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BACKGROUND OF THE INVENTION
Eradication of solid tumors requires strategies that address the viable populations

20  of malignant cells within hypoxic regions of such tumors. An insufficient and poorly

organized vasculature, a major characteristic of rapidly growing tumor masses,

results in poor oxygenation, high interstitial pressure, 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
25  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

30 disease. Aiter 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 repopuiate the tumor (Stratford, et
al. Anticancer Drug Des. 1998, 13: 519). Moreover, hypoxic cells are subjected to an

35 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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apoptosi s, enhances mutation rates, upregul ates genes involved in drug
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been are reduced further to generate hydroxylamine derivatives and then final aniline :
forms. While the nitro group is highly electron withdrawing, the hydroxylamine group
is strongly electron donating. This results in a major change in the chemistry of the
aromatic or heterocyclic ring, triggering the activation cascade and the release of

20  parent drug.

As alkylating agents, a novel series of 1,2-bis(sulfonyl)hydrazine prodrugs (SHPs)
with the ability to generate active chloroethylating species had been developed
recently (Sartorelli, et al. US006,040,338, 2000; US005,637,619, 1997;

25 US005,256,820, 1993; US005,214,068, 1993; US005,101,072, 1992;
UsS004,849,563, 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).

30 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



suggested to result from chloroethylati ng and subsequent cr 0ss- | i nki ng of
DNA (Shealy et al., J Med Chem 1984,27: 664). 30
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series, requires enzymatic nitro-reduction to generate the al kylating
species 9CCE, as denonstrated in Fi gure 1. Thus, KS1 19 takes advant age of
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pol yet hyl ene gl ycol (PEG and ethanol in order to meet clinical
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hypoxi a- sel ective activation. Turning to the present invention, we believe

that wat er SyihefHecanRgsRf ] 19&5%?}1‘1‘@& qapablg of tﬂ“%@é’ﬁg its AR SUHPIAL i sfy t he
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bi oconver sP® conpounds according to the present invention proceeds 20

vi a al kal i ne phosphatase (AP) cl eavage of the oxygen-phosphorous bond to
formthe phe i
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Figure 2 for the following reasons:
(a) In general, a phosphate-bearing analog, including its salt form should have
good water-solubility and stability at neutral pH;
(b) The bioconversion of compounds according to the present invention proceeds
20 via alkaline phosphatase (AP) cleavage of the oxygen-phosphorous bond to
form the phenol intermediate, as shown in Figure 2.
(c) The bioconversion of the 2-nitrophenol intermediate is selectively activated
under conditions of hypoxia to generate a hydroxylamine derivative or aniline
form.
25 (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
30 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



fragnentation resulting in the formati on of chloroethylating species (90CE).
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agai nst a broad anticancer spectrum of neoplastic di sease states,
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It is yet another object of the invention to provide compositions and methods for
the treatment of cancers which are resistant to treatment with traditional
chemotherapeutic agents, and for treatment of cancers by combination with other
anticancer agents or with phototheraphy or radiotherapy.

15

One or more of these and/or other objects of the invention may be readily gleaned

from the description of the invention that follows.

20 BRIEF DESCRIPTION OF THE INVENTION

The present invention is directed to compounds according to structures 1 or lI:

R\'\'J/SOZR R\r\lrSOZR(P)
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0

25 structure | structure Il

Where R is Cq.1p alkyl, or C1.1¢ haloalkyl;
R’ or R” is C1.1p atkyl, or Cs20 aryl or heteroaryl;
Ry is H; Cy.40 alkyl, C4.0 alkoxyl;



R /I XRL/X A (NP) Ar(N) 25 structure | structure Il Were Ris C-10
alkyl, or C _io haloalkyl; R or R'" is CL 10 alkyl, or C5_ 20 aryl or
heteroaryl; R is H C, _,o alkyl, C o al koxyl ; VO 20067 034266

PCT/ US20B/0/ 20654266 X i s 0. NH, or F%( P) is a phosphlé%/UB@a?/Pﬁé“m kyl
group, for exanple, R(P) is Y CPO(C]—l)Z where Y is (CH2)1l, Q(CH26 NH(CH2)n,
NR(CH2),, nis 1 - 5; Yis aryl or heteroaryl; Ar(N) is a nitro-containing
aryl group, for exa Ie 5 ALB ~N, Ar(N) NJ 02N NO2 N where Ais CH CR
or N, and’8si& RO, S, NH or NR and Ar(NP) is a phosphate beari ng and

T oo st g B SERPbER IR P Brdiot MRl
NH, or NRis (ﬂ'l’ﬂlz nYO §I-KZI;H26 (C)(Im-II\)R(Cl‘M-I(ﬂ:HZD a5; NR§ én»ymgnlhete@@cxlmz) n,
NHCOQ( CH2) 1 al | y acceptable salts, solvates,

ar ceutl
pol ymor phgﬂ‘re\‘ 'ﬁ@t”é\tfbe?'it@'Q'”g 3{}4«9?%9 r\;ra Molesent i nvention also relates to
compounds according to fornmulas I, |1, I Il and IV R N SO2R R N S02R Oy
N. SO2R' OY N . SO2R' J\

AT B Ney
Ar(N) = \— ON~( /l
NO,

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

Ar(NP) is a phosphate-bearing and nitro-containing aryl group, for examples,

10
AK(NP) = - (HO)20POY-=(
(HO),0PO  NO, NO,

where A is CH, CR, or N; and B is CH=CH, O, S, NH, or NR; and
Y is (CHz2)a, O(CHz)n, NH(CHa)a, NR(CH,),, OCOO(CHa),, NHCOO(CH)y,;

15 nis 1 -5, or pharmaceutically acceptable salts, solvates, polymorphs or metabolites,
thereof.

The present invention also relates to compounds according to formulas |, Ii, lil
and IV
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preferably 2-chloroethyl); R and R' are independently Cl-1o al kyl, or

X AYX (HO) 20PO-Y (HO)20P0 20 NC2 NO2 | || WD 2006/ 034266 6 PC

N, f x ~(BJ NN NONjIIl IV 5 Were R=C-10 al kyl,
or Cl-1o0 Y& 2884/039266( pr ef er abl y cont ai nibng no nore t han BcThabegeBzedf oups,

aryl or heteroaryl (preferably nethyl); RL is H Cl1.10 alkyl, Cl-1o0
al koxyl, C5-20 aryl or heteroaryl or C5-20 aroxyl or 10 heteroaroxyl
(preferably nethyl Rq\pdioe‘(@ﬂn@lﬂ)zx is 0, NH or NR (preferably 0); Y is (CH2)

5. 20

, Q(CH2) n, NH(CH2)n,) NR(CH2) n, OCOQ( CH2) n, NHCOQ( CH2) R\NnS%YQPOcDH)zB, 4 or 5
(preferably n = s@pr" or Y = aryl or heteroaryl (preferably para-
phenyl); 15 A gr,CHx or N (preferably CH); and B = Cl-ég%"@bzRS, NH, or NR
(preferably CH= ; or pharmaceutically acceptable salts, solvates,
pol ynor phs or bolites, thereof. In preferred aspects, the present
i nvention rel at bﬁ(Eio conpounds according to NN
ON—
NO; N=
m ' v
5  Where R = Cy.10 alkyl, or C1.10 haloalkyl (preferably containing no more than §

10

15

20

halogen groups, preferably 2-chloroethyl),

R’and R" are independently Cq.4p alkyl, or Cs 5 aryl or heteroaryl (preferably
methyl);

R1is H, C1.1p alkyl, C4-10 alkoxyl, Cs.op aryl or heteroaryl or Cspo aroxyl or
heteroaroxyl (preferably methyl and ethyl);

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

Y is (CHz)n, O(CH2)n, NH(CH2)s, NR(CHz)n, OCOO(CHya),, NHCOO(CHa)n;
n=1,2,3,4or5 (preferably n = 2 and 3); or Y = aryl or heteroaryl (preferably para-
phenyl);

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

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 IA:

. R\N,SOZMe

Ox N

SO;Me
R1Ix

A" B

(HO)}0PO NO2 Structure | A



20 structure IA° R N.SO2Me OGN SO02Me R1 X AX B (HO 20PO' NO2 Structure |
A WD 2006/ 034266 7 PCT/11S2005/ 033641 Were R = G _1o0 alkyl, or G _wo

hal oal kyl : =H C-,0 alkyl, C _10 al koxyl; X =0, bsNFes1A = CH,
CR, or Woé%m%”@ CH=CH, 0, S, NH, or NR, or phar rraceuwé%%gya/d;ccelpt abl e

salts, solvates, polynorphs or netabolites, thereof. 5 The aforenentioned
conpounds of the present invention include enantioners, stereoisoners and

t aut oners_t hereof .. as |1 as pharpmaceuticall ccepta 1 ol vat es,
pol yrror prdEFERTE Pt R i et G efParIveragds et afef Boe i D vd
conpounds gafR: A-CH cRhenNt as¢BieSHeCHs OnpoNRdor MR, structure | A where A is
CH Bis CHCH Xis 0; Ris 2CH2CI ; Is CH3; a h te,aroyp can be
free aci dobpharmaceytigally areant 'Ei“gf‘_’ .SOW%E’a‘?‘WrE‘BﬂpQ? Pglﬁ'ﬁf%%ﬂ%?e@%r%fgpects of
t he hydrazi ne-carboxylic acid 1-(4-nitrophenyl)ethyl ester (KS1 19W, R-

configuration structure (VNP40541) of the enantioners is nore preferable. 15
Conpoufids adbemrttirementiionelcopieseds of the errseahinyerticadpeudaenantiomersr ef err ed

conposi tigps_accor di r L av.ent,i ; , are
et romel y e EGo A48 shobiof MeRRT e R B Bicaf) ay REIDIERRES. L
exhi bi t atsolva®s! psipaomhs amireetab@ites/feore 2t stegesh as an enhanced

anti-neoplasia activity, a reduced toxicity, a higher water-solubility, or
a nore favorabl e pharmacokinetic profile conpared to 20 KS119. These

conpounds ageérerbdagémts iheRjoRssthdd awlhii@?h@fy%s@tﬁé%fcﬁfc@ﬁfpb_ahdj y activated
I n hypoxic tunors and can be given either alaone, In_conbination with

or
ot her 10antstiogiveeiA wherstAisdrHil inCiHReHK ePaBry CokCHa@h Bt eFHpy@ 25 Conpounds
accordi ng | L ' |
ompos 1 Shaspie BRAR{Eh HeWAPALPE SR pRAetdBRTI|SY R SARBERYDISEYCS ey
condi t i onsaspects of the hydrazine-carboxylic acid 1-(4-nitrophenyl)ethyl ester (KS119W), R-

configuration structure (VNP40541) of the enantiomers is more preferable.

15 Compounds according to the present invention and especially the preferred
compositions according to the present invention, as set forth above, are extremely
effective compounds for the treatment of neoplasia. They also exhibit at least one or
more improvements such as an enhanced anti-neoplasia activity, a reduced toxicity,
a higher water-solubility, or a more favorable pharmacokinetic profile compared to

20 KS119.

These compounds according 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.

25

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

30  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



and/ or di sease states. Exanples according to the present invention nay be as
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activity as 30 well as standards for determning the biological activity of
t he preswat200@8p2iénds. In  sone applicdions, the pres@ai/iSeM503dE may be
used for treating mcrobial infections, especially including viral,
bacterial, and fungal infections. These conpounds conprise an effective
anount of any one or nore of the conpounds WD 20061034266 8
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conprising adm nistering to a patient in need thereof an effective anmount of
a conpound as described herei nabove, optional I%q’i n conbi nation with a
phar maceut i éaiuﬁinea@m@t abthe psergint inventiopaelates to t treslenqst eheanCehe present
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pref erred fgbRMEEM methddb forltfe2SRG hebp¥SA i ﬁllémnTéwcémQﬁélﬁ%@HmﬂfsteM@g i ous
other related di sease states may al so be effected using the co unds of

t he preserfin ¢ffagdve ?WU“W%CWW agelesarigs! hreinabeve 9 aprieat fRiindest s such
as 15 gSSaysn fcgﬁcﬂefﬁé oA Bffoh@%éllphéﬁt3§m8ifs ke aﬂa"f}%rﬁ)&%rlfﬁs vell as

for determning t suscepti bi a patient's cancer to one or nore of
t he corrpomnﬂmramgdadlmln@tetr@gtth@ pape@tmntrtnvemeff@crtwemmmn BFOBESCRPRTI ON OF

of acti varToh g0 fsp el eifertoddngn GHERLA hichiBh, s bERRRLTr et “1on °
of the chevrarioas otheb oelatedlisease Statewimbaiso uerefmmlmsmg:ﬂhardommohdﬁoti vati on
in hypOXI condl tLons accghidl n%hg(g t he qr{)r esent. i nvention ures 3 and 4

are repr es bR PR YeOh VBRI, IpIQEIPA IR fe@ s
accor ding dgzap$for@ersMiting heeittiliass of related analogs as well as for determining the

susceptibility of a patient’s cancer to one or more of the compounds according to the

present invention.

20 BRIEF DESCRIPTION OF THE FIGURES AND TABLES
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
25 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.

30 Figures 5 to 7 are representations of experimental resuits which are presented in
the present application related to the selective activation in hypoxic conditions

according to the present invention.



30 Figures 5 to 7 are representations of experinental results which are
presented in the present application related to the sel ecti ve activation in
hypoxi ¢ conditions according to the present invention, 2008 %4266 9
PCT/ US20W0 8984266 Figures 8 to 9 are Pepresentations BET ERAEN AL al
results which are presented in the present application related to the
efficacy and toxicity of certain preferred enbodinents according to the
present invention. 5 DETAILED DESCRI PTION OF THE | NVENTI ON The fo clJ oW ng
terns shal | Figures@do Brﬁf%[ﬁﬁﬁ%‘iﬁntqtﬁés ghewerimenta BFuts NGB RECTaNed Br esent

| nventi on. thelgreEQﬁ 6Bk iRl R8H to théeﬁ'n%&fi/é f (BREMPYL cdrfdfh SReGHdd cation to
descri be I'nc i'ng a mamal "and preferably a human, to whom

t r eat nent ,emhmdlmelmtagiccqmdmhyItlm:pnesemtnmnh@ht with the conpositions
according to the present invention is provided. For treatnent of

i nfections, conditions or disease states which are specific for a specific

ani mal such as a humanpDgatlieEd DESGRIPEION QatTHBINVENTIGNt 0 that specific 15
animal. The term"effective amobunt” is used throughout the specification to
describe concentrations or amobunts of conpounds according to the present

i nvention Hgsﬁfg di sease or
condi tion m@e %l&ﬁ t elrlbte r‘i‘g%@%g‘ﬂ%‘g“ffg%b?@%@?@ gﬂ%gbﬁbgz:tbgase in

growt h or mezemtm‘iveuhmer or a tunor, a favorabl e physiological result, a
reduction in the growh or elaboration of a mcrobe, or the |ike, depending
upon the disease or condition treated. The term "conpound”, as used herein,

unl essjEt herpiesterrh nghtieat as usédehesughbat thegpecization ® déscriob @anianthalconmpound
di scl osed herein. Wthin its L#SG i n context, theﬂe@?rm g}cglrdrally refers to a
menfty

singl e conPeufRg aynemma) 20¢ peeteraplya fusaly, &g WBpw 4 NGptical isoners

(i ncl udi ”gpr'bﬁﬁfm&tﬁz tféaﬁhéﬁtew)th trY@édm@%n@ﬁ@gtédr@mg R tHel SYEBf invintion is
enantionerically enriched m xtures of disclosed conpounds, as well

t aut oner s. PrRwidER - ar diegimertay infestions.jcondiiens enflisrasedtates Wé"%@lsp%'ﬁ?l on to
describe tea BBLROLARGF BciPEOS Rihah Paieri QALK patichReréRtTMAtaPedifie! o7 oWt R

of a neopl asm - norma sue 't at grows by cel
prolif & at awmahore rapidly than normal tissue

The term “effective amount” is used throughout the specification to describe
concentrations or amounts of compounds according to the present invention which
may be used to produce a favorable change in the disease or condition treated,

20  whether that change is a remission, a decrease in growth or size of cancer or a
tumor, a favorable ph.ysiological result, a reduction in the growth or elaboration of a

microbe, or the like, depending upon the disease or condition treated.

The term “compound”, as used herein, unless otherwise indicated, refers to any
25  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.

30 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 rapidly than normal tissue

and continues to grow after the stimuli that initiated the new growth cease. Neoplasia



and continues to grow after the stinmuli that initiated the new growt h cease.
Neopl asi a WD 2006/ 034266 10 PCT/ US200 5/0 33 641 could be a distinct mass
of tissue that may be benign (benign tumor) or nalignant %ca[ci nona). As
used her WOR00603&266er m neopl asia i s usetl to describe al PCUYREFBE84 di sease
states and enbraces or enconpasses the pathol ogi cal process associated wth
mal i gnant henmat ogenous, ascitic, and solid tunors. The term "cancer" and the
5 term"tunor” used in this application is interchangeable with the term
"neopl asi @buld beandistinatimass aktigsusethat way be besign doerigrpisiar) emvalignast di ng t o

t he present _.inventjon include, f =} I |, liver,
pancr eat | deaOge) s HerdHlne i B Sls (BB TR Gkl Acontable, .
testis, bldaddes statenaid ersbiates br anconipdSsed thetpatitbiagichl peadess absa@ated Hodgki ns

di , non- Hodgki ns_di . multinpl | t e. | ynphocyti
eukon a, ERAIGENbRTEEGOTSIKERFE BN AL EN S Jik e iR P B 4Rt orra,
r habdogy 0$&h - eiRor skt thiddpdlicatitiis Al RRARyEabIAH thedeh "néﬁgnalsm a,

nout h/ pharynx, esophagus, |arynx, nelanonma, kidney and | ynphoma, anong
others. The treatnent of tunors conprising admnistering to a patient an

anti 15 tumg;anagr{]vgﬁi%h% te@lisiR8SofpolRéR: dagﬁgnﬁa@qm Prdsgnft pref err ed

enbodi nent resent 1nventio erm I's used throughout
t he speci finveatiomctunedias examplea stoydch canidig mectalaliiec glanceatiai Inhgndorbastween one

t b its. kyl in, th 2Q. , i ti

ot ot Rbar e sorBine e Ryath PrBRalen estS hundtel epart B RAFERIENRY " et bt

propylio | $2AH @Ry IneckUuhiat, H(ﬁ@Rlﬂs)disea%@,rrtmﬂ%dqunsﬂﬁﬁa%é, muBipRenyatbmahexyl ,
0

cyl cohexyl, nethyl cycl opropyl and nethyl cycl ohexyl. The term "aryl" refers
to a substdcuietlwapbecyiisderkenia.acste mylRasrausieukeriadrWiegs 88rcPE® cal havi ng a
single ri . ; e Lole; ' i apht hyl ).
The term Rgpg(gﬁ%m?@? é'lr?‘éb%j%mg%égg&r:@ Qg\@%ﬁgqgﬁaﬁﬁgg@bﬁg&b@éﬁﬁmgﬁﬁ'al koxy
group, pr déukeaid,ymotthiphghynxhesiphagaes. ferynxy mosianansa, kisineg éind dyrgphama,ul f ony!|

. Th "h ! het. Lic. i i
havi g oned fherior i RReHlen AP Bl s PR B st B e Bnla T g %5 ten
as i midazaliyibr effastive anfoynt ofl otle, or moreitidyde, agehtssis yl prefetred eeblogimentiog t er m

" heteroaroe%l " refers to a heteroaryl group to which is bonded an al koxy
group, pr &PePESEYL NKETIRPh whi ch anot her group is bonded

The term “alkyl” is used throughout the specification to describe a hydrocarbon
radical containing between one to seven carbon units. Alkyl groups for use in the
20  present invention include linear or branched-chain groups, such as preferably
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, isopentyl, hexyl,
cylcohexyl, methylcyclopropyl and methyicyclohexyl.

The term “aryl” refers to a substituted or unsubstituted monovalent aromatic
25 radical having a single ring (e.g., phenyl) or multiple condensed rings (e.g.,
naphthyl). The term “aroxyl” refers to an aryi 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
30 more nitrogen, oxygen, or sulfur atoms in the ring, such as imidazolyl, furyl, pyrrolyl,
pyridyl, thienyl and indolyl. 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).



(e.g. a sulfonyl group). WO 2006/ 034266 11 PCT/ US2005/033641 The term
"salt" is used throughout the specification to describe any salt consi stent
with the use of the conpounds according to the present_j Lon. . In the
case wheM® 20¢{E4¥8npounds are used in phar maceuti cal i%%f/pgéhlto%/ﬁ%,mi ncl udi ng
the treatnment of 5 cancer, the term"salt" shall nmean a pharmaceutically
acceptable salt, consistent wwth the use of the conpounds as pharnmaceuti cal
agents. In preferred aspects, the present invention relates to conpounds
according to the structure (1A): 10 RN S&2M '/ NSOZMe R XX A B

(HO 20PO-_ UG it Respetindshion! thescrbe dnlrshR doAkR@ky!; R
H G.10 al Eﬁ?’t% 2l '3?1?%33@?@@: Pesgeemed NR A = G R B <
CH=CH, 0, v@th theluseof iR cotrfpoBodpacruddngitccibediresgnt mventionpirelhersase whene i on

i ncl ude enanti oners st er eoi soner nd .t oner. h |} as
phar rraceugﬁ%ﬁ?rlnf}oﬂld@e%? Hﬁ?i' a{@?ée@é}?“\)%@g fon bﬁ?f@%‘ﬁéﬁ@g taﬁ%%ﬁ]r’?ﬁ gt)ol ites
from alsl . sdane€s theA@r healtp sRsiEnbart & Bhaustauti ey @seaptatie adit,upnbistans with
internediates that are believed to exhipit their activity of DNA

cross- | i nkhayse B BaFRMPRHBILRY PRATEBCBHICE 298¢ hy| ati on nmechani sms. The
rationale for the new prodrug design was that enzyne-activated prodrugs
could be converted into active alkylating species (90CE) via a sequence of
enzynme acti Japrefesedagpestso Hist PrEseN iventen wiatee ompnyRes greardid tedhean be
acconpl i Sh?@c?)‘eﬂhfal i ne phosphatase (AP) enzyne activation to give

i nt er medi at . nitro-reduction can be catalyzed by nitro reductase (NR)
enzyneid o forminternedi ate 2; and subsequent benzyl group fragnmentation
generated 90CE, as shown in Figure RZ\'N,SOZMe

O N.
Y SO,Me
R1Ix
A B
(HO),0PO NO, Structure | A

Where R = C4.4p alkyl, or Cy.1p haloalkyl; Ry = H; C4.4p alkyl, C4.10 alkoxyl; X = O, NH,
or NR; A=CH, CR, or N; and B=CH=CH, O, S, NH, or NR.

15
Compounds according to the present invention include enantiomers,
stereoisomers and tautomers thereof, as well as pharmaceutically acceptable salts,
solvates, polymorphs and metabolites from all stages.
20 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
25  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.



WO 2006/ 034266 12 PCT/ US2005/ 033641 The conpounds according to the present
I nvention are preferentially activated in hypoxic tunors and can be given
either alone, or in conmbination with other anticancer agents or with

phot ot hewarpoans426adi ot her apy. 5 The cotdounds accor di nBCTESIME0F6Esent
invention are primarily useful for their anti-neoplastic activity,

i ncluding their activity against solid tunors. In addition, these
conpositions may also find use as internediates in the chem cal synthesis of
ot her usef Ohe&bimpoordpdastding Agbepsesehtinventmn ara ptefergntialyedalivatad in

th ti t f th , _i.ncl udi t andards f
aseays. 10V Biosh aagéan b el ebAptei i<t SPED SR WORARKYI ser s of

Struct ur e hficaMer Sgerfls bBwphBotrerdpydPitadidinerdpy. R i s CH2CH2C; R is CH3; a
phosphate group can be the free acid or a salt. In particularly preferred

aspects of the hydrazi ne-carboxylic acid 1-(4-nitrophenyl)ethyl ester (KS1

19w, %nyﬁﬁ%ﬁ@%ﬁ@é Q&O%iﬁg(;fbttﬁé%rés‘énh\%@%%g ggrlvsafnn&s%m%ﬂtﬁm?rs i's more

prefera Iguration structure ( ( Conpounds accor di ng
to the presémeopastmadtvity,andudipgthessicivty againsh goliciapions.iloaddigen ttbesmi ques

that are well known in . ar Lveg from. nt hesi s
of 90CE MQ”}R&B‘H?%@&W #%?(N@JSSF %%qugﬁ%‘g%w’} @%“ﬁ‘gﬁqy'cga?%@%f’?gﬁ%‘% azi ne
(See, Shyamefuehnteheopladiethgengthatlf®3n tdh; us4@Gs tabrapedtiddgbnGenfor 1996, 39:
796) . Anal ogs of corrp_oun&s specificgl% descri bed herein may be readily
synt hesi z NI PURPSERSNEBEINE Uge A8 SKNCRIISHAT 2R%8¥S-and anal ogous synt heti ¢

met hodg, available in the art w thout engaging in undue experinentation. 25
By way of specific exanple, as denonstrated in Figure 3,

1, 2- bi s( et IRfelered @ggntpin the eampoundsiaed-nii@pRem seites ofciaickie B waeffhounds |
5 R = g - - bz ' . ' I at
R o R S s R e ey i e T g
(3 or 4, vhefreeBtidis a-9aH3in fRrtidularly prefetred @isperts gf hehydfazineecapbogfibat e gr oup,

h di et hyl dj -t - but.yl T hyl.si | yl et hyl TMVSE ith
Phosgene. (S eREERERIM Syt ¢ 11O i estof sieuee T 9P ™

15 (VNP40541) of the enantiomers is more preferably than S-configuration structure
(VNP40551). '

Compounds according to the present invention are synthesized by the adaptation

of techniques that are well known in the art and are derived from 90CE. The

20 synthesis of 90CE was published in two-step approach from 2-hydroxyethyi-
hydrazine (See, Shyam, et al. J Med Chem. 1993, 36: 3496, also J Med Chem.
1996, 39: 796). Analogs of compounds specifically described herein may be readily
synthesized using the above general techniques and analogous synthetic methods
available in the art without engaging in undue experimentation.

25

By way of specificiexample, as demonstrated in Figure 3, 1,2-bis(methylsulfonyi)-
2-~(substituted)hydrazine-carbonates of Compounds | (5, R = CH,CH,CI) are
synthesized respectively by reacting ah appropriate a-alkyl 4-nitroarylmethyl alcohol

30 or N-alkyl-N-(4-nitroarylmethyl)amine (3 or 4, where R4 is -CH3; R* is a protecting
group of the phosphate group, such as diethyl or di-tert-butyl or 2-trimethylsilylethyl
(TMSE) group with phosgene (20% toluene solution) or its equivalents, such as
triphosgene or trichloromethyl chloroformate (see, Majer, et al. J Org Chem. 1994,



triphosgene or trichloronethyl chloroformate (see, Majer, et al. J O g Chem
1994, WD 2006/ 034266 13 PCT/ US2005/033641 59: 1937; and Pridgen, et al. J
Org Chem 1989, 54: 3231), and a furthg condensation in situ with 90CE
Thi's coulQ1986/93826t i on can be achi eved %n high yield ®hfU&209s/0%ip4

N, N-di i sopropyl et hyl am ne (DI PEA) as a base and keeping the reaction at 0C
in dry acetonitrile- di chl or onet hane sol vent overni ght. The hydrazi ne-am des

5 of Compounds 1 (6, = CHZCHZC) can be S nt hesized b imlar

phosgene- &%@9%@ndp%rmﬁayet(a_.:h9_%@i@n & 854).609 2 BHOS) . Fol | owi ng
de- di al kylcfo%é’rt\s%(ﬁhh% A wity gécg T B AL L ¥ackBAYER beuRnfoled fPABRSRANCI Ng
phosphate Tree aci or exarrp -protection of diethyl ester

can be 10 whileatseg MAN—tiustopmmtelﬂwamlhyl Dlﬂfiﬂhaé’e@ t(aﬁvsad)ke@mdhe ceaqliani c, et

. J O 199 5 t

ge treat goa @‘E]PP Ry 3Ty Ic?a%‘gﬁ?')@h}fg?a@% {?‘%J?@E%%%ﬁ“ az%% %dé‘g%&ers =an
2005, 48: GTepountd | R ﬁmze%cpna@be@yntmﬁﬁe@sy sifrslac phodaenbrovablieg Wi t h
TFA al so (Dol ye, et at. 8806 %%8 816, 2002) or with BF3-Et20 (Jansson, et

at. Tetrahraihway (L ef ah YSH068P5.608, 2009). The phosphate free acid form 7 or 8
is purified by flash colum chromat ography (FCC) such as normal phase
silica gel or reversed phase silica gel, and the desired SHP conpound as
drug subst arfedowingatst-gibtgdprafecton phapphh carzmadtbsncormgrtéhmcarreappgdm 4, the

a-al kyl 4- Itbﬁ%ﬁ LIl &'gé%&'eé(%%})le%a{}e-gfotéé{%h%?ﬁlemest%pcéﬁ the

cor respondi aryl “'ketone ( nant’ Oner | capPy sel ective
reduct i®n. tre,‘htécewummgetbylsm padmideir 8By dMattie ddamiecnet amdedrgi Gthdng. avai | abl e

reagent s CBS o azapar.ool i dj ne/ .BH3 t.hr et.al. J Oo Chem
1993, 58: 558 ?0{633'9 qes%rﬁ ﬂﬁ‘ﬁé@"@f{ yg?%ﬁ@rcfgi‘%a tﬁf‘ag%wl[@t at. J Am Chem
Soc. 1988, trifidéroaddiddcid @F AN [pm@@mb@r@mﬁ\/(eaalmhmgma e918}, andiefer ahedr on:
Asymm 5: 1061 %ITmTEtI’I c 25 genation of the ketone also can be used

(Chkuma, eProéﬁC iory ofaghiy I almnestsrs caq%geatggwlthfﬁg@lsso PRlyBRAl et al. J Am Chem
Soc. 2004, 436pe, @@81@)6 2009) N\ﬁitr‘m#a-é'rsz(@}éﬁss'ahtét%Wétﬁé%EBbdn)@éW ﬁ@sé 47.can be

prepared fromthe correspond mgq aryl ketone. For exanple, using
sodi unﬂbordethEh@%)hat 0eq 2aid ﬂﬂi\g7 @rgﬁeﬁtpurlflﬁéb}‘f!@ﬁh:@qlwnam nation of a

respective, N_‘é’{ ”g b@@%@fa?%ﬁa‘i‘ﬁhaé@ﬁh&o&{l %F%@Q%eﬁ%hase silica gel,

N-aryl net h§/I's
and the deSIred SHP compound as drug substance is obtained after lyophilization.

As shown in Figure 4, the a-alkyl 4-nitroarylmethyl alcohol (3) can be synthesized
20 from the corresponding alkyl aryl ketone (9), employing an enantiomerically selective
reduction. A reducing catalyst can be selected from commercially available reagents
such as 2-Me-CBS-oxazaborolidine/BH3 (Mathre, et al. J Org Chem. 1993, 58: 2880)

or diisopinocampheylchloroborane (Brown, et al. J Am Chem Soc. 1988, 110: 1539)

or Alpine-borane (Ramachadran, et al. Tetrahedron: Asymm. 5: 1061). Asymmetric

25  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 So0c.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
30 reducing agent, the reductive amination of a respective 12 with methylamine affords
the corresponding N-arylmethyl-N-methylamine (4).



WD 2006/ 034266 14 PCT/ US2005/ 033641 The hydroxyl group on the aryl ring can
be reacted with chl orophosphate to give their correspondi ng

di - al kyl - prot ect ed phosphonoxy-aryl conpound (i.e. 3 or 12 under mld
condi t i oM 2086/p342¢6 ve phosphoryl ati on phenol s was alliTaF2YPSRPI1!
phosphite, carbon tetrachloride, DI PEA and catal ytic amounts of 4 5

di met hyl am nopyridine (DMAP) (Silverberg, et at. Tetrahedron Lett. 1996, 37:
771). It is comon that the phosphorylation may conplete prior to

asymretri ¢ ridgunidront eoupndhe RB4 HRB £N At irerctehith shipwnhperfirte f2/eVani nat i on.

The synt hegl; : '-ﬁto‘?e | . r%p,gﬁq L PR gkl for use in
t hese rea?ﬁ#@ﬁBQ%%@ﬁg@@ﬁ{s!%%' knccgé/\l%ﬁiil’é]srpﬁﬁéé&yaéryl an uggg‘ é;t andar)d chem cal
t echni quesursiec mildssonditions. iSeteclive phosphoniation, of phendls mas sghienedivgh t he crude

product generally i rified. rsed_phase col chr omat ogr aphy and
| yophyl i za‘?r}loéﬁ. !ﬁpgﬁ{ﬁ#@grﬁor@;ﬁﬁgggﬁﬁ&s%}@j? am?‘ﬂysﬁ 4 appropriate al kal i ne
sol uti on ogimatAyReniaapyrideRAiDMAR) Bilvetbery, eEalpTetrahsaromlatt. 1906 8%: §71%al t such
as sodiumsalt, tris(hydroxynethyl)-am nonethane (IRIS) salt, 15

tri et hanol IBEPRENENAL th?lﬂ“@ﬁwm%lﬁz%m@w(’?!“plﬂte P’ B RRU NG refielion Yat i on of
t he di scl m; | ; hdi hese of
ordi nary gl@lgﬁ)lholgn t lgﬁéanrI?Wwﬂéx}r%gp@tyg%g@g%@&bg?:s, g?ﬁ%%’?/\?gﬁg?ﬁ? %Oeﬁniia?

pat hways t4-nitioary cempatnd (ol der. uselia these eedtionischemesisiwelldmownas éee upon
compounds. a0 fher SpRT RSaPT R e s SRT i SR rent "o o
condi ti@n or di sease such as cancer, optionally in conbination with a
pharmaceutica#tly accept abl e (?dditive, carrier or excipient. Certain of the
Sonpounds, | MgsrRiREsELNESEIdRIHLE! deapralY iehrrijed By Eefessed pnsgcofin act i ¢
agents for | SRR ) hd KeA1 | i ifself. The
present coﬁpﬁgﬁ‘%awy%r{}g,{a@gﬁ ¥ (;Ier%\llﬂabp_i sgsamé%ﬁﬁﬁ)eémgbmggbﬁﬁ)tmh% eﬁ)r m of

phar maceut #ppRippyate atkapnespleticnuon aminpsan seadily Regvidena raspectiverwater-soluble

phar maceut | : S AR | lts of the active
conpounds %%g%lr iar?g&tggmﬁ ﬁ%l,?@%ﬁ%ﬁrr@?@ﬁétﬁ?l 3@mionﬁ%q @est%zti n the desired
bi ol ogi £ al trizthtanciamin@éalt, retpyamine sattnpoutidine BlalhIMardification ektheplisstosel such

SRNGERTERERET o R e O TS

in order to provide alternative synthetic pathways to the present compounds.

Pharmaceutical compositions based upon the present novel chemical compounds
20 comprise the above-described compounds in a therapeutically effective amount for
the treatment of a condition or disease such as cancer, optionally in combination with
a pharmaceutically acceptable additive, carrier or excipient.

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

25  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

30 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 salf,

lutidine salt, or other pharmaceutically acceptable salts known in the art.



lutidine salt, or other pharmaceutically acceptable salts known in the art.
WO 2006/ 034266 15 PCT/ US2005/ 033641 Modifications of the active conpound
can affect the solubility, pharnacokin? paraneters and rat

net abol | WP 2006/434266act i ve speci es, t hus %rOV|d|ng contr%¢’8§%wﬂm?ﬁ€ del i very
of the active species. Further, the nodifications can affect the anticancer
activity of the conpound, in sone cases increasing the activity‘over t he
parent 5 conpound. This can easily be assessed b i ng the derivatives
and t est i Mgodificationn of bamstye a@r‘pwtd;paa@éf@raw\ﬁgoluém awn?ﬁéphks‘e dCwel | within

the rout ' a?émétte?é(%ﬁd ra'tsPof DEtabd §n;n og{ﬂﬁ a%%@%%% o tp%\ﬁdlh}{)‘\é@ﬁttrbl_cﬁ?/efmy be

i ncor por at'e ormufl ations Fout 85 of radni N stration

i ncl udi ng thekiemeayrpﬂ the aptiveespiesieal Famterghelmodifivationti can affet thevantisascer

i nt ramuscul eritopeal . intrabuccal ransder mal .and_i suppository
form Par Mk ya‘i’fqé‘a THPQWCQ{Q 8‘?‘[“%%%%”%8??'“%&] ind 'V'?yn(g?eé\}rg gﬁ']eﬂg

| Nt r amks c Wdaipod@dl This tamehsily b§a$3é§§@irﬁyqﬁepérﬁ19|?h@6§ﬁmwés aal tem;mgolset i ons
based upon these novel chenj cal

onpoun e _above rlbed
conpounds FmHicangeas @%\ﬁwlﬁcpergrn%)%ﬂpwe m%@déﬁ%ﬁmf%%e rPI"Ié%ﬁqrﬁgs“g' 'éer and
ot her di segses and conditions which have been described herein, optionally
in conbination with a pharmaceutically acceptable additive, carrier and/or
exci pient. One of ordinary skill in the art will recognize that a

therapeut | Capdodlhdthtie bf hYﬁn%ﬁfbﬂtmﬂf hePRBoRbrdR FiSRMABINGS, R ctr di ng to
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parenterally and in particular, in intravenously or intranuscul ar dosage
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treating cancer and other diseases and conditions which have been described
herein, optionaily in combination with a pharmaceutically acceptable additive, carrier
and/or excipient. One of ordinary skill in the art will recognize that a therapeutically
20 effective amount of one of more compounds according to the present invention will
vary with the infection or condition to be treated, its severity, the treatment regiment
to be employed, the pharmacokinetics of the agent used, as well as the patient

(animal or human) treated.

25 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

30 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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Administration of the active compound may range from continuous (intravenous
drip), including bolus administration, intravenously or intramuscularly even less
frequently than once a day to several administrations per day and may include
topic_al, parenteral, intravenous, intramuscular, subcutaneous, transdermal (which
20  may include a penetration enhancement agent), bucc¢al and suppository
administration, among other routes of administration, including, in certain instances,

oral administration.

To prepare the pharmaceutical compositions according to the present invention, a

25 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

30 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 agueous sodium chloridé

solution or dextrose 5% in water (D5W) in combination with other ingredients that aid



on the formof preparation desired for admnistration, e.g., intravenous or
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20 In preparing pharmaceutical compositions in oral dosage form, any one or more of
the usual pharmaceutical media may be used. Thus, for liquid oral preparations such
as suspensions, elixirs and solutions, suitable carriers and additives including water,
glycols, oils, alcohols, flavoring agents, preservatives, coloring agents and the like
may be used. For solid oral preparations such as powders, tablets, capsules, and for

25  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.

30

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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The present compounds may be used to treat animals, and in particular,
mammals, including humans, as patients. Thus, humans, equines, canines, bovines
and other animals, and in particular, mammals, suffering from tumors, and in
particular, cancer, or other diseases as described herein, can be treated by
20  administering to the patient an effective amount of one or more of the compounds
according to the present invention or its derivative or a pharmaceutically acceptable
salt thereof optionally in a pharmaceutically acceptable carrier or diluent, either
alone, or in combination with other known pharmaceutical agents, depending upon .
the disease to be treated. This treatment can alsc be administered in conjunction

25  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

30 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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treated. The dur ation of treatnment may be for one or nore days or may | ast
for sever acamasntthe compound is preferably administered in amounts ranging from about
0.05 mg/kg to about 250 mg/kg or more at one time. This dosage range generally
produces effective blood level concentrations of active compound ranging from about
20  0.01 to about 500 micrograms per mi of blood in the patient to be treated. The
duration of treatment may be for one or more days or may last for several months or
considerably longer (years) depending upon the disease state treated. In a more
preferred embodiment, the compound is given to the patient at doses of 0.1 mg/kg to
100 mg/kg, twice per day to once per 14 days, for the duration of 1 week to 52

25  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

30 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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Compounds according to the present invention may be administered alone or in
combination with other agents, especially including other compounds of the present
invention. In these aspects according to the present invention, an effective amount of
one or more of the compounds according to the present invention is co-administered

20  along with an effective amount of at lease one additional anti-neoplastic/anticancer
agent such as antimetabolites, etoposide, doxorubicin, taxol, vincristine, cytoxan
(cyclophosphamide) or mitomycin C, among numerous others, including
topoisomerase | and topoisomerase I inhibitors, such as adriamycin, topotecan,
campothecin and irinotecan, other agent such as gemcitabine and agents based

25  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

30 DNA repair, such as inhibitors of ribonucleotide reductase (RR) and inhibitors of O°-
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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and comparisons. The included examples are not to be construed as limiting.the
scope of this invention as is more broadly set forth above and in the appended
claims. Other compounds not specifically presented in the examples section of this
20 application may be readily synthesized following analogous methodologies and/or
facile syntheses that are presented and known in the art. One of ordinary skill may
readily synthesize 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 welt known in the
25  arl

EXAMPLES

All reagents were purchased at commercial quality and used without further
30  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)



and conparisons. The included exanples are not to be construed as limting
the scope of this invention as is nore broadly set forth above and in the
appended clains. Other conpounds not specifically presented in the exanpl es
secti on oo fohé/@a488 application may be Peadily synt hesi PEHUSHPEHMOAY

anal ogous net hodol ogi es and/or facile syntheses that are presented and
known in the art. One of ordinary skill may readily synthesize all
conpounds set forth and described without engaging in undue experinentation
by sinply vad perfirmedivith Mekokisilied geyst (280400meedh) daridoggeed @bhse/ column

adapti ng/ nmodi fyin uch _synt heti c net hodol ogy .using techni que l. known in
the 25 arthOfE%R&gﬂH%S (RRﬁyCr}N@éd@?F%d \KiE? gAELHE)L{ NG H@P@@%gcfﬁd}q%éém ity and

used wi t hogh_1dshhantirdPwit FitfidcE@d-IoRRed WagkrSol vents were dried and/ or
distill edo%%?oéﬂ t)o uée wheré Jr(lzgcessasy. rI NVR spectra ('H,' 3C and 31P)

were determ ned on a Bruker AC300 spectroneter. Chem cal shifts are neasured

in parts per million (ppm relati vehg fe%t _gnet hyl sil ane. Coupli ng
constants are reported in Hertz (sz(. Pl%Rsh“col um chromat ogr aphy (FCC) WO
2006/ 034266 22 PCT/ US2005/ 033641 was perforned with Merck silica gel 60

(230-400 nesh), and resegyved .ph col.um hromat ogr aphy (RPCC) was packed
with CAT gel (Vater, pre%g?%ﬁffqgﬁa@ggfﬁfgggﬁcf%g@%%ﬁ eluting with mili-Q
de-ionized water. 5 Exanples 1-2 Phosphoryl ation of Phenolic Conpounds
General Procedure A To a stirred solution of the appropriately phenolic 10

conpound ( 105enafabProgeduze & o 3 lied soliopiof thgaprieriaieHPRENIL nmol ) and

DI PEA 0 t A : r j 1 oled to
Piac W0 Eaun@i(1) SO bATPAEAAR (12 AR AFRCQARR TP B aBEP P, L0 5
m.) was ad@iEA @Oopmiohat repmrigrapessiirea. ihe readtion eniplarewas goeled kesiS°€han - 10C.

The. 1 eact | gf vl o) WS MBSl PG ) LB A1s 81} ok gty 2 hours.

noni toring reaction 1 On é’'reac € Wwas
concent r at é¢dpbiserto heaintaeviniearctencperataredattidss thiah -10°€s iTHe eeawtion wixtkiesd up with
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15 by TLC. The reaction mixture was concentrated by rotary evaporation, and the oil
residue was worked up with dichloromethane and 0.5 M aqueous KHSOj4 solution.
The organic layer was dried over anhydrous MgSQy, then filtered and concentrated
to brown viscous oil. The crude dialkylphosphonoxy-aryl compound could be used
without further purification.
20
1-(3-Diethylphosphonoxy-4-notrophenyl)ethyl alcohol (13). Following the
general procedure A, R-1-(3-hydroxy-4-nitrophaenyl)ethyl alcohot (18.2 g, 100 mmol)
reacted with diethyl chlorophosphate (15.0 mL, 100 mmot), and the desired product
13 (32.0 g, 100%) was obtained.
25 "H NMR (300 MHz, CDCl3) 5 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).
3C NMR (75 MHz, CDCl3) 8 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.

30 %P NMR (121 MHz, CDCl3) 5 -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



to brown viscous oil. The crude dial kyl phosphonoxy-aryl conpound coul d be
used w thout further purification. 20

1- (3- Di et hyl phosphonoxy- 4- not rophenyl ) et hyl al cohol (13). Fol t he
gener al PioWeEHE6A R- 1- (3- hydr oxy- 4- 88t r ophaenyl ) et hﬁFT/zHS%‘UH/Bi”(QgB 2 g,
100 mmol) reacted with diethyl chlorophosphate (15.0 nL, 100 mml), and the
desired product 13 (32.0 g, 100% was obtained. 25 'H NI\/R (300 MHz, CDCI 3)
6 1.36 (t, J =7.1 Hz, 6H), 1.47 (d, J = 6.6 Hz, 3H), 3.02 (br s, 1 H,

4. 25 and Zatidve cgld sblutiont. wlasHr]ded )Gl (h0IimMEL,and dialigyl @hbﬁphiferéljo mm@p-The3l (m
1 , (.55 5 MHz,

CDCI 3) 8 1r§g&“°£rﬁ§’HJf%’“é”a§?("ggdr@é’oé”%ﬂ@b%%' t?mpé?t‘é’e%l%’ golve VoS ¥ 126. 0,

140. 0, 143re510@6@1 b?t‘ﬂ&a@/ evla?éra‘aon Sthe3iBidulBil (Wad wdvkid uaEh3)5 Bt dguéousener al
Procedure B. A solution Bhenol i C conpoun 20 ol ) and

0
DVAP (1 nn'éh*?on ﬁola&@rﬂ g gichioporpethang. yAf \%§e&ﬁfaé0é"udmove$@éhb%{f)\%§ MES Qe WO
200610%42 &agé H§2@Qélr9%$@1r4elcruaéammbgpmos&wawi cmo@wé&l%b4 (50
nmol ) and di L osphlte ) reaction solution was kept for 2
hours at rmﬁd\wmméftmdﬁareurlfmhmﬂ soI vents vvere renoved by rotary
evaporation. The residue oil was worked up with 0.5 M aqueous KHSO
sol ution and di chl oronet hane. After separation, dry over anhydrous MgSO4, 5

evapor ation a(B:lDVathﬁbdpyonmk;eromdmhdnyl)émypﬁloepbb(ne)(foao\ydngdwpound could

b d without f th f

16(3“Beet hRTARISERREAS BB BERORGA TieoRyRenEMbAICRRL 15.281 Fodl ng t he
genera 0 prﬁ;ﬁ%%ﬁct@d mﬂh%étﬁylh:‘!‘nﬂi’réb%sﬁhélét(’f@@*ﬂﬂ_e@ﬁwrﬂHbY)' afd fﬂé*'tﬂa'snréé}5 0 g,
82.4 nmol ) react ed dieth orophosphate m., mol ), and

t he deS| r eprodyetdlduey - 118 1097%) wag, oblam% was obt ai ned. Exanpl e 3 Grl gnard
Reaction of Benzal dehydes 15 General Procedure. To a sol ution of
4-ni trobenzal dehydes (10 mmol) in

Example 3

Grignard Reaction of Benzaldehydes
15
General Procedure. To a solution of 4-nitrobenzaldehydes (10 mmol) in

anhydrous THF (30 mL) was slowly added Grignard reagent such as
methylmagnesium bromide in diethyl ether (25 mmol) at -50°C over 45 minutes. The
temperature of the reaction mixture was maintained below -40°C during the addition

20  Grignard reagent. The reaction mixture was allowed to warm to room temperature
and stirred for 3.5 hours. The reaction 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,SQ,,

25 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
30  procedure, 3-hydroxy-4-nitrobenzaldehyde (90.0 g, 539 mmol) gave the desired
product 14 (40.0 g, 41%) as red oil.



anhydrous THE (30 m-) was slowy added Gignard reagent such as

net hyl magnesi um brom de in diethyl ether (25 mmpl) at -50C over 45 m nutes.
The terrperature of the reaction m xture was maintai ned bel ow -40C duri ng
the addi tW8R%8M3B%¢ gnard reagent. The 2%action m xture REEFUSI0HNSEL 0 war m
to roomtenperature and stirred for 3.5 hours. The reaction m xture was
cooled to -10C, and quenched wth 5% hydrochloric acid (25 nL). The
reaction mxture was diluted with water (25 ml-) and the product was
extracted wi'HNMR300 Btk 8DCI)P K50, M) 6.6 Hre 3&1@@0&@3 OHYaNGE (Ext+ act s

were washed wit r to ed over gnhydr 25 filtered and
concentratGerHZ’ ﬂ@mggg Qﬁe‘]\%gsgﬂuéjhzﬂﬂ é 7f(aa‘§% Te HB §r0<§p(ﬁy J5P8ilica

gel, el utiggqm tﬂ@g?fs/qgt)hyl acetate in hexanes After evaporated and dried
in vacuum the a-a 4- not r obenzyl al cohol was obt ai ned.

1- ( 3- Hydr oxy CINNGR ¢7<5d%léﬁy¢§)§ﬂsh§l25éi 6815011 16.34117.6:01256wi10§-% HB6 ener al 30
procedgre 3- hydr oxy- 4-ni trobenzal dehyde (90.0 g, 539 mmol) gave the desired
product” 14 (40.0 g, 41 % as red oil. WD 2006/ 034266 24 PCT/ US2005/ 033641
"H NMR (300 MHz, CDCI3) S 1.50 (d, Exafphe3iz, 3H), 2.06 (br s, 1 H, 4.93
(g, J= 6.3 Hz, 1H), 6.98 (dd, J =8.8, 1.9 Hz, 11-1), 7.17(d, J= 1.7 Hz,
1H, 8.08 (d, J=8.8 Hz, 1 H), 10.6 (s, 1 H 13 C NWR (75 MHz, CDClI 3) 8

253, 69.5, 116.3, 117.6, 125R5dué§5n5fA@5@p9,eno§egxanpl e 3 Reduction of
Acet ophenones 10 General Procedure. To a solution of the A solution of

chiral (R or S)-2-nethyl- CBS-oxazaborolidine (1.0 Msolution in tol uene,

gﬁgvgﬂ)soﬁﬂfl%#%&%ﬂﬁ'&?eéf he. ngé %Blutfb’ﬁscgfrr?%oA%ruln?H‘@?crﬁr%?lf?Qr 5Pl To the

1 on
3' - hydr oxycmS@miaboamemth@Mmah(tlbﬁmwtjp)uene Zztﬂmehmem@ NEM-T#F 800 nlL) and

5 vi gor ow0lgon A2 mERwbF 5ol L8 Hedote Shifion yag s ovinadtest a3 3" hours,
noni t or i NGolutiBAS B'RYIFHTI4’ &nwmem{)hbﬂ%& gﬁb@rz\m PRSI NEN 290 il -doonas

dropw se charged into the reactor at fter stirred at -50C for 10
m nut es, thle andalc® MBHsnTkiFusautiond 1.0 L) snmultaneously over 4 hours, while stirring

15  vigorously. The reaction mixture was kept stirring at -50°C for 2-3 hours, monitoring
reaction completion by HPLC. Then, acetone (200 mL) was dropwise charged into
the reactor at -50°C. After stirred at -50°C for 10 minutes, the reaction mixture was
allowed to warm up to ambient temperature and stir for 1.5 hours. Concentrated by
rotary evaporation on 45°C bath, the residue was treated with saturated Na,CO;

20  aqueous solution (2 L). The mixture was heated at 50°C for 30 min, and then cooled
down to 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 (3 x 2 L), and the

25 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
30 product 15 (52 g, 51%, 99.3%ee) as yellow solid.

Example 5
Reductive Amination of Benzaldehydes



allowed to warmup to anbient tenperature and stir for 1.5 hours.
Concentrated by rotary evaporation on 45C bath, the residue was treated
with sat %g%ﬁeg Na2CO3 20 aqueous sol utlgn (2 L). The mxture was heat ed at
50C f or U90340Y then cooled down €8 room tenper at Jikd/URAMAE364
tert-butyl methylether (TBME, 1 L) and hexanes (1 L), the m xture was
stirred at RT for 1 hour and then separated. The aqueous | ayers were
charged concentrated HClI dropw se to adjust pH 6, while naintaining
tenperature at 25 C. The m xture was extracted with ethyl acetate (3 x 2 L),

b own o |- SRIELETBIARRE I PIRRCA e Pyl SR PO i dthadd oeC 2

R-1-(3- Hyctnoxm_ 4~ar§ dddegzemybluebipt mathgrithe (IEHIF :Emhwhmn) Wgetrémsngﬁneral
procedur e, -4-ni troacet ophenone 55100 g \%v ve th desired
30 pr oductsoilﬁ' %PY'ZB epb 3l /005‘9@@?@@%) ure Over)igh)gnd dne BreCE&t § ve

A nat i5on aBengalebiiess YA AAASNAZEA0R AR B@Fééﬁ?r%oéb%%ﬁ%s Gener al

Procedure. To a sol ution of benzal dehyde (10 mmol) di chl or omet hane (10
nL) was addjwl\@dmgmtmw&ﬁodm)@pﬁwé \reesqlw'omquﬁmﬁ} 4 (BReMmeACt i on

sol uti on E)to{tﬂﬁs BT LIRS 8bitich & XEgQ;’gﬂtﬁJgPr (@%nﬁ Hﬁod\} a%kﬁ'htoﬂke was

fil tered rate was concenirate uum and the
resul ting Mm@amdattmﬂhdr%smevm dlatrthetetjamwlate(r!(‘ﬁD miL) and dlchlmeorabtbmeesol ut ion

was added n_smnal t' on the sql uti

copt st 1 rORGNon0T ARG PIRS: VS roppeted At eogy o rboriibie Bhale was
di strift edL) enoeatrae coMBinet Jorgaric ghaset aersatib@oeer dhYdiuy MgB®,, finseaus phase
was separated and extracted wth dichl oronet hane {50 10 m_) once. The

conbi ned o@%ﬁn%atsﬁaeégr%ﬂbvqw%%%N&ﬁﬁ@dﬂ\b hiseiae WasiRUse gough

concent r at gd 80 ditH5ktecHAdD pvAGdasBh. Crude N-benzyl - N-net hyl am ne was pure
enough for use wthout further purification.

N- (4- Di et hyl phosphonoxybenzyl ) - N-net hyl ami ne (16). Follow ng the general
32PN PR AR AR et S b8 15,
Hz, 2H)5 7prbéedute, diethyPhbspono2ydenzaldehyde (29.9 g, 116 mmol) gave 15 (22.3 g,
71%) as yellow oil.
"H NMR (300 MHz, CDCl3)  7.31 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 8.5 Hz, 2H),
4.21 (m, 4H), 3.73 (s, 2H), 2.42 (s, 3H) and 1.34 (t, J = 6.9 Hz, 6H).
3C NMR (75 MHz, CDCl3) 6 149.4 (d), 135.6, 129.3, 119.5 (d), 64.2 (d), 54.5,
20 35.1and 15.7 (d).
3P NMR (121 MHz, CDCl3) & -5.5.

Examples 6-7
Phosgene Coupling Reaction
25
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
30  5°C overnight. After evaporation, the residue was worked up with water and
dichloromethane. The combined organic phases were dried over anhydrous MgSOsa,
filtered and evaporated. The corresponding protected phosphate was obtained as oil.



4.21 (m 4H), 3.73 (s, 2H), 2.42 (s, 3H) and 1.34 (t, J = 6.9 Hz, 6H). 13C
NVR (75 MHz, CDCI3) 8 149.4 (d), 135.6, 129.3, 119.5 (d), 64.2 (d), 54.5,

20 35.1 and 15.7 (d). 31P NWR (121 M—Iz CDClI3) 6 -5.5. Exanples 6-7
PhosgeneWbeé/HFg66React i on 25 Cener al 26r ocedure A To PETAIS20058364b] uti on of
90CE (10 nmmol) in acetonitrile (40 nlL) was added phosgene (20% i n tol uene,
10 nmmol ) and DI PEA (10 mmol ). Kept at OC for 20 mnutes, to the solution

was added N- (di al kyl phosphono I%i()ci‘)enzyl -N- et hyl am ng (10 mol ) and DI EA
(10 ol ). Teneralfoceduts Boh! u&zramoi/)ev@s@@ﬁdé@ aZ0%e0 By @fi ght . After

t th Th
conbinod PgsdRE HGLEHE (APRUB ARG IR sich WP B oRRRpRLERIGTE oG T
evapor at edwotrEbBeNW)Btr%pmnhblr(go p'rrml)amtaadtophmsmmm was adbedslwdiy dsdeoil. WO
2006/ 034266 26 PCT/US2005/.033641 Ge 1 |
added to a{e%t?d“s‘B'P‘{Hf? Wﬁs&f'rrsﬁag@gﬂbte?@%?%w&ﬁfﬁﬁf?é@ﬁrﬂ%t e%?" “g’ﬂ%| Lt Ton
of 1-(3- d'ﬁie%knabemca%mﬂ-m a@étbﬁrﬂh@(w they, ybEA|( e h@holf 464 9DOE Y16 n

acetonltrlleﬁ aﬁ2dvvasa owy. The reaction mxture was stirred at
r oom t enpenaplmasfasided Vﬂtﬂa@owa%\éﬂo&rﬂ@@%ﬁﬁ@was§t'ﬁﬁ@aF@i"’(‘jue was

di ssol ved tér?\gg AR 5&52'%%”[&?%80 cfs‘%l\fe}]ltss e &ldﬁggvé%ké&%p Wil ) was

added whi | ol'i'ng be ure was stirre room ' tenperature
for 2 houngaterndedickelosgmosthares] Fhod wgams,phah\es were washedadthvwtsb KHCl sofutiant h

t d t h with,1 % HCl
(oo on GRE b e e MR TG o Y e
The r e dygiriies b @aﬂubmrbnmbgjwpw @Sﬁhﬁ“@eﬁI(@Umiymﬂhlfo-GO%Sethme:emé i el uting

with 40-50% et h acetate in CE nes% _concentrated and dried under high
vacuum t o PeREDNEONSSHIREHANdiHiigd UpFS faigh MW O e GosreshendinRd as oi | .

1, 2- Bi s(nq;rbﬁéb@dlﬁr@g hate wdsZottalh@d a€biny! ) hydr azi ne- carboxylic acid 1-(3- 15
d| et hyl phosphonoxy- 4- ni r ophenyl )et hyl ester (16). Foll ow ng the general

procedure B, 1-(3-diethyl phosphonoxy-4-notrophenyl)ethyl alcohol (114.3 g,
358 1,2-Bis(methylsulfonyl)-2-(2-chloroethyl)hydrazine-carboxylic acid 1-(3-

15 diethylphosphonoxy-4-nitrophenyl)ethyl ester (16). Following the general
procedure B, 1-(3-diethylphosphonoxy-4-notrophenyl)ethyl alcohol (114.3 g, 358
mmol) yielded 16 (151.2 g, 71%).

'H NMR (300 MHz, CDCl3) & 1.30-1.42 (m, 6H), 1.69 and 1.70 (d, J = 6.6 Hz, 3H),
3.16 and 3.21 (s, 3H), 3.46 and 3.47 (s, 3H), 3.65-3.75 (m, 2H), 3.80-3.92 (m, 1H),

20 4.00-4.10 (m, 1H), 4.20-4.35 (m, 4H), 5.95 and 5.96 (q, J = 6.6 Hz, 1H), 7.34 and

7.36 (d, J = 8.2 Hz, 1H), 7.60 and 7.65 (s, 1H), 7.96 and 7.97 (d, J = 8.5 Hz, 1H).
3P NMR (121 MHz, CDCl3) 8 -6.7.

Example 8
25 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

30 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 agueous
solution was purified by RPCC with 10% acetonitrile in de-ionized water. The



mmol ) yielded 16 (151.2 g, 71%. 'H NWMR (300 MHz, CDCI3) 6 1.30-1.42 (m

6H), 1.69 and 1.70 (d, J = 6.6 Hz, 3H), 3.16 and 3.21 (s, 3H), 346 and
3.47 (s, 3H), 3.65-3.75 (m 2H), 380392(m 1H), 20 4.00-4.10 (m 1 H),
4.20- 4. 330(20p6/eBd6s 5. 95 and 5.96 (g, 2% 6.6 Hz, 1 H), P(?T/§§203ﬂa33?4136 (d, J =
8.2 Hz, 1 H, 7.60 and 7.65 (s, | H),796and797(d J =85 Hz, 1H).
31P NWR (121 MHz, CDCI3) S -6.7. Exanple 8 25 Fornmati on of Phosphate Free
Acid CGeneral Procedure. A solution of the respective diethyl-protected
phosphat e fiatfonswele) mpmitaded hy b‘NdeethbJNE{ asdcembipedaiftardaphytiraiipnhthexcess

TVGB! (100, poh b Alon G Y LA AR 2106 AP iEdalidpracuum the cr ude

phosphatepfulr as a glassy SO|I e crude conpound
(10 mol ) was added water (about 30 nmL). The suspension was stirred for 2

h i th dded
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acetonigr lchﬁymgdﬂphaapm@bwaamtmﬂmm&maéfe%ﬂz)ﬁsolaﬁvuﬁ@melge‘ﬁ%@@5/ 033641

fractions were nonitore NMR and conmbi ned. Afte

| yophyl i zaRrpeafiureg.He2- bWPW@H”%@%Q&@r&DFP?%I Mrﬂz'ﬁﬁﬁa@ﬁf‘ﬂicr%'ﬂj 1432 white or
off-white _ . 4 I tected

1, 2-Bis(ne @%W‘? phon%y étrZOpgﬁPy'}eﬂzaytl StFr 7y3('tlgr gz1|2nem21§r)%§<s ?e proa%?% 1-(3 5

di hydrogermhb,sepidwdiysZBm B@%bheamh)temhwdemt er (17). Fol I owi ng t he general

A i E E AR Er PR SRR i
was dexcprO%r réf% 541@% Wsﬁd (ie@Hfs 65383 (th sz»g"/@ 8631@0Wﬂ' Qﬁ rmdghd 5ldd NVR
(300 MHz 58 and 5 and 3.29 10

(s, 3H), 354 =dhti H;, 55) (7s42(3:H)l @265&3%37 @Qrﬁnlezl)%@ 3‘5)1%8@% 91%0)1, 5.97
a”d599§’84]zﬁ-i H, 7.42 (d, J =8.2 Hz, 1 H), 7.60 and 7.65 (s,
1 H 796andl?’9 (d, J = 8.4 Hz, 1H).31PN|\/R(121M—|2, DVSO-d6) S
-5.6. 15 ExapINMR (1 Fokiat DMSQ)HG)IBhﬁﬁphate Salts

15 Example 9
Formation of Phosphate Salts

General Procedure. A solution of the KS119W (200 mg) and a base as upon
stoichiometry is dissolved in water (2.0 mL) and stirred at 20°C for 1 hour; the
20  solution is lyophilized for 20 hours; and the resulting solid is then analyzed by NMR
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
25  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
30  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) 5 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



General Procedure. A solution of the KS1 19W (200 ng) and a base as upon
stoichionetry is dissolved in water (2.0 nL) and stirred at 20C for 1 hour;
the 20 solution is |yophilized for 20 hours; and the resulting solid is then
anal yzedwlgy200d/8342end HPLC. Monosodi um 98It of KS119W ( PEN/USAOEH3 MNetHCO3
solution (210 n.) was slowy added to a stirred solution of KS119W (66.1 g,
122.4 nmol ) in nethanol (70 nm.) and 25 water (400 nmL) until a pHof 4.0 to
4.5 is obtained. The reaction m xture was washed with di chl oronmethane (2 x

500 nl) fol kewed 1y, diostBY) =@ DAL, {1909 @lghat02s pRKe, 7.6 (d,decqmnesi tion

inmpurity. The aqueous portion was concentrated ow a tenperature of 30C
The resi dutHiwas dissolved in acetone (200 nL) and slowy added to a cold

(10C) di et hyb r A2 L)} nyé fj,cd ept, stiryi T ul,ti.n urry
s atirr o op NRRLES W DS ool b 1228 Y 2.t . 41 AR r2k %&fé’(zoo
mL) and t &)1 heranay.4,2008.6)8.and200| adory 1@dve w1.59M5 8ehhsw, salzixd 18

(109.7 g, 86 99 . 'H NVR (300 Miz, 020) S 1.37 and 1.38 (d, J = 6.6 Hz, 3H),
2.91 antd 31906°($1-4-3H), 3.24 and 3.25 (s, 3H), 3.30-3.50 (m 2H), 3.55-3.75

(m 2H), 5. 69 {ik 5 7OMM: Dﬂng&d 6/ 34266 28 PCT/ U52005/ 033641 = 6.6 Hz,
| H, 7.06 ?ZP el Hz, 1 ,9%24 and 7.25 (s, 1 H, 7.65 (d, J = 8.4
Hz, 1

: "3C NWR (75 MHz, DMBO-d6) 6 22.5, 41.2, 41.3, 41.8, 41.9, 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, 5 147.8, 151.%. 31 (121 WMHz, DWVSO-d6) 6 -4.009.
Exanpl e 10 10 Determ nation of Sol u f‘?’?‘?l} d Stability in Aqueous Sol utions

The solability oDeksrhiiR¥Yion of ORIl and'S@abiRy & Algueduy Solgidns by addi ng
increnental quantities of the drug to 2.0 nL of water in a glass vial. The

vials were shaken at roomtenperature in a das Col rotary apparatus until

the drug di syl ; N or Ofi4b i ; b drug were
added and the v%l(g?%' r?z er11g{rl1\{/gof cg%?g%asflés%@?'ﬁ%?g%pé' ﬁflilsé%jr”g{:ess was
cont i nued nnteimental quantiiedrafdheldrmigdd 2ddmL Dievates i algidsistvial.oFhelkdsals Mar¢ or

VNP40541) s%%(e];)%ltj podont1 ?enl?gera W€ intahgpasd'@cﬂ r&g@n}pparatus until the drug dissolved
15  entirely. Additional fixed quantities of drug were added and the vials shaken until
complete dissolution. This process was continued until no more drug dissolved. The
solubility of KS119W (or VNP40541) was found to be more than 400 mg/mL.
Aqueous solutions of VNP40541 (or VNP40541) were light yellow.

20 The solubility of the newly synthesized KS119W salts was similarly determined by
adding an excess amount of the drug in a glass vial containing 2.0 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

25  (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,
30 andpH 7.0. To control for buffer catalysis, the drug was also titrated to pH 2.0, pH
5.0, 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 qays. 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



Aqueous sol utions of VNP40541 (or VNP40541) were light yellow. 20 The
solubility of the newly synthesized KSI 19Wsalts was simlarly determ ned
by adding an excess anount of the drug in a glass vial containing 2.0 nlL of
wat er. Twe 200si0aks6wer e shaken in a G a9 Col rotary appR¢HUSIHpHom
tenperature for 24 hours. The suspension containing undissol ved drug was
centrifuged; the supernatant was carefully separated and anal yzed by HPLC
for drug concentration. Water-solubility 25 (ng/nlL) of the KS119Wsalts from
Ng(O-l)Z M@@ylzedi(lﬁtﬁHPEBlETrepaﬂtg/e?ERbﬁvar&)u?ttlﬁ'teemiirﬁd 'to ktetmire/tha, coﬁ&erﬂrat@ﬂhl and
70.5 resp ive The stabilities o elnest ated. The
S ¢ (20 i WepdilS B LSHeraensTAe {RPIei s edlevdbe G MY EASESE o pH
2.0, pH 3.4Q y/ ° buf f er
catal ysi s, ?thsidﬂdﬁJc Sgt ﬂgdsaga@é‘ ﬁ_%(?oast@gvc? dfagt e@?@?@!ﬂs atdo CFFOTW&E%Q'HCJ&B in the
absence ofciteite disk ot avnear§arﬁﬁ‘eetsdagea®tlgmangetﬁcanﬂmoc for 3 hours, 24 hours,

and 3 ays and at roomterrperature for 24 hours, 3 days Upon corrpl etion
of eac

E %ﬁ% %ﬁabﬁr 4%%41;% a fre écprﬁg%ﬂce
o D00¢/ 8%353% 586 %‘?’# SR A o e & it “P%%%P?'?W P! © s

various ti oints, to determ ne the concentration of the respective drug.
As denpnst pated—ip—Table 1fhetaw—the—testts—i-ndicat e—cl-eary—that
si gni ficanl degragation ﬁﬁé@?@ed aflt er Hshores af 4GG.nIke°@resence of

citrate did not appear tCL_ﬁf_BBecﬁ_degL ation sjignific 5 Tablel. Short
term stabi|ity of | VNP40541 FiRala f nashy qfisal p aqy},ayr 1=35H1?é ofassait riat e

buf fer. HPLC BHsay GBalg tis $He dxpress cPHeIat ve to conPHol |sanples| stored
at  -15C. 24 hPs Ro¥hmBl ni2s0M0C |299RFs |40200Te8.8%i nak.08ssay 9Bi3tal (Assay
Final Assay 28 Cft Nene jE.GH pH 29@%0 nR02. 0ODY%3Y 2.060 9898%R. 02 92. 3%
2.0 None 2|043.09. 492md4 |200% J. 08.394.798.07 98.9% 3.06 91.3%
4.0 20mM | 4.08 100.1% 4.07 99.8% 4.09 92.2%

5.0 20mM | 5.03 99.4% 504 |[98.8% |5.06 92.2%
5.0 None |5.12 99.7% 514 1994% |{5.10 92.5%
6.0 20mM |6.17 98.6% 6.16 [99.0% |[6.10 93.8%
6.0 None |6.09 100.0% | 6.10 [99.3% |6.01 93.8%
7.0 20mM | 7.07 99.7% 706 [99.6% |6.96 94.0%
10
15 Example 11

Aerobic/Hypoxic Cell Survival Studies

EMT®6 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

20  septum fitted with 13 gauge (inflow) and 18 gauge (outflow) needles with a mixture of
5% CO-, 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 fradﬁon, compared to untreated controls.

25



3.0 20 MM 3.07 99.3% 3.07 98.9% 3.06 91.3% 4.0 20 nmM 4. 08 100. 1% 4. 07 99. 8%
4.09 92.2% 5.0 20 MM 5.03 99.4%5.04 98.8%5.06 92.2% 5.0 None 5.12 99. 7%
5.14 99.4%5.10 92.5% 6.0 20 MM 6. 17 98.6% 6. 16 99.0% 6. 10 93.8% 6.0 None
6. 09 100wQP%0fs/d:92639. 3% 6. 01 93.8% 7.03@0 nM 7. 07 99. 7THCT(360BH36X 6. 96
94.0% to 15 Exanple 11 Aerobic/Hypoxic Cell Survival Studies EMI6 or CHO
(parental or human cytochronme P-450 reductase transfected) cells, seeded in
glass mlk dilution bottles, were gassed for 2 hours through a rubber 20

septum 111 o 1 o baigauoes {14 A pBREIGHORHAR (196 (1 a0pd! e with 2

m xt ure of Xygen at various concentrations, with the bal ance of
t he m xt urcatatyaéd rapctionfshownrahyee jn Figures?, sl the phesphionlated ppesdt drugpndi t i ons.

wer o oot | cerBar el Gafdmelaned Ko s e eR Becd ot AmsPuldit i Min "Ly Vg™

fraction, stanhpaskesvri o thistseewdred controls. 25 WD 2006/ 034266 30
PCT/ US2005/ 033641 For in vitro analysis, KS119W nust be converted to
KS1190H (1) in an AP catal yzed reaction shown above in Figure 2, as the

phosphoryl at@gr@HueRE ntHn@anCE@RERbmS cefsSwER! dxpBBetPicrdiaded KstickAttibss t hen
used in all subsequent in vitro studies shown in this section. 5 EMI6

muri ne mam“niﬁ@ﬂ18@&3169@"&:@qu§9%©”ée&ptSsréﬂefﬂblggloaﬂéllcﬁibwé’eﬂxy%ni) ong of KS1
19 KS119 i ' i 9
sover el TR RO A RS C Rl el BB LR T

Fi gure 5, Fgurers; dembastidtathdidioth diuyg areavitualiyrihative yindeestygerateader

oxygenated 10 conditions, with very little cytotoxicijty to EMI6 cells at
concent’ atGAHALI0BS: Vﬂ%‘ﬁ’%bm?&yt%'%&/lto M6, cell /@b%ﬁffamwfgf‘éﬂggpéﬂ spl ay

potent cytmy omi &t €hHeotger Bdih aRlds diddidy potent cytotoxic effects with cell kill

approaching 5 orders of magnitude at 10 pM drug concentration.

Similarly, EMT6 cells were exposed to 10 or 25 yM of KS119 and KS119W-OH at
15 graded concentrations of oxygen ranging from 0.05% to 21% to demonstrate drug
activity as a function of oxygen concentration. The results, shown in Figure 6,
demonstrated significant drug activity at all oxygen concentrations below 10%
oxygen, with considerable activity at oxygen concentrations that have been
measured in solid tumors (shaded bar).
20

Moareover, the R- and S- enantiomers of KS119W (VNP40541 and VYNP40551)
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

25  activity of R-KS1190H and S-KS81190H to EMT6 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
30 generate an intermediate of hydroxylamine or aniline (2), which spontaneously
liberate the DNA alkylating and cytotoxic species, 90CE. To demonstrate that
KS8119W (racemic and two enantiomers) could be activated by cytochrome P-450

reductase under hypoxia, CHO cells transfected for and overexpressing this



approaching 5 orders of magnitude at 10 pMdrug concentration. Simlarly,
EMI6 cells were exposed to 10 or 25 pMof KS119 and KSI 19WOH at 15 graded
concentrations of oxygen ranging fromO0.05%to 21 %to denonstrate drug
activity WO 280603#%¢i on of oxygen concedtration. The resROTES208HM1i n Fi gure

6, denonstrated significant drug activity at all oxygen concentrations
bel ow 10% oxygen, with considerable activity at oxygen concentrations that
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reduct ase

641

reduct ase were exposed to the drugs,

and thg, sensitivity of thi's ce line to these agents was conpared to the
non- t r ansfected—parental—tine eXPIg v ynme. The
resul ts, gispl a""“ -—TFable-2 @M‘%"“% ract .h"a. 1€‘,‘yl SEHFS P—450—+ educt ase
sensi t i zegd tWHIAL 4 ¢y oo VNPANSSS onky—unfiad! a5
appr oxi matel GH%QBI'“/ iLke %731797 cvt ochPohid8p. 450 r edi® B3 caniacti vate
KS1190H updeEHRyRked condi 0iA91868 Tabile 2.0-883568t of c,yt BORPHe P- 450
Reduct ase| Expression on|R-. S-. and Rdcemic KS1190H Cytotoxicity 10
Survivingj fraction at 0}1% oxygen Surviving fraction in air
Drug (10 pM) VNP40541 VNP40551 KS119W =
CHO-SCS-lI 1.086 1.148 1.185
CHO-450red 0.9277 1.015 0.8791
15
Example 13
Evaluation of in Vivo Anti-tumor Activity
20 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
25 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



Drug (10 M VNP40541 VNP40551 KS119W CHO SCS-11 0.04737 0.1188 0. 3336

CHO 450red 0.001368 0.002553 0.009444 Surviving fraction in air Drug (10M
VNP40541 VNP40551 KS119W C H O SCS-1 | 1.086 1.148 1.185 CHO 450red 0.9277
1. 015 0. Qi¢Phes/dsa2dexanpl e 13 Eval uationazof in Vivo Anti PCEAISR008O83641ty 20 The
anti-tunor effects of aforenentioned prodrugs are evaluated in both solid
and liquid tunor nodels, including the B16-F10 nurine nel anoma, HTB177
human | ung carcinoma nodels, DLDL human col on carci noma, EMI-6 nurine

mammary gl gad mﬁ%ﬁ'uﬂ%ﬁgt&%@ﬂﬁgmlt &tHe?H‘B%TU el:é{ @‘rHJSm IPPASLAL e cancer,

pancreatic cancer nec cancer. S are given
i nt r avenoudruyg, Tite titdtynenbwag bairiet oapisra deﬂi@'add cy)sa‘(g simeéslef Tomod 0 ng/ kg to

Ik diffe d hedul
dai Iy, oncBetirPyenEr ke Sfbobio CheE e TG Snds & NP TlraHe doBE st ng

tunor cel | g xWQrZ whepd B, eaiwdswb@pte@amqyﬁd{m men?m am&mdtMegﬂbctnwyeﬂﬁ@ndom zed
into groups | medi ately after tunor cel ant ation M ce WO

2006/ 03%269Xighy plcthesesdiigs immgswas (id @sdgf %E‘i"@ﬂ' bquddﬂﬁ*gfﬂtdmfa@mq/ (ip) wit h
ei ther a bgligs) j (%?édc%n of 0.1 mL PBS or drug. The treatnment was carried
out in a designe osi ng schedul e. Tunmor neasurenent in three dinmensions
was determ ned once a week with the formula L x Hx W2, where L, H and W

represent j b | . y of t hese
epresent | oty AR b SRR I pod P BEEY 2
appear ancemotiéisi EMTY6 mbrul’@ﬂnb%mm cs:tambmaicelm Bn’r@srnellk {rouse)ynded and human
xenogr af t i,noma cells 3x105 cee / mouse)
wer e 13 rﬁ?{ﬁ%@%%&%ﬁ&ﬁ%ﬂp%%ﬁ@ﬁ@ hyman l“'llﬂlﬁﬁfc QmEC8li§n Jrégdr ci noma
e: : S, W29um5#6@6n@:@k@1bn¢@éélls%ﬂl‘6w7 surias IupGRarcib R BellsARgrecar ci noma

cells were

established as solid xenografts in nu/nu CD-1 mice and Scid/Beige mice with 7x10’

cells /mouse, respectively. After implantation, tumors were allowed to grow to a size

of 150 to 200 mm?® before starting treatment with KS119. KS119 was formulated in a

15  solvent containing polyethylene glycol 300 (PEG), ethyl alcohal, citric acid, and

ascorbic acid.

The result of representative studies by daily ip administration of KS119 at doses of
80 and 100 mg /kg was shown in Figure 7. The data indicated that KS119 produced
20 amarginal but statistically significant antitumor effect against all of tumor models
tested. The inhibition of KS119 on the growth of all tumors tested was ranged 30 to
50%. The inhibitions were significantly (p < 0.05) when compared with vehicle

controls.

25 Efficacies of KS119W 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.

30 viaip injection. As showed with an example of H460 tumor (Figure 8), KS119 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%,



est abl i shed as solid xenografts in nu/nu CD-1 mce and Scid/ Beige mce with
7x107 cells /nouse, respectively. After inplantation, tunors were all owed
to growto a size of 150 to 200 mB before starting treatnment with KS119.
KS119 wawd mosdsadsed in a 15 sol vent c@8At ai ni ng pol yet RGTAR00§03%4]1 300
(PEG, ethyl alcohol, citric acid, and ascorbic acid. The result of
representative studies by daily ip admnistration of KS1 19 at doses of 80
and 100 ng /kg was shown in Figure 7. The data indicated that KS119 produced
20 a mar gi rapedivblyst@hparbd avthltiyossiig thd coramt g@api Whkrens afd goupaganest al | of

t dels tested. T i i.hiti f KS1 19 t Wt [ t
ooy ed macuinpge e dpeesenkS H SR moiaae 8lme s BReba R %o <0 o5)
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conpared with equival ence nolar doses in EMI-6 tunor and H460 tunor nodels.
KS119W wastokisityral tseaiment, brdp weiht arbperinhersl bloodeel ceurforereiroenitoted t r eat ment

was starte e - Q.2
wooks. kot AEAbET: Py SRS SEBioAn he e o B 5P e H%87 6 and
121. 3 ng / kghevetice weatey witd oth drugaibeitheidobes deseibed@bover i1 p i njection. As
showed with an exanple of H460 tunor (Figure 8), KS119 and KS119W both
inhibited the growmhs of tunor in mce. In conparison with KS119 at equal,

mol ar - doses, nfd YAy sEb6Rd batteMRbRpBiid Efbi\tRo BRENRINMKIY Ge ST SR R
antitunor activity. The final tunor volunes in the groups treated with 121.6

nmy / kg, xutdeshsicalgveppment; findigg xiexirpleys delerstedaise( PeVNE4084H 78% and
60% 20 i i vel ith th
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KS119 at 10@ble./ kg and 80 ng | kg reduced only 40% inhibition. The toxicity
of KS119 and KS119W wer e dose-dependent. To assess the toxicity of
treatnent, body wei ght and peripheral blood cell count were nonitored 5
after treatnment. There was not significant henmatol ogical toxicity or severe

th drugs at the doses descri bed

weight loss _inh the mce treated with b
above. In orlﬁé'i"et:”o%/ﬁé_r? ?1"9"@@?%’@‘?0@%@995!&%% NAMOM& o enanti omers of

KS1 19W f Ofgicd UTUT e CI T TiNGR]e GBMET OPMEBAL 8/cNdT NY MEKEFHBdige er ated| dose
(MID) for [VNP40541
VNP40541 140 mpk x10 100 mpk x5 110 mpk x8
VNP40551 80 mpk x10 85 mpk x5 85 mpk x8
15

As illustrated in Table 4, VNP40541 and VNP40551 were evaluated in three
sample tumor models in mice. Thus, they had exhibited quite similar efficacies and
- therapeutic windows, however VNP40541 had clearly demonstrated lower toxicity,
particularly having less edema observed.
20
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
25  KS119W at dose below the MTD in combination with nontoxic dose of CTX against



10 (R-form) and VNP40551 (S-form was conducted and the results were shown
as Table 3. Table 3. MID Fi ndings for Conparison between Two Enanti oners

M ce Nude CD-1 BALB/c Scid/Beige VNP40541 140 npk x10 100 x5 110 npk x8
VNP40551 WID206@R34%660 85 npk x5 85 npk x84 15 As |IIustré’tC§HJSinE0”leéﬁq4é 4,
VNP40541 and VNP40551 were evaluated in three sanple tunor nodels in mce.
Thus, they had exhibited quite simlar efficacies and therapeutic w ndows,
however VNP40541 had clearly denonstrated | ower toxicity, particularly
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and H460 human |ung carcinona in nude mce. The tunors were allowed to

grow t o a skidies, 6TXawps GvEREve hpursGilitenfigsing KSHABY . As&hgwedr@déﬁlgurer% ani mal s
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se o ny the

CTX at do , dose ani na I'nj ec rugs on
15, 22, 2'Anh|Biﬂo|aodly4"Bheiegmblaiahm treatmehuﬂfd{SMaWand ﬂT)@nesultem inlBH% onbi nat i on

t udi , i) ft S119W As Fi 9,
KS110W a1 dHEOF Gouft KhIR, 30 (T RROR SRRt e PE, WaRRERBRETR T pr oduced
54% iyghi @lddxﬁ?ﬁénpééé{nstgﬂ%oﬁﬁﬂtﬁraéﬁd W b LSRBEBAY 005, KEH5 ARY0aE, CTX resul ted

in 90% tunor I nhibitory. The inhibition of conbination therapy was
statisti camsgectlvely Additive toxicity at the doses used for combination was manageable;

while the 180 mg /kg qw x4 doses of KS119W alone caused a maximum net body
weight loss of 4.5%, the same dose in combination with 4 doses of CTX at 100 mg
/kg per week caused 8.6% weight loss but no death. A similar degree of growth

15  inhibition was also observed with EMT-6 tumor model. Treatment of KS119W at
dose of daily 97 mg /kg for 7 doses resulted in 59% tumor inhibition, and CTX at
dose of 100 mg /kg, ip once per week for 4 doses generated a negligible effect on
the tumor growth of EMT-6 in mice. Marked antitumor effects were observed when
animals treated with a combination of KS119 and CTX. KS119W and CTX

20 combination resulted in 91.8% growth inhibition of EMT-6 tumor. These resuits
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
25 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.



10 significant against all control groups with p values of 0.003, 0.015 and
0.038, respectively. Additive toxicity at the doses used for conbination
was nanageable; while the 180 ng /kg gqw x4 doses of KS119W al one caused a
maxi num net body weight |oss of 4.5% 3she sane dose in conbination with 4
doses of CTX at 100 mg /kg per week caused 8.6% wei ght | oss but no death. A
simlar degree of growmh 15 inhibition was al so observed with EMI-6 tunor
nodel . Treatnent of KS119Wat dose of daily 97 ng /kg for 7 doses resulted
in 59% tunor inhibition, and CTX at dose of 100 ng /kg, ip once per week
for 4 dosédlegdminvated a negligible effect on the tunor growth of EMI-6 in
m ce. Marked antitunor effects were observed when aninmals treated with a
conbi nati on of KS1 IEQ§ gqﬁﬂ- ination resulted in

91. 8% gr owt h inEib??F%ﬂg% ﬁﬁ@g%#ﬁ#g@? éég%%ggu 's shows agent KS119Win
conbined with CTX have additive antitunor efficacy. It is to be understood
by those skilled in the art that the forg %ing description and 25 exanples
are illustrative of practicing the Presgiit?invention, but are not in no way
limting. Variations of the detail preSented herein may be nade wi thout
departing fromthe spirit and scope of the present invention as defined by
the following clains. 35 We claim Yy Aggapound according to the chem cal
structure: R /SO2ZR N O , ~' SOZR* R I X (HO20P NO2 where Ris

Cl -C10 al kyl or haloal kyl; R andrR' Xare each independently C1-Cl10 al kyl ;

R is CH3; and Xis O;

(HO),0OP
NO,

where R is C;-Cjy alkyl or haloalkyl;

R’ and R” are each independently C;-C,, alkyl;
R'is CHj; and

X is O;

or a pharmaceutically acceptable salt or enantiomer thereof.

2. The compound according to claim 1 wherein R is CH,, CH,CH, or a C,-C,

haloalkyl or a pharmaceutically acceptable salt or enantiomer thereof.

3. The compound according to claim 1 wherein R’ and R” are C,-C; alkyl or

a pharmaceutically acceptable salt or enantiomer thereof.

4. The compound according to claim 1 wherein R is a CH,CH,Cl group and R’

and R” are CH,, or a pharmaceutically acceptable salt or enantiomer thereof.

5. The compound according to claim 4 according to the chemical structure:



or a pharmaceutically acceptable salt or enantioner thereof. 2. The conpound
according to claiml wherein Ris CH31 CH2CH3 or a G C3 haloalkyl or a
pharmaceutically acceptable salt or enantionmer thereof. 3. The conpound
according to claiml wherein R and R'3@re C -C3 alkyl or a
pharmaceutically acceptable salt or enantionmer thereof. 4. The conpound
according to claiml wherein Ris a CH2CH2CL group and R and R' are CH3,
or a pharmaceutically acceptabl eaa?}} or enantioner thereof. 5. The conpound
according to claim4 according to ¢ c/hsé??ﬂ*ﬂcal structure: 36 Cl CH2CH2
S2CH3 \N 01 1 SOCH3 CH3 O (HO 20m NO2 or a pharmaceutically acceptable
salt thereof. 6. The conpound accqgy di to claim4 according to the chem cal
structure: CICH2,CH /SO CH3 N Ol CHz IO (HO 20 N2 or a

phar maceutical |y acceptable salt thefeof. 7. A pharmaceutical conposition
conprising an anti-cancer effect¢e anmount of a conpound according to claim
1 in conbination wth a pharmaceuti™Nally acceptable carrier, additive or
exci pient thereof. 8. A pharmaceutijcal conposition conprising an anti-cancer

ef fecti ve anmount

2

NO,

or a pharmaceutically acceptable salt thereof.

6. The compound according to claim 4 according to the chemical structure:

CICH,CH, SO,CH;,
N

—Z

S0,CH,

CHa, o

'
.

(HO),OP
NO,
or a pharmaceutically acceptable salt thereof.
7. A pharmaceutical composition comprising an anti-cancer effective amount
of a compound according to claim 1 in combination with a pharmaceutically acceptable

carrier, additive or excipient thereof.

8. A pharmaceutical composition comprising an anti-cancer effective amount



37 of a conmpound according to claim2 in conbination with a

phar maceutically acceptable carrier, additive or excipient thereof. 9. A
pharmaceutical conposition conprising an anti-cancer effective anount of a
conmpound according to claim3 in conmbigation with a pharmaceutically
acceptable «carrier, additive or excipient thereof. 10. A pharnaceuti cal
conposition conprising an anti-cancer effective anmount of a conpound
according to claim4 in conbination with a pharmaceutically acceptable
carrier, a@fpcpmpownd ecerdingtn claipe? dbrombination whsdiaemacesbealynmgcemaleai m 4
having the chem cal .structure: . Cl CH2CH2 S02CH3 Cl CH, CH2 SO2CH3 N NI S02CH3
11~ SOpCH3“4ESS of excpieileredl. \op or NHR2 Wherein R2 is H or OH.

9. A pharmaceutical composition comprising an anti-cancer effective amount
of a compound according to claim 3 in combination with a pharmaceutically acceptable

carrier, additive or excipient thereof.

10. A pharmaceutical composition comprising an anti-cancer effective amount
of a compound according to claim 4 in combination with a pharmaceutically acceptable

carrier, additive or excipient thereof.

11. A compound according to claim 4 having the chemical structure:

CICH,CH,  SO,CH, CICH,CH,  SO.CH
2 3
Z\ N/ Z\ N/
o o |
~ N
Q§T/ SO,CHs Q§j/ ~80,CHs
HO HO
NO, or NHR?

Wherein R? is H or OH.





