tumor that results in death with 20- WO

260 7002834PCTPUS2006/025881 30 days in untreated apimasndiss:
tumor cells had been transfected with the gene for red fluor_escent protein.
Mice were administered doses of vehicle control, gemeitabine, Compound

(V3501 C drporind s oitge nititalinE @umpolUlith 251 orBbInatiRRs @ror i

mg@mx@/imlamﬁlig&i@ﬁ%ﬂ%%gﬂvg
' . Compounds 2 ! :
i m@%ﬁ@&% BB AL BREh iR E O Chag s BivepSmebrdae, MA), 6

Nu-Foxn
provided

g

administerad |

5 25 were form

aﬁss 1t%quel a;[oegeip%(%va 8

INn saline an

wEkméitabine wdlsebtainedicommanciallyanddgpreparas freshly aseerding

pat@omAnpfactyrers insiryctions, Treatment.

e

W,
geks

{o Sameound pose

/kg) | Oml/kg Schedule (cice x 5)/we
A’g%%%?t)&ﬂﬁ gﬁ@%ﬁ&%ﬁ%@@% s St EpspBrs IR0 dythersitwe ekdordbed

inWeeksid/Campainti2d£3qd of Sweskiar2 mepks. LR MELRRIRG. 2000
Wﬁei We ﬁkﬁo&g@d}’ %uannda\ge?a%g 48915(35(% %%ergiilg r(éjy\é ,e eka%h group of mice {ten per
group) was administered for three weeks, as tabulated in the table below: compound
Compound 25 (formulated as a 15 mg/ml saline solution, administration route — i.p.,

administrated 2 h before CDDP on the days the combination therapy is scheduled and CDDP
in saline, TV.

i5

20

Treatment protocol
Group | Test Article Dose Regimens Dose Concentration:
{mg/ke) Dose YVolume

1 Saline 10 Q7dx 2 Omg/mL : 10 mL/ikg

2 CDDP 6 Q7dx2 0.6 mg/mL : 10 mL/kg

3 | Compound 25 150 Q7dx?2 15 mg/ml, ; 10 mL/kg

4 Compound 25 156 q7dx 2 15 mg/mL : 10 mL/kg

CDhDp 6 q7dx 2 0.6 mg/mL : 10 mL/Xkg

|5 Compound 25 150 Q7dx2 , 0mg/mkL : 15 ml/kg

6 Saline 0.2 mi 200 pl - 1 week x2% O mg/ml :1 pL/hy

7 Compound 25 15mg/mi 1200 uL - 1 week x2* 15mg/mL: 1 pl/hr

*

- Alzet pump, 200 pL for 1 weel x 2 (re-implant new pump at the end of one week).
{0477} The body weight and tumor volume wags determined as described in Example 47.
The results are indicated in Figure 4. The data indicate that, while continuous application of
Compound 25 alone or in combination with CDDP is efficacious, intermittent, such as once a

week dosing can provide greater therapeuiic benefit in the treatment of certain cancers such

as non-small cell lung cancer.

Example 55
Compound 25 And Gemeitabine Combination Therapy

[0478] A combination of Compound 25 and gemcitabine was administered to nude mice
that were carrying tumors derived from type MiPaca2 human pancreatic cancer cells.

MiaPaca-2 tumor is a highly invasive, rapidly growing tumor that results in death within 20-
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Gemcitabine 200 qw x 3 weeks Compound 24 6 (qd x 5)/week for 2
weeks - very ay; qw r= every week. 10 [04791 Tumors were imaged once
weekly until the end of the study at which time open body images were
obtained to confirm effects. In Group 1, the tumors grew rapidly (Figure 5)
an recultedsin 100% lethality by day 30 (Figure 6). [0480]getaupsdiand4
resulted in minor effects on tumor volume and had little effect on survival.
Group 2 significantly reduced tumor volume and prolonged survival.

SGtet e sl it drctiestred udiormi tamomsizecb utinatadditionated

ﬂeﬁeﬁ&q&@aﬁyMalcé%mt&%&s%f&v&émaﬁag%ﬁﬁo%' Qﬁ‘i‘&?‘@%n%

duce‘gglg: row nds nlflcantlé prolonged survival comparéd to
VRS

S SSdPhitigTafee sereshisnt
Cawaqs«mm asheftpesotdailec it bokes cence/ grighre MmR483d 24 and
2Foucalibeseymarsemainethat zeiaduniasence utl he end of the

eriment 2 and the tumors weré considere e cured. f(ﬁﬂars in
P‘E?’ré*ﬁp@m“ S ey ﬁfévéaﬁféaﬂ?ﬁ@%ér%@a@@émmm that
menfisinesionneatiment with Compound 25 and gemcitabine is of greater
benefit in this model of cancer compared to monotherapy with the stand of
care, gemcitabine. These resiiltsidenipnstrate that tumor reduction in
animals_administered with a combination of Compound 25 at 30
mg/ASEHBa /Qﬂmp?}mﬁimtab réoks @Hglgnificehtigugreater than that infanimals
treafed-wit < erdfkgle agefad [0ABRPds thedouse to
IEBeonver gﬁnﬁlﬁa@%m. 14095 can be AfiRiSterslisat a therapeudtically
effuztive do leg? il \_251' 2 R3?ng/kg/dn\/ f&ﬁdrﬁé)ﬁiﬁ@ﬁﬁ@r& @ﬁ@ﬁncer.
pa t‘§,uian E)%i’rli\éiﬁt% €an :
56 [0483]| ) ot cf
huran disvggggg%@ﬁiug%wm maybe't Aé‘gﬁaﬁés@&%%ﬁlﬁém metime
much greater; STgcessary-t I JENTay ficial-effeets-.To
OHIRILUOSES 1Tg y1o ‘“("cq“si)fdveeﬂ‘f'm oks
detem”qme@gp;gpflaﬁgg ya'ggéi[ouw of admititstering-Such a{,c*lqpound
Q?n essary to understand its tOXICI]y Routinely, initial approaches to

rMInInG the IR SR VBT tHETHaeeat rSdisradisty Bishiiloe toen
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gencitabine is of greater benefit in this model of cancer compared to monotherapy with the
stand of care, gemcitabine. These results demonstrate that tumor reduction in animals
administered with a combination of Compound 25 at 30 mg/mg/day and gemcitabine is

significantly greater than that in animals treated with gemcitabine as a single agent.
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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.

{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
[0483] It is recognized that efficacious molecules for treatment of human diseases including
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 o 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:
Xy
N
OzN"</ \ NH
I\N/le O\ P/ Xa
g

wherein each X, are both CI or Br.

2. A compound of claim 1 having the formula:

Br

5

N
M £ Br

c

3. A compound of claim 2 having the formula:
cl

OQNF’{ml/O\ /NH

O//p\ﬁ/\/CI

4, A pharmaceutical formulation comprising the compound of any cne 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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