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Phosphat e- beari ng Prodrugs of Sul fonyl Hydrazi nes as
Hypoxi a- sel ective Antineoplastic Agents FIELD OF THE

wONMEsNBIEH The present invention relates to PCT/US2005/033641

IR R -
Met hods of treating nempinespmastiesgaital |y i ncl uding

cancer are additional aspects of the present
i nventi on. RELATED APPLI CATI ONS Thi s application

clainms priority fronFELS-opmeN IBVENTIOAPP! i cati on
nunmber US60/61 1,623, filed Septenber 2 1, 2004; U. S

provi si onal application nunber US60/61 5,419, filed

OCT??@EFesént |3@Qﬂ|on5?félgtéé t@m&é&bﬂcélﬂ;ﬂé@ﬂvaﬁﬂ@uﬁ@l@}l lhgﬂrazme
nunber US60 filed Cctober 6,2004, eac

mdeSa@blHS& a¥h161H59 agtlnttrm@rqﬁyv%x BangpMals. Medheds of dreating
I'I]:_ébéilé§a G b[‘,l%?})’ inc RN SFadbffbndMBEREts Githe present

dicat dtunors requires s rateglesthat
iadentiss t he vi abl e popul ations of malignant cells

wi thin hypoxic regi opg| ﬂﬁ'EPuRFBPLIW@NSAn i nsufficient
and poorly organi zed vasculature, a ngj o

h i ,
(r:eétl t&ﬁl%&pd&(}l&@s B'ng)tf}’orﬂ U?ﬁ'.: %’Ev%féﬁgﬁ%@%ﬁgﬁ number
pE668kdd 23afiidd Septmubenm p20@f, L8 previsioatl appdicatigmoxinter

' oL, Sl yGh i I he..
O8R5 sakef CRitatedy 204 3na s, Bobiiinel iyl Aifoer
USHDABSI 615&)9uf|lb6 Odtolen &, 2004 gescheafaviien agplidatidrisds iricotporated by
ég‘?{ Wb% totOX|e§ | evel s of drugs (Hockel, et al.

EBge pRiein Indi§ entirely.1 . 5098) . Radi ot herapy is thus
ineffective in these areas as the radiation fails to

generate suffici gptcmag@m o THE SNVENTERI t | n
cytotoxicity (Brizel, et al. Radiother Chcol
53=rafliogyion Wg?%@\ﬂé‘ﬂ“m’c RguisRs ?t(ﬁt?g‘e%Fhaéﬁt’%&eéﬁ the \G?W§§’°P§'at'°“3

& B8ligHahe BelRtRthin Rypsxiccablons fof st fuffRs./A0inSMMciahtand poorly
freq uentl%qres ponsi bl e for the re-establishnent of

Qrogeiaed vasquiaiie pBAIAFIaragtensts,e) Gaioh SFRMEE fHmor masses,
@ELRS PPPdP ofisdhalisn g ndtbitfal BRissure, and a population of cells that

are hypoxic, quiescent or slowly cycling, and distal to the blood supply, thus
inadequate vascularization in solid tumors results in low oxygen and being difficult to
reach with cytotoxic levels of drugs (Hockel, et al. Cancer Res. 1991, 51: 6098).
Radiotherapy is thus ineffective in these areas as the radiation fails to generate

sufficient oxygen radicals to result in cytotoxicity (Brizel, et al. Radiother Oncol.

1999, 53: 113). Moreover, the activity of cytotoxic drugs is also attenuated. Thus
cells from these regions are frequently responsible for the re-establishment of
disease. After treatment with oxygen-dependent cytotoxins such as x-irradiation,
which generates oxygen radicals that damage cellular DNA, and conventional
chemotherapeutics that target the well-oxygenated, rapidly growing portion of the
tumor mass, the resistant hypoxic cell fraction can repopulate the tumor (Stratford, et
al. Anticancer Drug Des. 1998, 13: 519). Moreover, hypoxic cells are subjected to an

environment that enhances the selection of mutations which cause the progression

of the neoplasm towards an increasingly aggressive phenotype. For example,
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whi ch generates oxygen radicals that damage cel |l ul ar
DNA, and conventional chenotherapeutics that target

woOherowakles oxygenat ed, rapidly @ ow ng portion BETIS2005/033641

tunor nmass, the resistant hypoxic cell fraction can
repopul ate the tunor (Stratford, et al. Anticancer

Drug Pes . 1998, 13: 519). Mireover, hypoxic cells are
hymjm sadcts doraselle nieficiemtrine p5341imilatem Iaaop:tesisl érehances mutatlon

oS arSfludles BBNES hE0%ad Tl dPaReiEnce 2oBlBdasds M for
pivesioéyess. (ifchudirexiaIfl @, brydDﬂmlsas asdoenited f/vﬂh aCrﬁd)HeSnetastatlc
defici en 53- rmdléli opt o |s enhances mnut at

phredysa Aot aves. 204y 831 JegaRe,

anglogene3|s and tunor invasiveness (including HF-1
and thus is associated with a nore netastatic
phBFRS’trW?eth@fbé%ﬁs hyapxigrselestivearytotoxins ggnprafy musk pe saistrates for

819@@@0’&94 rechRERR subl 88 NA@PH:BR Bc%hea(@450) reductase The one-

y poxi a-sel ective cytotoxins genera
8lgplsen rrcuised grodiug rasicabtin &i1e wr@u@m%@‘wygm rﬁew cycles back to

SP C edxgrg&lg,pog% 'ﬂﬂ'@g%m@%géi&h Apfhe a%@atﬁfhe%s‘égaé 884 release of

pro presence o
hedwiotexiel @NAWQmagnrtg sm@lepaklemr rp«pommgndlpom élmthemgeductlon of

ﬂ%qgaﬁﬁﬁérﬁéhsoglte%{&egﬁxteﬂﬁw Sné @ g Ba%]ﬁi)v\f r%lle%Qa% e cytotoxic

he cyt ot oxi g spe hypOXI
spaviHst (|Y@ng, etfal. r@m&;uﬁm&a GBDT 52(1) eNitragiopaticamdons

r[)ﬁ%t%réé&? mcﬂ]ﬁ% r@e(dllg/ (@3%% o&egeéﬁgcqroed'ﬁ l\é\cll‘,tlroe ég %Sfro radical

OXi'C species
@00& (KeBbellko 2031, Mhidl Rear 684, i78: 2010, Tihdseaheleeules yedct eapidly with

GBI Bl 5420 o e ey
4re86duckit fultbés) to gEneste Epdlregwbmtme:rcmmltau\re@rarwl tﬁgmwmé] aniline

t t ent a ecu . wever 1n
iSSP olR e 30 G pdn hePulPIee wiibelngy b ArGegaming group
ig SIrengit @ldey@dh QoY hag. ﬂ'ﬁlsdéﬁul’céﬁhlaVrﬁéjoﬁBHaﬁg%GIH the Bfmistry of the

ani |l i ne Lorrrs Waile the nitro group is

APER{F 9 NRier PrYFURAIRY Inagedng jka actiypHen ﬁ%scgﬂ@@pdﬂ@e release of
sdreqngly. el ectron donating. This results in a najor
change 1n the chem stry of the aromatic or

heterocyclic ring, triggering the activation cascade

ansk élhfﬂaﬁrﬁj S§ifs, %fndWéf s gﬁq @ﬁ(ﬁb@ H}Jigw a&ggrtugs (SHPs)

a novel series of I ne proar
witsHibe)ahijijty tp @&r@r@tsuactwg/chl@rog&waﬂag spacies hed been developed

reB&RRASERYIAT 6P, 82965930238, DGR U863 o, 1907;
US005,256,820, 1993; US005,214,068, 1993; US005,101,072, 1992;
US004,849,563, 1989; and US004,684,747, 1987). The anti-tumor activity has been
suggested to result from chloroethylating and subsequent cross-linking of DNA
(Shealy, et al., J Med Chem. 1984, 27: 664).

1,2-Bis(methylsulfonyl)-2-(2-chloroethyl)-hydrazine carboxylic acid 1-(4-
nitrophenyl)ethyl ester (KS119), the current lead compound in the SHP series,
requires enzymatic nitro-reduction to generate the alkylating species 90CE, as
demonstrated in Figure 1. Thus, KS119 takes advantage of the hypoxic, reductive
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recently (Sartorel , 8t al. US006, 040, 338, 2000;
Us005, 637, 619, 1997; US005, 256, 820, 1993;

wo30sH32hd, 068, 1993; US005, 10B, 072, 1992; PCT/US2005/033641

US004, 849, 563, 1989; and US004, 684, 747, 1987). The
anti-tunor activity has been suggested to result from

chl oroet hyl ati ng and subsequent cross-1inking of DNA
(SSWe:zﬂnyent@f salid ’r,umbrsNEtkiusOl:rea’mngl%éxplﬁ?abléiﬁmerence between cells in

ol BB 0 87 S A o

ChOem. ﬂaegmmmtamce%lowoetmmrdc Natl tAvad JdPUSEI 2885, 102: 9282).
requires enzynmatic nitro-reduction to generate t he
al kyl ati ng speci es 90CE, as denonstrated in Figure 1.

ThHswel&] K31t ak&mﬂ&d\lmﬂtﬁﬂ@ lrﬁéqdebas BYIRBH, @ven it has not sufﬂcnent
nment

d f urmrs thus creatin
S EM B B eaob epbiaun KEppbetons has! (FRgsyand
@Kﬁéﬁ@ﬁﬁtoﬁ?@brttb W&%ll@&éi r@d{@r@‘déﬁ@@ﬂﬁls@ﬁﬁqcﬂfe%ﬂoﬁe our aim was to
am et al. Med Chem 19 Seow,

ynt sze;g%o%pﬂ K@t tythak(a) were cmﬁjge ofll(m)romgg water-solublhty
LRSIty Shutdd SpUasheron 39 Sl oo
PWQI)Oethvl«'ﬁ@gwoem angl/(s) werd <i:apebim¢fyealh§aumm@ hgjcwaa‘selectlve
L8RRioRnd ethanol in order to neet clinical

requirenents of this drug. Therefore, our aimwas to
synt heS| ze anal ogs of KS1 19 that (a) were capabl e of

ENEE oSS S bl A g
acmomhn@ tQ:Hﬂemfemﬂ’QW\@ntmgsaipsacﬁhesaboaa dorfdifionse Ae exappld 6f such
B P PO AEBE AR GEL B A B or Kb Wown
ﬁ@uaZﬁmltm&)foeﬂowmgneam accor di ng to the present

s {Kéﬁ %%%a% Régé’&l’gﬂ%e b%’r‘fﬁ/ggar%ggg Iti]rtéél L?cﬂr?g itéa‘ Qal%e géz%rp slh%ul%fhave
phos pbed watepisbhibilitngnastabitity atfhelifedl pH9 shown in Figure
ener al

2 {B2Te BochBuerPith M s BR0TS adcBliid oe Pesent Fysnion proceeds
shoul diealiae @hogbhméw(m lclglaivhdd ur 0B @x?ééibbﬂ\dstp)ﬁoﬁius bond to

neut OCOﬂVEfSI on of conpounds

acco &mﬁﬁePBng%{ém ﬂtﬁ AR B igreckeds vi a

al (kpirhé BioRkbeFRSioh 3% ﬁ‘\e(ﬁﬁ’ ﬁroﬁh@rﬂi{ HIEMYaidtB% selectively activated
oxygen- phosphor ous bo

under conditions of hypoxna to generate a hydroxylamine derivative or aniline
form.

(d) The above intermediate of the amino analogs subsequently undergo
fragmentation resulting in the formation of chloroethylating species (90CE).
Release of 90CE would only occur on reduction of the nitro group under
conditions of hypoxia.

(e) Compounds of the present invention are considered as prodrugs of 90CE that
has been identified as an alkylating agent against a broad anticancer spectrum
of neoplastic disease states, including, for example, numerous solid tumors.

OBJECTS OF THE INVENTION
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formthe phenol internediate, as shown in Figure 2.
(c) The bioconversion of the 2-nitrophenol

wonoerogedsate i s sel ectively adtivated under cea@iuse@a®33641

of hypoxia to generate a hydroxyl am ne derivative or
aniline form (d) The above internmediate of the ami no
anal ogs subsequently undergo fragnentation resulting

in the formation of chloroethylating species (90CE).

Re Irearseagfecd6iChRe ioigntiom rdnyobject wf thepresshi drivieatioofs tbfpeovnde

nitr 0 under ..condi ti ons of

Sp bRt BBk Pk S ReE o RS 6
864iHasihaihclhding eenaliatertunidrechngsr.an al kyl ati ng agent
agai nst a broad anticancer spectrum of neopl astic

di sease states, including, for exanple, nunerous solid

t unmrmth&ﬁlsﬁéﬁ’cf‘mfﬁﬁe ThiEntiddy ENBbfebt 6f the @r@@hﬁiﬁbeﬂfort IB% provide

ct of . the present inventjon is
BRI s e AR oA e e s g eV aiRblo anti-cancer
Ulﬁérb@t@ﬁsﬁdéﬁn h?]@oilé eahdyBoHsSarRf ed}h%ﬁ@écﬁ%aﬁactbﬁﬁk'é%f lélG’uwty,
ani mal and hupan cancer. | n another aspect of

PRI ERCPEIRC G Pios)V aitab Tty a‘ﬂ%@%‘ﬁ%@@‘tc'tb’nventl on | s to

pr ovi de nethods of treating neoplasia utilizing
onpositions that exhibit favorable anti-cancer '

c h'él*saltett appier ekiertofihe Wﬁaﬂ%‘i@mr@vldﬁh sompdsitenaarsbmethods for

Heareahet Gt f

BB P o ALy iR T RAREN A G onal

eltrrneteer a@by@t@g@ﬂs tahi@ fDlhtV@tmeohoftQanpermbydmmbmatlon with other

eat nent of cancers
SRBRALTARAR ANGBANGHR R of ReibihaLIENL of ca
chenot her apeut| c agents, and for treat nent of cancers

h r_anticancer. agents or
ot QS PRITBR ERes piyBL P REr BGHEER R nidtiioh Tod) baaadiy gleaned
faord/tioe desdniptiom bf thetisventtion lteatifoiloast i on may be readily
gl eaned fromthe description of the invention that
foll ows. BRI EF DESCRI PTI ON OF THE | NVENTI ON The
present invention is directed to conpounds according

to structures Lopte hboonipTION OF THE INVENTION

The present invention is directed to compounds according to structures | or II:

R\I?I,SOQR R\rl\rSOzR(P)
0] N. OsN.
%,/ SO,R" ﬁ/ SO,R"
Ar(NP) Ar(N)
structure ! structure Il

Where R is C1.1p alkyl, or Cy.19 haloalkyl;
R’ or R"is C4.10 alkyl, or Cs. aryl or heteroaryl;
R1 is H; C1-1o alkyl, C1-1o alkoxyl;



structure 1 structure Il Were Ris C1-10 alkyl, or C

O haloalkyl; R or R  is Ci.-io alkyl, or C5-20 aryl
wonodsasesearyl ; RlL is H, G -iod%al kyl, Cl-10 al ROXAS2065/033641

is O NH or NR R(P) is a phosphate-bearing al kyl

group, for example, R(P) is Y OPQ(OH)2 where Y is

(CH2)n. O(CH 2)n, NH(CH2)n, NR(CH2)n, nis 1 - 5; Yis

Arig D, diH, loetNE; 0oaryl ; Ar(N) is a nitro-containing aryl

- . I ere Ais CH ! g\ i's
%K_@g?_'a pa% %ﬁéﬁ%ﬁéaﬁpg \éﬁylr%{ﬁap ﬁ(ﬁr( ﬁﬁmﬁR %@,r) lsl\l\(CﬁﬂSi Cﬁ-l)z where Y
;sr(asrenaoeohgarmmg:mm NR(CHQ)'n Ciof3t Bl B Wds aryy br iggters@rylf or
gx&m l@(j%orN and Bis CH=CH, O

a Bifm:w Sl oy QB FXaBPH 2) p, NH(CH2) n,
NR(CH2) n, 0COO(CH 2)n, NHCOO(CH 2)n; nis 1 - 5, or
phar maceutically acceptable salts, solvates,
pol ynor phs or net abol i tei t hereof. The present
i nvention also rel ates t0 ®npounds acco/rNiiNng to
formulas |, |1 AMNT and = IIIVV\h%%Ne“\Rj C-MO
al kyl, or Cl-10 hal oal kyl (¥e=ferably coNtai ni ng no
nore than 5 hal ogen groups, preferably 2-chloroethyl);

R and R' are independently Cl-10 al kyl, or C5-20 aryl
whengeh isrddr R, Qrﬂﬁearéﬂr%ltﬂ gHrEth{, S, NRL of BIR:4anE1- 10

BB Bl S A0 26l 51 GO RLIN e
et hyl ) ; XISO NH, or NR(preferanyO) Yls(CHz)n
A(CH2) n, NH(CH2)n, NR(CH2 n, OCOQ(CH2 NHCOQ(CH2 =
1, 2, 3, 4 or 5(preferanyJ = 2 and 3); LY—aryI

or heteroaryl (preferabl yApa\Paphenyhb) oé‘oy/\gj N

ref er abl Wi@P)= and
(p yreRs (HO),0PO NO, NO,

where A is CH, CR, or N; and B is CH=CH, O, S, NH, or NR; and

Y is (CHz)n, O(CHz)n, NH(CHz)n, NR(CHa)n, OCOO(CH,),, NHCOO(CH,)n:

nis 1 -3, or pharmaceutically acceptable salts, solvates, polymorphs or metabolites,
thereof.

The present invention also relates to compounds according to formulas |, 11, 1il
and IV
R.y-SO2R' _SO,R’

]
OsN. . O N
"SOsR Y N SO,R"

R4 R1 X
g P
A= (HO),0PO”" = .

B
(HO 2opo/k(

NO, NO,
1 |

/
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B=CHCH O S NH or NR (preferably CH=CH); or
phar maceutically acceptable salts, solvates,

woabosrszehs or netabolites, tBereof. |n preferPew/us2005033641
aspects, the present invention relates to conmpounds
according to structure I A: structure IAvhere R=C o
al kyl, or Cl1-10 haloalkyl; R = H, Cil-1 0 al kyl, CO
al koxyl ;RX_.SOQOAKDPHer NR;, A = CH, CR or N and
CH=CH, O 1S, NH, or NR or pharnaceutlcaIIyF"a e%{)?tYﬁlP@Hh
salts, © '\\rabgs, pol ynor phs or netabolitesg thereof
The ﬁf orenentioned conmpounds of the presentanWi on

i ncl udég enanti onmers, stereoisonmers and taut rs

t her as well as pharmaceutically accep abl e salts,
sol va , pol ynor phs and net abol i t§ Nmal | stages.
Preferr ? agents in the conpounds —;dltrophenyl
series 0 corrpound structure IAV\,here is CH Bis

CH=CH Xis Q Ris CH2CH2Cl; R is CH3; a phosphate
group can ﬁ free acid or salt (preferably Tris). In
particul ar E preferred aspects of the

hydr azi ne- carboxyllc acid 1-(4-nitrophenyl)ethyl ester

KS1 19w, fi
et 9t S b AP U DB oRf s,
HaltyeRIcf ?@pﬂi pteﬂ&@ﬁtylzlﬁhlarwtm:)em ally the preferr ed
oSsSI Tl ons accor resen
R anary pie BRRdeRmeC et ar POLPT (OB E ety

&8 |§reat rrent of neopl asia. They al so exhi b|t at | east

one i nprovene s .an_enha

Ruris ,H, l%ﬂ@?'&%'r G- a)cal”f%y[] 52&afygafa‘}eé8r°?% rtgsfo aroxyl Yher
r?ércﬁgﬂ w}é{elréb{y n@th}g@aﬁ@@myf)avor abl e pharmacoki netic

profile congared to % 19. These conpounds according

>f S @HéHpWe'g Aprefeie@tQlon are preferentially activated
¥ 1 (@HRpXOROHUITNI(CHY, MRICPE) J00OD@H RENHDCDIEHA | N

[ [

th othér anticancer agents
rpﬁ dt 8t het ergh (prefierabiyn ot%érr'clbé or éow%%{hmet%r@ew iﬂrﬁber%%v para-

@resent i nvention may be used in pharmaceuti cal
n% sitions for the treatnment of cancer, as well as a
Anarﬁdé,rordi (refeeably 6hi andons

B = CH=CH, O, S, NH, or NR (preferably CH=CH); or pharmaceutically acceptable

salts, solvates, polymorphs or metabolites, thereof.

In preferred aspects, the present invention relates to compounds according to

structure 1A:

R\N/SOZMe

OY“I'

A" B

\SOZMG

(HO),0PO NO; Structure | A
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and/ or di sease states. Exanples according to the
present invention nmay be as internediates in the

weynichasics of ot her conpounds é&xhi biting bi ol 0gCTAIS2005/033641

activity as well as standards for determ ning the

bi ol ogi cal activity of the present conpounds. In sone
applications, the present conpounds may be used for

Wiead Rg Crcalkylj od Ci. 1rdﬂwetohlknyh$21 =eldp@cioaliiyy, Gne blkdkylpX = O, NH,

é’%ﬂ%hﬁﬁgéﬁz g;#p ?’lf Rka ag% Bet gg’c k: "(/g %ni)\h'gt WTgtnefl eo ne or
ooplearafact bifcallp apcaptatsielissitd, asledtesepaiymalphie@r nigtab@ited, thereof.

in conbination with a pharmaceutically acceptable
additive, carrier, or excipient. A further aspect of

t h’Eh@éfbﬁ@ﬂénﬁdh‘éG'Uoh@iguh@é attes _ptrésdhhﬁhvémﬁ)tﬁli |ﬁEI?He @ﬁantlomers
cancer conpr.1 si.n adm nil steri toapalen I N ne
SRRIMSIR P (RPTPE BREHMASH Lo BHFBeRaU S vageaR e salts.
S £tb 8 AMtRerpBB Bha R tholitds FSHTRIIRJegN W th a

pharmaceutical Iy acceptable additive, carrier, or
exci pient. The present invention also relates to

nephpstted Serits fethe %nﬁ%@ﬁé@é‘eaﬁ, hlﬂowkén%h?oﬂﬁd

adm ni stering an effective anount

%I@éi—‘élﬂriedédvhﬁéﬁ & in 4156 \Peist(H=CllaX ise@t RS%GH&CHE@ Rnén€Hs; a
ﬁéte JrBSp géﬁ BETRBLacRf oS Pre@%blﬁﬂ?@% Ih Fgﬁlcﬁl'arly preferred

em a, nphomas conpr
@Qﬂelcmf the, hadﬂazmetnamoxeﬁcf agd iTy(é- rmmhmylwthﬂmtaw(KBmmN) R-

t
CHBSERRSE Ak PR AR S TRABIAREL ol BflEpe”
di sease states may also be effected using thﬁ ;
h t T, ma
o B sclpb R p38F PlasiY Bl u B ar EsbeBLue Argferred
mmmrsmamnsra@commgaotthe/ ptesest lm‘/erﬁlehazh§§bt&6ﬁh ag@ve’;l&ré/\@ktfemely
ek fh oF BB et PSR e Bo BRRE S ot one o
th& lg'gga\&mhenTtﬂ\sewétsa%an eRiirided Bﬁﬁ(ﬁ@bﬁlﬁb@@{tﬁt’cﬁ IzlE':educed toxicity,
entatign o
SN RCval sRLRLH Sre 50T Averaile BRBIcRBROTopIoR R A ed (o
KS11:presentati ons of a sanple (KS119W of the

chem cal enbodi nents and their proposed nmechani sm of
activation in hypoxia conditions according to the

prieeesicohpvands 86bording to the present invention are preferentially activated
in hypoxic tumors and can be given either alone, or in combination with other

anticancer agents or with phototheraphy or radiotherapy.

Compounds according to the present invention may be used in pharmaceutical
compositions for the treatment of cancer, as well as a number of other conditions
and/or disease states. Examples according to the present invention may be as
intermediates in the synthesis of other compounds exhibiting biological activity as
well as standards for determining the biological activity of the present compounds. In
some applications, the present compounds may be used for treating microbial
infections, especially including viral, bacterial, and fungal infections. These

compounds comprise an effective amount of any one or more of the compounds
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Figures 3 and 4 are representations of chem ca
schenmes for synthesizing conpounds according to the

wonres@i#26s nvent i on. Figures 5 8o 7 are represeRCAMISLNS/033641

of experinental results which are presented in the
present application related to the selective
activation in hypoxic conditions according to the
disemeed hereirettove noftiogalteis ddnibinglionmgthrepharaactatidalin acceptable
of, .exper i nent al [‘eSL{HS whi ch are presented in the
ﬁgg'g\é%tcaﬂl%i? Aty el ated to the efficacy and
toxicity of certain preferred enbodi nents according to
tkéé&ﬁﬁsem i nvention. DETAI LED DESCRI PTI ON OF THE

dsphRet 4T dne BRASRR! 'P¥eniien splales tohe lkeaiment eicaneat:
EORpEHRE blmAsteARy tPa PERGH irﬁ%édlﬁer%b?ﬁﬁ @?feétﬂ)éedﬁﬁélﬂﬂ of a

The term"patient” is used thr ougfdout he
sprEpeyncas fesrribed Mettinghsye eptigRaliein combinatign vithza

pRAFR ! r
Pncl udt ﬁf@allp ?Eigg@%?éga'thpgmﬂ Wﬁt P17 PRREnt invention

@'émﬁ@@teﬁ o fragtindoneamiasis leg@ammammmmrmmg administering
gﬁ QHLARA-ani@int bf V\E Ef“p%n@gs Hggc‘?fbleb ?n@?‘eln%g'té ]a%?elqtr suffering

| sease states specl speci
#emraanceiudhe é@aanendméﬁolmhmamﬂant tummrs,deukqm‘a; amd lymphomas

Ecﬂmg isind Qd%nﬁgter?r&ﬁfb'g % phﬁfghn-nﬂ?& %f%rcﬂ“ e grfnfoﬁﬁtt e or more

I's used throu e speciticat on
hese ﬁgb@ts dvapeeiemrad embgd oTeni nbttnatrrsesn‘nt ooeptiemdhe treatment of

PR 400 s 08 SIS B0 HOURE B 8BS o
ttxer[rdesterrb mvientan. eithis midtodenay dlad be hsed i campartsenitests @nch as
cancer or

Ln_. wt h
A58 ISR e AB g peelios of Gystea §RRBER 28 sl itk diterining the
g}s@mpﬂlb:lﬁy othphagenstts @inceif todndi ot hedte of e ddhepdunkis according to the
q on the di sease or condition treated. The
kM

as used herein, unless otherw se
i ndi cat ed, refers to any specific chem cal conpound
di scl osed herein. Wthin its use in context, the term
generally refers to a single conpound, but may al so

refer to SB@E@QD@QGRTFST@R%PYTHEDHMES%‘N]??ABLES

(i ncluding racemc m xtures as speci
enanti omers, or

Figure 1 is a representation of a suggested mechanism of activation of KS119.

Figure 2 is representations of a sample (KS119W) of the chemical embodiments
and their proposed mechanism of activation in hypoxia conditions according to the
present invention.

Figures 3 and 4 are representations of chemi¢al schemes for synthesizing
compounds according to the present invention.

Figures 5 to 7 are representations of experimental results which are presented in
the present application related to the selective activation in hypoxic conditions
according to the present invention.
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enantiomerically enriched m xtures of disclosed
conpounds, as well as tautoners. The term "neopl asi a"

wO200s884¢k66 hr oughout the specifRcation to descr PO®USh®5/033641

pat hol ogi cal process that results in the formati on and
grom h of a neoplasm i.e., an abnormal tissue that

grows by cellular proliferation nore rapidly than
NoFigalestd siareargresentationest dxpedmentahfdsalts Whichsdre medented in

et appirelon anaPda e PHeRcy Ay BEOBe GrabRI e
EmBBAInedits amioir@n@mth(egﬁéﬁmmhnoﬁs used herein, the

termneoplasia is used to describe all cancerous
di sease states and enbraces or enconpasses the

pat hol ogi cal mEPARED BESCRIFATION OF THETINVENATN
hermt ogenous, ascitic, and solid tunors. The term

"“cancer" and the term "tunor" used in this application

'STheﬂFo%\% r’caﬁx?é’éﬁalrgﬁet&ketd*}ﬁr& &t t §9pze<§ﬁdaﬁont 8&8he the
may Ing to

e treated using compositions accor
piegepirieeniioni nvent i on i nclude, for exanple, stomach,
colon, rectal, liver, pancreatic, |lung, breast, cervix
uteri, corpus uteri, ovary, prostate, testis, bladder,
r eftog termk‘paﬂerﬂ)‘riaiuaétﬂ:ﬁlﬁoug‘rmdﬂmuweniﬁckﬁorttbrdaaatnbe an animal,

ase, multinpl ,
ORI o i 3o o | B NS et R uria.
ﬂ)repkyjacta;, treE\imnt's \Aﬁartbe)nmmpmmnsmmdm‘gameme present invention is
t unot,, neur,obl astoma, hajr e
e R A8 A8 r e fons, s ong SR SS B Eh Ble specifi
foehapeafic akirmthsycraasia hymzhgatientathengrrophtes.refeheto that specific
treatment of tunors conprising admnistering to a
nt an antitunor effective anount of one or nore

these agents is a preferred embodi ment of the present

t The t "al kyl " | th hout th
U bITE aeTeve 6IRUEE 1% Kiechiga B o detianto describe

mﬂéﬂﬂrétldhg dpehitRels FenipRuRey ﬁ&o@cﬁﬁ?%‘th@rﬂré%ntm\)&hon which
use in the present invention include |inear

;
2 BB Snef bieRurh @ GRS coangs Bdprlperes sonddionyreaied,
varﬁémén thBf &idlge id § ‘P&ﬁ%@%h a Eé&r)ée nsg??BMhV&h siE5LcEYdra

ent 1 SO ent , Cy CO
tH@S‘Pﬁy?I f?y@na@&r dwﬁol@m@al ne&wtya C@ducbm;xyﬂﬂe growthtasretaboration of a

miFofe. of Bkaks, dhd dmpgg)fo@gﬁé ggegée &Péo%%ﬁifo ttréta‘?edd

m)noval ent aro aving a sing
(e.g., phenyl) or nultiple condensed rings (e g ,

The term “compound”, as used herein, unless otherwise indicated, refers to any
specific chemical compound disclosed herein. Within its use in context, the term
generally refers to a single compound, but may also refer to sterecisomers and/or
optical isomers (including racemic mixtures), well as specific enantiomers, or
enantiomerically enriched mixtures of disclosed compounds, as well as tautomers.

The term “neoplasia” is used throughout the specification to describe the
pathological process that results in the formation and growth of a neoplasm, i.e., an
abnormal tissue that grows by cellular proliferation more rapidiy than normal tissue

and continues to grow after the stimuli that initiated the new growth cease. Neoplasia
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naphthyl). The term "aroxyl" refers to an aryl group

to which is bonded an al koxy group, preferably through
wohbwh3aeset her group i s bondediQe.g. a sul f onyPCOUSPF/033641

The term "heteroaryl" refers to heterocyclic aromatic

ring groups having one or nore nitrogen, oxygen, or

sul fur atons in the ring, such as imdazolyl, furyl,

eouid okl distmet 'méysls of tissueniat magbé bdmbyl(benTgijTetLhm‘r)mr malignant

(ST SHRAn A isa ke gn f RS et i ERstoai cancerous
BG4 estals G drﬁbré@éﬁj@%rfoﬁrr@asgessﬂhbfp@mdlogﬁab wﬁceEB @ssociated

term"salt" is used throughou e specificati
Witk Fraligeant fipmaipgenoyasast n?”‘isl\n‘;?'w tt’ﬁ‘é’r%élfé‘eé?m% %@ncer and the

CARPRIASHS uSEE PItHis RpplichtibA 8 RtPsIfiHgehPMaRTH BB terhh rIe'ZbEIasna
case where the conpounds are used i n pharnmaceuti cal

i ndi cations, including the treatnment of cancer, the

t e@é‘i‘\ce‘i%}hﬁch ®Babk tt’é‘é% @sn@@érﬂ@&%ﬁds%hb%n%efﬁé BFlals%nt

salt, consistent with the ‘use of the conpounds
lﬁM@ﬁtmd@@Itld%afPr expsRle,. stomagh, eplony mtaislry@btp@ncrteﬁéc lung, breast,

I t
&ﬂg&g{grh gtev d(tl A)ngrsyapﬁoc%ttédge@g@%wﬁar e %%r&ﬂms
kedd/and mckctfwoaiaHodglﬂm dis@hses nph-Hodgkinaldisgase Gniltiple myeloma,
enotyte Rucible. Rt BydosobttenBidiEihes Sitghine,
mwbeﬁmiﬁm\émma&dmmmshmdmaemmmg Mnmarsnewbbiaemmhiairyacell
taut o t her eof arrra
Bk BRI, E8pundtls By T BRRE Ak S0 bfnanoma.
émomlg athlerss Tag dreatribiet qmmﬁa@tconmmmgmmnei@hﬂg e b patlent an anti-
nternedi ates that are i eyed

f orms_of
iR BtEct Reodt of i€ b BPTEhaSe Pacs 3 & Ridtg Ted sEhpsIment of
thblppsszet mykatioron or net hyl ati on nmechani sns. The
rational e for the new prodrug design was that

enzyme-activated prodrugs could be converted into

actHeverral-4yyiaisi L&@d%lﬁ’f@gg%t HROEFcifVkBorrtoSRALABE 8 HYbrocarbon
actlvatlons and npt fragnentation.
a&«% BN PRIV %tObS@V% 6@@9P|U§H%d°"b>9 gseues| fprese in the

fress ialenson (nﬁl?)de%ﬂé%‘"@r @Qﬁéﬁé@tdrﬁﬂw §r%u9é \fich as greferably
intermediate 1; nitro-reduction can be cataly

TRV lo el PERYS dSQRIPYY! itityinigolpiyl, tert-butyl, pentyl, lsopenty?/ hexyl,
cylcohexyl, methylcyclopropyl and methylcyclohexy!.

The term “aryl” refers to a substituted or unsubstituted monovalent aromatic
radical having a single ring (e.g., phenyl) or multiple condensed rings (e.g.,
naphthyl). The term “aroxyl” refers to an aryl group to which is bonded an alkoxy
group, preferably through which another group is bonded (e.g. a sulfonyl group).

The term “heteroaryl” refers to heterocyclic aromatic ring groups having one or
more nitrogen, oxygen, or sulfur atoms in the ring, such as imidazolyl, furyl, pyrrolyl,
pyridyl, thienyl and ind’olyl. The term *heteroaroxyl” refers to a heteroaryl group to
which is bonded an alkoxy group, preferably through which another group is bonded
(e.g. a sulfonyl group).
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forminternmedi ate 2; and subsequent benzyl group
fragnmentati on generated 90CE, as shown in Figure 2. The

woanpoaids according to the present invention RBC®US2005/033641

preferentially activated in hypoxic tunors and can be
given either alone, or in conmbination with other

anti cancer agents or wth phototherapy or

radi ot herapy. The conpounds according to the present

i i i il ful f hei
onte tesgrabds Boedraidhott Prcspaaftaiioneiiesaibe amspit consistent

RERHESIseSEH thel chmpBlids dddorfil {0 tA8 prdRASRVEXIRO the@A8e where
may al so find use as internediates in the chem cal

be poRtoUsds ArepysRskin pharaceyfiea! indiegiions ingludige Hestregfaent of

. &rer,ithe N saSehl Ime 4 Bf%rﬁ%%@&ﬂicfallgggcgggzat?é shi®lconsistent with

ot her purposes, including use as sta or assays.

thpaerdf e eyeprunds @staharmaepbigalcRgeatse 4- ni t r ophenyl

series of structure A where Ais CH Bis CHCH X is

O Ris CHRCH2CI; R1L is CH3; a phosphate group can be

t He prefegred @speds, the peasent invepiiontrelatesatolopmpognes aeeprding to the
f the hydrazi ne-carboxylic acid

%ﬁgﬁﬁﬁﬁvgbphenyl)ethyl ester (KS1 19w, the

/~-configuration structure (VNP40541 ) of the

enantioners is nore prefer §p|,§ot2rﬁ@n S-configuration
structure (VNP40551). Conpouhds“according to the

present invention are syt .SE)eI\sie by the adaptation of
techni ques that are vvekl kpowl Fn the art and are

derived from 90CE. The'$ hesi s of 90CE was published

in two-step approach fromm 2-hydroxyet hyl hydrazi ne

(See, Shyam et al. J Myd Bhem 1993, 36: 3496, also J
Med Chem . 1996, 39: 798) .\ Anal ogs of conpounds
specifically desdfPBEECher &% may Beuatgabld| y

synt hesi zed using the above general techni ques and

anal ogous synthetic nethods available in the art

Wiheted = @ngadivh@r CauimdoakgxRer iHEht aalkenC.Byalkaxy!; &f = O, NH,

1L 3 deqonst,r at gd, j,n _Figure 3,
R Lon TR S RIS 8§ A
2- (substitut ed) hydrazi ne- car bonat es of Conpounds | (5,
R< re .synt hesi zed respectivel reacting
ar’ 05%&%%%%%%5‘-9&%@? prf-s'ﬁ?tt'P\éeJﬁ')(?B%({'% © ”%Wé?r%r
sterabispineds 4t tautanoers Yheredss Wellias@hbnateuficaliyriceptBble salts,
s'oﬁla{e%r%blyr%*orrlaﬁs élandO r%g{a%gﬁtleg Sl]rom all stages.

The present compounds represent prodrug forms of intermediates that are
believed to exhibit their activity of DNA cross-linking through chloroethylation or
methylation mechanisms. The rationale for the new prodrug design was that
enzyme-activated prodrugs could be converted into active alkylating species (90CE)
via a sequence of enzyme activations and prompt fragmentation. De-phosphorylation
can be accomplished by alkaline phosphatase (AP) enzyme activation to give
intermediate 1; nitro-reduction can be catalyzed by nitro reductase (NR) enzyme to
form intermediate 2; and subsequent benzyl group fragmentation generated 90CE,

as shown in Figure 2.
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group of the phosphate group, such as diethyl or
di-tert-butyl or 2-trinethylsilylethyl (TMSE) group

woi2ods/0pkwsgene (20% t ol uene solZition) or its PCT/US2005/033641

equi val ents, such as triphosgene or trichl oronethyl
chl oroformate (see, Majer, et al. J Og Chem 1994, 59:
1937; and Pridgen, et al. J Ora Chenn. 1989, 54:

. 323d¢ compdurdsd aucoting toothd present wentiorsark wrevetdnti@Cictivated in

s Gitforg e kB8 Pr oBiar S pedinl v o bieo wit ofer
bmafanasﬂambmnm PRotbBReddyt radio@efagyn dry

acetonitrile-dichl oronet hane sol vent overnight. The
hydr azi ne-am des of Conpounds | (6, R = CH2CH2Cl) can

beTry Bérhsﬁumobd@ysmﬁ S@d tAé pﬁé@,@ﬁgm@nm}alpﬁma@w &R for their
(Un, et al. US006, 855, 695, 2005). Follo

gali-neeRiRstc gt Mg uing feis 3@?”'@ qgainst éﬁ'!ﬂ ‘MPQ‘E%HO épgitipp, these

ESRpESH; drfésrﬁﬁyl disB9inB Qe BB AitBrrhd fHeH fﬁ)e(c%eﬁﬁcaﬁs)syntﬁé’éls of other
exanpl es, de-protection of diethyl ester can

Weéaltfwl RRapiRstic RERRE Hafiarg|in Brranws@éul(asmﬁpeuﬂc agents or for
&M@F Bl BSééjmlﬁdlng?hs@Es ség&%r@s%\%@s 4995, 60: 2563),

protectlon of di-tert-butyl esters can be treated
W|th trifluoroacetic acid (TFA) (Durgam et al. J Med

Chﬁr‘@ferre?cpgé% nté thé%gar%)pou %ﬁlﬁbéﬁ%%?@ﬁ)&s st P@Fe IA where

esters cab’ be treated vvlt
ASD06l; B3 6 H; 2032); Bis GHGHEHIRESACHS; MQnategrOLaj can be

fﬁ%tfff%h&% BQa Egﬁ tén péﬁ%ﬁl’arl%%red‘g 3 ?fp&“ﬁs gﬂﬁé ﬁlﬂgrta%ne caeboxyhc

adid dr(étmtgm;ﬂmmyl)étﬁﬂ@staqu am/vmcmm coffigemtion Istroetugel

rse hase.silica e desir
CNpaEaT BEnB e ibes Bt treBeal dfar Sroburalion structure
(WNmtoss zati on. As shown in Figure 4, the a-al kyl
4-nitroaryl met hyl al cohol (3) can be synthesized from
the correspondi ng al kyl aryl ketone (9), enploying an

erta@mp@mfg #Rbldin®! tR6 brasent RderiionQite s%th@@iﬂédl Bg the adaptation
n, be selected fromcomerci al | avai bl e

Cffg%%@ﬁq sfﬁ%fr@rséfveﬂ eweisthea s and e qiemvra?é/frem 80CE. The

&

d¥istof FICEWas ﬁu@sﬁe@hﬂ%o-sté@%ﬁpro@%h fl%ﬁﬁ@%y%xyetfaq—

| [ SOIE)I noca%hey chl or obor ane ( Brown
hydazing (ae, SPyam. ebalod Med Gliem. 1@9@&@@9@@@@@&@&3&_
RloeaBko: r )
e o aro)t ARERES Y cORKRTIas pechealaas e Rirblay be readily
Sé'ﬂtf@S'Zeé usifiadhe @Pese generaldschniqaues argsamiogand sBataetic methods

Ahailaile MHENS WAV ut %ggégm& %ﬁuncﬁ%@)penmentatlon.

By way of specific,example, as demonstrated in Figure 3, 1,2-bis(methylsulfonyl)-
2~(substituted)hydrazine-carbonates of Compounds | (5, R = CH,CH,CI) are
synthesized respectively by reacting an appropriate a-alkyl 4-nitroarylmethyl alcohol
or N-alkyl-N-(4-nitroarylmethyl)amine (3 or 4, where R is -CH3; R*is a protecting
group of the phosphate group, such as diethy! or di-tert-butyl or 2-trimethylsilylethy!
(TMSE) group with phosgene (20% toluene solution) or its equivalents, such as

triphosgene or trichioromethyl chloroformate (see, Majer, et al. J Org Chem. 1994,



10

15

20

25

30

The N-al kyl - N-(para-nitroaryl nethyl)am ne (4) can be

prepared fromthe correspondi ng al kyl aryl ketone. For
weoxerspB€266 usi ng sodi um bor ohydt3 de as a reduci RgTAG2IVE/033641

the reductive am nation of a respective 12 with

met hyl ami ne affords the correspondi ng

N-aryl net hyl - N-net hyl am ne (4). The hydroxyl group on

B9e1 4a7y Bnd Priggeraret bk Jr@ractieain vi 988, o4l 3236 heosiphturteer o

gﬁ%‘%ﬂﬁgﬁd&” SZt?’ &%qﬁ‘f OL%Q% ?% |8r§§§|1| §g gspiexed ip high yield

wbitel Lsing INSIN- cﬁebmpylumymhnw (iPEAABE @rbask goldceepiguias reaction

t.h b t et hl | PEA .
SRy St Snefna Pt eRruSh ThS nerhsmides
6ﬁDbM§6@ﬁfsg, (GGR ﬂCHgO'HQCL‘IP&@ﬂb@@ydtﬁéé12e&t%9§mll§r7 phosgéhe-coupling
horyl ati on may conpl ete

hos
B??WPHH”&@M@WQ:B?%E 21'%85 -or the phosphoryl ation

may follow reductive am nation. The synthesis of the
ap ropriate 4-nitroaryl conmpound (9 or 11) for use in
wirghee-diRkvkerRigrion;of 5,956 carisasily gonye tathe aoRgsponding

hateRetasdld @flsm;)c &br E%Hﬂéﬂlb%spr%t&hoﬁéf &btrfyﬁéételncan be

and acr}ql ation. After synthesis, the crude product

@@ﬁf@q&l Aithyrimgthylslylfremidey(TMSRs} MU%&@@T‘&DE @nd Org Chem.
- w
U L SN Ao O G ABtor L B bb Al

an appropr I ne solution

ifluereperiiccaaid (Tdai( Dyrqarr@\ﬂteb_d\_/lﬁ;@.@bemt P0@5, 48: 4919), and de-

48155 U ASELdorS S L8SHRAL U 8 o ope. ot
YEpee Aathdll 6rRG2) sawith BieiEtiOh(danssaore et al. Tetranedran Lelit.n©86, 27:
t 1 £ h nt hetic
PR el AT 85 ARBEaSITERA BohIHT i1
¢chrombogaaphyi (FC&Y) dech tae nprrmallptu\asablheai peltarvevesyed pleddecsilica gel,

AR DB o s HE bR Rl B B R VR il dgonizaton.

conmpounds conpri se the above- descrlbed conmpounds in a
t her eutlcallry ef fective anmount for the treatnent of
e

2 AR BB il s et alcghli(3rean e symthesized
ﬁ&ﬂ’@rﬁé"@érfé%’boﬁﬁlhﬁ afkyPRAI k@c@ﬁélgg Cé%cte’%?'ﬁg %r%hh@mencally selective

|t|ve carrier or exci
r@@H‘ff&ﬁnﬁs’edlﬂ%nQ)ﬁ%IﬁWﬁt@ﬂﬂ ba:@@le@:t@@ figen cammerdinly aveilabbeteagents

KRN RSP AES]

e SPMLBS a2 BN IOV o, SLSIRRE ¥, 50200
%&ﬂ@@mmnmhemélqrowamé&rpwesetcﬂru_m_@m@mmm988 tihe: 1539)
driFh&borane (Ramachadran, et al. Tetrahedron: Asymm. 5: 1061). Asymmetric
hydrogenation of the ketone also can be used (Ohkuma, et al. J Am Chem Soc.

1998, 120: 13529; and Baar, et al. J Am Chem Soc.2004, 126: 8216).

The N-alkyl-N-(para-nitroarylmethyl)amine (4) can be prepared from the
corresponding alkyl aryl ketone. For example, using sodium borohydride as a
reducing agent, the reductive amination of a respective 12 with methylamine affords
the corresponding N-arylmethyl-N-methylamine (4).
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pharmaceutically acceptable salts. As used therein,
the term pharmaceutically acceptable salts refers to

wappiegpsicat e salts of the acti % conpounds accecdiusgnoso33641

the present invention which retain the desired

bi ol ogi cal activity of the parent conpound.

Nonlimting exanples of such salts include the sodi um
anth@bydresylgnogadn theodrylritgsqndieereaatenivgthotieophesphiateat® give

11,
Piiraf Rbeind S RATRERH o Rtk Ao ARbI 15 or 12
aadéramikheomitions! eleetivie. fadphorgiation ospinolhwanathizeed with

d ffect th har inetic
AP coetB o FeEflonie HERARIA el TRAUTS Of ¢
gipRsth@amiriopyisdine (VMAP) gSitRAlarg] ety SletiaRedr@delLievie 998 137: 771). It
fhe active species, Further, the nodifications can

istqaguTion it §ia phospheryiation imAx spraletersior EnapiaHaetric feduction or

ﬁ@%o@@ﬁ&@la‘tlﬁﬁ hRASNEY FMRIcAE dvinbdoR Vigle dyRthaRRS §he a%proprlate
ompound. "Thi s can easi |y be assessed by ‘preparin

@é\ltr%w.c@a@oaﬂ@ (9 es11)igr vsreindhesecigasiian %c@pmﬁswweﬁ known in the
S
S o0 R R AR ool Y RelOR oh A dEhRAh,

be incorporated into formulations for all routes of

T8N ShirRklshel ke Blobol QlnaRaiETPb G1ebh FRL &8l oS column

C Veno scul
¢hTDmp:@fammmmi lyopyizatinunc §edating K19 68 (orVNEHDSH M) with an

SAPDOR S5 L 1 oy 3018 8k Ber st
salnsushstsraadiuom salg tM(BVdmxwdethﬂbrammmetham{TRIS) salt,

t98{H%38@éA {%alp g\i@gy%@g eﬁag)egre lg ﬁ,\ég {ﬁﬂ@?\ﬁ%l‘: cj{:{tioc : Oucri}(sjéosed
d;HmmneqﬂeSlyhiheat metieddsanty be r@anuy Radedy thosabf (ﬂ@n@lﬁwﬂéﬂr in the art

A e SRR P b e

pharmaceutical |y acceptabl e additive, carrier and/or

e e of qrdi skill in the art wll
RS BP oS FsEd SRPD {reueeeilinpuClansiieal gpmpounds

SuMBprisk th® BBV IBURES c@ﬁ*ﬁ‘a@ﬁﬁ’dé’iﬁ d AefdpBuithy “éﬁ&ctlve amount for
bnventlon will vary with the infection or Tondition

g tiepkmend a|q0§d@ev &F disgase ﬁ@htamhpph@gaﬂmcombma@on with
e?ﬁiﬁ’élﬁ')é%@utldah? a%’é}ft%?%'ﬂbﬁ\@ '(%?rl r%Q?pi@g?m used, as

as the patient (animal’ or human) treated.

Certain of the compounds, in pharmaceutical dosage form, may be used as

prophylactic agents for preventing a disease or condition from manifesting itself.

The present compounds or their derivatives can be provided in the form of
pharmaceutically acceptable salts. As used therein, the term pharmaceutically
acceptable salts refers to appropriate salts of the active compounds according to the
present invention which retain the desired biological activity of the parent compound.
Nonlimiting examples of such salts include the sodium and potassium salts of
phosphate, among others such as TRIS salt, triethanolamine salt, triethylamine sait,
lutidine salt, or other pharmaceutically acceptable salts known in the art.
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In the pharnmaceutical aspect according to the present
i nvention, the conpound according to the present

wonerBion is formul ated prefef@bly in adm xt urPeTmwistivsaszes1

pharmaceutically acceptable carrier. In general, it is
preferable to adm ni ster the pharnmaceuti cal

conposition parenterally and in particular, in
Mudifevatioraus the activencanapaisdiudaarafidosthg eofubility, phatmacokinetic

gg?égrﬁ{t%r ];a]nfdo é{%’ %fat etgzﬁélﬁn%éf % ﬁgﬂaegéé‘%e%r ﬁfyg\éﬁvi&%g ecE)ntroI over
thebdalivaryasiise aetlx/pmmbbsr Furtiter cthb efiodifivations carchféestit ﬂga anticancer

ia. | t f trat | nt
B e B Homoathi i iR it e St ey MG T Bt
bm&b@’(d IT@issadn mly% asee8sed, byCmepa?fnthd uematwsk bhh tédling the

the a theforrml ions within the, L
PBlReRPHATTURY Presiiog 7 ke BistiosSgreiunilien Reringer's skl in the
Barmul ations for a particular route of adm nistration

wi t hout rendering the conpositions of the present

i nvention unstable or conprom sing their therapeutic

acThy tdmpoliitisistrihik Giledtion 2§ U@Hécfrb@@fédqmoqf)rﬁmﬂﬁtlons for all
resent caonpounds to render ‘them nore soluble in water

tes q;fé]drr\l)glﬁtrgqlcgu inglypingfampieaiplenpargsderahang gral, including
RS 0SRIUsS MBS ciNbF %trdﬁéﬁtcfn'e‘émdh%ﬁﬁc&i Lﬂ%’?\sﬁém'?é'} din

fornul ation, etc.) wh are wel e ordi nary
SYAROSIteNY ferie Pargnteral apministeasioneind impanicwar, firtravenous or

irn%iHu@@l‘ﬂér ac‘dn%liﬁlsltljag&g bs?gferr)édt he route of

adm nistration an age regimen of a particular
conmpound in order to rranage t he pharnacoki netics of

th m benefj ci a ffect t
¢ nen AR e o=F BB dso BT MR TRTH| Gicfhgd cpfounds
¢@mm$tthe apbes-deswibed ebhpopadsined tesapelititdig elﬁfeOWeL@nount for
t {
T Bty PR e R s STS hE P HRye Baan Sbpabe
véreim, aptidnalln rstonotsigativrewitios ppa:tnnar@u'[.mymxe;ﬂam@ atda?lve cartier
N R T B A ey
éffda;tlvaumbouﬁofd:frieﬂif,r?éréQbH@bDﬂdslbé’dzdéﬁdlﬁ@FB tﬁb%]trééétrit ﬁir%]'tentlon will
t in nmuscul ar even | ess frequently
VAL TaeH Sectinf o GOl ook atte. St saye Ghicinp dioating ubaiment
tome ereibysts thophaitlacoRpeRid &Rl agdMius8Y SRS as the patient
intr cut aneous, transdermal (whi ch may

|
@H'(E“ﬁ&’éﬁg\%ﬁghé?qtﬁgl on enhancement agent), buccal and

suppository

In the pharmaceutical aspect according to the present invention, the compound
according to the present invention is formulated preferably in admixture with a
pharmaceutically acceptable carrier. In general, it is preferable to administer the
pharmaceutical composition parenterally and in particular, in intravenously or
intramuscular dosage form, but a number of formulations may be administered via
other parenteral routes, such as transdermal, buccal, subcutaneous, suppository or
other route, including via an oral route of administration. Intravenous and
intramuscular formulations are preferably administered in sterile saline. Of course,
one of ordinary skill in the art may modify the formulations within the teachings of the
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adm ni stration, among other routes of administration,
including, in certain instances, oral adm nistration.

woo@regpase t he pharnmaceuti cal 1@ onposi ti ons aceoraises/033641

to the present invention, a therapeutically effective
anmount of one or nore of the conpounds according to

the present invention is preferably intimately adm xed
epedificatiphdo pryeiet nunadrbys ﬁm:mekatiabsk mreararliic&naraonteraﬂ iadinistration

AT & R cBHBRSRER PP R RS s Rl b

oémbmmlsmg epeinitiersgpeatic bttt on rpa@ﬁcuwr;eﬂharn@ddlmndﬁ ®f thetbresent

TP A RS e der 5o s sl R TR et for example, may

66 @RSiS] ddcoRmlibied HEmap Wﬂc@h@n@@&é‘lﬁl 8s fsQl't FBrn@IbYloﬁfetc ) which
t he usual pharnmaceutical nedia rraege e used

Bl Welt wihip he,prsinay Sighin therpst. #ds p quuwtfufbmrrpweer s skill to
o8Iy bR Noateesf ébfmlﬁig#&lﬂiﬂﬁarﬁp&’déé@bq'@élﬁ{eh% asﬁé'rﬁ&ﬂé?réoﬁ{ ound in

dextrose 5% in water (D5W in Conbination wth ot
predsF inanage theaRhagngerkipaticsobie pyasent gamppHegoior m@nmum

géﬁ@rc,dpgﬁé&qgmgﬁé}@h{ y acceptabl e sol vents, including
DMSO, anobng ot hers. OF course, where solutions are to

be used and maintained as sterile, the conpositions

a”ﬁw&ﬂf&h@émlmt% éﬁv%ﬁta@@ o??eﬁfo\fécplé ﬁﬁarm]d%ﬁ%@@bgrameters of the

suspensit ons al so repare
RipgFuUspiormas ef theq:me%erté awlen@cws wm pepittiahlg, mctaivsringnitetrnesent

J:drhﬁodmbé 88 tSfﬂ% b G wi ngfe' e 8%{1&%8@6&@%% 3% g'lé&e the

parenteral, | ntrader aneous, or top
lamdﬁd@tﬁ‘e@fﬁ af dhre cempouriduded the fol | owi ng corrponent S:
a sterile diluent such as water for injection, saline
solution, D5Wsolution, fixed oils, polyethylene
gl Adroingstragjbry obthiereetivep cappbememgly yamje feom @btituous (intravenous

. ' - i b I
S DEb bR Bt nisler fiebads St Sttt s fess
f&squmuptr’mnmmladdaq;tosgédemna@mm»étfamb@sp gaéddnﬁa;ﬁ\%nio%
enedi am netetraacetic acid

BHERL PareGtail KUBYRIGS. Ruabedar. subpipgasusy Rakisieamas(which
b inclidess Sénch@tby BhRATRIRR 86ntS QJu'dEél%‘ﬂd S%Eﬁq é}%ﬁ%r S e

for the adjustnent of tonicity such as so
migisyaliony @mongéﬂb%rrremeglof prepsteatioonineldfinp eineectaipsastances,

dral Aaistesen di sposabl e syri nges or nmul ti pl e dose
vials made of glass or plastic. If admnistered

To prepare the pharmaceutical compositions according to the present invention, a
therapeutically effective amount of one or more of the compounds according to the
present invention is preferably intimately admixed with a pharmaceutically
acceptable carrier according to conventional pharmaceutical compounding
techniques to produce a dose. A carrier may take a wide variety of forms depending
on the form of preparation desired for administration, e.g., intravenous or
intramuscular. In preparing pharmaceutical compositions in the appropriate dosage
form, any of the usual pharmaceutical media may be used. For parenteral
formulations, the carrier may comprise sterile water or aqueous sodium chloridé
solution or dextrose 5% in water (D5W) in combination with other ingredients that aid
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i ntravenously, preferred carriers include, for

exanpl e, physiol ogi cal saline or phosphate buffered
weabiera426#BS) . | n preparing pHarnmaceuti cal conmposiUS2ME®33641

in oral dosage form any one or nore of the usua

pharmaceuti cal nmedia may be used. Thus, for liquid

oral preparations such as suspensions, elixirs and

cﬁéﬁéﬁérb@%ch%@ dtai @ apa bitee hhammatcatichllyiacesptablel satlients,
cohol s, flavorin

wat er, cols, oils,
tigins PO mong pliers P roURes WhREE SRS FGS ljged and
rH§|ﬁ%|né'8°és %Fl!edt%r@mwsﬂlbﬁé ahdl eagiefrdBdsESsP D%ﬁrmzed

abl ets, capsules, and for solid preparations such

'@J@Sﬁ@@@ $uSPPBSIONS (1A ANQD L BiePAtHs IWAOR GaRe ARRrGPTIate liduid
da'ﬂﬁérgdédk%eﬁ&ﬁ? HaBHts G ikl Beem@idfdy, as dextrose,

manni t ol ose and related carriers, diluents,
granul ating agents, lubricants, bi nders

di &l o%grcﬁtﬁgg;%é il et éfei?gntl#e}f%t@dérﬁgl 488&litahdous, or

desired s or psul és 'may be enteric coated
topicsletpicate ¢am lm@eludyd thednliewidg cempaneiasa stefileghient such

en\?%%hﬁ%%%t Olp]e fhe' 25 t%ﬁn@ . utl oY i &fseﬁéﬁ&&ﬂgl\ghglalywl&

pro ec conpound agaf
yoemmeapnopweﬁe :gr;ncbhzmr dtioehsyntheth salserats cantibaolerielagents such as
incl u

|
dereyiatcena ol Mefl Barepb 0 A0 BedsTBLATEE Fiinig agid or sodium
Hisuontef mﬁlatbig@agmkymhﬁasoeihylmdlmad\eteiimabetasa@d tﬁl[D'Eh)e buffers
t at |
s A8, Bt Rty osafaes g 6 tadtuf edonate
dolrtiop| &pdBgEnte fordhe adjubtniant Btioatditp8acas lsoduamawmrdemr
in the art i posonal sus ens

t ho sk|II Li ns
dexigste f@ﬁa&epeaﬂpp S3n be SBRRET RLPPPaNlES & Uihezade’
de ELoPMERIPILIbsR0EAS FHAG Jf @laE oh pRStiIK NoAdminBérbes e

?Iedlnthe art. For exanple osone formnul ati ons
lﬂtﬁ@vea@uglwewfe&@%«gﬂra@r§éraﬂ'wﬁquor%am@%p EY%O'PE';S%G(@E'TG Ch
%Sbﬂgggﬁﬁepeosgglmgmpggpat I's then evaporated, |eaving
behind a thin filmof dried lipid on the surface of

the cont ai ner. An aqueous solution of the active

Pé’db‘?'mb%htapﬁg%édg&méls,%ﬁﬁglubﬂé fh &Qladé‘éé@ta%r'f‘r?ranym‘é or more of

alner I's dto frée lipid
thaueualailhaf maesutical rsedie snayf bQ uged: dhv'aifarliquicheral preparations such

% ﬁf&géﬁﬁ é %!thrsaQr% E&&@ﬁé?& %@ %P%n&%remd%d tf\‘/8§ Jné:}]udmg water,

§us ensi on s of prepara
gmidls k)nswmmnols flavoring agents, preservatives, colorlng agents and the like

may be used. For solid oral preparations such as powders, tablets, capsules, and for
solid preparations such as suppositories, suitable carriers and additives including
starches, sugar carriers, such as dextrose, mannitol, lactose and related carriers,
diluents, granulating agents, lubricants, binders, disintegrating agents and the like
may be used. If desired, the tablets or capsules may be enteric coated or sustained

release by standard techniques.

In one embodiment, the active compounds may be prepared with carrier that will
protect the compound against rapid elimination from the body, such as a controlled

release formulation, including implants and microencapsulated delivery system.
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those of ordinary skill may be used in this aspect of
the present invention. The present conmpounds may be

wazem/Bees reat ani mals, and ini®articul ar, nanEair&$2005/033641

i ncl udi ng humans, as patients. Thus, humans, equines,

cani nes, bovines and other animals, and in particular,
mamal s, suffering fromtunors, and in particular,
Bmuegradable, btdmempdtllsleam@mems calebe usbe dubk meiathyl@anvibg acetate,

[ hy_admi ni st.eri.ng to t ent, an tive .
bR E e AN F b8 e Bt debarhae sBapdigaqil o
Methquisdfeeprieparaiiontof suchoformibiaticres will dkiappamnt & those skilled in the
gltgar maceutical ly acceptable salt thereof optionally in

pharmaceutically acceptable carrier or diluent,
either alone, or in conbi nation with other known

rmaceuti cal agents, endi n the di sease to
DBt pus RSO B3y Alsh e areh (el arheR bl sateton These
ﬁ—@mbermé b&red WckbrdtHg 8 matBENLHoW B! th6 ' ele dliR %@Eﬂt &or

such as radi ation treatnent or su The activ
PR GNP eMEdeItdetPnsManee ar%af%g@uw%m appropriate lipid(s) in

ﬁfgp?a”#h’é SolG@ftth&is ﬂfendé\ﬂaHSt%ied Wba@ﬁ\g%EPﬁHH a i filn® b]ecmed lipid
e

iver to a patient at erapeutlca y effectiv

rfage of e %&a'n@d ANREILBRHS IR Qfﬁb@acw@mm@und is then
ﬁﬁ'bﬂ@é&i ih@%the cBhiaffdrSTH H@c Oﬁ?&néﬁ& keI svglflgé%g ﬂana— Rffree lipid

pr esent corrpounds ar e fornms o rea
nAtesighsemdbe sidep f tf@rQcmrrcmnqﬂmdﬁadaweraedlp:djag@rggatbe,rthereby

B2 FRTROUR SRR AL G5y B DL Ry

thdad of ediratry skill ofaytbecussdtin thés aspgodohithe pré3emt dfvention.
ordinary skill in the art will recognize howto

readily nodify the present conpounds to alternative
pridvr prgsémtravmponniisaidyi tealsedde kr‘eu’eair}lm@fs and invgarticular,

SRR o o RS e ThAL ', B S oan . bovines
smrz]b\/cahera%amfsf By i pdirtieulph atamma ol Ib Sferifig mgfr}’:lmcﬁé Sar@Ilp]
t ru or ere .a N elirverin e
e B ot o eRer G 28 Betber Fierain inyba eated b
al?r?mefﬁn n]tzgo? Hmpéﬂeheah bﬂ’ed_:l’_[ﬁb%l’r}r@tﬁm t@ﬂérﬁe Gﬁﬂn_grgeaérj]ftthé compounds
e 0] e Cco (0] e anoun (0] u
SRR b Bresert RUSR o J6uier vaie,o AR ABacautically acceptable

dattrtharest optivhalpinas 6RarfiaButicaly RScapifsie Bérrtb%teﬂﬂdeﬂp e’ntﬁer
£n effective amount for treating cancer.

ge
s KpELEqreRINaione itk ety knawrppiArMEce el amgmendmg upon .
tAE aREdsS B bOtrbARJPTIAS &Bhtment can also be administered in conjunction

with other conventional cancer therapies, such as radiation treatment or surgery.

The active compound is included in the pharmaceutically acceptable carrier or
diluent in an amount sufficient to deliver to a patient a therapeutically effective
amount for the desired indication, without causing serious toxic effects in the patient
treated.

The present compounds are prodrug forms of reactive intermediates. In certain
pharmaceutical dosage forms, the present compounds may be modified to other
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invention in dosage formusually ranges fromless than
about 0.05 ng/kg to about 500 ng/ kg of body wei ght of

woOheopaticent to be treated, orl9consi derably noPET/US2005/033641

dependi ng upon the conpound used, the tunor type to be
treated, the ability of the -15 active conpound to

| ocalize in the tissue to be treated, the route of
Reauifsinmsatol take amhntdue gifwaparicdd roete afadafinisination of the active

conpound t f
COTRRAE i e e S Sy A AR o o
;ﬁg%ﬂb%ﬂpéﬂgdi%télfeﬁﬁﬁti?b@%dr Qﬁm@gb lfa@lllta)teabﬂwry%@ctlve
or nore at one tjne
et ate, b e o TaE AL o
\@g él%éeaoQ/‘éﬂﬁgH'H# fé\/%%lé‘ﬁhéﬁ%bﬁlh@ﬁ’é pd@nfatéld of the-ﬁh@dﬁug forms,

m cr ogr lood in the patient to
wheratepglicablee lrudelafprlaa thﬁ pr@s@ﬁwﬁﬁmpun%ﬁ/ Hiargeted ﬁEe githin the
ﬂgﬁ%ﬁt‘% szerfﬁéé int8s c%eof &Hti- n°'é‘o AL eFBAtdI thePEompound.
consi er | onger (years) ependlng upon the di sease
state treated In a nore preferred enbodi nent, the
¢ ?F%O%ﬂgu rjt%f %Pﬁ\%ﬁuﬁ@ |nkm989 %thﬁ\r’(g% g%eer‘g;g?ﬁ@aw %&g/é f&%uﬁéllons
adcerohiug ’w:the rn)re;ﬁenllrweeﬂlort i® asgaffggtl\(ﬁe@n@,unt‘fwetreatmg cancer In
conc
%eé‘lgéﬂdé é;l(‘[)l?gﬂ )iaé:ﬁéc\t’ g'&?ﬂwqr&% Qorﬁﬁg%r?ila%/ég?%?‘d\’td the present
uawtmmdosmeefsrmmsuaie/ rdnges B RSS thais aboUtr 05 melier (o Sbout

se of d
ar{ng/&g é&gggw\%qj?t hterpaltlgrgcttggﬁt&hretateﬁ %égénglé’ergﬁlg'?ﬁ’&r@
ddpendingespdeties bbmpotﬁnd bsed; drediutrioo typedo Ibe tedattes; ithe eldllty of the

It to t .und t d that, f i .
I GO e
éhbel;l‘letdh@ﬁnalé‘cﬁ@{églb@ of it-’hQ @?Wﬁd IwVihdgtﬁihgmfa #rtharwhse loétreating
rof essi onal judgnent o i '
Griper 4h poTgPeUE BaHFIADlY BTG E5F MAMBUS SaTang faf about

&04 ’éd@odiﬁ’ QSQ mdlﬁ’é bOMofAR e thed. They ddsaaerende géreerally

exenp af%/ are not intended to limt the SC?IP
rpdyeasce VQ) |09HéeV@|' genrsatraiinnsiact fighconpruNnganging from about

%B%&Qb&&ltsoﬁ%c%@ nﬁrﬂ&"p@r‘ & 6 lﬁé’odah tAE p8tierto BBYreBfed. The

I'vided 1nt er of sma doses to be

cutaiion of egatthent maxbgifererienaranergdays or maydast fpreseygral ronths or
' b

SRR ROGRE (loBfk) Bpbitin@ LIS e &SR Clatd EAfRdbm a more

prefeaiad ¢rhipodiment, &k earopamd is givan to theepasienbatsdasggof 0.1 mg/kg to

100 mg/kg, twice per day to once per 14 days, for the duration of 1 week to 52

weeks.

The concentration of active compound in the patient will depend on absorption,
distribution, inactivation, and excretion rates of the drug as well as other factors
known to those of skill in the art. It is to be noted that dosage given to the patient will
be also vary with the severity of the condition to be alleviated. It is to be further
understood that for any particular patient, specific dosage regimens should be
adjusted over time according to the individual need and the professional judgment of

the person administering or supervising the administration of the compositions, and
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suppl enent the desired action, such as other
anti cancer agents, and in certain instances dependi ng
wapes/Bies desi red t herapy or Rarget, anti bi oti e6T/US2005/033641
antifungals, antiflammtories, or antiviral conpounds,
anong ot her agents. These conpounds according to the
present invention are preferentially activated in
thé/tﬁges bé?c_tdumri@n ﬁ’“@eﬁ a6t foeth dievetin aes &Xxenplatyomiy and aiemot
conbi nation with other nti ncer _agents qr. w-th _ ..
HRBYRA eI S5PPS RuPBEe aFDS ampt trasodialiitasve
ihdlediRhesa) bel davembicpsy aohdecoaday be sivideziintl @nember ofrsmaller

combi nation_wi th other ents, ecially includin
dospgfo 'é%ﬁﬁ'&‘iﬂ‘ﬁi@reéfattvﬁ@“rtf'@%eéﬁsPﬁ'\%ﬁt| on. In theseg

aspects according to the present invention,
ef fecti ve anount of one or nore of the co und
Jmagtlng comppyrd pEROSERE to et iNveniyn é%r'? %Pé’reéa'xed
e?"éé’t{@e%‘at@ﬁél@% V8 riRIMWHIr Ak dRkiré®a&RNOBEWIth materials that

I onal anti - neop asti c/anti cancer agent SUCh as
smppleumrmlﬂm desired astiopssicdas ofhex @ntigansehageniscand in certain

%@tgﬁ%bssc%ép%ﬁﬁg OJ@?%W%QQQ/ Féd.otﬂglfégg ?ﬁg@r?@t) alc?tfbléﬂctsoéWtﬁur‘ibals

ers, inc Opol soner ase
antiflatoEtoiesor astviral canmuunids carsengsotblr agemisir i anyci n

t opot ecan, canpothecin and irinotecan, other agent

such as gentitabi ne and agents based upon canpot heci n

aﬂ[dwe@é%opipahhdns adoordihg to the présend inysstinn arempeieneidially activated

whi ch act a ,mechani.sm t

B egs Eimardeny SR S el Mgty Sin ather
driicheclicents @N&quot&h&apbyoar radiofinerapy.t he present
conmpounds may be advant ageously conbi ned with any
conmpound whi ch acts by a nechanismto reduce or

PreyfpéuridaceeRiid to ths pﬂiﬁbﬂl ihyentionlmal) ivg adimiristertedratorss or in
enzymes whi ch cat al ch as i nhi,Dbi

SNSRIl fepagah R St DRl pLS bt Redresent

il dntioBURthBss %c@d oot diRg & B sEsenEUEntidRY an effective amount of

co-adm ni ster" is meant that the present
A A aeeorcing odhe Areset invraliop s SBr Fiiistered

%8ﬁ'§’%lﬂ efec ﬁ:@ ém@t?nttotF%t Féﬁsé‘@ﬁé BU&iti6hA AnGPEBplBEL/afticancer

ound in t atl ent's bl oodstreamat the sane tine,
agayph sUtiess animela ﬂllteﬁ@tw&mﬁgéorublémaaxebmnyﬂstlne cytoxan

DAL sl EEVHER S THASAHEL o s
topoisomedsseviand topaishrenasalll isibitaransish aéyéifﬂﬁ@ysmow@@an
camg&ﬁegrlw %Hj (lzrln(otecan offief Sgérn Yeh as gemcitabine and agents based
upon campothecin and cis-platin. In theory, the present compounds, which act by a
mechanism to damage DNA, will act synergistically with compounds that act by a
mechanism to reduce or prevent DNA repair. Thus, the present compounds may be
advantageously combined with any compound which acts by a mechanism to reduce
or prevent DNA repair, especially including inhibitors of enzymes which catalyze
DNA repair, such as inhibitors of ribonucleotide reductase (RR) and inhibitors of 0°-
alkylguanine-DNA alkyltransferase (AGT). By “co-administer” it is meant that the
present compounds are administered to a patient such that the present compounds

as well as the co-administered compound may be found in the patient’s bloodstream
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additive) result which is unexpected. In another

enbodi ment, the conpounds according to the present
wOonenBiwn are given either siful taneously or PCT/US2005/033641

sequentially with anti bodi es (conjugated or

unconj ugated), viruses, or bacteria. The anti bodi es,

viruses, or bacteria could carry enzynmes or gene

a%ﬂﬁé)é)érﬁs HiFHRZ Ve HRPdIE ST vt matcentpbandmarrmmbﬂy@asnmsﬂeeaﬂ
in the resent i nvention, The e

InGIgI0 BEHRNCOUHY < NTBETL B REOPT G ‘é%raﬂg}"qu?f‘ ¥ iiysent

c‘o?ndoim@@Wltﬁ\fr%@ltk)haltarﬁlbénd‘e@lé@@h‘t@dﬁomeracbyhgrg’lsilct(ha more than
present invention primrjly induce th era eutic

asiivel resklt whighy is HGEXRASIEGh AhaNQtIRpRad megh A1 GHapouEs

JR4BA Tostﬁe ?Féée\ﬁ?m@@r‘ltﬁin%é _nlentdither §ﬁﬁ|ﬂéﬁeoddwvcbrr@quentlally
gener a scribed the inventjon, reference i

whitentibediesdcorsygaios AfURGASICRTad) UBISEP<Y hagigria aTe antibodies,
\)II‘G%SQ %‘?%akferlbléoH@tcL %%n@?r’ﬁfa@ oF Sé*n@@ﬁcdaﬁﬂ”g%n@ﬁ%@dhé\f%lﬁﬁate the

conpari sons e’inc exanpl es are not to

wormsinde desitedrin theyesen iRvesgien. dfhet qrnzymeﬁvr&ﬁlﬂdeo*huta@t limit to
NS more broadly set forth above and in the appended
clalns O her conpounds not specifically presented in

the exanples section of this application nmay be

i | n

s Fo LT b8y S HEBA, RIPHaRREE W W EpASRS
adeotdigy &rthe p@;@nofnventcbn’mnvarﬂklridhjcattyelrrtbar@upeytlc effect in treating
r%gnt he ze all set. fort %?g n@ étﬁ% t

Vgt MRSy TR A e PE IS e epts.
followi ng the detailed synthetic net hodol ogy d| rect 'y
O oL YL o8 R e DA A8 S B RHRA9 HE Bbwing
dRRIREXEMPRIsShRLEre e sdb o ;mjym&r pneaérrewtmid dtMeraéTdbcbwménts
wi t hout further purification, sol vents were

HILEBRPRTI SN Tf&jmﬁlmﬂ%ﬁ* eXgInpies a&%‘?téo 98&8%%‘# aSAl'W"“Rﬂ/ﬁE‘e

s%%%@tcrf #hié itendctasRncre Hrdadips&t foeh absia @t mrthe aBpeHm@d
pectroneter. Chenical shifts are neas

@aimss Oél@e?r aeMAdUBes peiReCiiicnli progented t%‘f‘?%ﬂ?{ﬂ%ﬁ%ﬂ%d this

%g*ﬁ%ﬁd?gm‘é 'Bétr@éﬁlg psﬁﬁﬁe&ﬁ@tgl’ fdll%ﬂnrignarié%dolls W%oddﬂ)@léé"andlor

urmcrmaogr performed with
fecile Swt@@ﬂesabat(azg@rmotqﬁm knog_\mdn thes ait Qe Bfn%{gg\ary skill may

r%%hﬁ&/ng.\/nthemze all compounds set forth and described without engaging in undue
experimentation by simply following the detailed synthetic methodology directly or
adapting/modifying such synthetic methodology using techniques well known in the
art.

EXAMPLES

All reagents were purchased at commercial quality and used without further
purification, and solvents were dried and/or distilled prior to use where necessary. All
NMR spectra (*H, ®C and 'P) were determined on a Bruker AC300 spectrometer.
Chemical shifts are measured in parts per million (ppm) relative to tetramethylsilane.

Coupling constants are reported in Hertz (Hz). Flash column chromatography (FCC)
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chromat ogr aphy (RPCC) was packed with CAT gel (Water,
preparative C 18, 125A, 55-1 05mm eluting with

woizbdeio3Qede- i oni zed wat er. ExaBpl es 1-2 Phosphecyiuariosn33e41

of Phenolic Conpounds General Procedure A To a

stirred solution of the appropriately phenolic

conpound (10.0 mmol) in acetonitrile (15 nL) was added

DB Re(fotmeafith Merdk Bliei-del (62Q28040D nadshi),coml reserved phase column

t act cooled to -130C.
SRR o )RR R A8 e e 07 6%, 1254,
86€06pm) eltiag Withrhili-@ar-isdided wateppwi se to maintai n
internal tenperature at less than -100C. The reaction

m xture was raised to QC and then kept stirring for 2
hours, nonitoring reacti gExdipplesgt2on by TLC. The
reaction m xture was concentrated by rotary .
evaporation, and the oil residue was worked up with

di chl or omet han@haaghryFatbrRerPRUoIIHEEHRInds! On. The
organic layer was dried over anhydrous SH4, then

filtered and concentrated to brown viscous oil. The

cr géfiefdll Préde e NPH A %eYirrad Xbluﬁm%@%pﬁ%ﬂrigte%?pﬁﬁ%ﬂc

w thout further purification
qamRQUHckt1 Ay HMSYIR GReiepiirie (i mb&)W@ﬁyﬂld)i@d PMAR( cioid!) and
G (b A%oShiasEasiat, FAREHSSries wasgopao 10 A

chlqm@‘l oyalhé loe@phmsphatau #9 hphol il asetapitoler(Banle WasSadiled
gy b A TR, B 0 T Rl e
was:ra]sw tei0°Ceid, then 4&@pt(diyring for B hbuitdz moBlhringredatidrbcorspletion
ML%A‘TI?GZE%%'&%# E@)&L}l_{egqas(?ﬂncwﬂgtgg jbg 55%9{ e\@qf’ra(tl%hggpd the oil
redie vas oried Qp 8v1ﬂHZd|cHl¢nlbmelt%(ﬁeNi¥B A.3M %ﬂeou@ﬁ’éﬂéﬁu Sbiution.

053 484 Vog 4516 Ve ahy it MaGOs, e tefed and ponastated

t6 b2dwhiiscoGD8il. Thettruds Jlalk@ﬁﬁ?@{fgef(}%ﬁﬂj%rﬁf)&nd%ould be used
WI81outt %u(l)’{ﬂler puuch%?lo' i ¢ conpoun mol’) |

1-(3-Diethylphosphonoxy-4-notrophenyl)ethyl alcohol (13). Following the
general procedure A, R-1-(3-hydroxy-4-nitrophaenyl)ethyl alcohol (18.2 g, 100 mmol)
reacted with diethyl chlorophosphate (15.0 mL, 100 mmol), and the desired product
13 (32.0 g, 100%) was obtained.

'H NMR (300 MHz, CDCl3) & 1.36 (t, J=7.1 Hz, 6H), 1.47 (d, J = 6.6 Hz, 3H),
3.02 (br s, 1H), 4.25 and 4.27 (q, J = 7.1 Hz, 4H), 4.91 (q, J = 6.6 Hz, 4H), 7.26-7.31
(m, 1H), 7.55 (s, 1H), 7.90 (dd, J = 8.5, 0.8 Hz, 1H).

"®C NMR (75 MHz, CDCl5) 5 16.1 and 16.2, 25.3, 65.6 and 65.7, 68.8, 119.6,
122.2, 126.0, 140.0, 143.5 and 143.6, 154.4.

%P NMR (121 MHz, CDCl3) & -6.7.

General Procedure B. A solution of phenolic compound (10 mmol), DIEA (20
mmol) and DMAP (1 mmol) in acetonitrile (20 mL) was placed in -50°C bath. To the
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mol) and DVAP ( 1 mmol) in acetonitrile (20 nL) was
pl aced in -500C bath. To theabove cold sol ution was

wadasd3eb4 (50 nmol ) and di al &yl phosphite (18Cmusk)os/033641

The reaction solution was kept for 2 hours at room
tenperature. Then solvents were renoved by rotary
evaporation. The residue oil was worked up with 0.5 M

aboveoetsid Kblﬁﬁbrswlasfaddéd @mm (@0chhern) anetdkag phd¥phié (10 mmol). The

ti d vapor ati on and
TR stRfon bR P tTae S B SHD BB aThen SRSt Here
eémd)\ﬁbdtbiy mﬁgl e%;ﬁdirétﬂén fﬂhétrbﬁau@tﬂ bk Q\iﬁrlkélﬂup with 0.5 M aqueous

hosph - 4- not rophenyl| ) et hyl  al cohol
g(t% éﬂ%ﬁi&is }Wg%ox Pogero{)e@@[%@)ngdryyover anhydrous MgSOsa,

fa{'aﬁorét%rhé/iﬂf waetuftr dryt ﬂh@%ﬁ%‘&bﬂ(?lbhbfépl’%hﬁﬂhgllyl ééfﬁ%gurgi could be

nol ) reacted Wi th di ethyl” chl orophosphat e
erd without Terirarpurifigationhe desired product 13 (27.1 g,
100% was obtai ned. Exanple 3 Grignard Reaction of
Benzal dehydes CGeneral Procedure. To a solution of

4- hi(3-Dietdy hasphpaexy @ruotnephonyil ety lajebhnl {13)HFol(@0ng the
Telortfinosditt v, AFEEnioRRa Rl ienRdlory o510 0. g4
n’!m)ﬁﬂeev’fed with dﬁahhlut aorofesphetenpd 0 &t mt e84 nirhel) raewiché desired
dﬂbb'tr gai ;Sdotp[gilng&v 400C during the addition
a

|gnard re € reaction mxture was allowed to
warmto roomtenperature and stirred for 3.5 hours.
The reaction m xture was ol e t3o -10C, and quenched
wi th 5% hydrochloric acid ). The reaction
m xture was di | uGHgnaid Reaeticar of Bonzdldelytibst he product
was extracted with ethyl acetate (3 x 15 nlL). The
conmbi ned organi c extracts were washed with water to pH

5, GelmraﬂPﬂyde{RI;éfW(dé @Uﬁltlbﬁoﬁﬂﬁltrcfbé?iﬁg@%@@f@ ;(110 rr?mol) in
t e resjdue urifie as
il rﬁéégﬂmg}]wg? ﬁ{owiv yied &gwnar%geaaenhs%%%t hy|
m@@@hﬁ@neﬁlﬁﬁmﬁﬂﬂée i ?l &Mé‘rp(QB"i‘ﬁr%QI %FQSO@IC'&/@r 4B minutes. The

cuum the a-al kyl 4-nofrobenzyl acoo

‘§BParaiwe, of g Seaqym HWUF@ Wt maisitringd ly%lpwwo G dutng the addition

&ﬁﬁar? g%qéhwr??fﬁ r%genz a yde%%gg\gga b WBTY 9 roolna teme{) eéature
qr}sjestr(gr@g,fqare@5 hours. The reactlon mixture was cooled to -10°C, and quenched
with 5% hydrochloric acid (25 mL). The reaction mixture was diluted with water (25
mL) and the product was extracted with ethyl acetate (3 x 15 mL). The combined
organic extracts were washed with water to pH 5, dried over anhydrous Na,SOy,
filtered and concentrated. The residue was purified by flash chromatography on silica
gel, eluting with 25% ethyl acetate in hexanes. After evaporated and dried in
vacuum, the a-alkyl 4-notrobenzyl alcohol was obtained.

1-(3-Hydroxy-4-notrophenyl)ethyl alcohol (14). Following the general
procedure, 3-hydroxy-4-nitrobenzaldehyde (90.0 g, 539 mmol) gave the desired
product 14 (40.0 g, 41%) as red oil.



10

15

20

25

30

product 14 (40.0 g, 41% as red oil.1H NVR (300 Mz,
CbCl3) d 1.50 (d, J =6.6 Hz, 3H), 2.06 (br s, 1H),

wWa 20/08ep66J = 6.3 Hz, 1H), 6.28 (dd, J = 8.8, PRCHUS2005/033641

1H), 7.17 (d, J = 1.7 Hz, 1H), 8.08 (d, J = 8.8 Hz,
1H), 10.6 (s, 1H). 13C NVR (75 Mz, CDCI3) d 25. 3,
69 5, 116.3, 117.6, 125.5, 155.5, 156.9. Exanple 3

ﬁ%\fnk @o@ﬁn#@ﬁtﬂ&)@ps@w G&nsraahz %H;czdar(@r s, Tie1)ad.93 (q, J =

uti on A sol uti on of

ch
65y Hz, Hit ﬁ;ﬂ&(d@B;# S8 bRty T (& 4= 7 Rlzs 3 o = 88
ﬁz°|1 g$4q|_m ) and 1.0 M BH3-THF solution (120 i)

‘ool'ed’to’-500C. To the above solution was sl OV\AS}/
ad%(eellMR 78 MtizoBDE3) §' 2503 B9k Y1 18:3, il T-Bott b opiveholvd
(100 g) in THF/tol uene (200 nL/ 800 nL.) and 1.0 M
BH3- THF solution ( 1.0 L) sinultaneously over 4 hours,
while stirring vigorouslyExample8acti on nm xture was
kept stirring at -500C for 2-3 hours, nonitoring
reaction conpletion by HPLC. Then, acetone (200 niL)
was dropw se char giRéductiontdid\cetephianongs - 500C. After
stirred at -500C for 10 minutes, the reaction m xture
was allowed to warmup to anbient tenperature and stir

2%‘:’0&65{ ﬁmﬂtbﬁur&mﬁ%a@mm@d thy N@i(ljlﬂroyx of chipalr(Rtorcs)-dmethyl-

a e res|idue was treate tu

GBS ozszahpieisine G M sdionan fglueng, ¢4 %&5&*‘3 M@ ﬁ@atT 3]
5o edédMTthNés)QBWI dded

S%‘iu}%egr%g%%% AgSSOBFEdg?ﬁG %3?%@?%@?”& herl TBME, SN

smmoh@i énwroxm Enitroa¢asophienene &1 g {T] HF/tQHJeH? (280 v% 800
J‘QAH 1,8 g2 H a?&g{(ﬁﬁcﬁd@ LI SIRuREMERIE dvaY 8THourE Rfile stirring

arged conc n dropw se to adj ust %Hé
vidiorbes|ymal het raanmmgmtmrpgv@tl{gpéstgfmg gt 5€° iheurss gonitoring

r‘é%étgﬁﬁxéorﬁét?o% %BL@ Pdn %%850%326 aé)dr Jﬁ/@ge ERdrged into

re concéntrate ‘g t was
taé frenimimnbtaﬁoc’m Mer siirred amO?@k)rﬁQmﬂw@a @ reaction mixture was

r.e-cryst al
5h trated b

q;gowe(j% gp é&?y % %lﬁtggﬂﬂggéﬁ;}g?ﬂﬁd stlr og (‘)I o ou& (foncen y
ro@dr)/ Gwmamdreorgéﬁ‘tﬂ aéthpfrmcresidu@yvas treated with saturated Na,COs
3 hydr ox cet.0 non ) led

nggerJggn ?rbdj@? mix t% \2(3 ﬁe %8%’( 88 ngygg)ormb, ?/'gcﬁh%\?v coole
@&Am t room temperature. Added tert-butylmethylether (TBME, 1 L) and hexanes (1
L), the mixture was stirred at RT for 1 hour and then separated. The aqueous layers
were charged concentrated HCI dropwise to adjust pH 6, while maintaining
temperature at 25 °C. The mixture was extracted with ethyl acetate (3x2L), and the
organic phases were concentrated. Crude product was afforded as brown oil, and

was purified by re-crystallization from hexanes.

R-1-(3-Hydroxy-4-nitrophenyl)ethyl alcohol (15). Following the general
procedure, 3-hydroxy-4-nitroacetophenone (100 g, 0.55 mol) gave the desired
product 15 (52 g, 51%, 99.3%ee) as yellow solid.

Example 5
Reductive Amination of Benzaldehydes
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Exanpl e 5 Reductive Am nation of Benzal dehydesCener al
Procedure. To a solution of benzal dehyde (10 nmol) in

wdiedslocswaet hane ( 10 ml _) wassadded 2 N sol ut POW/USR005/033641

met hylamine in THF (20 mmol ). The reaction sol ution
was kept at room tenperature overnight and the
precipitate was filtered. The filtrate was
concentrated and dried in vacuum and the resulting
crude oil was dissolved in nethanol (50 ml)

ab@e@er@memwrmEo agakomaBrezats 14 rﬁf@%\n P"chloromethane
(@ Q#de s%ﬂﬂlohl?ﬁ nRQh iR |H\@§{Fk(9§tmrﬁbl? MfHd¥@action
ontlnuou for 4

ours. After evaporation
s@@t%@awi @t Eom tamrataiure qraraioh] s the)pregigitate was filtered. The

SR %B:r‘fc@ el 20d 'E%gd in’ Vﬁcug@l HehPRASRINYRude ?H_ was

separated an Xt racte or onet han

dssmvediiheneibamn! (2@ miy).gbmihe ghloue égluﬁem wag edded &a&ﬁg( 0 mmol)
G M A 6 DRI Ay ol o

After aveponatiohabe réalmudmas pmtrlmt&nbmwmﬁer (50 mL) and dlchloromethane

(g& %ﬁé%hg%ﬁ%%g% s?e’cb%}éétéd !a\hgrgkt@{étecﬁmtﬁ ‘alcq'ﬂlo%methane (50

pro
WL pbigd. ﬁhe&phrbnwdwrbannz ahdsdyndlere(Ri2dDvgr ardiydiroroMySO,, filtered,

%%\épgﬁ} tag-?ngfm ln7 }jlao 6J¥re| l R on|z|yI7N ﬁet%‘%ﬁh&%ovggy&e enough
HZus@W)thovﬂf@lihe(rrnunﬂd:étl,on& 73 (s 2H) 2.42 (s, 3H) and
1.34 (t, J = 6.9 Hz, 6H. 13C NWR (75 MHz, CDCI 3) d

149. 4 (d), 135.6, 129.3, 119.5 (d), 64.2 (d), 54.5,
35144-@1&hgﬁ)%s%bnoﬁyﬂ&m(rﬂ&h M.di'nmecﬁ@) 3=)olldwm@ the general

| es 7 Phosgene Coupling React

mooedr deihyIpRBSRNOROKY-PERE AP 429 910, éé)@:mqlbg%?? (223 g,

A le (40 nL) was added phosgene (20% i n
7%/3&?2&!%}& nmol ) and DI PEA (10 nmol ). Kept at QOC for

20 HiNMR EO0 Midz,tCRCRPS dtd1dd, has.Gtde2H), 7.17 (d, J = 8.5 Hz, 2H),
e thyl a nmol )
Jz‘;? ? é‘ﬁygp%?%‘rgﬁy%%g ?;f—lﬁg?]d rl}lgg'c@l‘}ongﬁlsgglsm n was
ke1}§¢3 NMR (75 MHz, CDCls) § 149.4 (d), 135.6, 129.3, 119.5 (d), 64.2 (d), 54.5,
35.1 and 15.7 (d).
3P NMR (121 MHz, CDCI3) & -5.5.

Examples 6-7
Phosgene Coupling Reaction

General Procedure A. To a stirred solution of 90CE (10 mmol) in acetonitrile (40
mL) was added phosgene (20% in toluene, 10 mmol) and DIPEA (10 mmol). Kept at
0°C for 20 minutes, to the solution was added N-(dialkylphosphonoxy-benzyl)-N-
methylamine (10 mmol) and DIEA (10 mmol). The final reaction solution was kept at
5°C overnight. After evaporation, the residue was worked up with water and
dichloromethane. The combined organic phases were dried over anhydrous MgSOy,
filtered and evaporated. The corresponding protected phosphate was obtained as oil.
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50C overnight. After evaporation, the residue was
wor ked up with water and dichl oronet hane. The conbi ned

wonrgmnizeephases were dried ove® anhydr ous MySORCT/US2005/033641

filtered and evaporated. The correspondi ng protected
phosphat e was obtai ned as oil.General Procedure B.
DI PEA (12 mmol) was added to a 20% sol uti on of '
phGenenat Procadiira & &1PB6 (hdwmolhwasaddeddiosh POt siution of

Gt BTSRRI B RELARSEALS Nl
erftBJgheayll)etbyi alnobDU(’I@ rasl) $i aceteniirdg (1500h) waspddet ﬁlowly The
(e OBUR RSy FonE TSk 1l ERde ol el Songeprete
Ms(dl.!é mmﬂn}smdlada:d:eltrbg‘:)mﬂel (85 mur)Ja Diﬁ;ﬁéﬂbgwwf onGE (10

s AR lF G nelN A E T BS Frduaud? sfrattl B
Wﬁdérdtaﬁéi‘fbr th@uﬁb th@é@ﬁbﬁ*él@ﬂl @olv@h@ Khégéléldl@e %@Wked up with
wer e washed wi % HCl sol ution

WRIKY 8P G@hm@mthaaﬁd The afanit @Eﬁsﬁﬁ V‘fﬁr‘;‘/ H’é‘§§ed Wﬁ@ 1% HCI solution

(Bs%guanwngﬁ E/U@@S*M dd.2sRd ehasoraicads @ﬂmésgnrr% felsfefdie was
uting 40- 50% et hyl acetate in "hexa

el
Sehelelut ng wifl d0-stbo oty e lRILUBG A0 030 GE Bgstate in
%h@@pe&%mawd%mrﬁe@ (PRIRF RIRALR UGS tggﬁ/altm@eo@és dhbing

Bi sf met hyl sul f onyO*-~- chl oroet hyl Jhydr azi ne- carboxy
nrptsecw W%piq@te Vdﬁwe@trt?lngﬁ@g@nonoxy 4-ni t rophenyl ) et hyl
ester (16). Follow ng the general procedure B,

1- ﬁﬁﬁs@ﬁmg@ampgam ?:ﬂ ﬁ@ﬂm&@@wgﬁwg@p KITES

r{lsﬁwlmnqsplmv@qv a-gitopgenyl)etiyl ester 1), Faliwengitie gereeel

eptyg 815l opniihosmmiorod P SoihyhBvelibangl ({390 so0
MO0)- yxEIdast (51124, 7186R0- 4. 35 (m 4H) 5.95 and 5. 96
gt NugRGoB s s 3y PAirg s S e o (0 F gtz am,

:Hza andB. 213(31§1-|w§adén'613 Mrizs, IR 85-375 @n 24 ES%@DA 62 ﬁn 1H),

rmati on Free Acid Gener al Proce ure.

4599 Gt0dAm. df e ﬁ@Oﬁe%%%ﬁH/)eWﬁanﬁ;ﬁ Wpfpr/ect. 6&4@%&%&4 end
138)(d, J = 8.2 Hz, 1H), 7.60 and 7.65 (s, 1H), 7.96 and 7.97 (d, J = 8.5 Hz, 1H).

¥IP NMR (121 MHz, CDCl3) 5 -6.7.

Example 8
Formation of Phosphate Free Acid

General Procedure. A solution of the respective diethyl-protected phosphate (10
mmol) in dichloromethane (60 mL) was treated with excess TMSBr (100 mmol) at
5°C overnight. Evaporated and dried in vacuum, the crude phosphate free acid was
obtained as a glassy solid. To the crude compound (10 mmol) was added water
(about 30 mL). The suspension was stirred for 2 hours at ambient temperature, and
then a minimum amount of watér was added to complete dissolution. The aqueous
solution was purified by RPCC with 10% acetonitrile in de-ionized water. The



10

15

20

25

30

mmol ) in dichloromethane (60 nL) was treated with
excess TMSBr (100 mmol) at 50C overni ght. Evaporated

wandoetdss®wd i n vacuum the crud?’ phosphat e freeratius2008833641

obtained as a glassy solid. To the crude conmpound (10
mmol ) was added water (about 30 nlL). The suspension

was stirred for 2 hours at anbient tenperature, and

fraetiona wrrainmnitosetbointVaf *IRINMIR aed cerdbiedd t Afterdyqpihgtization, the

TR 1B A SN BB DR P ke
Thefractions were nonitored by UV or 31.F>f II\Il\/(I;Q ant(zl)S N

rr b2 B8 el St PRal 8RS pb Grblia cafeniig 3R] -
dihydregergiitod phonbayyd-ditroptiehgh ettty hgley OTE)ZF@M@J the>gdneral

Br"ﬁ?@‘n’rSgiv?p‘H%@b%HM?nx‘) A GrlrRsh Y verRAIneseqrapxylig Acid 1-(3-
&Q{Hymmﬁghémlygﬁﬁiﬁbﬁﬂwer@d)@ﬁ?ﬁém& (73.9 g, 124 mmol) was de-protected

%jaiylg{d%gﬁt(g¥ﬁs§g&rs At 2- chl or oet hyl ) hydr azi ne-car

ite powder.

di ¢f NMFPWDIP%EE Yo LY & orBemyl 4. 5%) Eéldl 1?1‘3%(%@)&5]% 35 and 3.29

124 mmol protected and yi e
®0%4) a%Sé andi 3.85 p@vaﬂar 3.65+3.88/km( 20D IBE-4.MOMBORIB) 587 and 5.99

7 S L2 0 e R e
B=8HA WzpOH . m 2H), 597 and599(q, J = 6.1 Hz,
i 38 (v obfsolls 5570576 R (121 M. ENE&

6) d -5.6. Exanple 9 Forrratl on of Phosphate Salts
General Procedure. A solution of the KS1 19W (200 nm)
and a base as upon stoi chifER9 % s di ssol ved in water

(2.0 nL) and stirr edrnbtidRREPhesphatecsilts t he sol ution
is lyophilized for 20 hours; and the resulting solid

is then anal yzed by NVR and HPLC. Monosodi um salt of
K&3draha( PRdcedtire. A Baii&Bomsat Kig1aaw gzb@ n@)an‘ﬁeasb%eoéﬁ ¥pon

added to a stirred solution of KS1

siprenipmefy i einasived Matat (2. Gvd) wad éherdl@b?QrQ)fOUFnhpur the
é&,@g’ﬁ@ OuléHy%phmzé’d for 28 o2 aRE the rBREIiRG 3G BhdH XN MIRSNMR

and HPLC.

Monosodium salt of KS119W (18). A 5% NaHCOj solution (210 mL) was slowly
added to a stirred solution of KS119W (66.1 g, 122.4 mmol) in methanol (70 mL) and
water (400 mL) until a pH of 4.0 to 4.5 is obtained. The reaction mixture was washed
with dichloromethane (2 x 500 mL) followed by diethyl ether (200 mL) to remove the
decomposition impurity. The aqueous portion was concentrated below a temperature
of 30°C. The residue was dissolved in acetone (200 mL) and slowly added to a cold
(10°C) diethy! ether (2.0 L) with efficient stirring. The resulting slurry was stirred at
0°C for 1 hour, filtered, washed with diethyl ether (200 mL) and then hexanes (200
mL) and dried to give a light yellow solid 18 (109.7 g, 86 %).

'H NMR (300 MHz, D;0) § 1.37 and 1.38 (d, J=6.6 Hz, 3H), 2.91 and 3.00 (s,
3H), 3.24 and 3.25 (s, 3H), 3.30-3.50 (m, 2H), 3.55-3.75 (m, 2H), 5.69 and 5.70 (q, J
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wi th di chl oromethane (2 x 500 nL) followed by diethyl

ether (200 nL) to renove the deconposition inpurity.
wohercaquseus portion was concep8rated bel ow a PCT/US2005/033641

tenperature of 300C. The residue was dissolved in

acetone (200 nL) and slowy added to a cold (1Q0C)

diethyl ether (2.0 L) with efficient stirring. The

ae&@l—tz; ng), .08 {dy MBS, 1H4, ﬁHEd7@4a|Q@¢2f5% 11Hﬁf7te"5(g /=84 Hz,
Hg tered, washed with diet et her (200 ni) an

anes (200 m.) and dried to give a light yellow

SO'WNW?@%MZ QDM%@ c@) 5 %%45’\%2( 39108“45'%80%@ % /6, 52.9,

d 1
8954 70 B1257118.6. JP5. 512009, 3102 e 91141 B, SE5F, 75,0, 147.7

2f84 45.69 and 5.70 (g, J= 6.6 Hz, 1H), 7.06 (d, J
63781*%E4 1H), 7.24 and 7.25 (s, 1H), 7.65 (d, J = 8.4
Hz® PIVYIR (12CMWR OMSOMEY s -OMBQd 6) d 22.5, 4 1.2, 4
1.3, 4 1.8, 4 1.9, 42.5, 42.6, 52.9, 53.1, 77.1, 77.2,
118.6, 118.8, 120.0, 120.2, 124.9, 141 .5, 145.8,

145.9, 147.7, 147.8, 151 .4. 31P NMR (121 MHz,
DMSO- Cf6) d -4.09. Exanpl &xamphetier m nation of

Sol ubi | and, .St ahi n A us Sol uti ons The

sol ubi He{‘%’ mipagien 0?51'\?&‘ BihtyagsSisbl ity ja Aqpaous B olutions

visual ly by adding |ncrenental guantities of the drug
| ass vial. The vials were

ta.2.0 M. of water in a | _ )
s hHIE PRIy Q5 ST S oA VL0 T vas daternined msaayy by adding
|ﬂ§Mé‘ﬁéﬁﬁU‘éﬂﬁﬁéS ke Bfuddo 3 B |o\f§\%t@rrfﬁ e eg%s& ial. The vials were

Addi tion fixed quantities of drug wer
$hakP8 aé FRace feraperaiure ne GlascCelireiany appasatus 'Dhtlbthp Iduagedussolved

ST RIS O BT sl BT e O sgn
qmmmeﬁemsonﬂonnﬁhmproma e@scontimued lﬂ"ﬂlf) mlwlfndv’élclé;m&ﬁdléscﬂmd The
SARFSKSHTSR LhONEAEH e (1 BB by oo R

Aptesusispkitioby odNPAQ54In(oe XONPL95atpuere light ydﬂe_Wdrug in a
glass vial containing 2.0 nL of water. The vials were
shaken in a Aas Col rotary apparatus at room

t elfeescduthility of the rixviy eyntsesiZduekK S UEYE BItOWas Qmﬁlmrlvlombrmmed by

égaﬂ{gsacip IE)YC%%S %rr't%Jo%n\fV%fS th%%nLEQr fnfau&asé VIaPcon?alpumg rbaé mL of water The
vials were shaken in a Glas Col rotary apparatus at room temperature for 24 hours.
The suspension containing undissolved drug was centrifuged; the supernatant was
carefully separated and analyzed by HPLC for drug concentration. Water-solubility
(mg/mL) of the KS119W salts from Mg(OH),, NaOH, KOH, BET, and TRIS is
detected: 51.2, 67.2, 71.0, 58.7, and 70.5, respectively.

The stabilities of VNP40541 were investigated. The sample (20 mg/mL) was
dissolved in 20 mM citric acid and titrated to pH 2.0, pH 3.0, pH 4.0, pH 5.0, pH 6.0,
and pH 7.0. To control for buffer catalysis, the drug was also titrated to pH 2.0, pH
3.0, and pH 6.0 in the absence of citrate. The samples were stored at 40°C for 3
hours, 24 hours, and 3 days, and at room temperature for 24 hours, 3 days. Upon
completion of each time point, samples were placed in a freezer at -15;’C. Control

samples of each preparation were also stored in the freezer. Each sample was
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carefully separated and anal yzed by HPLC for drug

concentr

detected: 5 1.

ati on.

and 70.5,

respectively. The stabilities of VNP40541 were
i nvestigated. The sanple (20 ng/nL) was dissolved in

2falykécby HPd;mpdutmq/ i Vdrmgﬁniecbdhﬂs 2tijeté¥Hnﬁ’e @\e (R)Hcentratlon

gt e Bahive gBid s geniogbley o 7
el sighfidatticRrébadtiontis GRspReeRf 24 'hb[n%taq 40T@ er

were stored at 400C for 3 hours,
ﬁ'ltfétea‘i“dK‘Qbﬁﬁ’@%ﬁﬁ‘é?ﬁ?@rdégfétﬁaﬂQmS'IBUﬁ%ﬂﬂ% days
conpl eti on of each tinme point,

TableCfZShdH terdd StabBNEf QNPi@m & é’ffur‘?c%ﬂ

S5 s S U s

trol for

24 hours,
Upon

sanpl es were pl aced

Water-solubility (nmg/nL) of the KS1 19W
weabdensizsem My( OH) 2, NaOH, KOH9BET, and TRI S PET/US2005/033641
2, 67.2, 7 1.0, 58.7,

iR T@plgﬂelael@\@g the resuits I@thate clearly

lgé"gf%'sSﬁce of

in

& r;ﬁ-ﬁ) At pr8B%nce of

sse ‘?‘%Qvar ! oustr?l samples stored at

points, to determ ne the concentrat| on of the

fespective drugl o fpOepmpsStrared 1M Tabt e T jetow —the
fesul ts |i ndi catlerghgarly that |si gifrs é@ﬁﬁ degr adéW&ﬁWC
NS obseryed aff—E'ﬁ_n%ff TOUuT S df F.”"‘A. The—pt eSS ©

»: ; bfa,f Iebdcﬁ,raﬁgt :Fa: ,ia; tAka egi,imeg][ i\éaltsawn _.pH Assay
b ) I L L oL T Ty

VNP (354] rTWf f{g i on g'ﬁ% z;n eq co/of r at 392'3?’
puf %r ﬁ sisziy- r esyl P ¢ es Jel@trye t p1.7%
conf ol s s| $Ppred g -3 5C. £ nmple- : 91-32/0
Aer |c/ QX1 C | Sur oé??e St5u eq 9 &/6 oTr4 92-20/0
pafent al u 2cyt D e | P-4 ne ot’ase'f-’-o6 92-20/0
{rapsf eqt SXSce sepd&d’ on| gI%aks HiPK 7 1jR{On | 92.5%
hot £ T es, q d fpr2% @oms&ﬁwc@gﬁ){a rlbber | 93.8%
seplm fli Cg'g&vr W13 gé\%%{@o/% nfo- ) | EB% 8 gﬁagge 93.8%
oufP1 o) UelsO% t hl P9%t r -0 50E6%. |BGen 594.0%

various concentrations, with the bal ance of the

m xture made up of nitrogen, to establish various
hypoxi ¢ conditions. Drugs were then injected w thout
di srupting hypoxia. After two hours, cells were

coll ected and plated in a clonogenic assay to
determi ne the surviving fraction, conpared to
untreated controls.For in vitro analysis, KS1 19W nust
be converted to KS1 19CH (1) in an APcatal yzed
reacti on shown above in ggre 2 as the
phosphoryl at ed parent drug

Aerobic/Hypoxic Cell Survival Studies

EMT6 or CHO (parental or human cytochrome P-450 reductase transfected) cells,
seeded in glass milk dilution bottles, were gassed for 2 hours through a rubber
septum fitted with 13 gauge (inflow) and 18 gauge (outflow) needles with a mixture of
5% CO2, oxygen at various concentrations, with the balance of the mixture made up
of nitrogen, to establish various hypoxic conditions. Drugs were then injected without
disrupting hypoxia. After two hours, cells were collected and plated in a clonogenic
assay to determine the surviving fraction, compared to untreated controls.
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cannot cross cell nenbranes. KS1 190H is then used in
all subsequent in vitro studies shown in this section.

wanrliG/osass ne mamary car ci nome3@el | s wer e expoBed/USB005/033641

graded concentrations of KS1 19 or KS1 19CH at
oxygenation levels reflecting normal air (21% oxygen)
or a severely hypoxic atnosphere conposed of 0.1%

oxorein. vitichanalysts) IKSS!, 1 9%h maust bmcdr‘m@uea t®Ksd ¢9©H|S(t|; il gh AP-
active und

S3lyert st S d Bndve hitfsnnd d 52 e Raspbomisteskparen crug
tanridiEfose ekl mentbranss: KB M08 Shél usHdlg ailRubSectniM vitro

t 0.1% oxy th drugs display potent cytotoxic
QP’P'&?F OWI”%%%?‘FC%WH approaching 5 orders of

magni tude at 10 nmM drug concentration. Simlarly, EMI6
QJ‘W' re exposed to 10 or 25 mM of KS1 19 and KS1
%ﬁ MYring TRABENEY FRISHIONE Galls yvese exRgagerio gsatEidrprteatmations

Qf ©S%d & KIIGH Q?%@%ﬁét‘?’drﬁe%lé‘ gef%%hd hbMn %lrat21 1% oxygen) or a

function of oxygen C centration e res
$everely hyROX aldraspheter caneabset gh D% axygetr Tige msultm ghowatin

t h
Pl SO O L M AT RSt e
Wélme,e\mthm@smttbd:yﬁo’(omaty td Et'MFﬁQJ cells(ailmdemhtiﬂbhs of drug up to

AOREAHEG 4 B e A0 o AR Rby BREF eabiofis SRS wit cel kil

aproaseng ordprelef phgsipluerat 11atudd dfugr eomcéeiratidhudy i n t he
in vitro aerobic/hypoxic cell assay. The results
denonstrated that the in vitro cytotoxic activity of

R- S(&]Jaﬂ.;@ﬂﬂ/l"éﬂldel@ -Wesd e](ﬁﬁlﬂbdt@ TENHr5CcieN o8 KiS3 19 @Rl KS119W-OH at
arental rac respect to

G BlnckRnb S caPed wnagdiare Distrs B 4fY e pbmagstrate drug

adtivitysas atfetttion oFb@tyeﬂscoﬂ;c@rﬁﬂatlan HelrebOis] s('lé\)vn i KRukeSd,

can be red ce under XIC condi ti ons
‘iclﬁﬁréorﬁtré‘ r YT GELEQsaé‘é‘V'lt)?/ MS%’P\P%’P@”WH@@ below 10%

OX§geIE VAT ECAr@idBRAIRE at:tﬂnt@%t bRy RhBRACa R tBhs M hayy b@@h ne
or anilijn q;gé)nt aneously liberate the

MeasHed i“r?(?“éﬁ‘d“eﬁ?t(é &heci es, 90CE. To dem)nstrate
that KS1 19W (racemnm c and two enant i oners) could be
activated by cytochrone P-450 reductase under hypoxi a,
CHO cell s transfected for and overexpressing

{ MSEEHRICHRYE ML & SERASRA & KOPIOM 1ASPad dlPynpaoss1)

sensitivity of this cel 0 the
were converted to the corresponding de-phosphorylated forms for study in the in

vitro aerobic/hypoxic cell assay. The results demonstrated that the in vitro cytotoxic
activity of R-KS1190H and S-KS1190H to EMTS cells is very similar to the parental
racemic drug with respect to both potency and aerobic/hypoxic differential.

As illustrated in Figures 1 and 2, KS1190H (1) like KS119 can be reduced under
hypoxic conditions by one-electron reductases like cytochrome P-450 reductase to
generate an intermediate of hydroxylamine or aniline (2), which spontaneously
liberate the DNA alkylating and cytotoxic species, 90CE. To demonstrate that
KS119W (racemic and two enantiomers) could be activated by cytochrome P-450

reductase under hypoxia, CHO cells transfected for and overexpressing this
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agents was conpared to the non-transfected parental
l'ine expressing |low, basal I|evels of enzyme. The
woeassliBs266 di spl ayed in Tabl e 24 denonstrate thaCT/US2005/033641
cytochrome P- 450 reductase sensitized the CHO cell
line to all three agents only under hypoxia
approxi mately equal l'y. Like KS1 19, cytochrone P-450
C \ 4 |
AR B Bl lofRe BrSS] pAG e SR BRI Gl e o these
a@edtsoﬂmmrﬁpqreéwr@mom\rtrmfe@d p%matahbme%nfemg ipgiopasal
i -
l?cb\,)\r/?ﬁﬁ 0 ﬁ]teyTFé | b?,ﬂﬁpl%e@ iHabLbhRY, Ye {T\dﬁs}ﬂafé‘%hat cytochrome P

-t unor ects of

%ﬁgeiemmedmzpd iy QYO ealldinevialall éhreel agants enly wsler hypoxia
an | tu i
ooy saHalh HIERELTS Bhie B Aofteliined Sy ihate
KBMMDOH ohder hypoxit conditiorlMr- 6 nmuri ne mammary gl and
carci noma, L1210 nurine | eukem a, |ynphoma, prostate
cancer, pancreatic cancer, and head-and-neck cancer.
THRe R P64 @3 Ctoeh@invwe R-450tReduetusesd ypressiaal dry R-,63-, and Racemic
i nt rapegs{@mRCytadxicigses from 10 ng/ kg to 2000 ny/ kg;
they are give at different dosing schedules such as 4
E' MES dai | y, pnce dal ly,sup¥iviag $Riciead. $%vedygbndays
PRI EVEY, YOSENPAGEAT N0 T UMRINFRJ5hS Wer e T g Aisked
st g qpsty UTRVSZY rTh Wl $gd andoim Zed gi3358

[o%E ' B8

AL AR O I MR S AT Sl IR G2
OF oot e pnpected Thtraperi toneal ty (1) W

¢ Leaf';zg“m Tsé slcartied outii \ﬁtv*lvj g fractio ifair” S T
sAPE @ pMy nﬁg? %‘ nt—lin—t 55*:"."0.:‘}. : ggSK 19W
eEHOBEEd ande o wblBBuit b lihe {didB o b bt
wHe©-450red ahd Wloéﬁ%’7ZQPnf | engt 015m ght ando\',@?h,

respectively. The tOXICIty of these drugs in mce was
mld as determ ned by body wei ght | oss and ani nal
appearance. Efficacy of KS1 19 was studied in nurine
tunor nodel and human xenograft nodels. EMI-6 nurine
manmary carcinoma cells (3x1 05 cells /nouse) were

i mpl ant ed subcut aneously into Balb/c mce. H460 human
| ung carcinoma cells, HT29

Example 13

Evaluation of in Vivo Anti-tumor Activity

The anti-tumor effects of aforementioned prodrugs are evaluated in both solid and
liquid tumor models, including the B16-F10 murine melanoma, HTB177 human lung
carcinoma models, DLD1 human colon carcinoma, EMT-6 murine mammary gland
carcinoma, L1210 murine leukemia, lymphoma, prostate cancer, pancreatic cancer,
and head-and-neck cancer. The prodrugs are given intravenously, orally, or
intraperitoneally at doses from 10 mg/kg to 2000 mg/kg; they are give at different
dosing schedules such as 4 times daily, once daily, or once every several days for
up to 60 doses. Testing tumor cells were implanted subcutaneously into mice, which

were randomized into groups immediately after tumor cell implantation (Day 0). Mice
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human col on carcinoma cells and SHP77 human | ung
carcinoma cells were established as solid xenografts

woOnowss#mes CD- 1 m ce and Sci d/ Bgpge mice with 7RCTAB2005/033641

cells /nouse, respectively. After inplantation, tunors
were allowed to growto a size of 150 to 200 MmB
before starting treatnment with KS119. KS119 was

fm;rrmu{]@dt@@lritrréﬁént%ﬁééﬂﬁlrﬂp)(\)\ﬁﬂﬁtéﬂhef Q%ol%'n&‘ §<§tgiﬁlcﬁ U EJLngé’é or

300 (PEG al cohol’, citric acid, ascor
SEY. h?ﬁeea:ff@graﬂwawam@bp@sﬁ@m%ﬂsmr@dsioamgwhe@ulaamryon p

%’é’ﬁsme‘iﬁérﬁtlh e Hintehkichg vf'f’és term n% ca%ed i< %R@Rﬁgﬁ%ula L x

was shown in Figure 7. The
pheW(eetherera Hyiand v mnreseraﬂeratm dwidhy, aridgwidthi, caspiectively. The

PRLOONTIEI4 8L 056 B oo TBBELT e g ane

ﬁ@m&i@pm&lﬂaﬁnged 30 to 50% The i nhibitions were
significantly (p < 0.05) when conpared with vehicle
controls. Efficacies of KS1 19Wand KS1 19 were

c ohfilzaeyofiK$ hl ®yas studedde nmrinartucios ewderarid\iiirfart MéﬁUgraft

. . KS119W wa
ARSela EXur 8 MRl E b han o gt Phits B miv i mere
suElanted swhexﬂamemnstyﬁnfo%&la/mhled HAED h@n&?ﬁxgg'fﬁérc&ﬁflrg% cells, HT29
. es o an
A8 GaloR < i Rire ES Tt oBr 75 PR re g ol ere
wlabnsﬂmjlaﬁ s@dwam@graﬁé Bchu/mi cDM Gfcevad SﬁdlB@lg%CMdénWIth 7x10°
HA60 tunor (Figure 8

R RS rokeact vy AR niafars AUTH WS dlaedfo digHcie a size

b 30 10200l At OBRE b@@ﬁhg}%édim@%&@KB%@qkéh 1§Wa§fformulated ina
ses, KS119Wwas cl ear nmore effective and produced

&ﬁ\é%ﬂ tepntaining pelyethylene @Mcyl 30PHEEG)naihyt aleehol \aitria seid, aind

s treated wwth 121 .6 ng /kg, x7 doses and
Jjgh%g%rrgbli/@]kg x10 doses of KS1 19Wwere reduced 78% and

60%respectively, conpared with those in the control

gg?#eﬁsjﬁeg Fe%ée ?a{%g%m?itéﬁgén @q%ghh% cﬁﬁalﬁ%b ogggg([ljg at doses of
hayd 4@(%71%9 UES ahnwnm Eiguox 7 cThe/dath lrh(ﬁ?datéd)trmn &SH$S produced
e R O S il e
tagted. Fom Inhiiteh offiSH1 Staretaergeowth of iad temovasestol  was ranged 30 to
@"/9 n'h’flé %ﬂﬁ) tuo'ﬂg 'Wetrg l%%fl%grlﬂly (%)Q i OISYWR(ran gg%gér%dmvﬁ hgvethlcle

controls.

Efficacies of K8119W and KS119 were compared with equivalence molar doses
in EMT-6 tumor and H460 tumor models. KS119W was formulated with 0.25M
sodium bicarbonate solution. The treatment was started when tumors researched
150 to 200 mm®, and lasted up to 2 weeks. KS119 at doses of 80 and 100 mg /kg
and KS119W at doses of 97.6 and 121.3 mg /kg were daily administrated into mice
via ip injection. As showed with an example of H460 tumor (Figure 8), K8119 and
KS119W both inhibited the growths of tumor in mice. In comparison with KS119 at
equal molar doses, KS119W was clearly more effective and produced greater
antitumor activity. The final tumor volumes in the groups treated with 121.6 mg /kg,
X7 doses and 97.2 mg /kg x10 doses of KS119W were reduced 78% and 60%,
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in the mce treated with both drugs at the doses
descri bed above. In order to fairly select a better

woaonpoasdsf rom t wo enanti omer s38f KS1 19W for PATwiS2005/033641

clinical devel opnent, finding maxi numtolerated dose
(MID) for VNP40541 (R-form and VNP40551 (S-form was
conducted and the results were shown as Table 3. Table

BespeEivety, madimpgsed with Ewspad theaonhel yoap:; Wwegmrétgrensé feated
VNP40541 and VNP40551 wer e

illustrated in T
$DniopiEboR, Soracter 2lh ot ol Kacenel & me kg eesucamasy 40%
td‘rrﬂytudraQ“ hexbuisityt K SHUiothd A 1990 wkd Héé’élh@éerf%@ﬂt To assess the
i t| c wi ndows, however VNP40541 had clearly

rst?'%eﬂfotmy W%&ht@nweﬂﬁae&aﬂ BloPd RV cortivase Mnasifored
Qﬂ@“ﬁ?eé?mﬁf T8ere Jadhs s‘?gnliﬁfafn't ﬁ@ﬁ’l'aﬁf’o

W ndows bet ween Enanti oners bl ne %wsg@ weight loss

e iie regtedviih Rt Ayugaeal ﬂ@e/mmtc@@cmedmmvg KS1 19W

at dose below the MID in conbination with nontoxic

dose of CTX agai nst EMI-6 nurine mammary carci noma and
HABrdemtarfairivsglecha bettenmnipouGd{frorminaeendntiometef KS119W for

b8 oSt o BlogBiert iyl B fiotiBn Bos S PERY P dosa
eR-famey) and (MINRI0S64 €S-aiBt) wap ddogluated ahddios eesttd wese Sk@vn as
?éblé(%l 19 or CTX at dose of 100 ngy /kg per dose per
animal, ip injecting the drugs on 15, 22, 27, 34 and

43 days after the tunor inplantation. In the

conmbi nation studies, CIX was given two hours after

dosing KS1 19W As showed on Figure 9, KS1 19W al one

r eBabile 8AMTID Fiéings fmrCagnparsonibebvddrt Twe Enahﬁdrﬁ@a% CTX

reduced—54%irhibi-tion onl y The conmbhinat

Wicgat ment of H&LdedPdAnd crX] BALBIC ed i n 9(‘%0%%99

wKpPuwdsu 41 nhi brt

theranv was

qup-mpkherg NN D

atistically sj

ToPmpR%5 O

nifi ca_nt agal ns

94 bgﬁ}?k x8

YRREPH gr oupd

SRirppK )91Q/al ues

& mpkao3, 0. 01

Bsamk x8

0. 038, Tespectively—Additive toxrcirty at—the—doses
used for conbi nation was manageabl e; while the 180 ny
| ke YustretedivsBablef, ‘KISH?4QQ4N ahcbﬁﬁPéﬂﬁ&bWe& exiuatedrint@tee

aiie 17hdbetdf e, TS el EURR bR <l sitacies

and

' theiaghttid wisotvat haoweve arNP4os4 $ had cRarlg egmefstedted IsWdritoxicity,

particularly having less edema observed.

Table 4. Efficacies and Therapeutic Windows between Enantiomers

H460/Nude Mice EMT6/BLAB-c Mice | SHP77/Scid-Beige

Dose Inhibition Dose Inhibition Dose Inhibition

(mpk) (%) (mpk) (%) (mpk) (%)
VNP40541 | 80-140 52-80 85-115 58-69 110 83
VNP40551 | 40-80 53-80 55-85 52-78 85 82

Combined therapy of KS119W with cytoxan (CTX) was evaluated by using
K8119W at dose below the MTD in combination with nontoxic dose of CTX against
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i nhibition was al so observed with EMI-6 tunor nodel.
Treat nent of KS1 19Wat dose of daily 97 ng /kg for 7

wdasesa3smwsul ted in 59% tunor i3ghi bition, and CPETAIS2005/033641

dose of 100 ng /kg, ip once per week for 4 doses

generated a negligible effect on the tunor growh of

EMI-6 in mce. Marked antitunor effects were observed
E\Mélﬁﬁ mm'rlrralnmmmaqﬂwimmmb aad ¢-0180i maianoong tat€bibiih AMTD-1 nude

S1 19W a at | t ed 9.1 8%
GEE T iR et aTor RIS B iz ShaRpioATalb 200 s In Ha60
tagRnimdssl, tHOWinialsatbivee ditMertitHcT Joswvraafigi/kd ¥8d 1 dose 240
to be under st ood by t hose

@E.t”'fqt W% Hé%i%atmé? 0? 10 M kg BPMEPFRY ABAlo iR iaigating the

@¥gsBhas, 29,e27, B skt days pbr fPl%alﬁr‘i‘leIn'ikgar‘itQﬁ‘orprlr?ﬂferﬁombmation
i nyention, but are not in no way |mt|n§ Vari ati ons

Yrdiehd He tasIoanduerhoses @f@réﬁOﬁmﬂd@ﬂ@ haveilourt Figure 9,
KS PRIV iaishel reQmddia 7894 fdn*or@?c?{/vlﬁ‘?r?rﬂﬁ‘ltl&ﬁ vfrﬁb%zﬁ’é ey& roduced 54%

i nvention as defined by t al ms
inhibjljos @pe dhe cavbiedpnfeatest of K§11DVrandRilasegujted m 90%

thlln|or gﬂﬁmtf\\/rzh@ o|fr3é f(ﬁv\!?ﬁﬁﬁoﬁofc&ﬁbl%gtl&l fﬁ%taplyh aansc%aﬁs]u%ally

contal At ng No hore
shgriiftigpeh agaiostoel, cqmtrefgmabsk wnt@po,{axlwscmﬂmm) 0.0R5 amdd.F38,

AR LSRR Pl st et poSbicr B AR 8 rmanegpcbie
v@iilelthaHBO)n)g /kgch Q:Odegasl of S Mevesions vhussd £meRiingh ey body
oGS Y Y Ingl e S8R YoMl TR £ igabios X &t 130 mg
/M—béﬂ-{aéeemcadﬂﬁ(jg-ﬁ%)vmgrﬂwwﬂnB)deatH\lbﬂl@ﬁ(lQH:é%éé oﬂgﬂ;)ﬁ/lth
oo B i5H o3 SHEL 2 Rutos fufAr Treamiant £ k8 PO

dope ef aaiabdF nighkg farrddd3ek $esditeinh 58% t@moNﬂhltﬁﬂonNBnd CTX at

f bly CH= ph eutically accep tabl e
555 5 TO8 G1e/ kel orlgb PSP B Lo droates GaBr I nesiistaiepfioct on
the GMRGIQYIBEHOST ENIRIETH Tnids A4 REM anfitdnoh effedts Wetd bBsdrléY when

animals treated with a combination of KS119 and CTX. KS119W and CTX
combination resulted in 91.8% growth inhibition of EMT-6 tumor. These resulits
shows agent KS119W in combined with CTX have additive antitumor efficacy.

It is to be understood by those skilled in the art that the foregoing description and
examples are illustrative of practicing the present invention, but are not in no way
limiting. Variations of the detail presented herein may be made without departing
from the spirit and scope of the present invention as defined by the following claims.



Structure | A Wiere Ris Cl1-10 alkyl, or C1-10

hal oal kyl ; RL is H, Cl-10 al kyl, Cl1-10 al koxyl; X is
wO200dH346 NR, A is CH CR o0m35N, and B i s CH=EEI/U82005033641

NH, or NR; or a pharmaceutically acceptable salt,

sol vate, polynorph or netabolite thereof. 3. The

conpound according to claim1l or 2 wherein Ris -CH3

ohye fdilgCH2Cl . 4. The conpound according to claim1, 2

or 3 wherein Ris -CH2CH2Cl. 5. The conpound accordi ng

toclaiml1l or 2 wherein R is selected fromH, Cl-Cl0

al kyly or Qjco uﬁh ‘éﬂ:&r&hﬁlb ;ackOrdiMy ©oinf@asl, Ky [l &St st s
of nethyl , npropy i sopropyl, n-butyl

i sobutyl, t- butyl n- pentyl, |sopentyl n- hexyl
i sohexyl or Subﬁtl%létlgd hexyl 6. The con‘pounﬁ
according to any iy élaims 1-5 wherein Cl-C10 z;i\‘kyi2 or

Cl1- C10 al kyoxyd 3 O- OCH 3. 7. The c%% R"
accordi ng to cl erei n Cl-ClOal kyl Cl- Cro?

al kyoxyl isR 3 8 The conpound accord A o claim
any of cl ai -6 wherein Xis sehﬁgbgg/f O NH, or

NR. 9. The und accordlngtoc I'm8 wherein X is
sel egt@ oinj 10. The conmpound accordi ng to any of
clainms 1I- 10 \NNGfEIn Ais selected fromCH &% or N
11. The corrpou?:'o_l| according to claim 10 whereif Ais
selected from CH 12. The conpound according to any of
clainms 1-1 1 wherein Bis selected fromCH=CH, O S,

NH, or NE 13, p@(d:rﬁn'pound according to claim12
wherein B'NS CHECH. 142 An enantioner, ster eohso%gyégo OH),

t aut onme® N %@ﬁi_corrpound accordi ng to any of ai m
1-13 or 1 he conpound according to clca#m\]soo&,. 2
wher df |d phosphat e group

A= /f
I§(B N«

OzN—</ /I’\l
NO, N=
1| \}

Where R = C1.10 alkyl, or C1.49 haloalkyi (preferably containing no more than 5
halogen groups, preferably 2-chloroethyl);

R’ and R” are independently C1.10 alkyl, or Cs.20 aryl or heteroaryl (preferably
methyl);

R4 is H, C1.10 alkyl, C1.10 alkoxyl, Cso aryl or heteroaryl or Cs.zo aroxyl or
heteroaroxyl (preferably methyl and ethyl);

Xis O, NH, or NR (preferably O);

Y is (CHz)n, O(CH2)n, NH(CHz)n, NR(CHa)n, OCOO(CHz)n, NHCOO(CHz)n;

nis 1, 2, 3, 4 or 5 (preferably n = 2 and 3); or Y is aryl or heteroaryl
(preferably para-phenyl);

A is CH, or N (preferably CH); and

B is CH=CH, O, S, NH, or NR (preferably CH=CH); or pharmaceutically
acceptable salts, solvates, polymorphs or metabolites, thereof.



10

15

20

25

is a free acid or a pharmaceutically acceptable salt
or solvate. 16. A netabolite of the conpound accordi ng

woaodshesweonpound of any of claBé&s 1-15 or 52. BTT/UA2005/033641

pharmaceuti cal conposition conprising an effective
amount of a conmpound for treating neoplasia according
to claiml or 52, optionally in conbination with a
pharmaceutically acceptable additive, carrier or

exci pyent ., 18. A pharmaceutical comnposjtion conprising
an ef fect N@%ﬂﬁtﬁggﬁg‘%@&ﬁﬁ%ﬂ]@% ¢ SYHEURS (i@:
neopl asia according to claim2, optionally in

conmbi nation with a pharnmaceutically acceptable

addi tive, carrier or excipi entn-182Merne conposi tion
according to claim 17 or 18cgwhgrein Ris -CH3 or -
CH2CH2Cl . 20. The conposition] acee™ing to any of
clainms 17-19 wherein R isRs CH2Cl. 2 1. The
conmposition according to any of clains 17-20 wherein
Ri is selected fromH C WCBO alkyl or C1-ClL 0O

al kyl oxyl, in which the al consi sts of nethyl,

ethyl, n-propyl, isdp®e@yd, nNOutyl, derehmd A .
t-butyl, npentyl, isopentyl, n-hexyl, isohexyl or
substituted hexyl. 22. The conposition according to

cl ai nivRede RieCeialil -de18. g hkphikpl RCK 1@1@1-gl(jdﬂm>@1l1o fkoxyl; X is

ol ai T DI IGNB; A ITEHCER 8 Ry PGP IR CHELH Py OTNgR; or a
RS ke e e e
conposi ti b SRERPNARFCPEslIRg i Ghainy! AR siereinR ig @t or -
CH,CH.Cl.
4. The compound according to claim 1, 2 or 3 wherein R is ~-CH,CH.CI.
5. The compound according to claim 1 or 2 wherein Ry is selected from H,
C1-C1o alkyl or C4-C1q alkyloxyl, in which the alkyl consists of methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, t-butyl, n-pentyl, isopentyl, n-hexyl,
isohexyl or substituted hexyi.
6.  The compound according to any of claims 1-5 wherein C4-Cyqalkyl or
C1-Cyo alkyoxyl is ~CH3 or ~OCHs.
7. The compound according to claim 6 wherein C4-C1q alkyl or C4-C1o
alkyoxyl is —CHjs.
8.  The compound according to claim any of claims 1-6 wherein X is
selected from O, NH, or NR.
9.  The compound according to claim 8 wherein X is selected from O.
10.  The compound according to any of claims 1-10 wherein A is selected
from CH, CR, or N.
11. The compound according to claim 10 wherein A is selected from CH.
12. The compound according to any of claims 1-11 wherein B is selected
from CH=CH, O, S, NH, or NR.

13.  The compound according to claim 12 wherein B is CH=CH.
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26. The conposition according to any of clains 17-26
wherein Ais selected fromCH CR, or N 27. The

woaopasstes on according to cl aign 26 wherein A i BCOHS285/033641

The conposition according to any of clainms 17-27
wherein Bis selected fromCH=CH, O S, NH or NR 29.
The conposition according to claim28 wherein Bis

CH=CH4. 30 AnAratidast, ipdoisaB drab @R of tharddnfisiind according to
stereoi somer or tautoner of the conpound of any of

cl ai ns awgfd:'%im 5330852, The conposi tion according to
any ofs, cld@orddoutd Riedrdr tehesis ﬂoﬁ.@\nﬁﬁelﬁgﬂ@§§ia|@}1@sphate group

group which is a free acid or a pharnaceuti cal

accept alslafreapeid 6F aphrimaceUirdlyasceptaple spifor solvate.

CONMpPoOg ti i | - n?dbq(

wher Ce)]i%lh s"guPﬂ con%%%ﬂgeitcgmgemc?é%ﬁrﬂ] gjmlo%eft%)e cor?go%lﬁﬁgy of
accor di dgimoi-gbraiéPure 1. 33. A nmethod of treating

cancef, i n : : - [

a7t c Praftiasllica SoREGuGh chinGiaRY o FREAR Bount of o

c onpouncbhrapawrddoniyeatmgamepptasiecdanontind to déinot 0632, optionally in

[ Ly, .in,. i [ i t.h h cal Ly .
op Lo oL P Breh 6 REBEBR A5 fior o
met hod efcigiestat i ng cancer in a patient in need of
atient an

t her gnﬁ%isi ng.a m ni st.grin to.said B ¢
ef f ecr v BAFMACEHHCE CRTRBYHAY CAPREFAY AQ SIGCeAmeunt of a
opt | Onaﬁrﬁpdugwgqanbwtﬁﬁgi roplsistdaczopting fResit J'Z,gﬂiti_lrlgﬁally in
accept abl e .additiye arrier or excipient. . e

et o SReERRay A phaTRCERt Gl BseRP bR, gatter or

- CH2CH263lcipiédt. The met hod according to claim 35

wherein Ris -CH2CH2Cl . 37. ngeiﬁbhod accor di

ol a1 453 THAEUTRPSFIO S50 DRI T weretn§ a1 ah or -
or Cl- G3p,@Hkyl oxyl, in which the al kyl consists of
nmet hyl , ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
t- butdfl, TheimRasitionsaseaiing © anyseiams i &oigeryipredt R is -
substi t ghedHhexy! .
21. The compasition according to any of claims 17-20 wherein Ry is
selected from H, C1-C10 alkyl or C1-C10 alkyloxyl, in which the alkyl
consists of methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, n-
pentyl, isapentyl, n-hexyl, isohexyl or substituted hexyl.
22. The composition according to claim 21 wherein C4-C4q alkyl or C4-C1g
alkyoxyl is =CH3 or —OCHjs.
23. The composition according to claim 22 wherein C4-C1p alkyl or C4-C1p
alkyoxyl is ~CHs.
24. The composition according to any of claims 17-23 wherein X is selected
from O, NH, or NR.
25. The composition according to claim 24 wherein Xis O.
26. The composition according to any of claims 17-26 wherein A is selected
from CH, CR, or N.

27. The composition according to claim 26 wherein A is CH.
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38. The nethod according to claim37 wherein C 1-C1 O
al kyl or C1-C1 0 al kyoxyl is -CH 3 or -OCH 3. 39. The

worbttdspd4mecor ding to claim 38 38herein C1-ClL 0 aCkgis2m5/033641

Cl-Cl1 O al kyoxyl is -CH 3. 40. The nmethod according to
claim34 wherein Xis O NH, or NR 4 1. The nethod
according to claim40 wherein Xis O 42. The nethod

accorasi ngT H@cdﬁﬁ;ﬂiﬂﬂo&”ad@bﬁf e 10 aivyicF cfdiins CR27arhe¥eindBis selected
The net 0@534) to cI m 42 wherein A is CH. 44.
The met %VH ng NE: Er m34 wherein B is CH=CH,

O, S,29NH, Tr@rcdﬁﬁbosﬂ@n abaerdive] foatkiRCZeowBeath B & CHaCm. 44
wher ei n is CH=CH 46. The met hod accor di n% to claim

34 Wk i OSEPE SRS b PIEB0TIER, SRLEATRBIRE OF tautomer of

StereOIﬁer&m&unaaﬂé cl@hsttresgenppund of any of
clains 1-16 or . The net hod according to claim

34 Wbk eu’»}hescaqr@pqsﬁ@@pﬁ%wi@f@@@yi@ clpims d&-30ang 37 wherein said
phar macgid tpﬁé el oS GBRNAOL Greddldd 8 a pRAMRICBUERAY ‘é@éeptable salt

48. The hod "according to claim 34 wherein said
conpoun®r soivage theredol i te of the conpound according to

St T UGHUT el cdhShoskidh ﬁbm-g;mﬁﬁ&-@rd? ol 4g-#1 SdBB4wherein said

wherel n sald compoun tere alone or In
conbi nacdrapousidtis acnetebolideof thernoprpoaigd @ceordingita structure |.

combigat i pp, &ohofRFé%'ﬂ I&Sﬁ Yn aﬁ@rﬂ'n‘?hg 8Pther 9com?|smg
ancipin A pali

nmet ho accor to c in sa| cance
st omac hadmincs&rmgdo Isaid mzajeoban effedtivalancanteig cd)mpcaund accordmg

CanCe RN R S, s B Sy 8
cancer , pregtalttatpaceptatleatiditive; aadi@r or bxapidet:
e (Y <IN TECIIE RIS R e
di seasezdmimistdrplgeo BuR grm@nt AebRERINVE aneit 6f a compound according
to claim 2, optionally in combination with a pharmaceutically acceptable
additive, carrier or excipient.
35. The method according to claim 34 wherein R is -CH3 or -CH2CH2CI.
36. The method according to claim 35 wherein R is -CH2CH2CI.
37. The method according to claim 34 wherein R is selected from H, C1-
C10 alkyl or C1-C10 alkyloxyl, in which the alkyl consists of methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, n-pentyl, isopentyl, n-hexyi,
isohexyl or substituted hexyl.
38. The method according to claim 37 wherein C1-C10 alkyl or C1-C10
alkyoxyl is =CH3 or —OCHs.
39. The method according to claim 38 wherein C1-C10 alkyl or C1-C10
alkyoxyl is —CHgs. \
40. The method according to claim 34 wherein X is O, NH, or NR.
41. The method according to claim 40 wherein X is O.
42. The method according to claim 34 wherein A is CH, CR, or N.
43. The method according to claim 42 wherein A is CH.
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- lynphocytic | eukem a, acute nyel ogenous | eukem a,
Ewi ngs sarconma, small cell |ung cancer,

wohaereiosemt ci noma, rhabdomyosarggom, W ns' tunmBCT/US2005/033641

neur obl astoma, hairy cell |eukem a, or cancer
ori gi nated from nout h/ pharynx, esophagus, or larynx. 5
1. Use of a conpound according to any of clains 1-1 6

or 524 n ThemeBddfRebidi ©f ciam ORI i OH=ChEO, S, NH, or
treatment of cancer. 52. A conpound accordi ng
accordi N§-to structures | or structure | structure

Il
1 Wh ' e QA v ; kly, R or
R’ igﬁlﬁ%esréﬁhﬁd?&g?’l@-%&%?% g?érﬁg{%ﬁﬁgby%ﬂ i s

H, CH610alheyinethad-dccordingioyaaim 3¢ wherginNiaid epmpRINCREMprises

5 S PRt o 85 e BB oLt i

NR( CH2) t16rori58. 1 - 5; Y is aryl or heteroaryl; Ar(N)

2 e PR ARy o YT SR

Ar (NP) irse acigivo sphatreatedicallyaceptable saii-ar sotvateninegeof.

oL B2 BT B0 (S o S il £

2) n, NHfGt#dotite diRfeCEENpourIGORh@lonstrustd@O( CH2) n;  n

3 Lo B RSB e B B ouna
administered alone or in combination with other anticancer agents or in
combination with phototherapy or radiotherapy.

50. The method according to claim 34 wherein said cancer is stomach
cancer, colon cancer, rectal cancer, liver cancer, pancreatic cancer, lung
cancer, breast cancer, cervix uteri cancer, corpus uteri cancer, ovary
cancer, prostate cancer, testis cancer, bladder cancer, renal cancer,
brain/CNS cancer, head and neck cancer, throat cancer, Hodgkins
disease, non-Hodgkins disease, multiple myeloma, melanoma, acute

- lymphocytic leukemia, acute myelogenous leukemia, Ewings sarcoma,

- small cell lung cancer, choriocarcinoma, rhabdomyosarcoma, Wilms’
tumor, neuroblastoma, hairy cell leukemia, or cancer originated from
mouth/pharynx, esophagus, or larynx.

51. Use of a compound according to any of claims 1-16 or 52 in the
manufacture of a medicament for the treatment of cancer.

52. A compound according according to structures | or |l

R\N,SOZR R\ITJ/S()zR(P)
O.__N_
OY N \SozR“ ﬁ/ SOZR"
R1 X R1 X
Ar(NP) Ar(N)

structure | structure |l
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Where R is C1.4p alkyl, or C4.40 haloalkyl;

R’ or R"is Cy.1p alkyl, or Cs. aryl or heteroaryl;
Ry is H; C1.10 alkyl, Cy-19 alkoxyl;

Xis O, NH, or NR;

R(P) is a phosphate-bearing alkyl group, for example, R(P) is Y'OPO(OH), where Y

is (CHz)n, O(CHz)n, NH(CHz)s, NR(CHy),, nis 1 —5; Yis aryl or heteroaryl;
Ar(N) is a nitro-containing aryl group, for example,

AN

A

Ar(N) = \=( ON~¢ N
NO, N//

where Ais CH, CR, or N; and B is CH=CH, O, S, NH, or NR; and
Ar(NP) is a phosphate-bearing and nitro-containing ary! group, for example,

'

A, e

A —
Ar(NP) = — (HO)}0POY-T=(
(HO)0PO  NO, NO;

where A is CH, CR, or N; and B is CH=CH, O, S, NH, or NR; and
Y is (CH2)n, O(CHz)n, NH(CHa)n, NR(CHa)n, OCOO(CHa)s, NHCOO(CHy)y;

nis 1 - 5; or pharmaceutically acceptable salts, solvates, polymorphs or metabolites,

thereof,

* % * 0% k0%



